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EXECUTIVE SUMMARY 

Alberta Sustainable Resource Development (ASRD), Alberta Environment (AENV) and the 

Lesser Slave Lake Watershed Committee are in the process of developing a water management 

plan for the Lesser Slave Lake and River basins.  To that end, an Instream Flow Needs Technical 

Committee was formed, which contracted Golder Associates Ltd. (Golder) to conduct a scoping 

study for the Instream Flow Needs (IFN) of the Lesser Slave River, that was completed in 2004.  

That scoping study essentially involved a review of existing information, and a determination of 

the suitability of that information for developing an IFN for the river.  As the lake and river are 

interconnected, any water management plan must therefore take both elements into consideration.  

Manipulation of flows in the river has implications for lake elevations (lake water surface 

elevations are controlled by a weir at the lake outlet).  In order to facilitate an evaluation of the 

effects of manipulating lake elevations in the development of a water management plan for the 

basins, there is a need for a comprehensive review of the effects, or likely effects of lake water 

surface elevation on the lake ecosystem. 

To that end, Golder has completed a scoping study for Water Level Assessment in Lesser Slave 

Lake.  This study is designed to address the extent and availability of existing information that 

could be considered in the determination of the likely consequences of various lake surface 

elevations on the lake’s ecosystem.  We have conducted a thorough review of available published 

and unpublished documentation for the Lesser Slave Lake ecosystem, and have summarized this 

information according to a series of ecological components.  These components are hydrology, 

lake morphology, fish and fish habitat, benthic invertebrates, macrophyte community, plankton 

and microbial community, limnology, and paleolimnology.  For each component, experts in that 

particular area with experience in the Lesser Slave Lake region were contacted and interviewed to 

assist with the location of relevant documentation. 

We have summarized the existing information for each of these components and have also 

identified those deficiencies in the available data that will need to be addressed for the purposes 

of lake level management.  As there is currently no overall management plan in place for water 

levels in Lesser Slave Lake, we have assumed that any new management initiatives will likely 

involve relatively small changes in lake water level, in the order of less than 2 m.  We have 

therefore tailored our discussions of each ecological component and our subsequent suggestions 
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for a conceptual assessment framework to reflect impacts that would result from this magnitude 

of water level change. 

Although we have identified a large body of literature associated with Lesser Slave Lake, there 

are some deficiencies in the current state of knowledge.  Little recent research has been 

completed on benthic, macrophyte, and planktonic communities, and virtually no research has 

been done on the microbial communities or wetlands of Lesser Slave Lake.  The majority of 

studies from Lesser Slave Lake have focused on the productive fish community, and have 

concentrated on important recreational and commercial species such as walleye, northern pike, 

lake whitefish, and cisco.  As a result, our recommendations for biological modelling initiatives 

in the lake are designed to exploit the large amount of historical and contemporary fish and fish 

habitat data available for the system. 

Bathymetric information is often one of the primary tools used for assessing potential water level 

impacts.  Golder expects that relatively minor changes in lake water level may have the potential 

to strongly impact those fish species that utilize the extensive littoral habitat in the lake for 

spawning and early rearing.  The littoral habitat of Buffalo Bay in particular is a likely receptor 

for water level induced impacts as this area is known to be particularly important for spawning 

and early rearing of walleye and other fish species.  Small changes in lake level have the potential 

to impact this area though a reduction of available habitat and limitation of access to this habitat 

by fish. 

The conceptual framework that we suggest for developing an approach toward water level 

assessment in Lesser Slake Lake is composed of two main components.  The first component 

involves the establishment of concise, measurable management objectives for the lake.  

Stakeholder concerns regarding Lesser Slave Lake are well known and have recently been 

assembled by the Lesser Slave Lake Watershed Committee in cooperation with ASRD and 

AENV.  These concerns can be used as the basis for establishing a set of measurable management 

criteria of the system, through an internal or external expert workshop approach. 

The second component in our assessment framework involves the use of a series of ecological 

models that can be scientifically implemented to evaluate the feasibility of the various 

management criteria.  To that end Golder has outlined a series of hydrologic, morphologic, and 
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biological models that can be implemented to meet the need of the scientific evaluation process.  

The critical path towards model development and the level of modelling required to assess the 

management criteria will depend in large part on the criteria that are to be assessed and the 

overall scale of the management approach that is desired by ASRD and AENV. 

Our main recommendations include the following.  First, the acquisition of updated bathymetry 

for Lesser Slave Lake.  High resolution bathymetric data for the system will provide management 

with a powerful tool by which various changes in water level can be assessed.  Updated 

bathymetry would be especially useful as baseline information for assessing potential changes to 

the lakes littoral zone under a variety of different management scenarios.  Second, we recommend 

that biological modelling be undertaken to quantitatively determine how various water levels 

might act on available littoral habitat by impacting the productive capacity of the habitat for fish.  

Third, we suggest a series of hydrological models that could be used to examine lake and river 

responses under a variety of scenarios related to the management and long term stability of the 

Lesser Slave Lake watershed. 
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1. INTRODUCTION 

1.1 Approach 

Lesser Slave Lake is located in northwestern Alberta in Municipal District of Big Lakes, 

approximately 300 km northwest of Edmonton (Figure 1).  Lesser Slave Lake is the third largest 

lake in Alberta and fulfills important commercial, economical, recreational and cultural roles for 

the communities along its shoreline (Mitchell and Prepas 1990).  Although the history of water 

management in the basin dates back to the early 1950s, the focus has since shifted from 

hydropower development considerations (Reid et al. 1952) to flood control (AENV 1993a, 2002).  

Alberta Sustainable Resource Development (ASRD), Alberta Environment (AENV) and the 

Lesser Slave Lake Watershed Committee (LSLWC) are currently in the process of developing a 

water management plan for the Lesser Slave Lake and River basins (AENV 2003).  Public and 

stakeholder concerns regarding Lesser Slave Lake management strategies have been documented 

in the platform statement (Activation Analysis Group Inc. 2001) and minutes of the LSLWC 

meetings (LSLWC 2003, 2004).  The general themes of these concerns are eutrophication of 

Lesser Slave Lake, siltation and sediment infilling, high and low water levels, and fish and fish 

habitat quality. 

An instream flow needs (IFN) scoping study has recently been completed for the Lesser Slave 

River that summarized existing ecological data, identified data gaps, and proposed a flow 

evaluation framework for assessing year-round instream flow needs for the river (Golder 2004a).  

Following completion of the IFN scoping study, AENV and ASRD developed a Request For 

Proposals to conduct a similar study for water level needs in Lesser Slave Lake.  A scoping study 

to address water level management in Lesser Slave Lake is a necessary preparatory step in the 

development of a basin-wide management plan that would encompass both Lesser Slave Lake 

and Lesser Slave River. 

The intent of the present scoping study is to identify lentic (i.e., lake) ecosystem components that 

may be influenced by variable water levels in Lesser Slave Lake and how these components can 

be addressed within a watershed management framework.  The approach taken for this scoping 

study can be divided into three main components; data review, evaluation of assessment 

approaches, and recommended work plan.   

Golder Associates 
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The first study component involves the collection, review and summary of the available 

ecological data (published and unpublished) on Lesser Slave Lake.  We have followed the 

suggested approach outlined in the Request For Proposals issued by AENV (2006) and focused 

this review on the following ecosystem components:  

lake hydrology; • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

lake morphometry; 

fish and fish habitat; 

benthic invertebrates; 

macrophyte, plankton and microbial communities; 

limnology; and, 

paleolimnology. 

An annotated summary detailing existing data sources is presented for each study component 

along with an assessment of existing gaps in the data.  A brief synopsis of potential impacts of 

lake level changes on each component is also provided where relevant.   

The second study component involves the evaluation of different approaches that could be used to 

determine and forecast impacts of various lake surface elevations on specific components of the 

overall ecology of the lake.  We outline three different but complimentary model approaches that 

would be required in a large scale assessment of lake water levels.  These model approaches are:  

the development of an updated hydrological model;  

the creation of a GIS/DEM tool for the lake that combines shoreline elevations, 

topographic data and updated lake bathymetry; and, 

the creation of a biological model for the fish community of the lake. 

The third aspect of the scoping study presents a recommended course of action for conducting a 

lake water level impact analysis.  This component also addresses what knowledge gaps in the 

existing Lesser Slave Lake database would need to be addressed before the recommended course 

of study could be implemented. 

Golder Associates 
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2. BACKGROUND 

2.1 Decision Making Processes for Water Management 

Management of water resources is a complex process that requires decision-making though all 

phases, from initial plan development to final implementation.  The general concerns for 

management of water resources in the Lesser Slave Lake region fall into several broad categories 

that vary depending on the particular stakeholder group involved.  Although there are 

commonalities in the management concerns voiced by members of the public, First Nations, 

municipalities, industrial users and government regulators, there are many issues that are likely to 

result in conflict.  Much of this conflict arises because of the values stakeholders attach to 

management strategies (Leeper et al. 2001).  One method commonly used to aid decision-making 

processes for resources with complex user issues is the Delphi Expert Panel process (Taylor and 

Ryder 2003). 

The Delphi method has achieved a high degree of success in resolving complex water issues in 

the United States (Wiens et al. 1993, Taylor and Ryder 2003) and Canada (Golder 1997).  The 

process is a method of pooling expert opinion on specific issues with the ultimate goal of 

reaching agreement or consensus on a specific question or task (Miller 1984).  The success of the 

Delphi process is dependent on careful selection of both the panel members and the panel 

mandate.  Although the Delphi process is not considered a method for public engagement in a 

specific issue it is very useful in helping to define the issues that managers and the public must 

discuss (Taylor and Ryder 2003). 

In the context of lake and reservoir management in other jurisdictions, many different 

benchmarks have been used for establishing minimum and maximum lake level 

recommendations.  These benchmarks have included wetland protection, littoral zone protection, 

maintenance of flow in downstream rivers and basins, maintenance of water supply for municipal 

and/or industrial users, navigation, and recreation needs among others (Leeper et al. 2001).  

Establishing these benchmarks is a key step in the process of evaluating management scenarios 

and these benchmarks will also become important criteria by which potential impacts on the 

lake’s ecology can be evaluated.   
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2.2 Lesser Slave Lake Basin Considerations 

Lesser Slave Lake was originally part of Lake Peace, a large lake that formed approximately 

11,500 years ago from meltwaters during the retreat of the Keewatin Glacier (Paetz and Zelt 

1974).  Lake Peace originally extended much further west than the current boundaries of Lesser 

Slave Lake, and as a result much of the land west of Buffalo Bay is composed of extensive 

floodplain and alluvial deposits (Northwest Hydraulic Consultants Ltd. 1983).  Although these 

soils are nutrient rich, the low-lying terrain is also naturally susceptible to flooding (Mitchell and 

Prepas 1990). 

The basin of Lesser Slave Lake is naturally divided into east and west sub-basins or zones by the 

shallow stretch of constricted shoreline in the middle of the lake, locally known as “the narrows” 

(Figure 1).  Buffalo Bay, a small shallow waterbody separated from the main body of Lesser 

Slave Lake by the Grouard Channel, is also generally considered a third sub-basin of Lesser Slave 

Lake.  Each of these three sub-basins possesses unique morphological, limnological and 

biological traits that act together to shape the overall ecology and productivity of Lesser Slave 

Lake.   

With the exception of hydrological studies, the majority of previous research and monitoring 

efforts on Lesser Slave Lake have adopted a sub-basin approach towards both the planning and 

reporting of their activities.  For the purposes of this scoping study we have described ecological 

features over the lake in its entirety, and then provided detailed information for the sub-basins 

where appropriate. 
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3. LESSER SLAVE LAKE ECOSYSTEM COMPONENT BACKGROUND 

SUMMARIES 

Sections 3.1 to 3.8 of the report present detailed summaries for the major Lesser Slave Lake 

ecosystem components identified by AENV (2006) and refined by Golder Associates Ltd. 

(Golder 2006).  Each component summary contains a review of existing data sources, 

documentation of existing gaps in the data and a set of recommendations for how these data gaps 

can be addressed.  Each component summary also includes a discussion detailing the importance 

of understanding each component with respect to developing a water–level recommendation for 

the lake.   

3.1 Lake Hydrology 

3.1.1 Hydrology Overview  

Lesser Slave Lake is the third largest lake in Alberta with a surface area of about 1,160 km2 and a 

volume of 13,200 x 106 m3 at an elevation of 576.61 masl (metres above sea level based on 

bathymetric surveys in 1970).  Surveys in the 1970s found the maximum water depth in the lake 

to be 20.5 m with a mean depth is 11.4 m (AENV n.d. a, b).   

The lake has a tributary drainage area of approximately 13,600 km2, with most of its inflow 

originating in the Swan Hills area to the south of the lake (AMEC 2005).  The main channels 

flowing into Lesser Slave Lake are the East Prairie, West Prairie, South Heart, Swan and Driftpile 

rivers.  The lake also has numerous smaller tributary channels and a single outlet to the Lesser 

Slave River, as shown in Figure 1. 

The runoff volumes from the major tributaries to the lake are not necessarily proportional to their 

respective drainage areas.  Basins that primarily drain from the Swan Hills have much higher 

water yield than those from the north side of the lake.  For example, the Swan and Driftpile rivers 

together represent about 22% of the tributary drainage area to the lake but contribute about 40% 

of the runoff volumes (Seneka 2002).  The ratio of tributary drainage area to lake surface area is 

approximately 11:1 (i.e., each km2 of lake surface is supported by 11 km2 of tributary drainage 

area).  Although this high catchment area to lake surface area ratio is indicative of a highly 

Golder Associates 
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sustainable lake (i.e., receives large amounts of surface runoff), it also means that the lake can 

experience rapid fluctuations in water levels during periods of extreme precipitation. 

3.1.2 Data Availability 

Basic hydrological data and information sources for Lesser Slave Lake are presented in Table 1.  

Lake level records have been maintained by the Government and public volunteers since 1914 

(Nemanishen and Cheng 1978).  Water level gauging stations were initially established at 

Grouard (station 07BG001) in 1914, Dog Island and Sawridge (upper Lesser Slave River) in 1915 

(stations 07BG002 and 07BK001 respectively), and at Faust (station 07BJ002) in 1923 

(Nemanishen and Cheng 1978).  The Grouard station was discontinued in 1919, and the Dog 

Island station was dismantled in 1921.  The station at Lesser Slave River operated intermittently 

between 1915 and 1962 (Nemanishen and Cheng 1978).  The SSARR model system (US Army 

Corps of Engineers 1987) was used to reconstruct a series of natural lake levels from 1916 to 

1977 (Nemanishen and Cheng 1978), from 1978 to 1992 (AENV 1993a), from 1992 to 2000 

(AENV 2002), and from 2000 to early 2002 (AENV unpublished data).  An overview of 

hydrology within the greater northwest Alberta region (including Lesser Slave Lake) is presented 

in AENV (1986), along with specific annual instantaneous and daily discharge peaks versus 

drainage area for the Lesser Slave Lake basin.   

Water Survey of Canada (WSC) has operated streamflow monitoring stations on some of the 

major tributaries shown in Figure 1.  Table 2 shows that some of these stations have year-round 

continuously recorded streamflow data, while the other stations operate only during the open-

water season.   

3.1.2.1 Early Studies 

Flood control investigations on Lesser Slave Lake date back to 1921 (Dominion Reclamation 

Service Engineers 1921), when a cost analysis was completed to explore the removal of the 

Saulteaux Weir on Lesser Slave River.  Saulteaux Weir is located on Lesser Slave River at a point 

approximately 42 km downstream from the lake outlet.  It was recognized that the weir 

significantly impeded flow through Lesser Slave River and drainage of Lesser Slave Lake 

(historical data presented in Hu Harris and Associates Ltd. 1977).  There is some debate in the 

literature regarding the origins of the Saulteaux Weir, which some have suggested represents the 

Golder Associates 
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remnants of a river dam built by Hudson’s Bay Company in the mid 1800s.  It is also possible 

that the weir represents a deposit of glacial till that resulted from differential slope characteristics 

in Lesser Slave River upstream and downstream of the weir as the ancestral Lesser Slave Lake 

receded (Quazi and Outhet 1977).   

Table 1 
Basic Hydrological Data and Information Sources for the 

Lesser Slave Lake Drainage Basin and Lake 

Location Characteristic Value 

Area (km2) 12 400 km2

Soil compositiona Gray luvisols and organics 

Bedrock geologya Upper Cretaceous (shale, 
ironstone; marine) 

Terraina Level to rolling terrain 

Ecoregiona Boreal mixed wood, foothills, 
and uplands 

Drainage basin (excluding lake) 

Dominant vegetationa Trembling aspen, balsam 
poplar, lodgepole pine 

Elevation (m)b,c 576.61 m 

Surface area (km2)b,c 1160 km2

Approximate volume (m3)b,c 13200 x 106 m3

Lake catchment to lake surface area ratioe 11:1 

Maximum depth (m)b,c 20.5 

Mean depth (m)a,b 11.4 

Shoreline length (km)c 250 

Mean annual lake evaporation (mm)d 611 

Mean annual precipitation (mm)d 472 

Control structuree Sheet-pile weir with 1 vertical 
slot and 1 12% Denil fishway 

Crest length (m)e 30 

Crest elevation (m)e 575.5 

Mean net evaporation loss (mm)e 140 

Mean annual surface runoff (m3)e 1532 x 106

Lesser Slake Lake 

Mean annual outflow(m3)e 1369 x 106

a Data from Mitchell and Prepas (1990). 
b On date of sounding by AENV: July to Aug. 1977 (includes Buffalo Bay, excludes groundwater inflow). 
c Alberta Environment (n.d. b). 
d Paetz and Zelt (1974). 
e Seneca, Unpublished Data (2002). 
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Table 2 
Regional WSC Streamflow Monitoring Stations  

Station ID Station Name 
Drainage 

Area (km2) 
Period of 
Record Operationa

07BF001 East Prairie River near Enilda 1,460 1921 - 1931 
1959 – 2005 

Seasonal 

07BF002 West Prairie River near High 
Prairie 

1,160 1921 - 1931 
1959 - 2005 

Seasonal to 1970 
Annual since 1970 

07BF004 South Heart River near High 
Prairie 

4,240 1921 - 1930 Seasonal 

07BF009 Salt Creek near Grouard 426 1986 - 2005 Seasonal 

07BF010 South Heart River near Peavine 1,713 2000 - 2005 Seasonal 

07BH003 Driftpile River near Driftpile 840 1972 - 1986 Seasonal 

07BJ001 Swan River near Kinuso 1,900 1915 - 1917 
1961 - 2005 

Seasonal to 1970 
Annual since 1970 

07BK001 Lesser Slave River at Slave Lake  13,600 1915 - 1940 
1960 - 2005 

Annual 

07BJ006 Lesser Slave Lake at Slave Lake   1980 - 2005 Annual 
a Annual operation entails data collection from January through December.  Seasonal operation comprises a truncated 

monitoring season, typically from March or April to October. 

Early hydrological considerations in Lesser Slave Lake (Reid et al. 1952, Watkins 1962, Primus 

1968) explored the possibility of using the lake as a storage reservoir for downstream hydropower 

developments in the Athabasca River.  This avenue was abandoned relatively quickly due to 

storage limitations upstream of Lesser Slave Lake (Reid et al. 1952) and the socioeconomic 

impacts (mainly decimation of commercial fisheries and the mink farming industry they 

supported) associated with drawdown of the lake level (Watkins 1962).  Since that time, 

hydrological studies have shifted towards the control of water levels in the lake with the main 

goal of flood reduction.  Numerous studies of historical floods have also been published (Kuhnke 

and Barnaby 1975, Nemanishen and Meeres 1980).  The most notable floods on record occurred 

in 1920, spring of 1935, 1958/1959, July 1961, 1968, June 1972, July 1988 (Alberta Environment 

1993b), and in 1996 and 1997 (Alberta Environment 2002). 

3.1.2.2 Lake Level Regulation Studies 

In 1965, the Alberta Department of Water Resources commissioned Montreal Engineering to 

conduct a study to explore different schemes that could regulate water levels between 575.5 and 

577.6 m in Lesser Slave Lake.  Their report (Montreal Engineering 1965) noted that flood years 
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were caused by a succession of several wetter than average years combined with the inability of 

the existing river channel to discharge larger than average flows.  Montreal Engineering (1965) 

suggested four potential schemes to regulate water levels.  The four alternatives were: 

Alternative I: Construction of an outlet weir and canal paralleling the upper 13 miles 

of Lesser Slave River.   

• 

• 

• 

• 

Alternative II: Construction of an outlet weir and improvement of the existing river 

channel. 

Alternative IIA: Construction of an outlet weir and improvement of the river channel 

in combination with a new canal. 

Alternative III: Construction of outlet works with pumps. 

Alternative I was suggested as the least costly engineering-based undertaking at an estimated cost 

of 2.5 million dollars (Montreal Engineering 1965).  This report also presents early estimates of 

lake inflow and precipitation from 1914 to 1964, along with predicted discharge curves under 

natural conditions and the Alternative I scenario.  Following a cost-benefit analysis of the 

proposed control structures (Alberta Department of Agriculture 1967), a series of land purchase 

policies were implemented to purchase low-lying flood-prone lands from property owners in the 

lake and river flood zones.   

