
Appendix 8

Lake Winnipeg Regulation





 

LAKE WINNIPEG REGULATION 

 

REPORT TO THE 

CLEAN ENVIRONMENT COMMISSION 

 

APPENDIX 8: 

 

DISCUSSION OF KEY BIOLOGICAL  

CONCERNS ON 

LAKE WINNIPEG  

 

 

2014 

 

 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  i 
 

TABLE OF CONTENTS 

Page 

1.0  INTRODUCTION ............................................................................... 1 

2.0  BACKGROUND ................................................................................... 2 

3.0  DESCRIPTION OF Lake Winnipeg .................................................... 5 

4.0  KEY BIOLOGICAL CONCERNS RELATED TO LAKE 
WINNIPEG ......................................................................................... 6 

4.1  Water Quality/Eutrophication ..................................................................... 6 

4.1.1  History of Water Quality in Lake Winnipeg ..................................... 7 

4.1.2  Current Status of Water Quality in Lake Winnipeg ........................ 10 

4.1.2.1  Nutrients and Eutrophication ...................................................... 10 

4.1.2.2  Dissolved Oxygen ......................................................................... 12 

4.1.2.3  Water Clarity ................................................................................. 12 

4.1.2.4  Water Residence Time ................................................................. 12 

4.1.2.5  External Nutrient Loading ........................................................... 13 

4.1.2.6  Internal Nutrient Loading ............................................................ 13 

4.1.2.7  Nutrient Retention ....................................................................... 14 

4.1.3  Predictions Made by the LWCNRSB for Water Quality in 
Lake Winnipeg and the Accuracy of Those Predictions ................ 14 

4.1.4  Specific Concerns Raised by Stakeholders on Water Quality 
and How They Are Being Addressed ............................................. 15 

4.1.5  Manitoba Hydro’s Understanding of the Effects of LWR on 
Water Quality in Lake Winnipeg .................................................... 17 

4.2  Lake Winnipeg Commercial Fishery .......................................................... 19 

4.2.1  History of the Lake Winnipeg Commercial Fishery ....................... 20 

4.2.2  Current Status of the Lake Winnipeg Commercial Fishery ............ 22 

4.2.3  Predictions Made by the LWCNRSB on the Lake Winnipeg 
Commercial Fisheries and the Accuracy of Those Predictions...... 23 

4.2.4  Specific Concerns Raised by Stakeholders on the Commercial 
Fishery and How They Are Being Addressed ................................ 23 

4.2.5  Manitoba Hydro’s Understanding of the Effects of LWR on 
Commercial Fisheries ..................................................................... 24 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  ii 
 

4.3  Netley-Libau Marsh Conditions ................................................................. 25 

4.3.1  History of the Netley-Libau Marsh ................................................ 25 

4.3.2  Current Status of the Netley-Libau Marsh ..................................... 29 

4.3.2.1  The Red River and the Netley Cut .............................................. 29 

4.3.2.2  Lake Winnipeg Water Levels ....................................................... 30 

4.3.2.3  Common Carp and Other Factors Affecting the Marsh .............. 30 

4.3.3  Predictions Made by the LWCNRSB for Lake Winnipeg 
Marshes and the Accuracy of Those Predictions ........................... 31 

4.3.4  Specific Concerns Raised by Stakeholders on the Netley-
Libau Marsh and How They Are Being Addressed ....................... 31 

4.3.5  Manitoba Hydro’s Understanding of the Effects of LWR on 
Netley-Libau Marsh ........................................................................ 31 

5.0  MANITOBA HYDRO’S PARTICIPATION IN 
ENVIRONMENTAL STUDIES AND MONITORING ON 
LAKE WINNIPEG ............................................................................ 32 

5.1  COORDINATED AQUATIC MONUITORING PROGRAM 
(CAMP) ....................................................................................................... 32 

5.2  Lake Winnipeg Research Consortium ....................................................... 33 

5.3  Lake Winnipeg Stewardship Board ............................................................ 34 

5.4  Lake Winnipeg Foundation ........................................................................ 35 

5.5  Water Innovation Centre – Lake Winnipeg Basin ..................................... 36 

5.6  Lake Winnipeg: Shared Solutions Exhibit (Manitoba Museum) .............. 37 

5.7  Lake Friendly “Become an Aquavist” Public Education Program. .......... 37 

6.0  SUMMARY ......................................................................................... 38 

7.0  References ........................................................................................... 39 

7.1  Literature Cited ........................................................................................... 39 

7.2  Personal Communications.......................................................................... 44 

 

  



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  iii 
 

LIST OF TABLES 

Page 

Table 1: Key dates in environmental legislation in Manitoba since 1960 .............................................. 1 
Table 2:  Mean commercial harvest (thousands of kg) by decade of Lake Winnipeg quota 

species from the 1940s to 2008 ................................................................................................... 22 

 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  iv 
 

LIST OF FIGURES 

Page 

Figure 1: Lake Winnipeg watershed showing the drainage basins of the major rivers flowing 
into the lake ...................................................................................................................................... 4 

Figure 2: Lake Winnipeg commercial fish harvests of quota species from 1970 to 2008 (kg 
round weight) ................................................................................................................................. 20 

Figure 3: The Netley-Libau Marsh .............................................................................................................. 26 
Figure 4: Aerial photo of Netley Cut, 1923 ................................................................................................ 27 
Figure 5: Engineering drawing of Netley Cut, circa 1924. ....................................................................... 27 
Figure 6: Aerial photo of Netley Cut, 15 April 2009 ................................................................................ 28 
 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  v 
 

LIST OF MAPS 

Page 

Map 1: Lake Winnipeg and its major tributaries. .................................................................. Back Cover 

  



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  vi 
 

GLOSSARY 

The first time a glossary word appears in the text it has been bolded. 

Adverse: Unfavourable or antagonistic in purpose or effect. 

Algae: A group of simple plant-like aquatic organisms possessing chlorophyll and capable of 
photosynthesis; they may be attached to surfaces or free-floating; most freshwater species are small or 
microscopic in size. 

Anaerobic: Refers to the absence of oxygen. 

Anthropogenic: Involving the impact of humans on nature; induced, caused, or altered by the presence 
and activities of man, as in water and air pollution. 

Aquatic: Living or found in water. 

Backwater effect: In hydrologic terms, the effect that a dam or other obstruction has in raising the 
surface of the water upstream from it. 

Basin: A distinct section of a lake, separated from the remainder of the lake by a constriction. 

Churchill River Diversion (CRD): The diversion of water from the Churchill River to the Nelson 
River via the Rat River and the impoundment of water in Southern Indian Lake as authorized by the 
CRD Water Power Act Licence.  

Chlorophyll: A group of green pigments present in plant cells that are essential in the trapping of light 
energy during photosynthesis. 

Colour: The colour of water is the result of backscattering of light upward from a waterbody after it is 
selectively absorbed at various depths. 

Community: In ecology, a community is an ecological unit composed of a group of organisms or a 
population of different species occupying a particular area, usually interacting with each other and their 
environment. For people, a community is a social group of any size, whose members reside in a specific 
locality. 

Concentration: The density or amount of a material suspended or dissolved in a fluid (aqueous) or 
amount of material in a solid (e.g., sediments, tissue). 

Cumulative effect: The effect on the environment, which results when the effects of a project combine 
with those of the past, existing, and future projects and; the incremental effects of an action on the 
environment when the effects are combined with those from other past, existing and future actions. 
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Driver: Any natural or human-induced factor that directly or indirectly causes a change in the 
environment. 

Ecosystem: A dynamic complex of plant, animal and micro-organism communities and their non-living 
components of the environment interacting as a functional unit (Canadian Environmental Assessment 
Agency). 

Effect: Any change that a project may cause in the environment. More specifically, is a direct or indirect 
consequence of a particular project impact. The impact-effect terminology is a statement of a cause-effect 
relationship. A terrestrial habitat example would be 10 ha of vegetation clearing (i.e., the impact) leads to 
habitat loss, permafrost melting, soil conversion, edge effects, etc. (i.e., the direct and indirect effects). 

Emergent: A plant rooted in shallow water and having most of its vegetative growth above water. 

Environmental assessment (EA): Process for identifying project and environment interactions, 
predicting environmental effects, identifying mitigation measures, evaluating significance, reporting and 
following-up to verify accuracy and effectiveness leading to the production of an EA report. 
Environmental Assessment is used as a planning tool to help guide decision-making, as well as project 
design and implementation (Canadian Environmental Assessment Agency). 

Environmental effect: In respect of a project, a) any change that the project may cause in the 
environment, including any change it may cause to a listed wildlife species, its critical habitat or the 
residences of individuals of that species, as those terms are defined in subsection 2(1) of the Species at Risk 
Act. 

Erosion: A process, which is either naturally occurring or anthropogenic in origin, by which the Earth's 
surface is worn away by the actions of water and wind.  

Eutrophic: Having waters or soils rich in phosphates,  nitrates and organic nutrients that promote a 
proliferation of plant life, including algae. 

Eutrophication: The process of nutrient enrichment of a body of water that leads to high, often 
undesirable, levels of productivity.  

Fetch: Length of water surface exposed to wind during generation of waves. 

Flooding: The rising of a body of water so that it overflows its natural or artificial boundaries and covers 
adjoining land that is not usually underwater. 

Forage(ing): To locate, capture, and eat food. 

Habitat: The place where a plant or animal lives; often related to a function such as breeding, spawning, 
feeding, etc. 
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Hydraulic: 1) of or relating to liquid in motion; and, 2) of or relating to the pressure created by forcing a 
liquid through a relatively small orifice, pipe, or other small channel. 

Hydro-electric: Electricity produced by converting the energy of falling water into electrical energy (i.e., 
at a hydro generating station). 

Hyper-eutrophic: Refers to a lake or other body of water with excessive nutrient concentrations 
(nitrogen and phosphorus), resulting in high productivity. 

Impact: Essentially, a statement of what the Project is in terms of the ecosystem component of interest 
while a project effect is a direct or indirect consequence of that impact (i.e., a statement of the cause 
effect relationship). A terrestrial habitat example would be 10 hectares of vegetation clearing (i.e., the 
impact) leads to habitat loss, permafrost melting, soil conversion, edge effects, etc. (i.e., the direct and 
indirect effects). Note that while Canadian Environmental Assessment Act requires the proponent to assess 
project effects, Manitoba legislation uses the terms impact and effect interchangeably. See also Effect. 

Indirect effect: A secondary environmental effect that occurs as a result of a change that a project may 
cause in the environment. An indirect effect is at least one step removed from a project activity in terms 
of cause-effect linkages (Canadian Environmental Assessment Agency). Or an effect in which the cause-
effect relationship (e.g., between the project's impacts and the ultimate effect on a VEC) has intermediary 
effects. As an interaction with another action's effects is required to have a cumulative effect (hence, 
creating intermediary effects), cumulative effects may be considered as indirect. 

Invertebrate: An animal with no backbone, e.g., an insect. 

Lacustrine: Of or having to do with lakes, and also used in reference to soils deposited as sediments in a 
lake. 

Littoral: Shore zone of tidal water between high water and low water marks; also the shallow water zone 
of a lake or river in which light penetrates to the bottom, permitting plant growth. 