Throughout the 1970s, interest was renewed in active methods for controlling water levels in 

Lesser Slave Lake as a result of increased flooding in the late 1960s and early 1970s and a rapidly 

growing Alberta economy (fuelled by the 1973 oil crisis).  In 1977, two key reports were 

published related to Lesser Slave Lake water levels.  The first was an economic evaluation of the 

fishing, mink ranching and agricultural industries of the Lesser Slave Lake region presented with 

a cost-benefit analysis of water regulation options for the lake (Hu Harris and Associates Ltd. 

1977).  The main conclusions of this study were that flood levels were increasing and that 

removal of the Saulteaux Weir was the most economical option for controlling increasing water 

levels (Hu Harris and Associates Ltd. 1977).  The costing assumptions in this report for the 

removal of the Saulteaux Weir were based on an earlier estimate (Dominion Reclamation Service 

Engineers 1921) that did not consider the role of the river bottom in flow conveyance.   
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The second study released in 1977 (Quazi and Outhet 1977) was based on hydrological 

considerations and evaluated the removal of the Saulteaux Weir versus the construction of an 

outlet weir and canal, as suggested by Montreal Engineering (1965).  It was concluded that 

removal of the Saulteaux Weir would only result in a net change in lake water levels if the entire 

river bottom from the lake outlet to the weir was excavated either naturally or artificially (Quazi 

and Outhet 1977).  Time and costs constraints resulted in the recommendation of the outlet weir 

and canal approach.  New data included in Quazi and Outhet (1977) included water surface level 

and bed level profile survey results for the upper 51.5 km of Lesser Slave River.   

In 1978, the Minister of the Environment announced that the government was going to proceed 

with a Lesser Slave Lake water stabilization project (Giratalla and Campbell 1979).  The Alberta 

Government commissioned Northwest Hydraulic Consultants Ltd. to conduct a review of the 

Alternative I scenario, namely the construction of a weir and canal structure that would maintain 

the lake level between 575.5 and 577.6 m (Northwest Hydraulic Consultants Ltd. 1978).  This 

review suggested that the proposed scheme was viable but would require a more detailed 

consideration of drainage and sediment transport regimes through the canal and downstream into 

Lesser Slave River (Northwest Hydraulic Consultants Ltd. 1978).  The following year Alberta 

Environment (1979a) published an engineering report containing three memoranda from 

Northwest Hydraulic Consultants Ltd (1979a, b, c) that explored three alternatives for reducing 

lake levels (outflow canal, outflow canal with cutoffs, cutoffs only).  Discharge and flood 

performance predictions in the engineering report (AENV 1979a) suggested that the performance 

of the most economical option (cutoffs only) could be improved with the addition of a weir to 

control low lake levels.  An environmental overview of the basin was produced in 1979 and is 

available in draft form (AENV 1979b, c). 

3.1.2.3 Water Regulation in Lesser Slave Lake Region 

The Lesser Slave Lake Environmental Impact Assessment for the proposed weir and channel 

cutoffs at the lake outlet was released in six volumes in late 1979 and early 1980 (AENV 1980).  

The primary objective of the canal design was to regulate the lake level between 575.5 and 

577.6 m (AENV 1979a).  Several different control structures were considered and a weir with 

channel cutoffs was eventually adopted as the most viable scenario (AENV 1979a).  The system 

was designed to meet a maximum lake level of 577.6 m under 50-year inflow conditions, based 

on lake water level data from 1916 to 1977 (AENV 1979a).  From 1916 to 1977, the levels of 
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Lesser Slave Lake have risen above 577.6 m on seven occasions and have dropped below 

575.5 m on three occasions.  Construction and design details are presented in AENV (1979a).  

Hydrological effects of the proposed weir and canal structure (impact on spring water levels, 

flushing rate of lake, shoreline sediment drift and tributaries) are detailed in AENV (1979c).  In 

general terms, the weir and canal configuration was expected to have the following hydrological 

impacts on the lake once the cutoffs eroded to full design capacity (AENV 1979c):   

an overall reduction of average lake levels by 0.5 m, and a reduction of lake levels 

during periods of high inflow by approximately 1.0 m; 

• 

• 

• 

• 

• 

• 

• 

• 

more frequent periods of low water with little difference in the minimum lake 

elevations; 

an increase in the rate of rise of spring water levels in the lake; 

an increase in overall flushing rate of the lake; 

increased sediment transport along shorelines, especially at the outlet; 

changes to delta formation of inflowing tributaries; 

increases in low-water periods and loss of wetted area in Buffalo Bay; and, 

increases in the rate of delta building at the lake entrance. 

Additional hydraulic data for the weir and upper Lesser Slave River are presented in Northwest 

Hydraulic Consultants Ltd (1982), including river survey data, river bed material analysis and a 

brief description of lake bed materials in the immediate vicinity of the lake outlet.  The D50 value 

(median bed sediment size, such that 50% of the particles are finer) for the lake substrate within 

1,000 m of the shore ranged from 0.10 to 0.35 mm with a mean of 0.16 mm (Northwest Hydraulic 

Consultants Ltd. 1982).  A series of monitoring studies for the weir and river channel cutoffs was 

recommended by Northwest Hydraulic Consultant Ltd (1984a).  The recommended monitoring 

program advocated the monitoring of stage-discharge relationships at the weir, channel 

aggradation upstream of the weir, channel degradation downstream of the weir, bank erosion 

through the cutoff reach and emerging beaches due to enhanced sedimentation.  In general, the 

weir is operating according to design specifications. 

The major inflowing tributaries around Lesser Slave Lake have been the subject of varying 

degrees of control structure implementation for control of erosion and flooding.  Extensive 

channel and erosion control structures have been constructed throughout the region to the west 
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and south of Buffalo Bay, located at the west end of Lesser Slave Lake (Figure 1).  Chronologies 

of these works are described in several summary documents including Northern Hydraulic 

Consultants Inc. (1983, 1984a, 1984b, 1984c), Alberta Environment (1985, 1986), and Public 

Advisory Committee et al. (1992).   

From the years 1950 to 1990, a series of construction projects was completed on the East/West 

Prairie and South Heart River systems.  These projects included major channelization efforts, 

river diversions, cutoffs, bank protection to deter erosion, and bed armouring to protect the river 

bottom from bed degradation.  Brief summaries of these projects along with area maps and cost 

details are given in AENV (1991). 

In the 1990s, recommendations were made to enact a land purchase policy to purchase eroded 

lands along the East and West Prairie rivers (Public Advisory Committee et al. 1992).  Several 

years later, another policy decision was made to purchase flood prone lands in the Swan River 

Delta (Rod Burr, Alberta Environment, Peace River, personal communication).  For the purposes 

of this scoping study, watercourses contributing to inflow upstream of Buffalo Bay (i.e., East and 

West Prairie rivers) have been considered together as contributors to flows in the lower South 

Heart River. 

3.1.3 Hydrologic Analysis of Lake Water Levels 

Table 3 shows the mean monthly lake levels computed from recorded daily lake levels at WSC 

Station 07BJ006.  The recorded daily lake levels since 1983 reflect the effect of regulation by the 

weir.  AENV has also developed a “naturalized” series of lake level data from 1916 to 2002.  The 

naturalization was based on a mass balance approach using the SSARR model (US Army Corps 

of Engineers 1987) for the tributary catchments (Michael Seneka, Alberta Environment, Personal 

Communication).  AENV also developed a corresponding series of regulated flows from 1916 to 

2002, based on the known characteristics of the weir.  The latter is a synthetic flow series based 

on an assumption that the weir had been present since 1916.  A plot of the two synthetic series 

together with the recorded water level data is shown in Figure 2.  Except for a few dry years in 

the mid-1940s, the synthetic regulated lake levels are lower than the naturalized lake levels.   
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Figure 2 
Comparison of Recorded, Naturalized and Regulated Daily Lake Water Levels for Lesser Slave Lake, 1916-2004 
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Table 3 
Derived Mean Monthly Lake Water Levels (1916-1999) for 

Naturalized and Regulated Conditions 

Period Naturalized (m) Regulated (m) Differences (m) 

January 576.49 576.26 0.22 

February 576.45 576.21 0.25 

March 576.41 576.16 0.25 

April 576.40 576.16 0.23 

May 576.59 576.38 0.21 

June 576.76 576.56 0.20 

July 576.89 576.68 0.21 

August 576.86 576.65 0.21 

September 576.76 576.55 0.21 

October 576.64 576.44 0.20 

November 576.55 576.36 0.19 

December 576.51 576.31 0.20 
Annual 576.61 576.39 0.22 
 

The recorded maximum and minimum water levels for Lesser Slave Lake are 578.83 m in July 

1935 and 575.43 m in November 1999, respectively.  However, extended periods for missing 

records exist in the 1940s and 1950s.  Water levels for this period were estimated by using the 

SSARR model.  Based on recorded and modelled water levels from 1916 to 2004, the historic 

minimum lake level was 575.37 m in March 1947, which is 3.46 m lower than the maximum 

water level of 578.83 m.  Figure 3 shows a comparison of the lake level duration curves for the 

naturalized and regulated series, and illustrates the effect of lake level regulation. 

A frequency analysis of Lesser Slave Lake water level data was performed to determine the 

probability of occurrence of various water levels.  Table 4 shows the lake water levels expected to 

occur under both the natural and regulated outlet conditions for various return periods. 
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Figure 3 
Naturalized and Regulated Daily Lake Water Level Exceedence Curves, 1916-1999 
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Table 4 
Lesser Slave Lake Minimum and Maximum Water Levels Under Varying Return Periods 

High Water Level (m) Low Water Level (m) Return Period 
(years) Naturalized Regulated Naturalized Regulated 

 2 576.97 576.73 576.17 576.01 

 5 577.56 577.16 575.80 575.85 

 10 577.90 577.43 575.64 575.78 

 20 578.19 577.68 575.51 575.73 

 50 578.53 577.99 575.38 575.68 

 100 578.77 578.21 575.30 575.64 
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3.1.4 Data Gaps 

No major data gaps exist for the hydrology component.  An updated hydrologic model is 

warranted to evaluate management options, but the long-term lake level data that are available are 

sufficient for model development  

3.1.5 Potential Impacts from Changes in Lake Level 

Water management structures that result in changes in lake level obviously have a large potential 

to influence the overall hydrology of the area, including potential changes to the outflow to the 

Lesser Slave River.  Any potential management alternatives involving changes to the existing 

weir/channel cut-off configuration would necessarily involve a new process of hydrological 

modelling for the system. 

3.2 Lake Morphometry 

3.2.1 Data Availability 

The only available bathymetric data for Lesser Slave Lake are based on soundings conducted in 

1970 and 1972 by the Alberta Department of the Environment.  The east basin was sounded in 

1970 at a water surface elevation of 576.7 m (Figure 4) and the west basin was sounded in 1972 

at an elevation of 577.3 m (Figure 5).  Additional high resolution bathymetry was collected in 

1979 at the mouths of the major tributaries flowing into Lesser Slave Lake but these data have 

since been lost (Rod Burr, personal communication).  Although the 1970 and 1972 bathymetry 

give a good overview of the major shelf structure within Lesser Slave Lake, it is of limited use for 

comparative studies against future sets of bathymetric data.  The existing bathymetry illustrates 

that the east basin is deeper and the slopes leading to deep water are much steeper than in the 

west basin.  In the shallower west basin, there is a greater extent of littoral habitat.  The littoral 

zone of a lake or littoral habitat within a lake refers to the area located between the wetted 

shoreline and the limit or edge of rooted aquatic plant growth in the lake.   
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3.2.2 Lake Shoreline Processes 

The morphology of the Lesser Slave Lake shoreline and the tributary watershed of Lesser Slave 

Lake have been described in detail (Northwest Hydraulic Consultants Ltd. 1983, AMEC 2005).  

The following paragraphs provide a synopsis of the discussion presented by AMEC (2005). 

Sediment is produced by three major mechanisms in the Lesser Slave Lake watershed.  These are:  

sediment resulting from “natural” processes such as downcutting of the channels 

resulting from post-glaciation lowering of Lesser Slave Lake as well as from soil 

erosion from undisturbed areas; 

• 

• 

• 

sediment resulting from the response of the river channels to man-made flood 

control, erosion control and river training works (i.e., bank protection, channelization 

and dyking projects); and, 

sediment resulting from the land-use changes and altered runoff characteristics in the 

watershed.  These include logging, agriculture, oil and gas development, urban 

development and roads. 

Based on a sediment balance prepared for Lesser Slave Lake, it was estimated that 85% of the 

sediment carried by the East Prairie, West Prairie and South Heart rivers is deposited within the 

Horse Lakes and Buffalo Bay areas.  The amount of net sediment deposited in the Buffalo 

Bay/Horse Lakes area was estimated to be about 1,100,000 tonnes per year. 

For the Swan and Driftpile rivers and ungauged basins flowing into the lake, most to all of the 

sediment conveyed by these channels will be deposited within the lake.  The total annual net 

sediment input to Lesser Slave Lake was estimated to be approximately 1,170,000 tonnes.  At 

least 97% of the inflowing sediment is estimated to settle in Lesser Slave Lake and only 3% of 

the inflow sediments will pass to Lesser Slave River. 

Much of the sediment deposited in Lesser Slave Lake settles out on the deltas formed at the 

mouths of the Swan and Driftpile rivers.  AMEC (2005) reports the growth rates for the Swan and 

Driftpile River deltas were approximately 3.7 metres per year at the Driftpile River Delta and 30 

metres per year at the Swan River Delta. 
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3.2.3 Data Gaps 

The resolution of the 1970-72 bathymetry data is poor as it is based on a small number of 

transects, and the original transect anchor point locations are unknown and therefore impossible 

to re-establish (Rod Burr, Alberta Environment, Peace River, personal communication).  As a 

result, the 1970/1972 bathymetry is of limited use for detecting major bathymetric changes that 

could result from sediment infilling in the lake.  Data gaps in the currently available 

morphometric data for Lesser Slave Lake include: a lack of accurate shoreline elevations, a lack 

of geo-referenced highly accurate bathymetry, and, a lack of an accurate terrestrial Digital 

Elevation Model (DEM) incorporating lake bathymetry and surrounding topography.   

The bathymetric data collected in the 1970s does not provide reliable information in the most 

critical habitat locations (where depths are less than two metres).  As a result, significant 

problems arise when delineating depths and shoreline locations during low water scenarios, 

particularly in shallow areas of the lake that provide important aquatic habitat.   

The best available DEM that could be used for modelling the environment surrounding the lake 

has limitations for modelling stream flows, flooded areas and wetland conditions.  Figure 6a 

illustrates some of the noise texture that results in variability to a larger degree than the potential 

water level increases.  In many cases, the DEM noise (assessed by measuring elevation variation 

in areas of noise texture) undulates more than 3 m in areas of level and low-lying terrain.  This 

results in significant errors when forecasting shoreline location during higher water level 

scenarios.  The existing DEM was used to highlight the low-lying flood-prone terrain adjacent to 

Lesser Slave Lake (Figure 6b).  The pink areas represent elevations up to 3m above the lake 

surface that are most susceptible to inundation from raised lake levels; this represents the area 

that would benefit the most from better terrain data. 

Updating the bathymetry and incorporating new bathymetry into a GIS-based DEM would 

provide managers with a useful tool which could be used for forecasting and monitoring effects 

of lake water level changes.  The current AENV DEM is accurate to within a range of + 3m, 

which is an interval that is greater than the relief of much of the surrounding topography.   
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Figure 6 
Illustration of Existing Digital Elevation Model for the Lesser Slave Lake Drainage Basin 

a) Noise texture variability in the data 

 

b) Flood prone low lying areas that would benefit most from more accurate terrain data 
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3.2.4 Potential Impacts from Changes In Lake Level 

Changes in lake level have a large potential to alter the existing morphometry of the lake in 

significant ways.  Potential impacts include changes in flood frequency due to elevated or 

reduced lake levels, changes in shoreline structure, changes in bathymetric area contours, and 

changes in flow regimes through natural control points in the system, including the Grouard 

Channel, the Narrows and the outflow into Lesser Slave River.  An updated DEM and 

bathymetric data set would be very useful for the quantification of these potential impacts, as well 

as providing a baseline for detecting and monitoring the rate of infilling of the lake.  An updated 

bathymetric DEM could also be compared to the historical bathymetric data in an effort to 

determine where assumed areas of major change are located.  This comparison would be 

completed under the assumption that the relative coarseness of the original 1970s data set would 

mask any subtle changes in bathymetry. 

3.3 Fisheries and Fish Habitat 

Lesser Slave Lake contains a wide variety of habitat types and supports a number of recreational 

and commercially important fish species.  The extensive littoral zone, especially in the west 

basin, functions as critical rearing and feeding habitat while the 250 km of shoreline along the 

lake provides spawning habitat for northern pike, walleye, lake whitefish and yellow perch (the 

scientific names of fish species are presented in Table 5).  Buffalo Bay and the South Heart River 

system, at the western end of Lesser Slave Lake also function as critical spawning and early 

rearing habitat for walleye in the lake. 

Unpublished records for commercial fisheries on Lesser Slave Lake were extracted from FMIS 

(Fisheries Management Information System).  The historical data consists of yearly gross 

landings for whitefish, cisco, walleye, northern pike and yellow perch (Figure 7), but does not 

include metrics related to fishing effort (David DeRosa, ASRD, Slave Lake, personal 

communication).  It should also be noted that early landing records largely underestimate the 

extent of the commercial fishery due to the high prevalence of catch under-reporting associated 

with the mink industry (David DeRosa, ASRD, Slave Lake, personal communication).  

Monitoring records for Lesser Slave Lake commercial fishery landings date back to 1942 

(Figure 7).  Some information regarding fishing effort is also available from FMIS although this 
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data is based on multiple fisheries throughout the year and may also be subject to incorrect 

reporting (David DeRosa, ASRD, Slave Lake, personal communication).   

Table 5 
Fish Species Present in the Lake and Their Relative Levels of Abundance 

Fish Species Common Name Past or Present Exploitation 

Abundance in 
Lesser Slave 

Lakea

Thymallus arcticus Arctic grayling Recreational Rare 

Coregonus clupeaformis Lake whitefish Recreational/Commercial Abundant 

Coregonus artedii Cisco Commercial  Very Abundant 

Prosopium williamsoni Mountain whitefish Recreational Rare 

Salvelinus namaycush Lake trout Extirpated Extirpated 

Esox lucius Northern pike Recreational/Commercial Abundant 

Notropis atherinoides Emerald shiner Commercial bait fishery Common 

Notropis hudsonius Spottail shiner Commercial bait fishery Abundant 

Catostomus catostomus Longnose sucker Experimental commercial Very Abundant 

Catostomus commersoni White sucker Experimental commercial Common 

Lota lota Burbot Recreational/Commercial  Abundant 

Percopsis omiscomaycus  Trout-perch None Common 

Culaea inconstans Brook stickleback None Rare 

Perca flavescens  Yellow perch Recreational/Commercial Abundant 

Sander vitreus Walleye Recreational/Commercial/Domestic Common 

Cottus ricei Spoonhead sculpin None Rare 

Hiodon alosoidesb Goldeye None Rare 

a Abundance information taken from Paetz and Zelt (1974). 
b Single individual recorded from fishway [Eco-Logical Consulting (2000)]. 
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Figure 7 
Commercial Fisheries Landing Records for Lesser Slave Lake 
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Figure 7 
Commercial Fisheries Landing Records for Lesser Slave Lake (continued) 
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Figure 7 
Commercial Fisheries Landing Records for Lesser Slave Lake (continued) 
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Commercial fishery harvests in Lesser Slave Lake targeted mainly cisco and lake whitefish 

between 1940 and 1960.  The demand for a large commercial harvest was fuelled by high demand 

for mink feed by the large number of fur ranching operations in the Lesser Slave Lake area.  The 

cisco fishery dominated the commercial harvest between 1942 and 1969, averaging 

approximately 1400 tons per year.  Large declines in cisco landings began in 1970 and the fishery 

for cisco was closed in 1972.  Lake whitefish landings between 1942 and 1960 averaged 

approximately 296 tons per year, but began to decline in 1960 and fell to 47 tons in 1964.  The 

lake whitefish fishery was temporarily closed in 1965, although average quotas and landings have 

steadily risen to the present near-historical levels.  The impact of commercial fishing on lake 

whitefish and cisco stocks is discussed in Dietz (1975).  Landing records for walleye and northern 

pike have fluctuated greatly over the years, with highest recorded tonnage for walleye observed in 

1944 (243 t), 1954 (247 t), and in 1960 (323 t).  Walleye landings were greatly reduced between 

1963 and 1975, possible reflecting the overall decline in commercial fisheries during those years.  
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Northern pike landing records are also highly variable, averaging 39 tons per year between 1945 

and 2005, with peak landings in 1991 at 96 tons. 

Recreational fisheries on Lesser Slave Lake are critical to the economy of the region (Kozlowski 

and Thompson 1997).  These fisheries have grown rapidly in recent years and focus on walleye as 

the prime target species.  Creel surveys in summer 1985 (Buchwald 1985) and summer 1986 

(Hildebrand and Ash 1986) produced angler effort estimates for the west end of Lesser Slave 

Lake of approximately 34,000 angler-hours in 1985 and 42,000 angler hours in 1986.  Summer 

creel surveys in 1994 (Potter and Rhodes 1997) estimated effort in the west end of Lesser Slave 

Lake at approximately 50,600 angler-hours, and this again increased in 1999 when angling effort 

at Shaw’s Point alone was estimated at approximately 53,500 angler-hours (Lucko 1999).  

Additional recreational data (angler success, harvest rates, etc.) are presented in Buchwald 

(1985), Hildebrand and Ash (1986), Potter and Rhodes (1997) and Lucko (1999).  A winter creel 

survey for Lesser Slave Lake yellow perch was also completed in 1998 as part of a larger survey 

for the Northwest Boreal Region but angler success was very poor and no biological information 

for Lesser Slave Lake was generated (Lucko and Potter 1998).  A recent creel survey for 2004 

and 2005 is currently in preparation by the Alberta Conservation Association (ACA 2006 

Unpublished Data) and shows a continued increasing trend in recreational angling effort and 

harvest in the area (Gary Scrimgeour, Alberta Conservation Association, Personal 

Communication). 

3.3.2  Lesser Slave Lake Fish Habitat 

The littoral zone of a lake refers to the area between the wetted shoreline and the limit or edge of 

rooted aquatic plant growth.  This area is highly productive and is heavily utilized by many 

different fish species for many life cycle phases.  Littoral zone depths are quite variable but range 

up to about 4 m in Lesser Slave Lake.  Although the importance of the littoral zone to the 

fisheries of Lesser Slave Lake has long been recognized (Miller 1941a), efforts to delineate 

critical habitat regions within the littoral zone have only been undertaken in a total of three 

studies (Berry 1981a; Martha 1984; Collett and Rhodes 1995a). 

The inshore area of Lesser Slave Lake was studied by Berry (1981a) during the open-water 

period of 1979 (east basin) and 1980 (west basin).  Transects from the shoreline to the end of the 

Golder Associates 



April 2006 -29- 06-1337-001 
 
 
littoral zone were surveyed at 52 locations throughout the lake and characterized surficial lake 

sediments and major species of emergent and submergent aquatic vegetation.  Fish collections 

were also completed using a variety of methods in an effort to characterize habitat use by the fish 

community.  In 1984, a series of transects were surveyed in July at the western end of Lesser 

Slave Lake (Grouard Bay) in an effort to map bottom substrate composition and emergent 

vegetation (Martha 1984).  Most of the substrate in the bay was found to be composed of clay and 

silt-sized particles and likely reflected deposition of suspended materials from the Grouard 

Channel inlet.  Sand and gravel shoals were identified around most of the Grouard Bay shoreline 

(Martha 1984) although no attempt was made to relate shoreline or substrate composition to fish 

habitat requirements or usage.  A subsequent investigation of critical shoreline fisheries habitat 

has been completed for the entire 250 km of shoreline of Lesser Slave Lake (Collett and Rhodes 

1995a).  This mapping effort used a video-based shoreline assessment method to classify the 

shoreline into the following five major habitat components: 

prime bulrush/sedge beds; • 

• 

• 

• 

• 

fractionated bulrush/sedge/cattail beds; 

sand beaches; 

rock/rubble; and, 

eroded grass bank/organic. 

The distribution of shoreline habitat components is illustrated in Figure 8.  Habitat components 

were not equally distributed between the two main lake basins.  The majority (87%) of the 

bulrush and sedge bed habitat is located in the west basin while most of the rocky shoals (85%) 

are located in the east basin (Collett and Rhodes 1995a).  The extent to which each of the key fish 

species utilize the major habitat components for spawning, nursery, rearing, feeding, 

overwintering, and migration is discussed in detail in Sections 3.3.5 to 3.3.13.   

The outlet control structure that drains Lesser Slave Lake into Lesser Slave River contains a 

fishway system that was assessed in the spring and summer of 1984 (Schwalme and MacKay 

1985) and 2000 (Eco-Logical Consulting 2000).  The system consists of a vertical slot fishway 

and a 12% Denil fishway.  Spawning activities of northern pike, white suckers and goldeye did 

not appear to be hindered by the flood control structure.  Under high-water levels most fish 

(northern pike, longnose suckers, white suckers, lake whitefish, spottail shiners and burbot) were  
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able to ascend all fishways, while many large fish swam over the weir or spillway.  Northern pike 

preferred to ascend the Denil fishways while white and longnose suckers preferred the vertical 

slot fishway.  Goldeye and walleye did not appear to make use of the fishway structures although 

they were present below the weir in large numbers.  Angling of goldeye above the weir has also 

been indirectly observed (David DeRosa, ASRD, Slave Lake, personal communication). 

3.3.3 Fish Ecology Overview 

The following section provides a summary of existing information on fish habitats in Lesser 

Slave Lake.  For the purposes of this review we focus on those fish species that are considered to 

be most important to the commercial and recreational fisheries, and to the overall ecology of the 

lake.  These key species are: walleye, northern pike, yellow perch, lake whitefish, burbot, spottail 

and emerald shiners, white sucker and longnose sucker. 

The existing fisheries information was summarized for the key species according to life history 

stages, defined as follows: 

Spawning (spawning adults and egg deposition). • 

• 

• 

• 

• 

• 

• 

• 

• 

Fry (young-of-the-year). 

Juvenile (pre-reproductive). 

Adult (sexually mature). 

These life history stages are discussed for each of the key species under each of the main life 

history events including: 

Spawning (reproductive activities by adult fish). 

Nursery (habitat used by fry) and Rearing (habitat used by juvenile fish). 

Feeding (non-reproductive activities by adult fish). 

Overwintering (winter use by all life stages). 

Migration (seasonal movements for all life stages). 

The spatial and temporal distributions of each of the key species were developed based on 

existing fish information.  Life history information for each of the key species is presented in 
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Table 6.  Key references detailing biological data for each species are provided in Sections 3.3.6 

to 3.3.13.  Habitat classifications in Table 6 are presented according to depth.  The lacustrine 

habitat has been subdivided into the following five habitat categories: epilittoral (flooded 

vegetation, typical in spring), littoral (water depths from 0 to 3 m), intermediate (3 to 10 m), 

pelagic (open water), and profundal (lake bottom in waters >10 m).   

Table 6 
Key Life History Information for Selected Fishes from Lesser Slave Lake 

Seasonal data Indicating Habitat Use and Timing 
Fish Species 

Life History 
Stage or Activity Spring Summer Fall Winter 
Fry/Nursery L/EC LC IC IC

Juvenile/Rearing L/EC LC IC IC

Adult/Rearing LC IC IC I/BC

Adult/Spawning LC -  -  - 

Walleye 
  
  
  
  

Migration LC LC IC -  
Fry/Nursery L/EC LC IS I/BS

Juvenile/Rearing LC LC IS I/BS

Adult/Rearing L/EC LC IS I/BS

Adult/Spawning EC -  -  -   

Northern pike 
  
  
  
  

Migration E/LC LC IS  - 
Fry/Nursery IC IC IC IC

Juvenile/Rearing IC IC I/BC I/BC

Adult/Rearing LC I/BC BC BC

Adult/Spawning -  -  IC -  

Lake whitefish 
  
  
  
  

Migration LC I/DC IC PP

S

Fry/Nursery IC L/IC PP

S IS

Juvenile/Rearing P P

S PP

S IS IS

Adult/Rearing PC P/IC P/IC L/IC

Adult/Spawning  -  -  -   LC

Cisco 
  
  
  
  

Migration  -  -   -  LC

Fry/Nursery L/IC L/PC LC I/BC

Juvenile/Rearing LC LC LC BC

Adult/Rearing L/IC L/IC L/IC IS

Adult/Spawning LC -  -   -   

Yellow perch 
  
  
  
  

Migration LC -  IS -  
Fry/Nursery -  IC BC BC

Juvenile/Rearing BS BS BS BS

Adult/Rearing I/BC BS BS BS

Adult/Spawning - -  -  LC

Burbot 
  
  
  
  

Migration IS -  -  L/I/BC
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Table 6 
Key Life History Information for Selected Fishes from Lesser Slave Lake (continued) 

Golder Associates 

Seasonal data Indicating Habitat Use and Timing 
Fish Species 

Life History 
Stage or Activity Spring Summer Fall Winter 
Fry/Nursery -  L/TC -  -  
Juvenile/Rearing L/TC L/TC L/TC L/TS

Adult/Rearing L/TC L/TC L/TC L/TS

Adult/Spawning -  -  -  -  

Shiners 
  
  
  
  

Migration -  -  -  -  
Fry/Nursery TC -  -   -  
Juvenile/Rearing -  L/IC L/IC L/IS

Adult/Rearing L, TC L, TC L/I, TC L/I, TS

Adult/Spawning TC -  -  -   

Suckers 
  
  
  
  

Migration L, TC -  -  -  
C=Confirmed. 
S=Suspected. 
E=Epilittoral (flooded vegetation). 
L =Littoral habitat. 
I=Intermediate. 
B=Profundal. 
P=Pelagic. 
T=Tributaries. 
NA indicated by shaded cells. 

3.3.4 Existing Information 

A large number of studies have been completed on the Lesser Slave Lake fish community since 

1941.  These studies have generally reflected the fisheries climate of the time, and with a few 

exceptions targeted very specific issues and species.  The focus of fisheries research in Lesser 

Slave Lake originally centred on cisco and lake whitefish; which formed the economic base of the 

commercial fishery from 1940 to the mid-1960s.  Over the last three decades fisheries research 

and management activities in Lesser Slave Lake have concentrated on sport fishes; namely 

walleye, northern pike and yellow perch.  Monitoring programs are currently being conducted by 

the Alberta Conservation Association and Alberta Sustainable Resource Development.  Two data 

reports from the Alberta Conservation Association with test netting results from 1999 (Wilcox 

2000) and 2001 (Lucko 2002) are currently available and provide fisheries data (growth rate, age 

class composition, and age-at-maturity) for walleye, northern pike, yellow perch, and lake 

whitefish. 
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3.3.5 Fish Community 

In total, 15 fish species have been identified in Lesser Slave Lake (Paetz and Zelt 1974).  These 

include walleye, northern pike, Arctic grayling, lake whitefish, cisco, mountain whitefish, burbot, 

longnose sucker, white sucker, brook stickleback, yellow perch, emerald shiner, spottail shiner, 

trout perch and spoonhead sculpin.  Lake trout were historically present in the lake but were 

extirpated in the early 1900s, likely as a combined result of overfishing and changes in the lake 

ecology (Miller 1941a).  Goldeye, although present in the river, have not been recorded from 

Lesser Slave Lake except for a single individual collected from the fishway (Schwalme and 

MacKay 1985). 

3.3.6 Walleye 

Walleye are the primary sport fishing target in Lesser Slave Lake and are also highly valued by 

the commercial fishing industry.  The walleye population of Lesser Slave Lake has been the 

subject of more studies than any other species in the lake.  Critical habitat areas within the lake 

and associated tributaries for spawning, overwintering, nursery and rearing are generally well 

defined.  Walleye are subject to age class dominance, where a particularly strong (or poor) age 

class persists through the population and can have substantial effects on future recruitment.  

Strong age classes of Lesser Slave Lake walleye are likely tied to high water conditions in the 

South Heart River and Buffalo Bay during spawning and early rearing.  Although this 

relationship has not been empirically demonstrated in the Lesser Slave Lake area is has been 

shown to occur in other Canadian walleye populations (Colby et al. 1979, Kerr et al. 1997). 

A series of studies in the 1990’s documented immediate and delayed mortality of walleye during 

live release fishing tournaments in the Lesser Slave Lake area in 1991 (R.L.& L. Environmental 

Services Ltd. 1993), 1992 (R.L.& L. Environmental Services Ltd. 1993, 1996a), 1993 (R.L.& L. 

Environmental Services Ltd. 1996b, 1996c, 1996d) and 1994 (R.L.& L. Environmental Services 

Ltd. 1996e).  Although revised tournament procedures helped to reduce walleye mortalities in 

1992 as compared to 1991 (R.L.& L. Environmental Services Ltd. 1993), weather conditions at 

the holding cage site greatly influenced immediate and delayed mortality of cage-held fish in 

subsequent years (R.L.& L. Environmental Services Ltd. 1996a, 1996b, 1996c, 1996d, 1996e).  

High water temperatures and high winds were cited as stress inducers for fish held in cages prior 

to weigh in.  Angling induced mortality rates have also been shown to be statistically non-
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significant for walleye taken from deep water (3.4 m to greater than 7.5 m) in winter (R.L.& L. 

Environmental Services Ltd. 1996f).  Walleye enhancement programs for Buffalo Bay, including 

artificial propagation (Smith and Guinn 1982) and habitat enhancement (Guinn 1981; Smith and 

Guinn 1982), have occasionally been advocated but to date have not been adopted in any overall 

management strategies for this species. 

3.3.6.1 Spawning 

Walleye are a spring spawning species, and they typically spawn shortly after ice break-up in 

water temperatures of 5.6 to 11.1 ºC (Scott and Crossman 1998).  Spawning typically occurs in 

rocky bottom whitewater habitat in rivers or in coarse gravel shoals in lakes.  In Lesser Slave 

Lake, adult walleye reach sexual maturity at age 4 for males and age 6 for females (Dietz 1973 

1979).  Spawning runs are composed mainly of male walleye, which in 1983 and 1984 made up 

95 and 98% of the sex composition within the run (O’Neil and Nelson 1984).   

The importance of the spawning habitat in Buffalo Bay and South Heart River to Lesser Slave 

Lake walleye has long been recognized (Hartman 1957).  Low water levels in Buffalo Bay have 

also been associated with partially blocked or delayed walleye spawning runs from Lesser Slave 

Lake (K.G.D. Environmental Consultants Ltd. 1982).  Mature walleye migrate from the lake into 

Buffalo Bay and the South Heart River in late April to early May (Dietz 1979; Berry 1978a, 

1981b; K.G.D. Environmental Consultants Ltd. 1982).  This timing is consistent with peak 

abundance of ripe walleye captured during electrofishing surveys in 1983 (O’Neil 1983), 1984 

(O’Neil and Nelson 1984), and 1985 (Lewis 1985) at locations indicated in Figure 9.   

Spawning generally occurs over sand and rubble substrate in the South Heart River and on 

vegetation mats over silt organic substrates in Buffalo Bay (Berry 1981b).  Egg densities 

measured by kick sample surveys in 1984 confirmed walleye spawning at 11 locations (Figure 9) 

with highest spawning intensity (a correlate of egg density) in Buffalo Bay (O’Neil and Nelson 

1984).  Subsequent egg sampling surveys in 1993 throughout Buffalo Bay and into the western 

end of Lesser Slave Lake (Collett and Rhodes 1995b) identified critical spawning areas in five 

other locations in Buffalo Bay and in the main body of Lesser Slave Lake (Figure 9).  Habitat 

characteristics at these spawning sites were variable, but all sites possessed a defined flow, depths 

exceeding 35 cm, and substrates with a textured non-uniform surface (O’Neil and Nelson 1984).   

 

Golder Associates 



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!( !(

!(

!(

!(

!(

!(

!(!(
!(
!(
!( !(

!( !(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!( !( !(

!(

!( !(

!(
!(

!( !(

!(

!(

!(
!( !(

!(
!(

!(
!(

!( !( !( !(

!(
!(

!(

!(

!(

Buffalo 
Bay

Grouard 
Channel

Shaw 
Point

Big Point
The Narrows

Giroux Bay

Auger 
Bay

Swan River

Marten Creek

East Prairie River

Lesser Slave River

Drift Pile River

Strawberry Creek

Narrows Creek

Ca
ny

on
 Cr

ee
k

Tp76

Tp75

Tp74

Tp73

Tp72

Tp71

Tp77R9 R8 R7 R6 R5
R15 R14 R13 R12 R11 R10

R4

540000

540000

560000

560000

580000

580000

600000

600000

620000

620000

640000

640000

61
20

00
0

61
20

00
0

61
40

00
0

61
40

00
0

61
60

00
0

61
60

00
0

Pr
oje

ct:
 I:\

20
06

\06
-13

37
\06

-13
37

-00
1\M

ap
pin

g\M
XD

\Le
ss

erS
lav

eL
ak

e_
wa

lle
ye

.m
xd

Plo
t: I

:\2
00

6\0
6-1

33
7\0

6-1
33

7-0
01

\M
ap

pin
g\P

DF
\Le

ss
erS

lav
eL

ak
e_

wa
lle

ye
.m

xd

³

LEGEND
Topographic maps 83N & 83O scanned by Maptown. C 1996 Her Majesty The 
Queen in Right of Canada.  Department of Energy, Mines and Resources.
Projection: Universal Transverse Mercator   Datum: NAD 83
Coordinate System: UTM Zone 11
Bathymetry digitized from maps obtained from Alberta Department of the 
Environment and Water Resources Division, drawings 03732 & 0472 dated July, 1972.

REFERENCE

METRES

10,000 10,0000
 

1:300,000SCALE
REV. 0

Calgary, Alberta

DESIGN

CONFIRMED WALLEYE SPAWNING ANDREARING SITES IN LESSER SLAVE LAKE(1979-1997)
FIGURE 9

PROJECT No. 06-1337-001 SCALE AS SHOWN

PROJECT

TITLE

GIS

REVIEW

MR

CHECK

ALBERTA SUSTAINABLE RESOURCE DEVELOPMENT 
AND ALBERTA ENVIRONMENT 

WATER LEVEL NEEDS SCOPING STUDY
LESSER SLAVE LAKE, ALBERTA

CK 04 Apr. 2006

DAF

NOTES
Bathymetric contour interval is 5 feet.
Ranges are west of the 5th Meridian.

MR

06 Mar. 2006

!(
O'Neil & Nelson 1984 - Egg collections and
electrofishing of spawning adults

!( Collett & Rhodes 1995a - Eggs and young-of-the-year
!( Berry 1981a - Young-of-the-year
!( Lucko & Todd 1997 - Egg Collections
!( Collett and Rhodes 1995b - Eggs and young-of-the-year

Bathymetry (in feet)
Lesser Slave Lake
Stream/River
Walleye Area

16 Mar. 2006
03 Apr. 2006



April 2006 -37- 06-1337-001 
 
 
Walleye spawning has also been documented through the presence of eggs in the Horse Lakes 

outlet channel in 1991 (Walty 1992).  Walleye spawning has also been documented along 

widespread sections of shoreline in Lesser Slave Lake in 1994 and 1995 (Collett and Rhodes 

1995a), particularly in shoreline areas associated with rock and rubble substrates (Figure 9).  In 

1997, spawning surveys for walleye were expanded further into Lesser Slave Lake when several 

of the major inflowing tributaries and shorelines were examined (Lucko and Todd 1997).   

Sampling efforts for eggs and adults were successful at several of these locations (Figure 9), 

suggesting that although the Buffalo Bay area is perhaps the major spawning area for Lesser 

Slave Lake walleye, it is not the only area used for spawning by walleye (Collett and Rhodes 

1995a; Lucko and Todd 1997). 

3.3.6.2 Nursery And Rearing 

Walleye hatch from 12 to 18 days after eggs have been deposited, and fry disperse into open 

water 10 to 15 days after hatching (Scott and Crossman 1998).  In Lesser Slave Lake, walleye fry 

generally leave Buffalo Bay in late May or early June (Berry 1981b), and remain largely in the 

littoral zone as they move eastward (Dietz and Tulman 1981).  Previous studies designed to 

capture walleye fry to document emergence and downstream drift experienced many sampling 

difficulties due to the high densities of large zooplankton (Lucko 1997).  Young-of-the-year have 

been found as far eastward as the Narrows in early October 1976 (Dietz and Tulman 1981), but 

they generally remain in the shallow parts of Lesser Slave Lake until mid- to late-fall of their first 

year.  The presence of young-of-the-year walleye has been documented along the shoreline of the 

western basin by Berry (1981a) in 1980.  Young-of-the-year appear to move into deeper waters in 

late fall (Dietz and Tulman 1981), likely in preparation for overwintering. 

Buffalo Bay provides important early rearing habitat for young-of-the-year walleye (Lucko 1997) 

due to an abundance of food (zooplankton and phytoplankton), cover (dense weed growth) and 

relatively warm water temperatures.  Rearing habitat for sub-adult walleye in Lesser Slave Lake 

is offered in both littoral and deep-water zones.  Yearlings leave the littoral zone and move into 

deeper water in September and October (Dietz and Tulman 1981).  Growth rates of walleye in 

Lesser Slave Lake are quite high compared to other northern Canadian populations (Dietz 1979; 

Dietz and Tulman 1981). 

Golder Associates 



April 2006 -38- 06-1337-001 
 
 
3.3.6.3 Feeding 

Walleye are generally piscivorous but are also flexible opportunistic feeders (Scott and Crossman 

1998).  Early studies of adult walleye from Lesser Slave Lake suggest that immature yellow perch 

and cisco form the bulk of prey items in August and September (Dietz 1979).  Stomach contents 

in the fall of 1975, 1977 and 1978 also contained a high proportion of mysids (Dietz 1979), 

suggesting that diet shifts likely occur as adults overwinter.  Subsequent diet studies on younger 

fish ranging in fork length from 88 to 250 mm found that the dominant prey item was young-of-

the-year yellow perch, which occurred in 60% of the stomachs examined (Berry 1981a).  Emerald 

and spottail shiners, trout perch, dipteran larvae, trichopteran nymphs, amphipods and mysids 

were also noted (Berry 1981a). 