Marsh: A class in the Canadian Wetland Classification System which includes non-peat wetlands having 
at least 25% emergent vegetation cover in the water fluctuation zone. 

Meso-eutrophic: Moderately eutrophic (see eutrophic). 

Migration: The movement of an individual or group of individuals from one area to another. 

Monitoring: Measurement or collection of data to determine whether changes are occurring to a 
component of interest such as fish populations. The primary goal of long-term monitoring of lakes and 
rivers is to understand how aquatic communities and habitats respond to natural processes and to be able 
to distinguish differences between human-induced disturbance effects to aquatic ecosystems and those 
caused by natural processes; a continuing assessment of conditions at and surrounding the action. This 
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determines if effects occur as predicted or if operations remain within acceptable limits, and if mitigation 
measures are as effective as predicted. 

Northern Flood Agreement (NFA): An agreement signed in 1977 by Manitoba Hydro, the 
governments of Canada and Manitoba, and the Northern Flood Committee on behalf of five affected 
Cree Nations regarding the effects of the Churchill River Diversion and Lake Winnipeg Regulation. 

Nutrient loading: Mass of nutrients carried by water into surrounding waterways over time. 

Organic: The compounds formed by living organisms. 

Outflow: The water flowing out of a waterbody (lake, reservoir, etc.). 

pH: Method of expressing acidity or basicity of a solution. pH is the logarithm of the reciprocal of the 
hydrogen ion concentration, with a pH of 7.0 indicating neutral conditions. pH values of less than seven 
are acidic. 

Phytoplankton: Microscopic floating plants (primarily algae) that live suspended in waterbodies. 

Population: A group of interbreeding organisms of the same species that occupy a particular area or 
space. 

Productivity: Rate of formation of organic matter over a defined period; this can include the production 
of offspring. 

Reach: A section, portion or length of stream or river. 

Secchi Disk: a ¼ m diameter disc, divided into alternating black and white quadrants. The depth in the 
water at which the disc disappears from view is used as a measure of water’s transparency or turbidity. 

Sediment(s): Material, usually soil or organic detritus, which is deposited in the bottom of a waterbody. 

Sediment core: A sample of sediment obtained by driving a hollow tube into the bed and withdrawing it 
with its contained sample or core. 

Sedimentation: A combination of processes, including erosion, entrainment, transportation, deposition 
and the compaction of sediment. 

Siltation: The increase in concentration and/or deposition of waterborne silt in a body of water. 

Species: A group of organisms that can interbreed to produce fertile offspring. 

Stratification: Arrangement of a body of water (e.g., a lake) into two or more horizontal layers of 
differing characteristics (e.g., temperature, pH, dissolved oxygen, density). 
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Submergent: Plants that normally have all of their photosynthetic tissues under water. 

Thermal stratification: Refers to a change in temperature at different depths in lakes. 

Total suspended solids (TSS): Solids present in water that can be removed by filtration consisting of 
suspended sediments, phytoplankton and zooplankton. 

Tributary(ies): A river or stream flowing into a lake or a larger river or stream. 

Turbidity (Tu): The cloudiness in water due to suspended particles. This is generally correlated to the 
Total Suspended Solids (TSS). 

Upland: A land ecosystem where water saturation at or near the soil surface is not sufficiently prolonged 
to promote the development of wetland soils and vegetation. 

Water quality: Measures of substances in the water such as nitrogen, phosphorus, oxygen and carbon. 

Water regime: A description of water body (i.e., lake or river) with respect to water levels, flow rate, 
velocity, daily fluctuations, seasonal variations, etc.  
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ACRONYMS, ABBREVIATIONS AND 
UNITS 

Acronym/Abbreviation Term/Unit 

° degrees 

> greater than 

< less than 

c. circa 

C Celsius 

CEAA Canadian Environmental Assessment Act 

CEC Clean Environment Commission 

CEPA Canadian Environmental Protection Act 

CCME Canadian Council of Ministers of the Environment 

CRD Churchill River Diversion 

DDT dichlorodiphenyltrichloroethane 

DFO 
Fisheries and Oceans Canada (formerly known as Department of 
Fisheries and Oceans Canada) 

DO dissolved oxygen 

EARP Environmental Assessment and Review Process 

EC Environment Canada 

ENGO environmental non-governmental organization 

e.g. example 

et al. and others 

etc. and other things 

FEMP Federal Ecological Monitoring Program 

FFMC Freshwater Fish Marketing Corporation 

FWI Freshwater Institute 

ha hectare 

Hg mercury 

i.e. that is 

kg kilogram 
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Acronym/Abbreviation Term/Unit 

km kilometre 

km2 square kilometre 

LWCNRSB Lake Winnipeg, Churchill and Nelson River Study Board 

LWIC Lake Winnipeg Implementation Committee 

LWR Lake Winnipeg Regulation 

LWRC Lake Winnipeg Research Consortium 

LWSB Lake Winnipeg Stewardship Board 

m metre 

MB Manitoba 

MCWS Manitoba Conservation and Water Stewardship 

MEARA Manitoba Environment Assessment and Review Agency 

MEMP Manitoba Ecological Monitoring Program 

mg/L milligram per litre 

mgm-3 milligram per cubic metre 

mm millimetre 

MWS Manitoba Water Stewardship 

N nitrogen 

NO3 nitrate 

No. number 

P phosphorus 

pers. comm. personal communication 

PO4 phosphate 

sic. thus written 

spp. species 

TP total phosphorus 

TSS total suspended solids 

unpubl. unpublished 

WPA Water Power Act 
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LIST OF SPECIES 

Group Common Name Species Name 

Invertebrates Water flea° Eubosmina coregoni 

Fish Common Carp Cyprinus carpio 

 Lake Sturgeon Acipenser fulvescens 

 Lake Whitefish Coregonus clupeaformis 

 Rainbow Smelt Osmerus mordax 

 Sauger Sander canadensis 

 Walleye Sander vitreus 
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1.0 INTRODUCTION 

This appendix focuses on the environmental effects of LWR on Lake Winnipeg (Map 1: Back Cover). 
The document provides background information on environmental considerations prior to construction; 
a discussion of three key biological concerns that have been identified by stakeholders (water quality; 
commercial fishing; and the condition of the Netley-Libau Marsh) and Manitoba Hydro’s role in 
environmental research on Lake Winnipeg.  