3.3.6.4 Overwintering 

Walleye of all ages (young-of-the-year, yearlings, subadults and adults) appear to move into 

deeper waters of Lesser Slave Lake in September and October (Dietz and Tulman 1981).  

Detailed overwintering data are not available for Lesser Slave Lake and the extent to which 

various age classes of walleye (young-of-the-year, yearlings, sub adults, adults) utilize different 

overwintering habitats is not known for Lesser Slave Lake. 

3.3.6.5 Migration 

Early tagging studies in the west end of Lesser Slave Lake (Dietz 1979) suggest that mature 

walleye undergo a spring spawning migration to Buffalo Bay and the South Heart River.  These 

movements have been documented in numerous studies (O’Neil 1983; O’Neil and Nelson 1984; 

Lewis 1985; Walty 1992; Collett and Rhodes 1995a; Osokin and Tchir 2005).  Walleye typically 

begin migrating from the lake into Buffalo Bay while the bay is still ice covered, but wait to enter 

the South Heart River until the water temperature begins to warm to temperatures of 3 to 5°C 

(Berry 1981a).   

Post-spawning dispersal of walleye is variable with some post-spawners remaining in the shallow 

west end of the lake while other migrate through the narrows into the eastern basin during the 

summer months (Berry 1981a).  Fall movements of adults into the deeper waters of the eastern 

Golder Associates 



April 2006 -39- 06-1337-001 
 
 
basin have been noted (Berry 1981a, Dietz and Tulman 1981), but winter movements of adult and 

sub-adult fish have not been characterized in the region.   

3.3.7 Northern Pike 

Northern pike have an interesting history in the Lesser Slave Lake area, as they are the definitive 

host for several species of tapeworms including Triaenophorus crassus and T. nodulosus (Nelson 

and Paetz 1992).  The juvenile T. crassus plerocercoids form large and conspicuous cysts in the 

flesh of their intermediate whitefish and cisco hosts (Miller 1945).  Early studies on Lesser Slave 

Lake northern pike by Miller (1941a, 1942) were mainly concerned with determining the life 

history of this tapeworm in the hopes of finding solutions towards reducing the instances of 

encysted parasites in whitefish and cisco.   

3.3.7.1 Spawning 

Northern pike are a spring spawning species, and typically spawn in shallow marshes or in 

shallow flooded areas in vegetated bays (Nelson and Paetz 1992).  In the Lesser Slave Lake area, 

northern pike typically enter Buffalo Bay while it is still ice-covered in a pre-spawning migration, 

and then move into flooded areas of the South Heart River while the ice is breaking up (Berry 

1981a).  Northern pike eggs are deposited over vegetation in shallow water and usually hatch 

from 12 to 14 days after spawning (Scott and Crossman 1998).  Spawning areas for northern pike 

have been defined throughout the lake by Berry (1981a) and Collett and Rhodes (1995a).  Critical 

pike spawning areas are generally characterized by shallow waters containing beds of bulrush and 

sedge grasses (Collett and Rhodes 1995a).  Tagging work by Fisheries Management staff in 

Lesser Slave Lake suggests that some northern pike move downstream to spawn in Lesser Slave 

River tributaries and cut-off channels (David DeRosa, ASRD, Slave Lake, personal 

communication).   

3.3.7.2 Nursery and Rearing 

Nursery habitat requirements for northern pike are similar to their requirement for spawning 

habitat.  Young-of-the-year northern pike typically remain in near-shore vegetated habitats 

throughout their first summer (Scott and Crossman 1998).  Specific studies of young-of-the-year 

northern pike in Lesser Slave Lake are lacking although critical spawning areas for northern pike 
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can also be considered to be important nursery habitat for young-of-the-year.  Berry (1981a) 

notes that the preferred spawning habitat of northern pike (flooded vegetation in shallow water) 

makes them particularly vulnerable to changes in water levels.  In Lesser Slave Lake, critical 

nursery habitats include shoreline regions of bulrush and sedge grasses in the western basin, and 

flooded sedge and grass areas throughout Buffalo Bay and the South Heart River.   

Northern pike rearing habitat has not been well defined in Lesser Slave Lake.  In general terms, 

northern pike rear in shallow littoral zone waters where submergent vegetation or other suitable 

structure supports sufficient forage fish communities for feeding.  Abundant forage fish 

communities and complex structure along both the east and west basins of Lesser Slave Lake 

suggests that rearing habitat for northern pike is probably not a limiting factor in pike production. 

3.3.7.3 Feeding 

Northern pike are highly opportunistic feeders.  In a sample of 26 young northern pike (115-

249 mm fork length) young-of-the-year perch were the dominant prey item (65%) followed by 

trout-perch (23%), emerald shiner (15%) and suckers (15%) (Berry 1981a).  Miller (1941a) 

examined 61 pike collected at unknown locations in Lesser Slave Lake and found that the 

stomachs contained predominantly trout-perch, and in smaller numbers perch, cisco, northern 

pike, walleye and insects.  Spottail shiner, sculpin, dipteran larvae, odonata nymphs and mysids 

were also present (Berry 1981a).  Larger northern pike (>500 mm fork length) were noted to have 

fed on cisco, shiners and yellow perch (Berry 1981a).   

3.3.7.4 Overwintering 

Little is known of northern pike overwintering habitats in Lesser Slave Lake.  Previous studies in 

other lake systems disagree on the extent to which northern pike use different types of habitats 

during summer and winter (Diana et al. 1977, Jepsen et al. 2001).  The extent to which juvenile 

and adult northern pike utilize the littoral zone through the winter months requires further study. 

3.3.7.5 Migration 

Northern pike are not generally considered to be a migratory species although adults do move 

into shallow waters in the early spring for spawning (Nelson and Paetz 1992).  In Lesser Slave 
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Lake, under-ice movements of adult northern pike into Buffalo Bay and the South Heart River 

have been noted (O’Neil 1983), as have staging pre-spawning adult northern pike in other areas 

of the east and west basins (Berry 1981a). 

3.3.8 Lake Whitefish 

Lake whitefish generally inhabit benthic and occasionally pelagic regions of cool, well 

oxygenated lakes (Nelson and Paetz 1992).  As a commercial species, lake whitefish is highly 

valued although cysts caused by T. crassus can render the product unfit for human consumption.  

Several aspects of lake whitefish biology have been studied in Lesser Slave Lake including 

fecundity (Bell and Handford 1976, Healey and Dietz 1981), growth (Bell and Handford 1976, 

Dietz and Griffiths 1978) and population age structure (Miller 1943a, Bishop 1970d, Bell and 

Handford 1976).  Bell and Handford (1976) outlined a series of recommendations to increase 

commercial sustainability of the lake whitefish in Lesser Slave Lake following a collapse of the 

stock in 1965.  Following the closure of the whitefish fishery in 1965, experimental trawling was 

explored in an effort to find a method by which cisco could be captured without harvesting young 

whitefish (Bidgood 1967a).  Dietz (1975) discusses the decline in condition of whitefish between 

1940 and 1974, and also raises the potential impact of siltation on whitefish and cisco stocks. 

The parasitism of lake whitefish by T. crassus has also been studied extensively in Lesser Slave 

Lake.  Early efforts to control the frequency of encysted tapeworm in whitefish focused on 

reduction of the cisco population in Lesser Slave Lake, as cisco were believed to be the principal 

intermediate host of the parasite (Miller 1947a).  This strategy was implemented in 1940 and 

appeared to greatly reduce the incidence of cysts in whitefish by 1947 (Miller 1947a, 1952).  

Some consideration was also given toward eliminating the northern pike population in the lake, as 

pike are the definitive host for the adult T. crassus tapeworm (Miller 1940).  Bishop (1977) found 

no correlation between growth rates and extent of parasitism.   

3.3.8.1 Spawning 

Lake whitefish are a fall spawning species, and typically spawn over rocky or sandy shoals in 

waters less than 7.6 m deep (Scott and Crossman 1998).  In Alberta, lake whitefish generally 

spawn from late September to early January (Nelson and Paetz 1992).  Confirmed spawning and 

rearing areas for lake whitefish in Lesser Slave Lake (Berry 1981a) are shown in Figure 10. 
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3.3.8.2 Nursery and Rearing 

Lake whitefish eggs develop on the spawning grounds through the winter and hatch in April or 

May depending on prevailing water temperatures (Scott and Crossman 1998).  Whitefish larvae 

form aggregations along steep shorelines and generally reside in shallow littoral waters until 

summer when they begin to move into deeper waters (Scott and Crossman 1998).  Dietz and 

Griffiths (1978) found that young-of-the-year whitefish in Lesser Slave Lake were present in 

shallow inshore waters in the spring where they cohabitated with cisco, yellow perch and spottail 

shiner.  In 1979 and 1980, larval and fry lake whitefish were present along shore through May 

and June (Berry 1981a).  Results suggested that the east basin shorelines were more heavily 

utilized by whitefish fry than the western basin, likely due to the greater proportion of 

rocky/cobble shorelines in the east basin (Berry 1981a; Collett and Rhodes 1995a).   

Young-of-the-year whitefish began to move into deeper waters through the summer where they 

were captured at depths of up to 10 m (Dietz and Griffiths 1978).  During the fall months, young-

of-the-year whitefish moved further offshore into the deepwater areas of Lesser Slave Lake 

(Dietz and Griffiths 1978). 

Little is known concerning rearing areas for whitefish, but presumably yearlings school with adult 

fish in deeper waters for most of the year and enter into the littoral zone waters for feeding during 

the early spring (Collett and Rhodes 1995a). 

3.3.8.3  Feeding 

Buffalo Bay and South Heart River are important early season feeding areas for lake whitefish 

from Lesser Slave Lake (Berry 1981a, O’Neil 1983).  The west bay in the vicinity of the Grouard 

Channel has also been suggested to be an early season feeding area (O’Neil 1983).  The 

movement of whitefish in these areas tends to follow the walleye spawning run into Buffalo Bay 

and the South Heart River. 

Whitefish fry have been shown to feed primarily on copepods and later cladocerans during May 

and June (Berry 1981a).  The diet of young-of-the-year whitefish has been examined in Lesser 

Slave Lake and was found to consist primarily of the larger zooplankton species such as Daphnia 

sp. and Leptodora kindtii although Diptera sp (larvae and pupae and adults), copepods, clams, 
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snails, amphipods and caddis pupae were also present (Dietz and Griffiths 1978); this is generally 

in accordance with the feeding habits described for young-of-the-year lake whitefish by Berry 

(1981a). 

Early studies of diet in adult Lesser Slave Lake whitefish (Miller 1941a) found that clams and 

snails were the dominant food items, with large zooplankton and insect larvae making up a 

smaller proportion of the diet.  Whitefish collected in shallow water in the west basin had a higher 

proportion of insect larvae in their stomach (35%) than those collected in deep water in the east 

basin (1%), although in both collections clams and snails were the dominant food items (Miller 

1941a).   

A sample of 104 adult whitefish stomachs collected in the fall of 1970 during a test netting 

program found that only 25 stomachs contained food (Bishop 1970a).  The contents of these 

stomachs were made up of clams and snails (68%), and large zooplankton (15%); with smaller 

numbers of fish, amphipods, caddis flies and midges (Bishop 1970a).   

In a larger study comparing feeding habits of lake whitefish and longnose suckers, Dietz and 

Krajewski (1978) examined 370 whitefish stomachs obtained over the ice-free season of May to 

October 1977.  Chironomid larvae and pupae, clams, cladocerans and ostracods were the most 

frequent food items observed in the 370 whitefish stomachs examined (Dietz and Krajewski 

1978).  Chironomid larvae and pupae and clams were the dominant prey items in the whitefish 

diet from May through to October, with pupae becoming dominant through July and August 

(Dietz and Krajewski, 1978).  Large zooplankton (cladocerans) and mysids became dominant in 

the diet through the fall months (Dietz and Krajewski 1978).   

Siltation has also been cited as a potential problem for whitefish (Zelt 1972), as high levels of 

turbidity may interfere with visual prey acquisition for whitefish.  Although no behavioural data 

in support of this hypothesis were obtained, periods of flooding were observed to coincide with 

false annuli (thus cessation of feeding) in whitefish scales (Zelt 1972). 

3.3.8.4 Overwintering 

No data exists concerning lake whitefish overwintering in Lesser Slave Lake, but it is generally 

accepted that whitefish remain in deeper waters throughout the winter months.   
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3.3.8.5 Migration 

Adult whitefish move in the rapidly warming littoral zone in the spring and remain there through 

May and June to feed in the highly productive littoral zone.  Whitefish slowly move into the 

deeper waters of the profundal zone in the east basin through the summer, presumably to feed on 

the dense populations of chironomids in the benthos (Dietz and Krajewski 1978, Ash and Noton 

1979).  Adult whitefish leave deeper waters of Lesser Slave Lake in late summer and early fall 

and move onto inshore spawning grounds (Dietz and Krajewski 1978).  Following spawning, 

adult fish move back into deeper waters where they remain throughout the winter. 

3.3.9 Cisco 

The cisco has historically been an important component of the commercial fisheries of Lesser 

Slave Lake (Miller 1943b).  Cisco were fished primarily for use as mink food by the fur ranching 

industry that surrounded the lake.   

In the Lesser Slave Lake area, early studies on cisco focused on reducing population numbers in 

the hopes of indirectly decreasing the frequency of T. crassus cysts in whitefish (Miller 1947a, 

1952).  It soon became clear that although the prevalence of cysts in whitefish was being 

effectively reduced, changes in age structure indicated that the cisco population was on the verge 

of collapse (Miller 1947b).  The cisco fishery did not collapse but did undergo a pronounced shift 

in age structure, with the average age of the fish caught dropping from 5.9 years old prior to 1947 

to 2.2 years old in 1947 (Bishop 1970c).  Historical cisco data from 1942 to 1968 are summarized 

in Bishop (1970c).  Test net statistics (age structure and growth rate estimates) for 1972 are 

presented in Bishop (1972).   

The cisco fishery in Lesser Slave Lake began to decline in 1970 as a combined result of 

dwindling populations and market values (Bishop 1970b).  Strategies were changed at this point 

and various net sizes and quotas were explored to determine what gear would effectively target 

older (i.e., older than 3 years) fish (Wishart 1958, Anonymous 1966, MacDonald 1964).  Long-

term impacts of commercial exploitation on the age structure of cisco populations in Lesser Slave 

Lake is discussed by Dietz (1975).   
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3.3.9.1 Spawning  

Cisco are a fall spawning species, and generally spawn from late October to December in water 

temperatures of 2 to 5°C (Nelson and Paetz 1992).  Although cisco will spawn over a variety of 

substrate types and depths (Nelson and Paetz 1992) they often spawn in shallow water (1-3m) 

over gravel or stony substrates (Scott and Crossman 1998).  In Lesser Slave Lake, cisco typically 

spawn in December over shallow shoal areas (Bishop 1970b).  In years with low water levels, 

some reports have raised the possibility that freezing to the bottom on spawning areas or the 

movement of breaking ice could in effect scour the spawning beds and severely disrupt certain 

year classes (Bishop 1970b, 1973).  Spawning has been noted in Lesser Slave Lake over sand and 

cobble substrates by Berry (1981a). 

3.3.9.2 Nursery and Rearing 

Cisco eggs hatch in the early spring, three to four months after spawning (Scott and Crossman 

1998).  Berry (1981a) found that cisco in Lesser Slave Lake appeared to disperse offshore shortly 

after hatching.   

Following an initial dispersal from inshore spawning grounds in June, some young-of-the-year 

cisco return to inshore littoral areas to feed in late summer (Berry 1981a).  Movements of young-

of-the-year cisco are not well understood.   

3.3.9.3 Feeding 

Stomach contents of Lesser Slave Lake cisco were first described by Miller (1941a).  The 

stomachs of 112 cisco were examined during the summer and found to contain mostly bottom 

organisms, in the form of insect larvae and small clams (Miller 1941a).  Bishop (1970b) reported 

diet information based on a small sample of cisco stomachs collected in the west basin in 1968 

and 1970.  Daphnia sp. were the only food items present (Bishop 1970b).  Feeding habits of 

young cisco were described by Berry (1981a) as similar to those of lake whitefish, although 

young-of-the-year cisco did not prey on dipteran larvae as did lake whitefish.   

3.3.9.4 Overwintering 

Overwintering habitats for cisco in Lesser Slake Lake have not been described. 
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3.3.9.5 Migration 

Seasonal movements of cisco in Lesser Slave Lake are somewhat understood.  It is known that 

adults move inshore to spawn in the late fall, and that fry move offshore in spring shortly after 

hatching (Ash and Noton 1979).  The exact timing and extent of cisco movements in Lesser Slave 

Lake are unknown.   

3.3.10 Yellow Perch 

Yellow perch are a spring spawning species that has commercial and recreational value 

throughout Canada (Scott and Crossman 1998).  Yellow perch are a very important forage fish for 

both northern pike and walleye in Lesser Slave Lake (Dietz 1979, Berry 1981a), but have not 

been extensively studied in Lesser Slave Lake. 

3.3.10.1  Spawning 

Yellow perch spawn in the spring in shallow vegetated areas in bays and tributaries (Scott and 

Crossman 1998).  In Lesser Slave Lake, although spawning occurs throughout weedy inshore 

areas of the lake, much of the production is believed to be located in Buffalo Bay, along the south 

shore of the lake (Ash and Noton 1979), and in the lower reaches of some of the major tributaries 

flowing into the lake, such as the Swan River (Berry 1978c).  In June 1979 and May 1980, Berry 

(1981a) found that newly hatched perch were often associated with sheltered areas characterized 

by flooded willows, grasses and beds of soft-stem bulrush.   

3.3.10.2  Nursery and Rearing 

Yellow perch are abundant and very widely distributed in Lesser Slave Lake (Berry 1981a).  

Young-of-the-year perch do not seem to be highly selective in their habitat preference and have 

been collected over a wide variety of substrates (Collett and Rhodes 1995a).  Collett and Rhodes 

(1995a) observed the greatest abundances of young-of-the-year yellow perch at the mouth of the 

Grouard Channel, and at Driftpile and Joussard.  Berry (1981a) found high abundances of young-

of-the-year yellow perch along the Canyon Creek (east basin) and Hilliard’s Bay (west basin) 

shorelines in 1979 and 1980. 
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Although rearing areas for Lesser Slave Lake perch have not been specifically studied, sheltered, 

inshore vegetated habitats and submerged macrophyte beds are utilized by young-of-they-year 

yellow perch (Scott and Crossman 1998).  Yellow perch in Lesser Slave Lake also likely inhabit 

pelagic zones during a portion of their early life history (Post and McQueen 1988).  Although 

shifts in juvenile yellow perch distribution have not been studies in Lesser Slake Lake they seem 

to be a common factor of perch populations through their range (Post and McQueen 1988).  Berry 

(1981a) found that age 1 and 2 perch were well distributed in gillnet catches along the shores of 

the west basin in 1980.   

3.3.10.3  Feeding 

Yellow perch are an opportunistic predator and feed on a large variety of food organisms.  

Young-of-the-year perch collected in late summer preyed primarily on cladocerans, with smaller 

number of dipterans and mysids also present (Berry 1981a).  Pelagic organisms were most 

prevalent in adult and subadult perch stomachs examined by Berry (1981a); these organisms 

included cladocerans, copepods, dipteran pupae, corixids and mysids, and in larger perch young-

of-the-year emerald shiners were also present.  Yellow perch stomachs also contained caddis 

larvae, mayfly larvae, amphipods and fish eggs.   

3.3.10.4 Overwintering 

Overwintering habits of yellow perch have not been studied in Lesser Slave Lake, although they 

are known to remain active under the ice in both deep and shallow waters (Scott and Crossman 

1998). 

3.3.10.5 Migration 

Adult yellow perch migrate into flooded shallows of sheltered bays and tributaries in the spring to 

spawn (Scott and Crossman 1998).  Through the remainder of the year they move in and offshore, 

and in and out of deeper water likely in response to temperature and forage availability (Scott and 

Crossman 1998).  The extent of yellow perch seasonal movements in Lesser Slave Lake has not 

been examined.   
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3.3.11 Burbot 

Burbot have not been extensively studied in Lesser Slave Lake and are generally captured as 

bycatch in commercial and recreational fisheries.  Burbot historically supported a small winter 

fishery for mink food.  In March until ice-out burbot were captured on baited hooks through the 

ice when the fish were concentrated for spawning.  Experimental fishing on the burbot spawning 

grounds using a trap net did not prove to be very successful and was not developed as a 

commercial fishing strategy (Bidgood 1967b).   

3.3.11.1 Spawning  

Burbot are a winter spawning species and spawn under the ice in early April (Berry 1981a).  They 

typically spawn over sand or gravel shoals in relatively shallow waters of 2 to 3m deep (Scott and 

Crossman 1998).  Burbot may also spawn in the outlet channel of Buffalo Bay, as adults have 

been collected in the upper outlet channel of Buffalo Bay in early spring, with their numbers 

increasing through the month of April (O’Neil 1983).   

3.3.11.2 Nursery and Rearing 

Burbot eggs hatch in Lesser Slave Lake in late May or early June, and the fry rear slightly 

offshore in areas with sand or gravel substrates (Berry 1981a).  Little is known of the rearing 

habits of burbot in Lesser Slave Lake.   