When reviewing this document it should be noted that environmental legislation and environmental 
assessment requirements in the 1970s were significantly different than they are today. A brief summary 
of these changes over the past 45 years is provided below (Table 1).  

 

Table 1: Key dates in environmental legislation in Manitoba since 1960 

 Federal  Provincial 

1970 Canada Water Act 1968 Clean Environment Act 

1971 Department of the Environment   

  1978 Manitoba Environment Assessment and Review 
Agency (MEARA) 

1982 Section 35 of the Constitution Act   

1984 Environmental Assessment and Review 
Process Orders (EARP) 

  

1986 DFO’s Fish Habitat Management Policy   

1987 Federal Water Policy   

1988 Canadian Environmental Protection Act (CEPA) 1988 Environment Act 

1995 Canadian Environmental Assessment Act 
(CEAA) 

  

  1997 Sustainable Development Act 

1998 Canada-Manitoba Agreement for Environmental Assessment Harmonization 

2008 Sustainable Development Act   

2012 Amendments to Fisheries Act 

Repeal and replacement of CEAA 
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2.0 BACKGROUND 

From an environmental perspective, Manitoba Department of Mines, Resources and Environmental 
Management (1972) stated that a number of components were examined (some with direct input by the 
Freshwater Institute of the Canada Department of the Environment) when making the decision on 
whether or not to proceed with LWR. These included, but were not limited to, biological components 
such as water chemistry, invertebrates, fish, and wildlife. The report stated that: 

“Much of the benefit is obtained from the fact that levels will be predictable within a much 
narrower range than currently exists in the state of nature. Thus consistency enables more 
effective management of resources for the general benefit of the people of Manitoba. Resources 
specifically seen as benefitting from improved consistency include recreation, agriculture, 
navigation, wildlife and fishing.”  

The Canada Water Act (1970) provided for Canada and the provinces to jointly participate in research, 
planning, and implementation of programs related to the conservation, development, and utilization of 
water resources. An agreement was made between Canada and Manitoba in 1971 to provide $2,000,000 
(the equivalent of $12,154,000 in 2014) for studies to determine the effects of LWR (Manitoba 
Department of Mines, Resources and Environmental Management 1972). Priority was given to studies 
that could influence the design, construction and operation of LWR. The environmental assessment of 
LWR was conducted by the Lake Winnipeg Churchill and Nelson Rivers Study Board (LWCNRSB/the 
Board) which was led by Canada and Manitoba with input from universities and several consulting 
companies. The LWCNRSB conducted a broad range of physical, biological, and socio-economic studies 
between 1971 and 1975 but the studies focused on the areas downstream of Lake Winnipeg where the 
majority of the impacts would occur. In regards to Lake Winnipeg, the LWCNRSB stated that: 

“Although Lake Winnipeg is the most important commercial fishing area in Manitoba, it was not 
studied in detail because the ecological implications of the Lake Winnipeg Regulation project 
appear minimal. The small change in the average lake level is not expected to affect the general 
productivity of the lake and it is improbable that future changes in chemical or biological 
characteristics of the lake would be attributable to the Manitoba Hydro project. It is predicted 
that fish populations and production will in all probability be unaffected and that the availability 
of species to standard commercial gear will remain unchanged as a result of regulation.” 

Because the effects of LWR on Lake Winnipeg itself were expected to be small, there were a limited 
number of pre-Project environmental studies conducted. 

Notwithstanding this, one concern that was raised in the report related to the nutrient balance in the lake. 
The report stated that because of increased water retention times during low water years (when the 
Province was trying to maintain water levels during drought conditions) that: 
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“This means that flushing rates (residence time) of both basins of Lake Winnipeg will decrease 
and retention times of nutrients and other pollutants will increase for the lake. To maintain the 
water level above this minimum will mean a net retention of water in the lake (regardless of 
month-to-month storage and drawdown) with an increasing supply of nutrients (PO4 (P), NO3 
(N)) and other undesirable matter (Hg, sewage organic matter, DDT, etc.).” 

The effects of water retention times on nutrients are discussed in Section 4.1.1. 

In 1981, Claim 18 was filed by the five Northern Flood Agreement communities and the Northern 
Flood Committee which alleged that Canada, Manitoba, and Manitoba Hydro had not met 
recommendation number 10 of the LWCNRSB Report (1975a) which stated that: 

“appropriate government departments and agencies develop and implement a long-term 
coordinated ecological monitoring and research program to allow impact evaluation and assist 
in the ongoing management of the affected area.” 

This resulted in the Manitoba Ecological Monitoring Program (MEMP) that was initiated by Manitoba in 
1985 and the Federal Ecological Monitoring Program (FEMP) that was initiated by Canada in 1986. Both 
of these programs focused their studies on the LWR route  and on the CRD route as far as Stephens 
Lake where the majority of the impacts associated with LWR and Churchill River Diversion (CRD) had 
occurred. Lake Winnipeg was not included in either the Provincial or Federal monitoring programs as the 
environmental effects of LWR on Lake Winnipeg were expected to be small.   

In summary, the effects of LWR on Lake Winnipeg (which were taken into account by the Federal and 
Provincial governments when designing both the pre-LWR and post-LWR environmental studies) were 
thought to be minimal.  

Lake Winnipeg receives inputs from a total drainage area of almost 1,000,000 km2 (see Figure 1), is home 
to nearly 6 million people, contains approximately 55 million ha of agricultural land and supports about 
17 million livestock (LWIC 2005). The lake is affected by numerous developments and activities 
occurring within the watershed that are not related to hydro-electric development (e.g., water retention 
structures to decrease run-off; water diversion structures to increase run-off; agricultural and industrial 
run-off; waste-water inputs; mining; forestry; commercial and domestic fishing and trapping; introduction 
of invasive species; climate change etc.).  

Although environmental studies have been conducted on the overall health of Lake Winnipeg by a 
number of government agencies and organizations, the ability to discuss the specific environmental 
effects of LWR on Lake Winnipeg, in isolation from the other developments and activities within the 
watershed is, in most cases, not possible.  
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Figure 1: Lake Winnipeg watershed showing the drainage basins of the major rivers flowing into the lake 
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3.0 DESCRIPTION OF LAKE WINNIPEG 

Lake Winnipeg is the largest lake in Manitoba and the 10th largest lake in the world with a surface area of 
about 24,500 km2, or almost 4% of the surface area of the province (see Map 1: Back Cover). Its drainage 
basin is the second largest watershed in Canada, with a surface area of almost 1,000,000 km2 (Figure 1). 
The watershed extends westward through Saskatchewan and Alberta to the Rocky Mountains, east into 

Ontario, and south into North Dakota 
and Minnesota and small portions of 
South Dakota and Montana. The three 
major rivers entering Lake Winnipeg are 
the Winnipeg River, Saskatchewan River, 
and the Red River, which together 
account for 70% of the inflows. In 
comparison to the world’s largest lakes, 
Lake Winnipeg has a very high ratio of 
drainage basin to lake area, which is 
approximately 40:1 (LWIC 2005).  

Grand Beach 

Lake Winnipeg consists of two distinct basins that are separated by the narrows, which is a 2.5 km wide 
channel characterized by an irregular bottom. The north basin makes up approximately 75% of the lake’s 
surface area and reaches 100 km wide, while the south basin is up to 46 km wide. The lake bottom of 
both basins is generally flat. Lake Winnipeg is a shallow lake with a mean depth of 12 m. There are a few 
deep spots in the lake, the deepest of which is located in the narrows near Black Island, where it reaches 
60 m (EC and MWS 2011) deep. Because it is shallow, Lake Winnipeg has a low volume of water and 
typically does not experience thermal stratification. The shallowness of the lake also contributes to a 
relatively short water residence time. Between 1999 and 2007, the water in Lake Winnipeg was replaced, 
on average, every 3.8 years. 

Lake Winnipeg Regulation has resulted in changes to Lake Winnipeg water levels and outflows. Pre-LWR 
and post-LWR water levels and flows are described in section 3.2 of the report..  

EC and MWS (2011) states that the: 

“The climate of Lake Winnipeg varies from the north to south, with cooler, drier conditions to 
the north and warmer, wetter conditions to the south. Mean annual air temperature from 1999 to 
2007 was 0.8°C at The Pas in the north and 2.5°C at Gimli in the south. Total annual 
precipitation ranged from 203 mm to 425 mm over the north basin, and from 72 to 1521 mm 
over the south basin.” 
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4.0 KEY BIOLOGICAL CONCERNS RELATED TO 
LAKE WINNIPEG 

Key biological concerns that have been identified by the general public and stakeholders that are 
addressed in this appendix are: water quality/eutrophication; the commercial fishery; and the condition 
of the Netley-Libau Marsh. The following section starts with an historic summary of the scientific 
information collected by various agencies and is followed by a review of the potential effects of LWR on 
the stated concerns. 

4.1 WATER QUALITY/EUTROPHICATION 

Water quality was first studied in Lake Winnipeg in 1925 and the first lake-wide survey was conducted in 
1969. Current monitoring and research initiatives are extensive and are focused primarily upon the issue 
of eutrophication of the lake. Monitoring is currently conducted by the Province of Manitoba, Fisheries 
and Oceans Canada, Environment Canada, and academic institutions and is extensive not only in terms 
of the magnitude of effort, resources, and coordination allocated to this issue, but also in terms of the 
scope of the programs.  

There is a general consensus amongst the scientific community that over the last several decades Lake 
Winnipeg has experienced: a) increased concentrations of nutrients; b) increased frequency and severity 
of algal blooms (notably cyanobacteria blooms); c) increased phytoplankton biomass and a general shift 
in the dominant group of phytoplankton (cyanobacteria or “bluegreen algae”); and d) increased external 
nutrient loading (primarily from the Red River). The State of Lake Winnipeg Report (EC and MWS 
2011) states the following: 

“The quality of Lake Winnipeg waters has deteriorated over time, with particular concern arising 
over the last few decades in response to the effects of accelerated nutrient enrichment. The 
frequency and intensity of algal blooms in the lake have increased in association with rising 
phosphorous and nitrogen loading from diffuse and point sources in the Lake Winnipeg 
watershed.” 