3.3.11.3 Feeding 

To our knowledge, the stomach contents of burbot from Lesser Slave Lake have not been 

examined.  On other Canadian lakes, young burbot feed primarily on amphipods, mayfly larvae 

and crayfish, while adults generally feed on fish (Scott and Crossman 1998).  In Lesser Slave 

Lake the adult burbot likely feeds on yellow perch, cisco, trout-perch and walleye.  Adult burbot 

are also known to feed heavily on eggs from cisco (Scott and Crossman 1998) and whitefish 

(Nelson and Paetz 1992).   
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3.3.11.4 Overwintering 

The overwintering habits of burbot have not been studied in Lesser Slave Lake.  Their life history 

suggests that burbot remain in deep water though most of the winter but move onshore during late 

winter and early spring to spawn (Scott and Crossman 1998).   

3.3.11.5 Migration 

Little is known concerning the movements of burbot in Lesser Slave Lake.  A 1974 sonic tagging 

study during which two female burbot were tagged and tracked from early March to late April 

found no evidence of set movement patterns of the fish (Bryant 1974).  Fry appear to move 

offshore shortly after hatching (Berry 1981a), and likely settle into deeper waters as yearlings and 

remain there until they return to shallow inshore areas to spawn as adults.   

3.3.12 Emerald and Spottail Shiners 

Emerald shiners are the most abundant and widely distributed fish species in Lesser Slave Lake 

(Berry 1981a).  Emerald and spottail shiners are both summer spawning species and together they 

form an important forage base for the fish community (Paetz and Nelson 1992).  Emerald shiners 

are generally considered to be an inshore species while spottail shiners are typically associated 

with offshore waters.   

3.3.12.1 Spawning  

Emerald shiners spawn in the summer when water temperatures rise close to 20°C.  Emerald 

shiner spawning generally occurs slightly offshore in 1 to 3 m of water over sand or sand and 

cobble substrates (Berry 1981a).  Spottail shiners in Lesser Slave Lake generally spawn in 

shallow water close to shore over sand or sand cobble substrates (Berry 1981a).  Large numbers 

of emerald and spottail shiners have also been observed trying to ascend the weir from Lesser 

Slave River into Lesser Slave Lake, suggesting that they may undergo spawning migrations into 

Lesser Slave Lake (David DeRosa, ASRD, Slave Lake, personal communication).   
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3.3.12.2 Nursery and Rearing 

Early rearing of emerald shiner fry generally occurs offshore, but young-of-the-year emerald 

shiners move into nearshore waters in late summer; while yearling fish move into deeper offshore 

waters during August (Berry 1981a).  When in nearshore waters, young-of-the-year emerald 

shiner in Lesser Slave Lake typically forage and shelter in complex structure (Berry 1981a).  

Berry (1981a) found that yearling spottail shiners were generally associated with areas having 

sand or sand and rubble shorelines, while fry were typically associated with silt and organic 

substrates. 

3.3.12.3 Feeding 

The diet of emerald shiner (samples from mainly one-year-old fish) consists primarily of 

cladocerans and dipteran pupae (Berry 1981a).  Spottail shiner fed mainly on dipteran larvae, 

dipteran pupae, amphipods, and trichoptera (Berry 1981a).  Young-of-the-year of both species 

prey mainly on cladoceran zooplankton (Berry 1981a).   

3.3.12.4 Overwintering 

Little is known concerning the overwintering habits of shiners but they presumably remain in the 

littoral zone throughout the winter months. 

3.3.12.5 Migration 

Shiners undergo a series of onshore and offshore movements through their life history.  Emerald 

shiners move slightly offshore during summer spawning while spottail shiners move into shallow 

inshore waters to spawn in the summer.  Immigration of both spottail shiner and emerald shiner 

was noted in spring in the South Heart River system (O’Neil 1983).   

3.3.13 Sucker Species 

Longnose sucker and white sucker are spring spawning species that generally ascend rivers or 

creeks to spawn, although beach spawning has also been noted for both species (Paetz and Nelson 

1992).  Research concerning the longnose sucker in Lesser Slave Lake has focused on their 

potential to compete for food resources with more “valuable” commercial species (Zelt 1973, 
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Dietz 1978, Dietz and Krajewski 1978, Berry 1978b, Ash and Noton 1979).  Early attempts to 

establish intensive sucker fisheries on Driftpile River were successful at harvesting large numbers 

of suckers between 1972 and 1976 but the size of the spawning run was not impacted (Zelt 1973, 

Dietz 1976, Ash and Noton 1979).   

Although both white and longnose sucker occur in Lesser Slave Lake, approximately 95% of the 

Catostomid population in the lake is composed of longnose suckers (Berry 1981a).  For this 

reason we have focused the remainder of this review on longnose suckers.  However, sucker runs 

ascending the South Heart River in 1983 were thought to be composed primarily of white suckers 

(O’Neil 1983).   

3.3.13.1 Spawning  

Longnose sucker spawn in the spring and are known to migrate into Buffalo Bay while the bay 

and lake are still ice covered (Berry 1981a).  Ripe adult longnose sucker then begin their 

spawning run up the South Heart River once ice breakup on the river has begun (Berry 1981a).  

Longnose sucker generally spawn over gravel in rivers and streams in relatively shallow water 

(Scott and Crossman 1998).  Although white and longnose sucker generally spawn in late May 

and early June (Nelson and Paetz 1992), the timing of spawning is variable in Lesser Slave Lake 

as it is dependant on prevailing water temperatures in the tributaries (Berry 1981a).  Eggs are 

deposited directly onto the substrate and hatch approximately two weeks later (Scott and 

Crossman 1998).  Most of the tributaries draining into Lesser Slave Lake that contain gravel 

riffles, regardless of size, are believed to support longnose sucker spawning (Berry 1978b). 

3.3.13.2 Nursery and Rearing 

Longnose sucker fry remain in the gravel for up to two weeks after hatching and then emerge and 

drift downstream into the lake environment (Scott and Crossman 1998).  In Lesser Slave Lake, 

previous research on the inshore fish community found that longnose sucker fry initially 

dispersed along the shorelines following immigration into the lake but gradually moved offshore 

into deeper water through mid-summer (Berry 1981a). 
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3.3.13.3 Feeding 

The diet of longnose suckers has been examined in Lesser Slave Lake in the context of potential 

competition for food between suckers and lake whitefish (Dietz and Krajewski 1978).  A total of 

33 longnose sucker stomachs was examined from May to October 1977.  Chironomid larvae were 

the most abundant prey item, with clams, cladocerans and snails making up a smaller proportion 

of the diet.   

3.3.13.4 Overwintering 

Overwintering habits of longnose suckers in Lesser Slave Lake are unknown, although they 

presumably overwinter in deeper waters and then move onshore in late winter in preparation for 

their spring spawning migrations. 

3.3.13.5 Migration 

Based on current knowledge, the only extensive movement of longnose suckers in Lesser Slave 

Lake occurs in the spring when adults ascend tributary rivers and streams to spawn. 

3.3.14 Data Gaps 

The fisheries data for Lesser Slave Lake, although not complete, gives a good overview of most 

of the important ecological dynamics associated with commercially and recreationally targeted 

fish populations and their forage species.  The main data gaps in the fisheries data include the 

following:   

general lack of overwintering data for most species; • 

• 

• 

poor delineation of rearing habitat for most species; and, 

poor understanding of relationship between changes in the littoral zone and overall 

fish production in Lesser Slave Lake. 

Overwintering data are absent for most species.  It is currently unknown how or if overwintering 

dynamics (mortality) influence subsequent recruitment for fish populations in Lesser Slave Lake.  

Rearing habitats for most species are poorly defined, although this is a difficult ecological aspect 
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to study for those species that tend to disperse as young-of-the-year from known spawning 

grounds.   

The majority of fish species in the lake depend on the littoral zone for some aspect of their life 

history.  Fluctuations in lake water levels have the potential to alter the littoral habitat throughout 

Lesser Slave Lake in general and Buffalo Bay in particular.  Reductions in summer littoral habitat 

in Cross Lake Manitoba were associated with reduced biomass of the entire fish community 

(Gaboury and Patalas 1984). 

It has been noted by fisheries researches in the Lesser Slave Lake area (Berry 1981a, David 

DeRosa, ASRD, Slave Lake, personal communication) that high waters levels in spring seem to 

be correlated with large year classes and high early survival of those fish species that tend to rely 

on shallow littoral waters during their early life history (such as walleye).  Reviews of biological 

data for walleye detail numerous studies where low spring water levels have been associated with 

year class failures of walleye and other species (Colby et al. 1979, Kerr et al. 1997). 

This aspect of the Lesser Slave Lake fish ecology could be addressed through a formal statistical 

analysis of historical year class frequency data and historical water levels in the lake.  Year class 

abundance data are available for walleye in the form of length frequency data and aged cohort 

abundances (test netting program by Alberta Sustainable Resource Development unpublished 

data, Berry 1981a, Wilcox 2000, Lucko 2002).  The use of lengths to calculate age classes (Berry 

1981a data) would, however, introduce additional uncertainty into the model. 

3.3.15 Potential Impacts from Changes in Lake Level 

Changes in lake level of Lesser Slave Lake have a large potential to influence fish populations 

and fish habitat by changing the amount of littoral habitat available and by limiting fish access to 

the available habitat (Gaboury and Patalas 1984).  Changes in the extent of littoral zone habitat 

would influence fish species throughout the year through: 

impeding access to spawning areas in the spring, especially in the Buffalo Bay area; • 

• reduction of spawning habitat for spring, summer, and fall spawning species; 
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reduction of nursery and rearing habitat for spring, summer, and fall spawning 

species; and, 

• 

• potential reduction of primary production, secondary production and forage fish 

populations potentially creating food resource problems throughout the food chain. 

A more detailed examination of critical fish habitat throughout the year (including winter) is 

warranted to increase our understanding of how varying spring, fall and winter water levels could 

impact the extent of littoral zone area in Lesser Slave Lake.   

3.4 Benthic Invertebrates 

3.4.1 Data Availability 

The benthic fauna of Lesser Slave Lake have not been described in recent years.  The two 

pioneering studies on the overall ecology of Lesser Slave Lake, Miller (1941a) and Weisgerber 

(1977), both provide good baseline information on the benthic fauna of Lesser Slave Lake 

(Table 7).  Weisgerber (1977) conducted sampling only in the profundal zone while Miller 

(1941a) sampled both the profundal and littoral benthic communities.   

3.4.2 Benthic Community Description 

The bottom fauna of Lesser Slave Lake was first described by Miller (1941a), based on a series of 

dredges with a six-inch Ekman dredge.  Fifteen dredges were taken in each basin.  In the eastern 

basin, insect larvae made up the greater part of the benthic fauna to depths of up to 12 m, with 

clams and snails becoming more dominant at depths to 18 m (Miller 1941a).  The west basin was 

estimated to be over four times as productive as the east end due to the dense clam populations, 

particularly in the littoral zone in the area from the narrows to Big Grassy Point (Miller 1941a).  

The deep water benthos in the western basin was noted to have large concentrations of blood-red 

midge larvae (Miller 1941a). 

Weisgerber (1977) also found productivity to be higher in the western basin and estimated the 

average summer standing crop of profundal macroinvertebrates over the entire lake to be 

approximately 443 kg/ha, which is a value characteristic of a eutrophic lake.  Chironomids 
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dominate the profundal fauna for most of the year.  Their biomass was highest in the spring and 

summer (73.8-87.7%) and diminished in the fall (40.8-68.3%) (Weisgerber 1977).   

Table 7 
Benthic Fauna Identified from Lesser Slave Lake 

Data source Classification Genus Common Name 

Chironomids Chironomus plumosus Midge 

Trichoptera Unknown Caddisfly 

Crustaceans Hyalella knickerbockeri Amphipod 

Sphaerium striatinum Water clam 

Pisidium sp. Fingernail clam 

Anadonta sp Freshwater mussel 

Cyraulus sp. White snail 

Stagnicola sp. Tadpole snail 

Molluscs 

Valvata tricarinata Valve snail 

Oligochaetes Unknown Segmented worms 

Nematodes Unknown Nematode worm 

Miller (1941a) 

Leeches Unknown Leech 

Chironomus sp. Chironomid midge 

Tanytarsus sp. Chironomid midge 

Chironomids 

Procladius sp. Chironomid midge 

Crustaceans Mysis relicta Opossum shrimp 

 Unknown ostracod Genus Seed shrimp 

Pisidium sp. Fingernail clam Molluscs 

Sphaerium sp. Clams 

Nematodes Unknown Genus Nematode worm 

Nematodes Mermethid nematode Nematode worm 

Weisgerber (1977) 

Hydroids Unknown Genus Hydra 

 

The Chironomid fauna of the profundal zone is dominated by three genera, Chironomus, 

Tanytarsus and Procladius (Weisgerber 1977).  The greatest fluctuation in the open-water season 

occurred in Tanytarsus sp. and Chironomus sp. (Weisgerber 1977).  Tanytarsus sp. were most 

abundant overall and comprised 75 to 90% of the total number of Chironomids collected through 

the spring and summer (Weisgerber 1977).  Chironomus sp. individuals are much larger and thus 

comprise a high proportion of the total Chironomid biomass but are not very abundant 

(Weisgerber 1977).   
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The clams and Oligochaetes, which are a minor component of the profundal fauna in the spring 

and summer, increase in proportion of biomass in the fall (up to 39%) when chironomid biomass 

is low (Weisgerber 1977).  Very high densities of Oligochaetes (averaging 6825 individuals/m2) 

were present in the profundal zone from July to September (Weisgerber 1977).  Pelecypods and 

Oligochaetes also displayed a very low degree of variance over the course of the year in 

comparison to that exhibited by the Chironomidae which continued to decrease in standing crop 

biomass throughout the winter (Weisgerber 1977).   

The differences in species accounts between Miller (1941a) and Weisgerber (1977) are most 

likely due to sampling artifacts between the two studies.  Mysids for example were only 

encountered occasionally by Weisgerber (1977) and were not described by Miller (1941a).  Both 

studies employed an Ekman dredge that sampled an area of 0.0232 m2 (Miller 1941a, Weisgerber 

1977), although only Weisgerber (1977) gave details of the filtering procedure used to separate 

the benthic organisms from the surrounding sediment.  The lack of details for post-sampling 

methods by Miller (1941a) makes it difficult to conclude if mysids were absent from the lake or if 

they were present but not sampled.  Similarly, Miller (1941a) may have also underestimated the 

biomass of chironomids through post-sampling methods that only retained larger organisms.   

3.4.3 Data Gaps 

The benthic community structure of Lesser Slave Lake has not been examined in recent years.  

Significant data gaps include a lack of benthic monitoring since Weisgerber’s (1977) efforts in 

1975-1976.   

3.4.4 Potential Impacts from Changes in Lake Level 

The extent to which changes in lake level could influence composition of the benthic community 

are unknown.  Presumably the deep water profundal fauna would be insulated from any impacts 

resulting from minor changes in water level, but the littoral benthic community in the west end of 

the lake could be impacted.  It is currently unknown if the historical description of the littoral 

benthic community (Miller 1941a) is still valid for Lesser Slave Lake in 2006. 
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3.5 Macrophyte, Planktonic and Microbial Communities 

3.5.1 Data Availability 

The macrophyte, planktonic and microbial communities of Lesser Slave Lake have not been 

extensively studied.  To date, the best descriptions of these communities are presented in Miller 

(1941a), Chymko (1976) and Weisgerber (1977).  Additional information concerning location of 

submergent and emergent macrophyte beds can be found in Berry (1981a) and Collett and 

Rhodes (1995a). 

3.5.2 Macrophyte Community Description 

The submergent and emergent macrophyte community of Lesser Slave Lake provides critical 

spawning, nursery, and rearing habitat for a number of important fish species in the lake.  They 

also provide important foraging habitat for waterfowl and support an abundant invertebrate 

community.  The macrophyte community of Lesser Slave Lake was first described by Weisgerber 

(1977).  Subsequent research by Berry (1981a) defined the distribution of major emergent and 

submergent macrophyte species in Lesser Slave Lake.   

A total number of 19 submergent and 13 emergent macrophyte species were recorded in 1975 

(Weisgerber 1977), which are listed in Table 8.  As most of the littoral areas of the lake are 

exposed to considerable wave-action and turbulence, macrophyte growth is limited throughout 

much of the littoral zone.  Typical species assemblages are restricted to Potamogeton vaginatus, 

P. gramineus, P. richardsonii, Chara spp., Scirpus validus and Carex spp. (Weisgerber 1977).  

The majority of macrophyte species observed in 1975 were only present in sheltered habitats such 

as shallow protected bays or the margins of Lesser Slave River.  The high potential for 

macrophyte growth in Buffalo Bay during high water periods for Scirpus validus and other 

species was also noted (Weisgerber 1977).   
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Table 8 
Lesser Slave Lake Macrophyte Species List 

Macrophyte Type Scientific Name Common Name 

Callitriche hermaphroditicum Water star-wort 
Ceratophyllum demersum coontail 

Chara sp. Stonewort 

Fontinalis sp. Water moss 
Lemna minor Lesser duckweed 

Lemna triscula Star duckweed 

Myriophyllum exalbescens Northern watermilfoil 

Polygonum amphibium Water smartweed 

Potamogeton friesii Pondweed 

Potamogeton gramineus Pondweed 
Potamogeton pusillus Richardson pondweed 

Potamogeton richardsonii Large-sheath pondweed 

Potamogeton vaginatus Flat-stemmed pondweed 

Potamogeton zosteriformis Eelgrass pondweed 

Ranunculus aquatilis White water crowfoot 

Sagittaria cuneata Arumleaf arrowhead 

Submergent species 

Utricularia vulgaris Common bladderwort 

Beckmannia syzigachne Steud fern 

Carex spp. Sedge grass 

Cicuta sp. Water hemlock 

Eleocharis palustris Spike rush 
Equisetum fluviatile Horsetail 

Glyceria spp. Mannagrass 

Juncus balticus Wire rush 

Phalaris arundinacea Red canary grass 

Phragmites communis Red grass 

Scirpus validus Common great bulrush 
Scolochloa festucacea Rivergrass or wild link 

Sparganium eurycarpum Giant bur-reed 

Emergent species 

Typha latifolia Common cattail 
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The distribution of major emergent (Scirpus validus) and submergent (Polygonuum amphibium 

and Potamogeton spp.) macrophyte species were described by Berry (1981a) during his fishery 

assessment of the inshore area of Lesser Slave Lake.  Detailed distribution maps were generated 

for seven macrophyte species (Berry 1981a).  The western basin was noted to have much higher 

concentrations of macrophytes than the east basin (Berry 1981a). 

3.5.3 Plankton Community Description 

The phytoplankton community of Lesser Slave Lake was initially described by Miller (1941a) 

who documented blue green algae (class Cyanophyceae), green algae (class Chlorophyceae) and 

diatoms in 1941.  The blue green algal genera identified were Aphanizomenon sp., Anabaena sp., 

Coelosphaerium sp., and Staurastrum sp. (Miller 1941a).  Major diatom genera included 

Stephanodiscus sp., Asterionella sp., Fragilaria sp., and Tabellaria sp. (Miller 1941a).  Green 

algae were not identified to genus but collections were believed to represent one or perhaps two 

species (Miller 1941a). 

In general the quantity of phytoplankton increased in the water column throughout the summer 

months and interestingly was found to be very abundant throughout the entire water column, 

presumably due to the relatively extreme extent of wind mixing in the system (Miller 1941a).  

Most of the spring phytoplankton concentration was made up of Stephanodiscus sp. and 

Asterionella sp.  Summer algal blooms began in August in the east basin and were due to high 

concentrations of Anabaena sp. and Aphanizomenon sp.  Blooms began earlier in the west basin 

and were due to the genus Aphanizomenon (Miller 1941a). 

Differential timing of algal blooms in the east west basins of the lake were believed to be due 

primarily to temperature differences between the two basins (Miller 1941a).  In the summer of 

1941, phytoplankton concentrations reached a peak of 87.4 cm3 per m3 of water in the west basin 

of Lesser Slave Lake mostly due to high concentrations of Aphanizomenon sp. (Miller 1941a).  

Peak densities in the east end of the lake were much lower at 19.7 cm3 per m3 of water on 

August 5, 1941. 

In early summer, Weisgerber (1977) found the dominant species of blue-green algae to be 

Microcystis aeruginosa with minor amounts of Aphanizomenon flos-aquae.  Mid-summer and 
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late-summer blooms were dominated by Aphanizomenon sp., and blooms in late August 

contained no Microcystis sp. (Weisgerber 1977).  Algal populations diminished once again until 

mid-October where some evidence of surface scums of Aphanizomenon could still be observed on 

calm days.  Considerable amounts of macroscopic algae were also present throughout winter 

(Weisgerber 1977).  Weisgerber (1977) did not quantify algal densities during field work in 1975 

but noted that blooms occurred in July and August and occurred to a much greater extent in the 

west basin of Lesser Slave Lake.  The lack of density information for algae from Weisgerber 

(1977) makes it difficult to draw a meaning comparison of algal dynamics between 1941 and 

1975, although it is logical to conclude that summer algal blooms, especially in the west basin, 

have been a regular occurrence on Lesser Slave Lake for quite some time. 