Although studies on Lake Winnipeg water quality and eutrophication are ongoing, the considerable 
efforts expended on monitoring and research to date have been instrumental in providing a 
contemporary, comprehensive multi-year description of water quality (and other components of the 
aquatic ecosystem) of Lake Winnipeg and its tributaries as well as to identify the primary cause of 
nutrient enrichment observed in the lake over recent years. Two recent publications have demonstrated, 
through different approaches, that the increased external loading of phosphorus to the lake is related to 
the Red River; one of these publications (Bunting et al. 2011) attributes these increases to increased 
loading of phosphorus to the land within the Red River drainage basin. The other report (McCullough et 
al. 2012) attributes the increase primarily to increased flows (and flooding) in the Red River. Although 
these studies differ in terms of some of the factors that are associated with the increase, both studies 
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concluded that increases in nutrients in Lake Winnipeg in recent decades are primarily due to the 
increased supply from the Red River. 

However there has been no formal post-Project assessment that has quantified the effects of LWR on 
water quality in Lake Winnipeg to date.  A number of LWR related questions have been raised as 
potentially contributing to increased eutrophication  through changes in water residence times, lake water 
levels, and lake volumes, particularly relative to natural seasonal patterns. These issues are explored 
further in the following sections. 

 

 

 

 

 

 

 

 

 

 

 

4.1.1 HISTORY OF WATER QUALITY IN LAKE WINNIPEG 

Water quality information for Lake Winnipeg has been collected through a number of studies conducted 
from 1925 to present. Basic water quality data (e.g., pH, nitrate, total solids, major ions, chlorophyll a) 
were collected for both basins in the 1920s (Bajkov 1930). In the late 1940s and early 1950s, water 
temperature was measured in the open-water and ice-cover seasons during fisheries surveys conducted 
throughout the lake (Hewson 1953a, b, 1954a, b, 1955). From 1961 to 1974, various provincial studies 
were conducted in which a number of water quality parameters were measured (Sparling 1962; Rybicki 
1966; Pollard 1973; Cober 1966, 1971; Crowe 1972a, b, c, d, 1973, 1975; Manitoba Department of Mines, 
Resources and Environmental Management 1974; Kristofferson et al. 1975) including: temperature; 
Secchi disk depth; pH; alkalinity; colour; total solids; dissolved solids; suspended solids; dissolved 
oxygen (DO); nutrients; major ions; and coliform bacteria. The parameters, number of stations, methods, 
and the location and time of sampling varied between years and studies.  

 

Lake Winnipeg 
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The first lake-wide survey was conducted in 1969 by scientists from the Freshwater Institute (FWI). 
Published results from the 1969 survey included an analysis of nutrient supply to the lake (Brunskill 
1973), a record of temperature, oxygen, conductance, and dissolved major elements (Brunskill et al. 
1979a), light attenuation in the lake waters (Brunskill et al. 1979b), and patterns of sedimentation 
(Brunskill and Graham 1979). Unpublished data on nutrients and phytoplankton from the 1969 survey 
are also available (Brunskill 1969, unpubl. data in a draft manuscript). Contemporary studies conducted 
on Lake Winnipeg often make comparisons to the results of this 1969 survey. 

The Lake Winnipeg Project was 
launched by the Geological Survey of 
Canada and the Manitoba Geological 
Survey in 1994, with the primary 
objective to gather geophysical 
information required in support of 
management of issues for the lake such 
as shoreline erosion. The study was 
expanded to include limnological and 
biological sampling by scientists from 
the FWI and several university 
programs. A four week cruise of the 
Canadian Coast Guard Ship Namao in 
August 1994 was followed by a similar 
effort in 1996, shoreline investigations 
in 1997, and a one day cruise in 1999. 
Reports on the surveys are provided in 
a series of open files of the Geological 
Survey of Canada (Todd et al. 1996, 
2000; Simpson et al. 2003); some results have also been published in peer reviewed journals (e.g., Kling 
1998, Mayer et al. 2006). The 1994 cruise included sediment, biological, and water sampling, geophysical 
surveys, and coring (Todd et al. 1996). The 1996 cruise focused on filling information gaps.  

The Province of Manitoba initiated a water quality monitoring program for Lake Winnipeg in 1992, 
which included sampling of 38 stations in the open-water and ice-cover seasons from 1992-1997 (EC and 
MWS 2011). 

Extensive and intensive monitoring of Lake Winnipeg was initiated in 1999 in response to concerns 
related to the 1997 Red River flood. More recent monitoring and research on Lake Winnipeg has been 
directed specifically at examining the nutrient status of the lake and is focused upon concerns related to 
eutrophication. Recent monitoring studies, including water quality monitoring, have been conducted by 
the Province of Manitoba, Department of Fisheries and Oceans, Environment Canada, and independent 
researchers.  

Source: 
www.manitoba.ca/waterstewardship/water_quality/state_lkwinnipeg_report/in
dex.html 

The Namao 
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The Lake Winnipeg Research Consortium Inc. (LWRC) was formed in 1998 to facilitate research on Lake 
Winnipeg; membership includes universities, public corporations, First Nations, commercial fishers, 
other industry members, citizens, and municipal, provincial and federal governments. The LWRC’s 
activities include: (i) holding an annual forum to discuss and coordinate research; (ii) providing the retired 
Canadian Coast Guard Ship Namao as a research platform; and (iii) providing educational opportunities 
for students.  

The Province of Manitoba, recognizing the impact of nutrients, not only on Lake Winnipeg, but on all 
provincial waters, is developing and implementing a Nutrient Management Strategy, a draft of which was 
released in 2000. In the late 1990s, satellite images showing large areas of the north basin of the lake 
covered by surface algal blooms focused public concern more specifically on Lake Winnipeg. The 
Province of Manitoba implemented the Lake Winnipeg Action Plan, which included establishment of the 
Lake Winnipeg Stewardship Board in 2003, to assist in addressing the issue of nutrient loading to Lake 
Winnipeg. The Stewardship Board issued its first interim report in early 2005, followed by a public 
discussion document released in fall 2005 (LWSB 2005), and a report to the Minister in 2006 which 
identified 135 recommendations in 38 different areas (LWSB 2006).  