The zooplankton community description published by Miller (1941a) divided zooplankters into 

the major classes Copepoda, Cladocera, Rotifera and Protozoa (Miller 1941a).  Cyclops 

bicuspidatus and Diaptomus ashlandi were the most abundant copepods enumerated, followed by 

Cyclops albidus and C. viridus (uncommon), and the relatively rare Leptodora kindtii (Miller 

1941a).  Copepods were most abundant during the first half of June, and continued to be abundant 

throughout the summer at all depths with higher concentrations at the surface (Miller 1941a).  All 

three of the cladoceran species identified; Daphnia pulex, Bosmina longirostris and Chydorus 

sphaericus were classified as common (Miller 1941a).  A single rotifer genus was identified 

(Nothelca sp.) along with many unidentified forms, and one protozoan species (Cerastium 

hirundinella) was classified (Miller 1941a).   

In 1976, a detailed study was made of the distribution and community composition of the 

copepods and cladocerans of Lesser Slave Lake (Chymko 1976).  The 15 species identified were 

composed of 8 cladocerans, 2 calanoid copepods and 5 cyclopoid copepods.  The cladoceran 

species assemblage was typical of other central Alberta lakes (Chymko 1976).  The dominant 

cyclopoid copepod species were Acanthocyclops vernalis and Diacyclops bicuspidatus thomasi 

(Chymko 1976).  D. bicuspidatus thomasi was the dominant species early in the summer but was 

gradually succeeded by A. vernalis (Chymko 1976).  Diaptomus ashlandi was the dominant 

calanoid copepod.  In general, abundances were higher for most zooplankters in the west basin 

and seasonal-driven changes in community structure were noted between the two basins (Chymko 

1976). 
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3.5.4 Microbial Community 

The microbial community is a crucial part of the overall ecosystem of a lake.  Microbes are the 

primary decomposers in lakes, and play pivotal roles in the cycling of carbon, nitrogen and 

phosphorus.  Benthic contributions to lake productivity rival those of the pelagic producers, but 

are not generally studied in investigations of lake productivity (Vadeboncoeur et al. 2002).  The 

profundal microbial community of Lesser Slave Lake has not been investigated.   

3.5.5 Data Gaps 

Although the macrophyte and plankton communities undergo year-to-year variation in abundance 

and species composition their distributions within Lesser Slave Lake are generally well 

documented.  The microbial community, especially the microbial community in the benthos, has 

not been described.  The most significant data gap is a general lack of information for microbial 

communities in Lesser Slave Lake benthos.  This could be an important area to investigate if 

managers wish to pursue more detailed investigations or modelling of nutrient cycle dynamics in 

Lesser Slave Lake. 

3.5.6 Potential Impacts from Changes in Water Level 

Macrophyte, plankton and microbial communities all have the potential to be impacted by 

changes in lake water levels.  Lowering water levels would act to restrict littoral habitat and could 

impact macrophyte communities by decreasing the amount of littoral habitat in the lake while 

simultaneously increasing the amount of vegetated sediment that is exposed to ice action through 

the winter months and during spring ice break up.  The amount of littoral habitat in a lake is a 

function of lake area, depth, bottom slope, and turbidity.  Although reducing the overall depth of 

a lake will result in a shift of the littoral zone to habitats that were previously profundal, the area 

of littoral habitat available will depend in a large part on bottom slopes.  Algal community 

dynamics in the lake are relatively unknown, and the potential for algal blooms to increase as a 

result for reduced depth profiles, and possibly increased temperatures during the summer months 

should be considered.   
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Recent experimental work (McGowan et al. 2005) in shallow prairie lakes suggests that lakes 

remain relatively stable in spite of low winter water levels and that winter reductions in water 

levels may in part drive some of the process that promote lake stability.  Although these results 

cannot be extended to a deep polymictic lake such as Lesser Slave Lake, it is unlikely that lake 

level reductions in the order of 1m will impact the overall plankton or microbial community 

dynamics in the lake.  More localized changes in macrophyte community structure would likely 

be experienced in the shallow waters along the lakeshore. 

3.6 Wetland Habitats 

3.6.1 Data Availability 

To our knowledge, the wetland habitats of Lesser Slave Lake have not been formally examined.  

Information on important bird areas (including waterfowl) is contained in Fraser (2000) and 

Krikun (2005).  Habitat data can be found in Knight (1995), Chabaylo and Knight (1997) and 

AENV (1979a, 1979b).   

3.6.2 Overview 

Wetlands are generally defined as areas where water-saturated land is the dominant factor that 

determines the composition of the animal, plant, and soil communities in the area (Cowardin et al. 

1979).  In Alberta, wetlands are typically classified in terms of their association with either 

moving (i.e., lotic wetlands) or still (i.e., lentic wetlands) waters (Alberta Riparian Habitat 

Management Society 2005).  Typical wetland types include peat bogs and marshes, but can also 

include areas of vegetation that are periodically flooded (i.e., inundated) throughout the year.   

Approximately 41,664 hectares of the 104,712 hectare study area outlined in the 1979 Lesser 

Slave Lake Environmental Impact Assessment are wetlands (AENV 1979b).  The wetlands in the 

Lesser Slave Lake area include approximately 35% of the Swan River Delta, 41% of the Buffalo 

Bay area, and 31% of the Driftpile River Delta (AENV 1979b).  Wetlands in Lesser Slave Lake 

provide critical feeding habitat and breeding habitat for a number of important bird species 

including tundra swans (Cygnus columbianus) and western grebe (Aechmophorus occidentalis) 

(Fraser 2000).  The majority of wetland habitat in Lesser Slave Lake is associated with the 

shallow heavily vegetated inshore waters of the western basin, although tributary deltas 
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throughout the lake support breeding colonies of waterfowl and other water birds in most 

locations (AENV 1979b).   

3.6.3 Data Gaps 

The majority of wetland areas along the shorelines of Lesser Slave Lake are dependant on water 

levels for inundation, although the extent to which variation in lake water level controls the 

amount of wetland available in particular areas is unknown.  This would be a useful data layer to 

consider incorporating into any GIS-based tools that are developed for the lake.   

3.6.4 Potential Impacts from Changes In Lake Level 

The amount of wetland habitat in Lesser Slave Lake is directly proportional to water levels in the 

system.  Small scale fluctuations in water levels could potentially have large impacts on the area 

of shallow water that is inundated throughout the year.   

3.7 Limnology 

3.7.1 Overview 

The physical and chemical characteristics of Lesser Slave Lake have been studied intermittently 

since early exploratory work by Miller (1941a, 1941b).  A preliminary investigation into Lesser 

Slave Lake limnology was conducted in 1975 (Weisgerber 1977), and subsequent studies 

focusing on water quality were conducted from 1991 to 1993 (Noton 1998) and in 2000 

(Wolanski 2005).  Small numbers of samples were also collected between 1970 and 1989 (Paetz 

and Zelt 1974, Ash and Noton 1979, Mitchell and Prepas 1990).  These studies are in general 

agreement concerning the main limnological features of the lake.  The lake is eutrophic to 

hypereutrophic, highly susceptible to wind-driven mixing, and features weak and transitory 

stratification during the ice-free season, mainly in the eastern basin (Miller 1941a, Weisgerber 

1977, Noton 1998, Wolanski 2005).  Limnological data for Lesser Slave Lake are summarized in 

Table 9. 
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Table 9 
Limnological Parameters from Lesser Slave Lake 1941-2003 

West Basin East Basin 
Sample Year and 

Data Source 

Limnological 
Variable and Units 
of Measurement 

Sample 
Locale Spring Summer Fall Winter Spring Summer Fall Winter 

Dissolved Oxygen 
(mg/L) 

Surface No data No data No data No data 6.2-7.5 5.8-6.8 No data No data 

 Bottom No data No data No data No data 5.8-7.4 3.9-6.0 No data No data 
pH Surface No data No data No data No data 6.30 6.0-6.3 No data No data 
 Bottom No data No data No data No data 5.7-6.3 5.7-6.0 No data No data 
Temperature (°C) Surface 16.70 18.90 No data No data 8.3-15 17.2-21.7 No data No data 

1941A

 (Miller 1941a) 

 Bottom 15.00 17.20 No data No data 6.7-11.1 11.1-15.6 No data No data 
Secchi Depth   0.2-1.7 20-30% lower 

than east basin 
   1.65-2.5 0.8-5 2.3 - 3 4-4.5 

Dissolved Oxygen 
(mg/L) 

Surface 100% sat 100% sat 95-100% sat No data 8.7-10.4 8.6-9 9.8 No data 

 Bottom 90-100% sat 60-100% sat 90-100% sat No data 6.2-10.3 2.9-8.3 6.9 No data 
Temperature (°C) Surface 8-13 17.5 - 20  6 - 13 No data 3.5-14.5 15.75-19.5 6-15.5 No data 

1975-76B 
(Weisgerber 1977) 

 Bottom 6 - 13 14 - 20 5 - 12.5 No data 3.2-9.5 8.5-16.5 5 to 14 No data 
pH  8.2 7.6-8.2 7.8-8.3 No data 7.7-8.3 8-8.3 7.8-8.4 No data 
Conductivity 
(µS/cm) 

 194-204 196-200 203-210 No data 190-195 190-192 192-200 No data 

Turbidity (NTU)  2.3-7.1 0.2-4.2 2.4-4 No data 1.6-4.2 0.2-2.8 1.9-7.2 No data 
Secchi Depth   1.6-3.2 0.7-2.2 1.5-2.8 No data 2.5-3.8 1.9-2.8 1.3-2.8 No data 
Total Dissolved 
Solids (calc’d) 
(mg/L) 

 103-106 101-112 103-112 No data 98-101 101-110 99.5-103 No data 

TDS (diff) (mg/L)  140-142 131-175 135-177 No data 130-160 125-162 114-154 No data 
Total Hardness 
CaC03 (mg/L) 

 82-87 85-87 81-90 No data 78-82 81-87 78-83 No data 

Dissolved Oxygen 
(mg/L) 

Surface 8.5-10.4 8.9-16.3 9.0-10.3 12-14.7 10.3-13 8.3-10.6 9.2-11.6 12.5-13.1 

 Bottom 5.4-7.9 4.7-8.4 8.2-10.0 0.2-2 7.4-11.3 0.1-8.0 9.1-10.1 0-1.9 
Temperature (°C) Surface 14.2-18.5 19.1-20.6 9.0-14.5 - 0.1-0.2 5.4-14.9 15.7-20.2 9.7-15.2 - 0.1-0.6 

1991-1993C  
(Noton 1998) 

 Bottom 9.1-13.7 15.9-20.3 8.1-14.5 3.1-3.3 5.4-10.3 12.6-17.2 9.0-15.1 2.4-3.4 
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Table 9 
Limnological Parameters from Lesser Slave Lake 1941-2003 (continued) 

Golder Associates 

West Basin East Basin 
Sample Year and 

Data Source 

Limnological 
Variable and Units 
of Measurement 

Sample 
Locale Spring Summer Fall Winter Spring Summer Fall Winter 

pH  No data 8.07-8.08 7.88 No data No data 8.18-8.24 7.85 No data 
Secchi Depth   No data 0.7-3.1 2 No data No data 1.7-3.8 1.75 No data 
Total Dissolved 
Solids (calc’d) 
(mg/L) 

 No data 116-118 108 No data No data 105-109 107 No data 

TDS (diff) (mg/L)  No data 144-152 183 No data No data 134-143 134 No data 
Total Hardness 
CaC03 (mg/L) 

 No data 90-95 83 No data No data 83-86 80 No data 

Chlorophyll a 
(mg/m3) 

 No data 11.1-107.2 39.1 No data No data 6.3-53.4 90.9 No data 

Turbidity(mg/L)  2 to 6 mg/L 
and 
dependant 
upon algal 
blooms 

         

Conductivity 
(µS/cm) 

Surface No data 200-205 203.00 215.00 No data 190-192 191.00 205.00 

 Bottom No data 200-215 203.00 330.00 No data 190-191 192.00 193.00 
Dissolved Oxygen 
(mg/L) 

Surface No data 9.5-9.9 9.90 13.00 No data 9-10 10.5 13.5 

 Bottom No data 2.5-7.5 9.90 1.00 No data 2-8 3 1 
pH Surface No data 8.50 8.50 8.00 No data 8 8.5 7.5 
 Bottom No data 8.00 8.50 8.50 No data 7-8 7.8 7 
Temperature (°C) Surface No data 15.5-20 8.50 0.10 No data 16.5-17.5 9.5 0 

2000 
(Wolanski 2005) 

 Bottom No data 15-17 8.50 4.00 No data 13-16 9.5 3 

A. DO taken from Table 3 for the east end of the lake, pH taken from Table 3 for the east end of the lake, temperature taken from Table 3 for  the east and the west ends of the lake. 
Spring = May to the end of June, Summer = July-August, Fall = September-October.   

B. Secchi Light Transparency at the West Basing Station, DO taken from Figure 14 for the east main station and Figure 13 for the west station. Temperature taken from Figure 6 for 
east main station and Figure 8 for the west station. 

C. Information from Tables B-1 and B-2 (composite samples). 

Notes: 

April
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3.7.2 Detailed Review 

In a preliminary study of Lesser Slave Lake, Miller (1941a) noted that the basin morphology and 

surface orientation resulted in frequent and thorough wind mixing throughout the ice-free season, 

effectively preventing the development of stratification within the lake.  Miller (1941a) measured 

surface and near-bottom values for temperature, oxygen concentration and pH at various depths 

in the west and east basins of the lake in the summer of 1941.  Temperature data collected from 

May 29 to August 5, 1941 (Miller 1941a) supports the conclusion that the west end of the lake 

generally warms faster than the east basin.  Oxygen concentrations taken near the bottom of the 

east basin show no evidence of oxygen depletion, at least during the summer (Miller 1941a). 

In the summer of 1975, a series of limnological parameters were measured at two sampling 

location in the east basin and one location in the west basin (Weisgerber 1977).  The parameters 

measured included light penetration, temperature and dissolved oxygen concentration.  Light 

penetration was found to be highly variable across the sampling sites, presumably due to the 

proximity of each sampling site to inflows (Weisgerber 1977).  High levels of lake turbidity in the 

spring were attributed to silt-laden inflows from spring run-off, while algal blooms were cited as 

the primary source of turbidity during the periods of summer that were free of wind and flooding 

events (Weisgerber 1977).  Localized lake turbidity was found to increase rapidly following rain 

events, and the deposition of suspended sediments was noted to be strongly influenced by 

prevailing winds (Weisgerber 1977).  Differences in turbidity between the east and west basins 

were also discussed, as Secchi transparencies at the west basin sampling site were typically 20 to 

30% lower than those measured in the east basin (Weisgerber 1977).  The higher turbidity of the 

west basin is believed to be due to a combination of factors including basin morphology, number 

of tributary inputs and differential algal growth (Weisgerber 1977). 

A comparison of temperature data across the two basins clearly suggests that thermal regimes in 

the two basins are quite different.  While the west basin showed no evidence of stratification, 

thermal stratification in the east basin was present in late June but transitory through the rest of 

the summer (Weisgerber 1977).  In the eastern basin, thermal stratification was more pronounced 

in the western portion (Weisgerber 1977).  The differential stratification between the two basins 

was believed to be due to basin morphology and variation in wind and water levels (Weisgerber 

1977).  Although no oxygen depletion was observed in the western basin, oxygen depletion was 
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noted in the deep water of the eastern basin during prolonged periods of thermal stratification 

(Weisgerber 1977).   

The most detailed study to date on water quality in Lesser Slave Lake was based on field data 

collected from 1991 to 1993 from the east and west basins, Lesser Slave River, Marten Creek, 

South Heart River, Driftpile River, Swan River and Assineau River (Noton 1998).  AENV 

conducted additional water quality studies in the east and west basins (2000 to 2001) and the lake 

outfall (2000 to 2002) in an effort to monitor potential changes in water quality as compared to 

the 1991 to 1993 data (Wolanski 2005). 

A large number of parameters were measured including temperature, pH, conductivity, suspended 

sediments and concentrations for ions, dissolved gases, metals, organic carbon, coliform bacteria, 

pesticides and organic pollutants (Noton 1998; Wolanski 2005).  General trends for temperature 

and oxygen profiles agreed well with previous studies (Miller 1941a; Weisgerber 1977) and 

suggest that stratification in the eastern basin is transitory in nature but can result in depletion of 

dissolved oxygen in deeper water (Noton 1998).  Inverse stratification was observed in both 

basins during winter (Noton 1998).  Lake turbidity, dominant ions and total dissolved solids were 

all at slightly higher levels in the west basin (Noton 1998; Wolanski 2005). 

Sediment release of total phosphorus (TP) was evident in both basins, although this release 

appeared to occur earlier and to a great degree in the western basin (Noton 1998).  This may be a 

result of wind-driven mixing in the western basin which can accelerate the release of sediment-

bound phosphorus (Wetzel 1975).  The lake was also found to have an unusually high 

chlorophyll a:TP ratio.   

Chlorophyll a concentration is one of the main indicators of algal density in a lake, and indicates 

that the algal production per unit of phosphorus is very high.  The reason for this high ratio is 

unclear but may be related in part to the summer dominance of A. flos-aquae in the phytoplankton 

(Noton 1998).  In an effort to help delineate internal and external sources of phosphorus in the 

lake, a preliminary phosphorus budget was developed for Lesser Slave Lake representing the 

1991 to 1993 period (Noton 1998).  The annual total phosphorus supply was estimated to be 

approximately 350,000 kg/yr.  Individual external sources contributing to this were atmospheric 

deposition (7%) and nutrient loading from the west (16%) and east (12%) tributaries.  The 
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remaining 65% was supplied from internal sources, including sediment release and groundwater 

contributions (Noton 1998).   

Metal concentrations in the lake were either undetectable (mercury, beryllium, cobalt and 

vanadium) or just above detection limits (aluminum, cadmium, chromium, molybdenum, nickel, 

lead and selenium) for most of the metals measured (Noton 1998).  Metals with concentrations 

well above detection limits (arsenic, barium, iron and manganese) were generally at lower 

concentrations in the lake than in the surrounding tributaries (Noton 1998).  No pesticides or 

organic pollutants (as defined by the United States Environmental Protection Agency) were 

detected in composite lake samples collected from the east and west basins in July 1991 (Noton 

1998).  Although the quality of the lake water met most of Alberta Ambient Surface Water 

Guidelines and Canadian Water Quality Guidelines (see threshold values in Noton 1998), there 

were some exceptions including dissolved oxygen in winter, nitrogen, phosphorus, iron, 

manganese, and turbidity.  These exceptions to provincial and federal guidelines were believed to 

be caused by natural and not anthropogenic sources (Noton 1998).   

3.7.3 Sedimentation 

Sedimentation in Lesser Slave Lake is a subject of concern for the public due to perceived 

increases in rates of sediment transport into the lake and accelerated formation of deltas at the 

mouths of inflowing tributaries (Choles 2004, AMEC 2005).  Sediment sources and sediment 

transport processes in Lesser Slave Lake have been identified and used to develop methods for 

reducing anthropogenic increases in sediment loads (Choles 2004). 

In a recent report on sedimentation in Lesser Slave Lake, historical data were reviewed with the 

goal of documenting contemporary changes in sedimentation processes in Lesser Slave Lake 

(AMEC 2005).  Channel changes, effects of engineering works and estimates of land-use impacts 

on sediment production were also reviewed (AMEC 2005), and updated sediment discharge 

curves were generated for the major tributaries draining into Lesser Slave Lake. 

Annual or seasonal suspended sediment loads were calculated for the East and West Prairie 

rivers, the Swan River, and the Driftpile River and compared with historical estimates 

(AMEC 2005).  Annual deposition of sediment into Lesser Slave Lake was estimated to be 
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approximately 1,170,000 tonnes/year, which is equivalent to approximately 0.01% of the total 

volume of Lesser Slave Lake (AMEC 2005).  Littoral transport processes through the lake was 

estimated at 44,200 tonnes per year.  Interpretation of air photos taken of various delta formations 

in the lake suggests that delta formation has greatly increased over the last 50 years 

(AMEC 2005).   

3.7.4 Data Gaps 

Although estimates for the complete infilling of Lesser Slave Lake are in the order of 10,000 

years into the future, large-scale changes in the overall ecology of the lake due to sedimentation 

would certainly occur well before the lake was completely filled in.  The potential impacts of 

sedimentation over shorter time periods should be examined to determine what effects could be 

expected from infilling and what types of monitoring programs might be required to detect these 

effects when they begin to occur.   

3.7.5 Potential Impacts from Changes in Lake Level 

The potential impact on water quality from variations in water levels in Lesser Slave Lake is 

unknown although the potential exists for sediment release of nutrients to increase under low 

water scenarios due to increased wind and wave action on the substrate.  Concerns of existing low 

dissolved oxygen conditions in the winter could be further exacerbated with decreased water 

levels. 