The Government of Canada and Province of Manitoba formed the Lake Winnipeg Federal/Provincial 
Implementation Committee (LWIC) in 2005 with the mandate to: “…co-ordinate a Canada/Manitoba 
framework agreement on scientific research and basin-wide action plan to improve Lake Winnipeg water 
quality. This agreement will identify joint priorities and funding sources; it will also clarify respective roles 
and responsibilities for implementation of the plan. This initiative was meant to build on the valuable 
work already done by organizations such as the Lake Winnipeg Stewardship Board and the Lake 
Winnipeg Research Consortium, rather than duplicate it in any way” (LWIC 2005). 

Data collected by agencies participating in Lake Winnipeg monitoring since 1999 are in various stages of 
analysis and reporting. The “State of Lake Winnipeg: 1999-2007” report (EC and MWS 2011) represents 
the first report in which results of the various programs 
are presented collectively and, in some instances, 
represents the first formal reporting of results of these 
recent studies. The Journal of Great Lakes recently 
published a special issue (2012 Suppl. 3) on Lake 
Winnipeg, which includes studies pertaining to a variety 
of topics including nutrient modeling (Zhang and Rao 
2012), nutrient loading and sources to Lake Winnipeg 
(Yates et al. 2012), results of water quality monitoring 
(Mayer and Wassenaar 2012; Schindler et al. 2012; 
Wassenaar 2012), a study examining optimization of 
water quality monitoring (Beveridge et al. 2012), and an 
assessment of changes in total phosphorus (TP) in the lake and the cause of eutrophication (McCullough 
et al. 2012). Additional recent publications pertaining to water quality in Lake Winnipeg include: 

 Dynamics of PCBs in the food web of Lake Winnipeg (Gewurtz et al. 2006); 
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 Phosphorus geochemistry of recent sediments in the south basin of Lake Winnipeg. (Mayer et al. 
2006);  

 Littoral mollusc communities and water quality in southern Lake Winnipeg, Manitoba, Canada (Pip 
2006); 

 Isomers of Dechlorane Plus in Lake Winnipeg and Lake Ontario food webs (Tomy et al. 2007); 

 Limnological characteristics of Canada’s poorly known large lakes (Minns 2010); and 

 Sudden ecosystem state change in Lake Winnipeg, Canada, caused by eutrophication arising from 
crop and livestock production during the 20th century (Bunting et al. 2011). 

On September 13, 2010, the Ministers of Water Stewardship Division and Environment Canada signed a 
“Canada-Manitoba Memorandum of Understanding Respecting Lake Winnipeg and the Lake Winnipeg 
Basin”. The agreement details how the Province and the Federal Government will work together in a 
cooperative and coordinated effort. 

Current water quality monitoring conducted by MCWS includes: 

 Monitoring of water quality at approximately 75 stations in the south and north basins of the lake 
three times during the open-water season; and 

 Monitoring of 14 long-term stations (and a few additional stations) in some ice-cover seasons. 

4.1.2 CURRENT STATUS OF WATER QUALITY IN LAKE WINNIPEG 

As noted above, there is a general consensus amongst the scientific community that Lake Winnipeg has 
experienced, particularly over the last several decades, increases in concentrations of nutrients, the 
frequency and severity of algal blooms, notably cyanobacteria blooms, increases in phytoplankton 
biomass and a general shift in the dominant group of phytoplankton (cyanobacteria or “bluegreen 
algae”), and increased external nutrient loading (primarily from the Red River).  

Research and studies on the issue of nutrients in, and eutrophication of, Lake Winnipeg has increased 
over the last two decades, notably since establishment of the LWRC in 1998. Recent research and 
scientific literature on water quality has focused on nutrients and related variables (e.g., dissolved oxygen). 
The following provides an overview of current knowledge of water quality in Lake Winnipeg, with a 
focus on the current state of the lake with respect to nutrients and eutrophication.  

4.1.2.1 NUTRIENTS AND EUTROPHICATION 

Water quality of the south and north basins of Lake Winnipeg differs in some fundamental ways. 
Nutrients frequently decrease in the south to north direction, while water clarity generally increases along 
this axis (EC and MWS 2011). Overall, the north basin of the lake is clearer, and less nutrient-rich than 
the south basin.  
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Within the basins, nutrients tend to be higher and water clarity lower near the mouth of the Red River in 
the south basin, while nutrients tend to decrease and water clarity increases from east to west in the north 
basin (EC and MWS 2011). Using the Canadian Council of Ministers of the Environment (CCME) 
phosphorus trophic categorization scheme (CCME 1999; updated to 2012) and TP concentrations 
reported in the State of Lake Winnipeg: 1999-2007 (EC and MWS 2011), the north basin ranged between 
meso-eutrophic to eutrophic and the south basin ranged from eutrophic to hyper-eutrophic over the 
period of 1999-2007. 

Using sediment cores, Bunting et al. (2011) described three general phases of eutrophication in the lake, 
beginning in approximately 1800, with respect to nutrient concentrations: (1) a baseline condition phase 
(1800-1900); (2) an accelerated eutrophication phase (1900-1990); and (3) a state change phase (1990-
2006). This recent (c. 1990) “ecological state change” (i.e., a shift in the structure and function of the lake 
ecosystem), identified by Bunting et al. (2011), involved an increase in nitrogen-fixing cyanobacteria 
(forms of bluegreen algae that can use nitrogen from the atmosphere). These authors further suggested 
that the lake may in fact already be undergoing a further state change (Bunting et al. 2011). 