3.8 Paleolimnology 

Studies of lake paleolimnology can provide valuable information concerning the ecological 

history of the lake and the surrounding area.  Studies of the historical sediments from an 

eutrophic system such as Lesser Slave Lake can help determine if the present trophic condition is 

natural or if it is a direct result of anthropogenic activities.  Paleolimnological studies have also 

been used in recent years to track historical rates of sediment accumulation in lakes through a 

radio-isotope tracking technique known as tephrochronology (Colman et al. 2004).   
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3.8.1 Data Availability 

Very little data exists concerning the paleolimnology of Lesser Slave Lake.  A single study 

(Murdoch 1974) attempted to determine the relative age of sediment cores collected in the east 

and west basins in the spring of 1974.  Unfortunately, the sediment cores collected from Lesser 

Slave Lake were shorter (longest core was 155 cm) than the most recent absolute data on the 

reference cores from Lofty Lake (156 cm).  Murdoch (1974) also noted that the pollen grain 

variety in the Lesser Slave Lake sediment core was essentially uniform throughout the core.  

Although Murdoch (1974) suggests that sediments in the lake are less than 3400 years old, this 

conclusion is highly speculative as the cores were collected from relatively shallow locations in 

the lake where wind and ice action would likely have a strong agitating effect on the sediments.  

A second study is currently underway based on two sediment cores collected in October 2005 and 

January 2006 in the deepest parts of Lesser Slave Lake.  This study is being conducted by 

Roderick Hazewinkel (University of Alberta) and Peter Leavitt (University of Regina).  The lead-

210 dating, fossil diatom counts and HPLC pigment analysis methods being used in this study 

should be effective in revealing the trophic history of Lesser Slave Lake over the last 150 years.  

If this study suggests that the eutrophic status of Lesser Slave Lake has developed over the last 

century, more detailed investigations of nutrient dynamics in the system may be warranted. 

3.8.2 Data Gaps 

No data are currently available concerning historical nutrient levels in Lesser Slave Lake.  Studies 

commissioned by Alberta Environment are currently in the analysis phase and are scheduled to be 

completed in Summer 2006.  This study should provide information on changes in the 

productivity of Lesser Slave Lake over the last 150 years (Roderick Hazewinkel, personal 

communication).   
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4. LAKE WATER LEVEL NEEDS ASSESSMENT FRAMEWORK 

4.1 Approach 

We recommend that the development of a framework for assessing lake water levels needs in 

Lesser Slave Lake proceeds in two distinct but complimentary phases (Figure 11); the 

development of prioritized management objectives (Phase 1) and the completion of a scientific 

ecological assessment of the lake (Phase 2).   

The primary objective of Phase 1 is to develop a prioritized series of management objectives for 

Lesser Slave Lake.  The first step in this process would be to summarize management and 

watershed level concerns from all the major stakeholder groups involved in the Watershed 

Committee, including First Nations, the public, industry, and municipalities.  This objective has 

already been completed by AENV, ASRD and members of the Lesser Slave Lake Watershed 

Committee through delineation of management concerns, as stated in the introduction, arising 

from various stakeholder groups in the basin.  The next step is to prioritize these concerns and 

from them develop specific and measurable management objectives.  Some examples of these 

types of objectives might be to maintain walleye populations at current levels, protect a defined 

percent of current littoral zone habitats, maintain a specific flow range in the Lesser Slave River, 

or specific targets for water use. 

The goal of this workshop would be to identify commonalities and conflicts in the multiple 

management concerns expressed by stakeholders with the explicit objective of generating a 

prioritized list of management objectives for Lesser Slave Lake.  Conflicting priorities may 

necessitate multiple workshop rounds, but this step will help to increase the transparency of the 

management process and should act to increase the confidence of stakeholder groups in the key 

management concerns that are identified.  It may be beneficial to have an impartial facilitator 

participate at this phase of the process to ensure all parties are heard and the discussion remains 

focused on the task at hand. 
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Figure 11 
Conceptual Outline for Lesser Slave Lake Water Level Needs 
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The objective of Phase 2 is to develop a scientifically based set of criteria that can be used to 

evaluate the prioritized management criteria identified in Phase 1.  The Phase 2 ecological 

assessment could occur through the implementation of either a Delphi process (more 

independent) or expert workshop panel (more local scientific input) depending on the level of 

conflict that arises during the Phase 1 management objective process.  The Delphi process is a 

technique for gathering and developing anonymous expert opinion and consensus on a specific 

topic with a narrowly defined scope.  For example, if the generation of Lesser Slave Lake 

management objectives that all stakeholders express confidence in proves to be a very difficult 

process, then increased impartiality (i.e., a Delphi process) in the ecological assessment might be 

required to build increased confidence from stakeholders in the process.  On the other hand, if 

multiple stakeholders are able to agree on a prioritized set of management objectives, and the 

objectives are not conflicting amongst the different user groups, then more local participation in 

the ecological assessment (i.e., Expert Workshop) may be acceptable.   

In order to develop criteria that can be used in a meaningful scientific context for the evaluation 

of management objectives, we strongly recommend a model development phase whereby model 

systems will be generated that can be applied as tools to aid in the assessment of the prioritized 

management objectives.  Three independent model systems are required for this evaluation 

process: a hydrologic model, a morphologic model, and a biological model.  The level of detail 

required for each model phase will be dependent on the management objectives and the type of 

management scenarios that are of interest for investigation. 

4.2 Model System Development 

4.2.1 Hydrologic Model 

An updated model of lake hydrology should be used to evaluate flood duration curves and flow 

parameters under the various management scenarios that will be developed to satisfy the 

management objectives developed by the Lesser Slave Lake Management Committee.  The level 

of model detail will be dependant on the complexity of the water management objectives 

identified.  Based on the review of available hydrology information in Section 3.1, there are 

several options for a study for Lesser Slave Lake.  These are described below. 
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Option 1: 

The effects of various water management alternatives (operating criteria for existing structures) 

on water levels in the lake can be evaluated using the naturalized lake water level data (1916 to 

1999) to generate synthetic series of regulated flow.  The likely effects of various lake elevation 

regimes on various components of the lake ecosystem, such as shoreline area inundated, can be 

assessed.  A worksheet model is well suited for the generation of variation in lake surface area 

and storage volume for various hypothetical operational scenarios. 

As an add-on, the HEC-RAS model (US Army Corps of Engineers 2002) can be used to route 

outflows from the lake through the upstream reaches of Lesser Slave River.  The results can be 

used to assess the impact of various operational scenarios on downstream ecosystems.   

Option 1 would use existing naturalized and regulated lake water level data to develop 

hypothetical series of future water level fluctuations.  Option 1 assumes that there are no changes 

in downstream control, no land-use changes in the tributary watersheds and no changes in lake 

shoreline morphology.   

Option 2: 

In Option 2, it is assumed that new outlet controls will be installed.  A time series of inflows into 

the lake is required for this option.  The time series of net inflow to the lake can be generated 

using available (naturalized or regulated) lake water level data series, lake outflow data series and 

lake elevation-storage curve.  Using the derived net inflow series, lake storage-elevation curve, 

and elevation-discharge curves for the new outlet controls, a STELLA™ model can be set up and 

used to generate synthetic series of outflows for several hypothetical operating scenarios.  The 

impacts of various outlet controls and operating scenarios on lake water levels, components of the 

lake ecosystem, and outflows from the lake can then be assessed. 

As an add-on, the HEC-RAS model can be used to route the hypothetical outflow series from the 

lake through the upstream reach of Lesser Slave River.  The impacts of various outlet controls 

and operating scenarios of outflow on downstream ecosystems can then be evaluated.  The 

generation of net inflow series into the lake is based on the assumption that there are no land-use 

changes in the tributary watersheds and no changes in lake shoreline morphology. 
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Option 3: 

The hydrologic and sediment load regimes from the tributary watersheds contributing inflow to 

Lesser Slave Lake are affected by various natural (climate change and variability) and 

anthropogenic activities (such as logging, agriculture, oil and gas development, urban 

development and roads) over time.  The use of available naturalized or regulated lake water levels 

(i.e., Option 1) or generated net inflow series based on historical data (i.e., Option 2) will 

introduce uncertainties associated with an assumed unchanging future hydrologic regime.   

Option 3 has been developed to address these uncertainties.  For this option, hydrologic 

modelling of tributary watersheds using HEC-HMS is recommended.  The uncertainty associated 

with the assumption of no land-use change and no change to shoreline morphology can be 

reduced by simulating expected future changes.  The HEC-HMS model calibrated for present 

conditions can be modified to take into account expected changes in climate and land-use 

conditions.  The HEC-HMS model can also be used to evaluate the effects of various outlet 

controls on lake water levels.  The hypothetical series can then be analyzed to assess the resulting 

effects on the various components of the lake ecosystem. 

As an add-on, the HEC-RAS model can be used to route the hypothetical outflow series from the 

lake through the upstream reach of Lesser Slave River.  The impacts of various outlet controls 

and operating scenarios of outflow on downstream ecosystems can then be evaluated. 

Inclusion of the lake shoreline morphology component in the assessment is possible in this 

option.  The sediment yield from tributary watersheds and for various land-use changes can be 

correlated to simulated flows.  Accordingly, the net inflowing sediment to the lake shoreline can 

be predicted and changes to the lake’s storage-elevation curve over time can be approximated. 

The HEC-RAS hydraulic model and HEC-HMS hydrologic model mentioned above are available 

in the public domain from the Hydrologic Engineering Center of US Army Corps of Engineers.  

The STELLA model is a commercial software.   
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Integrated Hydrologic Modelling 

As an alternative to the hydrologic and hydraulic models mentioned above, an integrated 

modelling framework can be developed using the Watershed Modelling System (developed by 

Environmental Modelling Systems Inc, South Jordan, UT).  The Watershed Modelling System 

(WMS) is a comprehensive graphical modelling environment for all phases of watershed 

hydrology and hydraulics.  WMS includes powerful tools to automate modelling processes such 

as automated basin delineation, geometric parameter calculations, GIS overlay computations, 

cross-section extraction from terrain data and many more.  With the release of WMS 7, the 

software now supports hydrologic modelling with HEC-HMS and hydraulic modelling using 

HEC-RAS.  All of the hydrologic and hydraulic modelling and input and output data processing 

can be done in a GIS-based framework in WMS and can be used to support the watershed 

management framework to assess impacts on the lake ecosystem.   

4.2.2 GIS System Modelling 

There are several options that can be considered to develop suitable data for analysis in support of 

modelling and decision-support initiatives.  The use of Geographic Information Systems (GIS) 

greatly improves the capacity for modelling and displaying relationships between the lake 

morphometry and both aquatic species habitat suitability and terrestrial land-use impacts in areas 

that are susceptible to flooding.  Using GIS will enable the evaluation of consequences related to 

a variety of scenarios that could include engineered development options along with the related 

high and low water bathymetry.  More specifically, GIS provides a visual tool to better 

understand the relationships between lake level scenarios and a variety of habitat communities.   

The GIS environment is a mapping tool that enables users to zoom and pan to areas of interest, 

while providing them with the ability to toggle on or off all of the available map layers that 

influence decisions.  As well, GIS can hold the results of hydrological modelling with the intent 

to overlay modelled scenarios with environmental or land-use layers.  The GIS tools can be used 

by team members with access to the appropriate software, or optionally, published to a wider 

audience with the use of user friendly internet mapping or freeware GIS applications.  Control of 

the dissemination of information can be completely public or limited to those given password-

controlled permission.  From a data management perspective, the GIS provides a common 

database to store existing information and any future map data that are collected in the Lesser 
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Slave Lake basin, improving access to, and analysis of, important information for future 

initiatives.   

The precision and validity of what can be modelled in a GIS environment depends in large part 

on the quality of the data that is used to support the results.  GIS is not unlike any other modelling 

approach, it is simply a more graphical application that can be used to combine a variety of 

modelled results with other available distribution data.  The following points describe a variety of 

GIS techniques that would be useful tools for this study.   

• Lake level and shoreline overlays:  Changing lake levels impact the littoral zone and 

critical aquatic habitat areas.  The forecasted shoreline depicts the area that could become 

submerged in high water conditions.  GIS analysts can overlay the forecasted waterbody 

polygons over existing habitat regions to quantitatively evaluate habitat losses and/or 

impacted land-use types.  Custom map tools can be generated to provide standardized 

reports or map output that could be interactively created for each desired lake level.  This 

approach can be directly linked to the hydrologic model output described in the previous 

section. 

• Dynamic bathymetry contours:  Certain species tend to inhabit or spawn in waters of a 

certain depth.  Bathymetric contours can be displayed interactively for each lake level 

scenario.  This option provides a clear understanding of water depths which can be 

superimposed upon habitat areas to further evaluate changes to habitat quality. 

• Multi-disciplinary comparison:  If all spatial datasets are combined into a single GIS 

environment, users will be able to display layers in various combinations with any degree 

of transparency in the cartographic symbols.  This functionality allows users to compare 

the spatial relationships between each dataset and draw conclusions about the correlations 

between datasets.   

• Data dissemination:  Three options exist for presenting map information to those who 

require it for decision support.  First, GIS analysts can use desktop applications such as 

ESRI ArcMap to conduct analyses and present hard copy digital (PDF) maps to those that 

require them.  Second, GIS data can be published to freeware GIS applications such as 
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ESRI ArcReader to allow any team member to display a variety of layers interactively, 

but more technical analysis capabilities are limited.  The third option involves the 

creation of an internet web-GIS application that allows users to review maps and toggle 

layers on or off without the need to install special software.  Access can be granted with 

passwords or with open access to the public.  This option requires some level of custom 

development to create the web site followed by annual hosting costs.  The choice of 

which solution is most applicable depends upon specific needs within the Watershed 

Management Team.  Golder recommends conducting a user-needs survey to evaluate 

existing GIS expertise within the team and gain a better understanding of the goals and 

limitations associated with the application of GIS within the existing IT framework. 

4.2.3 Terrestrial Digital Elevation Model  

There are limited options for improving the terrestrial DEM.  Significant improvements in our 

ability to map terrain have been made in recent years.  Most notable is the use of airborne laser 

technology or LiDAR for mapping terrain with 10 cm vertical accuracy over large areas.  LiDAR 

is the only practical option for mapping precise terrain in the area of interest.  To minimize costs, 

LiDAR should be captured in the lowest lying areas indicated in Figure 6.   

Other options for improved DEM data include the collection of recent aerial photography and 

photogrammetric processing to generate 1-metre precision contours which could be used to create 

a DEM with about 1.5-metre precision.  This process would have costs similar to LiDAR 

collection but with much less precision.  This process is not recommended. 

4.2.4 Bathymetric Digital Elevation Model 

Four options or combinations of each exist to improve the bathymetric DEM; single-beam sonar 

sounding, multiple beam sonar sounding, manual field measurements, or Shoals LiDAR 

technology. 

Single-beam sonar sounding with an adequate density of transects can be used to develop 

bathymetric data in areas accessible by boat.  Higher frequency transmitters to enable faster data 

collection would be required on a body of water as large as Lesser Slave Lake.   
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Multi-beam sonar sounding collects more detailed bathymetry over a wider swath, which 

provides detailed information about the lake bed texture as well as the depth reading.  Multi-beam 

technology provides the best results in water over five metres deep. 

Manual field measurements can be acquired in areas that are too shallow to be captured by sonar 

surveys.  This type of survey could be useful to collect data gaps between those areas captured by 

either LiDAR or sonar.   

Shoals LiDAR technology can be used to capture bathymetric data for depths ranging from 0-10 

metres under low turbidity conditions.  The system captures data to about three times the depth of 

a visible Secchi measurement.  The Shoals (blue-green wavelengths) LiDAR system is operated 

by a few firms in the United States, which means that mobilization costs are more significant and 

timing the data acquisition for lowest turbidity conditions may be difficult.  If the Shoals LiDAR 

system is used, it would be possible to capture bathymetric and terrain data during the same 

acquisition.   

Regardless of how terrestrial and bathymetric data are collected, it will be critically important to 

merge these datasets into a single elevation model that depicts absolute elevations.  The most 

difficult aspect of merging bathymetric and terrestrial elevations is determining the point where 

land meets water (from a terrestrial DEM) or where water meets land (from a bathymetric DEM).  

This enables modelling of shoreline position and water depths with a range of lake level scenarios 

4.2.5 Biological Model and Key Species Concept  

The development of a working biological model for water level needs in Lesser Slave Lake will 

require consideration of ecological features that have the potential to be impacted by changes in 

the surface elevation of the lake.  Under the assumption that any modifications to the existing 

control structure that are considered will likely involve relatively small changes to the overall 

surface elevation of the lake (e.g., in the order of 1 to 2 m), the greatest impacts from this 

magnitude of water level change are likely to be manifested in the littoral zone of the lake.  

Although reducing lake levels by approximately 1 or 2 m would result in a shift of the littoral 

zone, the area of available littoral habitat and the extent to which this habitat is accessible by fish 

would depend on localized bottom slopes.  From a fisheries perspective, the littoral zone 
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represents a key habitat feature for most of the fish species in the lake at various life history 

stages.  The existing data set for fish communities is, however, heavily skewed towards two 

species, walleye and lake whitefish. 

In Lesser Slave Lake, walleye and lake whitefish can be considered “keystone species” from a 

management point of view, as any considerations made to accommodate protection of their 

habitat requirements at all key life history stages will, by proxy, extend similar habitat protection 

considerations to the entire fish community.  For example, walleye are a spring spawning species, 

as are northern pike and yellow perch.  If considerations are made under various water level 

scenarios to protect key littoral walleye spawning and rearing habitats (along the Lesser Slave 

Lake shoreline and in Buffalo Bay and the South Heart River system), northern pike and yellow 

perch spawning habitats will be maintained by proxy.  Similarly, the maintenance of adequate 

water levels in the fall for protection of lake whitefish spawning beds, will, by proxy, provide 

consideration of adequate water levels for winter survival of cisco eggs and immigration of fish 

into Buffalo Bay in early spring.   

Different model options are available for developing methods to assess potential changes to fish 

habitat.  These include Habitat Suitability Matrix (HSM) models (Minns et al. 2001) and Habitat 

Suitability Index models (US Fish and Wildlife 1981).  We suggest a modelling approach towards 

two key Lesser Slave Lake fish species (lake whitefish and walleye) that combines aspects of 

both the HSM and HSI model frameworks.  Lacustrine Habitat Suitability Models have been 

developed for walleye (US Fish and Wildlife Service 1984) and lake whitefish (Golder 2004b).  

Implementation of these models in Lesser Slave Lake would provide managers with a species-

specific measure of habitat quality that could be used alongside metrics for habitat quantity to 

evaluate potential impacts of varying water level scenarios.  This combined approach represents a 

critical step in determining what range of lake level elevations might be acceptable from a fish 

habitat point of view, whereby negative impacts to the amount of and quality of fish habitat are 

minimized.   

A statistical analysis of year-class strength and water levels would help to quantify the 

relationship between habitat quantity (i.e., lake level) and habitat quality (i.e., year class strength) 

even further and represents a good first step to see if additional expenditures are warranted.  For 

example, if a formal analysis of strong and weak year classes of walleye and whitefish suggests 
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no relationship between lake levels and walleye or whitefish production, then highly detailed 

delineation of the littoral zone for the purposes of defining fish habitat may not be warranted.  On 

the other hand, if the linkage between water level and fish production is significant then greater 

effort toward understanding how changes in lake level influence the area and quality of available 

fish habitat can be justified.  This analysis represents part of the mainstay of the HSM model 

approach whereby measures of fish habitat are quantified and indexed into a metric of habitat 

productivity (Minns et al. 2001).   

Under this type of keystone species management scenario, most of the life history data required to 

delineate the critical habitats throughout the year has already been collected, as has much of the 

habitat data.  Required metrics for assessment of critical fish habitats are outlined in Rosenfeld 

and Hatfield (2006).  These required metrics include: 

basic life history information for the species of interest (known for both walleye and 

lake whitefish in Lesser Slave Lake);  

• 

• 

• 

• 

availability of suitable habitat (can be derived from updated bathymetric DEM);  

reliable metrics of habitat quality for different life stages (derived from HSI for 

whitefish and walleye); and, 

relationship between habitat quality and quantity and abundance for each life stage 

(could be partially derived from analysis of year-class strength and lake levels). 

Data gaps for this assessment include quantification of the relationship between habitat quality 

and quantity, and an updated bathymetric DEM by which changes to the littoral zone can be 

assessed.  Water level impacts on littoral habitat occur through changes in the amount of littoral 

habitat available, the quality of the available habitat, and the extent to which fish can access the 

littoral habitat.  Accurate GIS-based delineations of the littoral zones in Lesser Slave Lake and 

Buffalo Bay could be incorporated into the development of a new DEM for the system and would 

provide managers with a powerful tool that would accurately predict the impact of water level 

changes on the littoral zone under whatever management scenarios are explored.  In addition, 

GIS-based surveys in the littoral zone could also be compared to the littoral zone data collected 

by Berry (1981a) and Collett and Rhodes (1995a) to assess what , if any, changes in littoral 

habitat structure have occurred in the last 25 years. 
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Although overall changes in water quality are not likely to be impacted by the relatively minor 

water level changes being discussed, a model for predicting algal blooms would be useful to 

incorporate into any modelling efforts that are ultimately undertaken.  Special models could also 

be developed to address recreational or aesthetic issues such as exposure of mud flats or 

macrophyte beds.   

4.3 Integration of Management Objectives and Ecological Assessment 

Once Phases I and II have been completed we recommend that a second Delphi panel or Expert 

Workshop process be initiated to review the management objectives and results from the 

ecological assessment in order to generate realistic management scenarios for the lake.  The 

degree of certainty in the assessment using a Delphi approach is dependent on the quality of data 

the panel is provided to answer the question at hand.  Delphi panels can proceed with minimal 

data and base their assessment primarily on expert judgment.  However, the degree of certainty, 

and in turn, increased likelihood of stakeholder buy-in of the outcome, can be improved by 

incorporating elements of the hydrologic, GIS and biological models in a package that provides 

the panel with the required tools to come to consensus on each issue.  At this stage the Lesser 

Slave River IFN could also be incorporated into the evaluation.  The primary goal of this process 

would be to generate a Lesser Slave Basin Water Management Plan that would incorporate water 

level needs for the lake (end product of Phases I and II) with the results of an IFN study of the 

Lesser Slave River (Figure 11). 
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5. WORK PLAN AND BUDGET 

The work plan follows from the framework outlined in Section 4.  The budgets provided are 

coarse estimates.  Many of the tasks within each component are linked to previous tasks and thus 

estimation of the effort and costs required to complete some tasks is difficult to predict in 

advance.  Where possible, we have outlined cost estimates in the text and summarized cost 

estimates and linkages between components in Table 10. 

5.1 Statistical Analysis of Year-Class Strength Data for Key Species with Lake Levels 

A formal statistical analysis of the postulated correlation between the variation in lake water 

levels and variation in year-class strength for those species that exhibit year-class dominance 

would take a fisheries statistician approximately two to four weeks to complete, including an 

additional two week for review and revision.  The relevant data has been outlined in this report 

and historical water level data are readily available for all the instances when year-class data has 

been collected.  Data sets would need to be adjusted for age-at-maturity thresholds for each of the 

species for which data are available.  Approximate costing for this task ranges from $13,000 to 

$18,000.   

5.2 Hydrologic Model Development 

5.2.1 Budget for Surface Water Hydrology 

The level of effort required for the various options described in the scope of work are as follows. 

Option 1 includes setting up of a worksheet model for simulation of lake surface area and storage 

volume fluctuations for several hypothetical operating scenarios and setting up of HEC-RAS 

model for simulation of outflow to the upper reach of Lesser Slave River.  The level of effort 

would be approximately $8,000 to $10,000. 

For Option 2, in addition to setting up the STELLA and HEC-RAS models, generation of net 

inflow series to the lake is required for this option.  The total level of effort would be 

approximately $12,000 to $16,000. 
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Table 10 
Model Evaluation Summary for Hydrologic, Morphologic, and Biological Models Recommended for 

Lesser Slave Lake Water Level Needs Assessment 

Model Class Model Type Details Recommendation Linkages Costing1 and Timing 
Hydrologic Assumes no changes in downstream control 

Assumes no land-use changes in tributary 
watersheds 
Assumes no changes in lake shoreline 
morphology 
Requires available naturalized lake level 
data 

 
Synthetic 
Flow/HEC-RAS 

Can evaluate impacts on Lesser Slave River 

Appropriate if no changes to 
control structure are made 
and changes in land-use 
patterns and shoreline 
morphology are not of 
interest. 

Can link with upper Lesser 
Slave River model to 
incorporate with Lesser 
Slave River IFN. 

$8000-$10,000: Task time 
approximately 2-3 weeks.  

 Assumes new outlet control installed 
Assumes no land-use changes in tributary 
watersheds 
Assumes no changes in lake shoreline 
morphology 
Time series of inflows required 

STELLATM

Can be combined with HEC-RAS to evaluate 
river impacts under various operating 
scenarios 

Appropriate if changes to 
control structure are 
considered and changes in 
land-use patterns and 
shoreline morphology are 
not of interest. 

Can link with upper Lesser 
Slave River model. 

$12,000 to $16,000: Task time 
approximately 2-3 weeks. 

Can simulate land-use impacts through 
tributary watershed models 
Can simulated expected changes in climate  
Can incorporate sediment dynamics in 
model 

HEC-HMS  

Can be combined with HEC-RAS to evaluate 
impacts to Lesser Slave River 

Appropriate if tributary 
watershed modelling and 
shoreline changes are also 
desired. This is the most 
appropriate model system to 
use if control structure 
changes are considered. 

Can link with upper Lesser 
Slave River model and 
sedimentation models.   

$25,000 to $30,000: Task time 
approximately 4 to 6 weeks. 

Model entire watershed including terrain 
data  

 

Integrated 
Hydrologic 
Modelling GIS-based environment 

Appropriate if tributary 
watershed modelling and 
shoreline changes are also 
desired within a GIS-based 
framework.  

Can link with upper Lesser 
Slave River model and 
sedimentation models and 
with other GIS-based data. 

$30,000 to $35,000: Task time 
approximately 4 to 6 weeks. 
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Table 10 
Model Evaluation Summary for Hydrologic, Morphologic, and Biological Models Recommended for 

Lesser Slave Lake Water Level Needs Assessment (continued) 

Golder Associates 

Model Class Model Type Details Recommendation Linkages Costing1 and Timing 
Morphologic Provides framework for storage, display, and 

integration of ecological data 
 Lake level and shoreline overlays 
 Dynamic bathymetry contours 
 Multi-disciplinary capacity to visually 

combine hydrology, morphology, and 
ecology 

 

GIS Database 

Data dissemination 

Appropriate if an integrated 
GIS-based database system 
for the lake is desired and if 
initiatives to capture 
additional GIS data are 
made. 

Appropriate platform for 
linking biological, 
morphological, and 
potentially hydraulic 
models. 

Highly dependant on desired 
capabilities of database and 
dissemination of information.  

 Terrestrial Digital 
Elevation Model 

LiDAR Terrain mapping in low-lying areas  
Highly accurate means of delineating terrain 
and floodplain (to 10 cm resolution)  

Appropriate for terrestrial 
DEM if modifications to 
control structure are being 
considered.   

Important tool for 
predicting lake level 
changes under varying 
scenarios. 

Cost dependent on area 
coverage but estimated to be in 
the order of $50,000 to 
$100,000. Data should be 
collected during lowest water 
periods.  

 Can be deployed from small boat  
 

Bathymetry: Single 
Beam Sonar Can access shallow areas 

Recommended. Appropriate 
for mapping littoral zone in 
waters more than 1 m deep.    
 
 
 
 

Can link with terrestrial 
DEM to develop watershed 
elevation model in GIS 
environment. 

Costing highly dependant on 
coverage desired and strategy 
adopted by AENV and ASRD.  
Approximate rate of $2800 per 
day (excluding mobilization 
costs) with a coverage of 
approximately 120 km/day 
depending on conditions.  Data 
should be collected during high-
water periods.  

 Collects lake bed and contour information 
 

Bathymetry: Multi 
Beam Sonar More appropriate for deeper waters 

Appropriate for high 
resolution deep water data. 

Can link with terrestrial 
DEM to develop watershed 
elevation model in GIS 
environment.  

Costing highly dependant on 
coverage desired and strategy 
adopted by AENV and ASRD. 
Approximate rate of $4400 per 
day (excluding mobilization 
costs) Data should be collected 
during high-water periods. 



 2006 -87- 06-1337-001 

Table 10 
Model Evaluation Summary for Hydrologic, Morphologic, and Biological Models Recommended for 

Lesser Slave Lake Water Level Needs Assessment (continued) 

Golder Associates 

Model Class Model Type Details Recommendation Linkages Costing1 and Timing 
Morphologic 
(cont) 

Can capture bathymetry for depths from 0 to 
10 m 

 Requires low turbidity 
 Captures bathymetric and terrestrial data 

during same acquisition 
 

Shoals LiDAR 

More accurate delineation of shoreline 

Appropriate for collection of 
terrestrial and aquatic data 
simultaneously with very 
high accuracy. 

Can link with biological 
data in GIS environment. 

Costs highly dependant on 
coverage desired and strategy 
adopted by AENV and ASRD.  
Costs would begin at $150,000. 

Biological  Habitat/Population 
Analysis 

Statistical correlation of strong and weak 
year classes of walleye and lake whitefish 
with prevailing lake levels  

Recommended to establish 
linkage between littoral 
habitat and year-class 
strength.  May provide basis 
to estimate productivity for 
some habitat types. 

Provided basis for 
qualifying HSI models with 
aquatic DEM 

Task time approximately 4 weeks 
with costs ranging from $13,000 
to $18,000. 

 Applying HSI models for walleye and lake 
whitefish to Lesser Slave Lake habitat data 

 

Habitat Suitability 
Index 

Develop measures of habitat quality for 
walleye and lake whitefish based on  
available fish data and shoreline habitats  

Useful for extending 
available littoral habitat data 
to include measurements of 
habitat quality.  

HSI models would be used 
in conjunction with an 
updated aquatic DEM to 
determine habitat quality 
changes under various 
management scenarios. 

Could be conducted as a desktop 
or field-based study depending 
on level of detail desired and 
ultimate management goals of 
AENV and ASRD.   
 
 

Notes: 
1 Cost estimates for hydrological model set-up and calibration and do not include time required to attend meetings or workshops nor does it account for the time required to prepare and run 

scenario options to simulate the requested management options as these are yet unknown. 
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Option 3 (hydrologic modelling approach) requires analysis of regional climate data, setting up of 

HEC-HMS model, calibration and simulation the hydrologic model, and simulation of the 

hydrologic model for each tributary watershed to generate long-term flow series.  The various 

tasks required for this option can take from four to six weeks and an estimated budget of $25,000 

to $30,000.   

The STELLA software will cost about $2500.  If an integrated watershed modelling approach 

using WMS is preferred, the cost of WSM software, which is about $5000, should be added to the 

total cost range suggested for Option 3. 

The above costs include model set-up and calibration and do not include time required to attend 

meetings or workshops nor does it account for the time required to prepare and run scenario 

options to simulate the requested management options as these are yet unknown. 

5.3 LiDAR-based Terrain DEM 

LiDAR techniques could be employed to collect high resolution shoreline and terrain data for the 

area immediately surrounding Lesser Slave Lake.  In addition to LiDAR imaging of the low-lying 

lands around the lake, collecting LiDAR in the region downstream of the lake outflow would be 

very useful for engineering planning should control structure modifications be considered.  

LiDAR should be acquired during the low-water period to maximize the amount of shoreline 

terrain that is captured.  Although this technology may provide some bathymetric information for 

relatively shallow waters, turbidity levels may effectively prevent any bathymetric data from 

being captured.  Depending upon timing and the final area of interest, the cost to acquire LiDAR 

would be between $50,000 and $100,000.   

Other stakeholders impacted by flooding of low-lying floodplain areas may also be interested in 

acquiring this data, which could result in cost sharing advantages to build terrain data over a 

larger area.  For example it would be less expensive to share costs between two or more parties 

(e.g., surrounding municipalities and First Nations communities) to get DEM coverage acquired 

over the entire lowlands region (approximately three times larger than the pink area in Figure 6b) 

when compared to purchasing data solely for those zones of specific interest to the lake water 

level needs initiative.  This is a very tenable situation because a large portion of the LiDAR costs 

Golder Associates 



April 2006 -89- 06-1337-001 
 
 
include mobilization, and as a result overall project costs increase only marginally as the area of 

interest increases in size.   

5.4 Single Beam and Multi Beam Sonar Sounding Bathymetry 

Single beam (SBSS) and multi beam (MBSS) sonar sounding are effective options for generating 

bathymetric data for freshwater lake systems.  Each system has advantages and disadvantages and 

the final choice of technique will ultimately depend on the level of resolution desired from the 

data.  If accurate bottom contour information is all that is desired, SBSS would represent the most 

economical choice for an updated survey program.  SBSS can be implemented from a small 

undedicated vessel and does not require the acquisition or transport of a dedicated acoustic 

sampling vessel.  Because SBSS can be deployed from relatively small boats, access to some 

areas in Lesser Slave Lake may be more practical with this system.  If detailed bottom imagery is 

desired, with the ultimate goal of mapping benthic habitats, then MBSS may be a more practical 

(but more expensive) solution.   

Regardless of which system is adopted, there are some additional considerations that should be 

made.  Sonar should be collected during the high-water period (i.e., spring) in order to maximize 

access into shallow areas and to maximize the amount of water that is deep enough to produce a 

readable backscatter from the sonar.  Both techniques are limited by minimum and maximum 

depths at which the sonar units can operate.  Although MBSS is typically used in very deep 

oceanic waters, either system will perform well under the maximum depths afforded by Lesser 

Slave Lake.  The minimum depths on the other hand, which are extensive in Lesser Slave Lake, 

may limit the extent to which either system can be used in very shallow water depending on how 

the system is deployed.  An SBSS unit that has the capability to be deployed from deep (i.e., large 

lakeworthy motorized boat) or shallow water vessels (canoes or flat bottom boat equipped with a 

small engine) may be the best choice for sounding both deep and shallow areas in the lake. 

The second consideration applies to the vertical control of the sounding unit.  Highly accurate 

geo-referenced positioning will be required if the ultimate intent of the bathymetric data involves 

incorporation into a digital elevation model.  Depending on the type and extent of sonar sounding 

bathymetry desired, approximate costs for SBSS surveying and subsequent data processing can 

be estimated to fall in the order of $2,800 per day, with a daily coverage rate of approximately 

Golder Associates 



April 2006 -90- 06-1337-001 
 
 
120 km.  MBSS surveys, which would require mobilization of a dedicated vessel with fixed boom 

transducers, can be estimated to be in the range of $4,400 per day.  Cost estimates do not include 

mobilization and accommodation fees.  The overall strategy for bathymetric data collection will 

ultimately depend on the strategy adopted and desired coverage. 

Predicting the duration of the survey is difficult as the weather and water conditions play a major 

role in the collection of the data.  Calm days with minimal wave action are preferred, which may 

be a challenge considering the typical conditions on Lesser Slave Lake tend to be windy with 

large swells commonly developing.  The number of calm days required to complete the 

bathymetry will again depend on the strategy adopted and desired coverage. 

5.5 Shoals LiDAR-based Bathymetric DEM 

The Shoals LiDAR system represent the most significant initial outlay of costs for the acquisition 

of bathymetric data: costing can be expected to begin at approximately $150,000 and range 

upwards depending on the amount of area covered.  This method does, however, have some 

significant potential cost-saving advantages as the technology has the capability of acquiring high 

resolution elevation data for aquatic and terrestrial habitats from the same platform.  Bathymetric 

and topographic data generated from the Shoals LiDAR platform are accurate to within 25 cm for 

terrestrial elevations and for subsurface depths of 0.2 to 50 m.  As mentioned in Section in 5.3, if 

cost sharing can be arranged between parties it would substantially reduce the individual 

investments required from participating stakeholders and managers.  A terrestrial-aquatic Shoals 

LiDAR-based DEM would have the greatest overall flexibility and utility for the various user 

groups involved, and thus would likely represent the greatest opportunity for a cost-sharing 

initiative between users.  Should AENV and ASRD decide to prioritize DEM development for 

Lesser Slave Lake, a cost-benefit analysis of the options outlined above with much consideration 

given to the eventual use and users of the DEM would help in guiding the selection of the 

appropriate technology platform.   

5.6 Delphi Panel Ecological Assessment of Management Objectives 

The Delphi process is a very cost-effective method of reaching an expert-based scientific 

consensus for a given question.  Golder has a great deal of experience in designing and 
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implementing Delphi processes for a variety of complex natural resource issues.  The costs 

associated with the Delphi are accrued in the initial survey development, per diem allowances for 

the expert participants, summarization of results after each round, and management and 

coordination of the overall process.  The Delphi process is generally web or paper-based and thus 

participants do not need to be located in the same geographical area during any part of the 

process.   

Expert panel members are presented with a set of carefully selected criteria and go through 

iterative rounds of response until a general consensus on the issue is reached.  Participants remain 

anonymous to one another through the process but see and respond to input from others during 

each iteration.  It is assumed that the selected criteria for evaluation, completed in Phase I of the 

assessment, would be completed by the Lesser Slave Lake Management Committee, and costs for 

that phase are not included.   

This process could represent an especially attractive option for the Lesser Slave Lake 

Management Committee as experts in water resource issues from outside of Alberta could be 

gathered together to participate in the Delphi process at a relatively low cost.  This can add a level 

of impartiality to the process that can add validity to the results.  The success of the process is 

highly dependant on the careful selection of both the panel participants and the scope of the 

material that they are asked to reach a consensus on.  Depending on the number of panel members 

involved and the daily per-diem rate selected, costs can be expected to be in the order of $20,000 

to $25,000.  Costs can be variable depending on the number of iterations required to achieve 

consensus, which cannot be predicted at this time.   

5.7 Recommendations 

Golder has presented within this scoping report a number of options that could be implemented in 

the course of developing a management plan for lake water levels in Lesser Slave Lake.  Any 

number of these options could be combined as part of a program to develop management 

objectives for Lesser Slave Lake, but ultimately the structure of this program will depend on the 

management and budgetary objectives.  Without knowing the level of detail required by managers 

for Lesser Slave Lake and the types of management options that are being considered (e.g., the 

possibility of modifying the existing control structure), it is not possible to generate a critical path 
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towards how solutions might be generated with the tools we have described.  We can, however, 

consider two very generalized modelling options under scenarios of minor (siphon installations) 

and major (adjustable control structure) modifications to the existing control weir. 

If the management objectives for the lake do not involve any major modifications to the existing 

control structure, then the basic modelling options (i.e., HEC-RAS hydrology and limited Single 

Beam Sonar) may be sufficient to evaluate potential hydrological and morphological aspects of 

minor modifications (i.e., siphon installations) to the existing weir.  Under this scenario we would 

recommend updating of the existing bathymetry (four to five days of single beam sonar transects 

during spring at an approximate cost $11,000 to $14,000) with the goal of being able to quantify 

changes in littoral zone quantity and availability under minor siphon-driven drawdowns.  

Updating the hydrologic model would cost approximately $8000 to $10,000.  We would also 

recommend a formal analysis of the correlation between water levels and year-class strength with 

the goal of being able to qualify spring habitat loss for walleye in the Buffalo Bay area under 

different minor drawdown scenarios, which would cost between $13,000 and $18,000.  The total 

cost for this level of study would be in the order of $32,000 to $42,000.  The only issue for timing 

under this scenario would be for the bathymetric work which would need to be done in the spring 

of the year under high water levels. 

If management options for Lesser Slaver Lake water levels do include the potential for major 

modifications to the existing weir structure, we would recommend a more intensive program.  

The hydrologic model would need to have the capacity to consider changes in outlet 

configuration and also in patterns of land use, which could impact the operating dynamics of the 

control structure over time.  Similarly, the potential for lake-wide impacts would be greater and 

although we would still recommend updating the bathymetry we also suggest that the acquisition 

of more accurate terrain data would also be very useful.  This could range from Shoals LiDAR-

based acquisition (more expensive but would gather bathymetric and terrestrial data during the 

same deployment), to a combination of single beam sonar and LiDAR-based approaches.  Under 

this scenario we would again recommend the habitat population analysis of historical year-class 

strength and water levels.  We also suggest that quantifying the productive capacity of the littoral 

habitat in the lake through the application of HSI models (using either existing or updated habitat 

data) would be a very useful tool in evaluating the impact of different lake levels on key fish 

populations in the lake.  Costing for this program is difficult to predict without details on what 
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types of management objectives may be considered.  If major control structure modifications are 

being considered, the most appropriate modelling process would likely be reached through 

consensus agreement with managers and potentially other stakeholders as well.   
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6. CONCLUSIONS 

The available data from Lesser Slave Lake are sufficient for qualitative determination of potential 

impacts of alternative lake surface water elevations on lake ecology but additional information is 

required before quantitative assessments can be undertaken.  The major ecological concerns 

arising from small changes in the elevation of lake levels are centred in the littoral zone of the 

lake.  Although the existing information is suitable for the development of management 

objectives, additional data collection is required if a scientific evaluation of these management 

objectives is required.  In particular, a greater resolution of morphological data within the littoral 

zone is required, and the development of a GIS-based DEM tool would facilitate and expedite the 

assessment of potential changes in habitat quality on the littoral fish community 

In some regards, it is difficult to determine a concise path towards designing a lake level study to 

assess the impact of water level changes on lake ecology without knowing the relative magnitude 

of what the changes in water level may be.  For these reason we have advocated a two phased 

approach for moving forward with the development of a management plan for the Lesser Slave 

Lake basin.  This approach addresses the development of prioritized measurable management 

objectives for the lake and the development of ecological models that can be used to scientifically 

evaluate the effects of management alternatives.   

Our key recommendation, namely the development of an accurate aquatic and terrestrial DEM for 

the system, is required for the assessment of management criteria and for the evolution of 

management scenarios for the lake that will develop from this process.  It should be noted that 

development of a DEM for the basin will also likely have uses that reach far beyond the scope of 

water management for the lake and river and will also provide a very real tool by which changes 

in the basin can be monitored in the future. 
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Golder Associates 

7. CLOSURE 

We trust that the above meets your present requirements.  If you have any questions or require 

any additional details, please contact the undersigned. 

GOLDER ASSOCIATES LTD. 

Michael Robinson, M.Sc., Ph.D. Candidate David A. Fernet, M.Sc., P.Biol. 
Fish Habitat Biologist Principal 
 
 
 
 
Kasey Clipperton, M.E.Des. 
Fisheries Biologist 
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