Similarly, modeling has indicated that TP concentrations in Lake Winnipeg declined from the 1970s to a 
minimum in 1991, followed by a sharp increase to approximately 0.04-0.05 mg/L – amounting to a near 
doubling in TP concentrations in the mid-1990s (McCullough et al. 2012). This temporal shift agrees with 
the results of Bunting et al. (2011), who reported a sudden state change circa 1990. Causes of these 
temporal changes (i.e., accelerated eutrophication) have been the subject of considerable recent research, 
as the primary drivers of change affect future management initiatives aimed at reducing nutrient 
concentrations in Lake Winnipeg.  

EC and MWS (2011) reported that recent (i.e., over the period of 1999-2007) increases in phosphorus 
were observed in the south basin but not the north basin: 

“The average annual total phosphorous concentrations for the south basin and narrows of Lake 
Winnipeg exceeded 0.1 mg/L in most years. Average total phosphorous concentrations in the 
south basin and narrows appeared higher from 2005 to 2007 relative to concentrations from 
1999 to 2004. However, this pattern was not apparent in the north basin (Figure 6.1).” 

McCullough et al. (2012) related the abrupt increase in phosphorus in Lake Winnipeg in the mid-1990s to 
high inflows from the Red River and noted that total phosphorus has remained relatively consistent 
(between 0.04 and 0.05 mg/L) in the lake since the mid-1990s: 

“The increase apparently occurred rather abruptly in the 1990s. In 1992 and 1994, measured TP 
was lower than it had been in 1969 (Table 1). The model indicates a general decline in TP from 
the early 1970s to a minimum in 1991, followed by a sharp rise to a peak of over 50 mgm−3 in 
1997 (Fig. 4A). It has since remained generally in the range 40–50 mgm−3.” 
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4.1.2.2 DISSOLVED OXYGEN 

As Lake Winnipeg is relatively shallow, it does not typically stratify but does typically remain well-
oxygenated across depth year-round. The lake may experience weak transient stratification on occasion 
and lower DO concentrations in bottom waters have been recorded in the central north basin during 
some recent lake-wide surveys (summers of 2003, 2006, and 2007; EC and MWS 2011). However, despite 
media reports indicating the lake is “dying” or contains “dead zones”, the general consensus of scientists 
is that the lake does not experience frequent, persistent low dissolved oxygen events and these media 
reports are “scientifically unfounded to date” (Scott et al. 2011). The south basin maintains adequate 
dissolved oxygen concentrations for the protection of aquatic life (i.e., > 5.5 mg/L; Scott et al. 2011). 

4.1.2.3 WATER CLARITY 

Concentrations of total suspended solids (TSS), which are negatively correlated to Secchi disk depth 
(i.e., water clarity), in Lake Winnipeg vary in relation to tributary inflows but are highly influenced by 
antecedent winds (McCullough et al. 2001). The north basin is generally clearer than the south basin: 
clarity tends to increase from south to north and from east to west in the north basin, Water clarity in the 
south basin is typically lowest near the mouth of the Red River. In addition, the nature of suspended 
solids appears to differ between the two basins; TSS is predominately inorganic in the south basin 
whereas it is predominately organic in the north basin. 

McCullough et al. (2001) concluded that antecedent winds were the most significant factor contributing to 
TSS dynamics in Lake Winnipeg, and the relationship between antecedent winds and TSS were stronger 
for the north basin (notably along the eastern shore) than the south basin. Lake Winnipeg is relatively 
shallow and is characterized by long fetches which leads to frequent wind-induced re-suspension of 
sediments.   

4.1.2.4 WATER RESIDENCE TIME 

LWR has increased the lake’s outflow capacity by about 50%, and has reduced the magnitude and 
frequency of flooding on Lake Winnipeg. While various sources agree that the water residence time of 
Lake Winnipeg is relatively short, there are discrepancies regarding the precise numbers for various 
periods of time. 

EC and MWS (2011) reported that the water residence time of Lake Winnipeg varied between 
approximately 2.7 and 7 years over the period of 1999-2007 and indicated this range was greater than 
calculated for a pre-LWR period (1969-1974; 2.9-4.3 years), as reported by Brunskill et al. (1980).  

Recent modeling conducted by Manitoba Hydro indicates a similar residence time (between 2.5 – 6.1 
years) to EC and MWS (2011) over the same period (1999-2007) with a mean of 3.8 years (see Appendix 
4). 
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4.1.2.5 EXTERNAL NUTRIENT LOADING 

The largest contributors of flow to Lake Winnipeg are the Winnipeg River (49% for 1999-2007), the 
Saskatchewan River (25% for 1999-2007), and the Red River (16% for 1999-2007). However, the largest 
source of nutrients to Lake Winnipeg is the Red River, which supplied 68% of the total phosphorus and 
34% of the total nitrogen loads introduced to the lake over the period of 1994-2007 (EC and MWS 
2011). 

Increased external loading of total phosphorus to Lake Winnipeg in recent years has been directly linked 
to increased total phosphorus concentrations in Lake Winnipeg. For example, EC and MWS (2011) 
indicated that TP concentrations in Lake Winnipeg are positively correlated to external TP loading to the 
lake, most notably in the north basin. They suggest that the weaker relationship between in-lake 
concentrations in the south basin and external loading may relate to nutrient cycling and wind-induced re-
suspension in the south basin. EC and MWS (2011) also suggest that TP concentrations in the lake are 
correlated to the hydrological cycle, being higher in wet years and lower in dry years.  

Two recent publications have demonstrated, through different approaches, that the increased external 
loading of phosphorus to the lake is related to the Red River; one of these publications (Bunting et al. 
2011) attributes these increases to increased loading of phosphorus to the land within the Red River 
drainage basin; the other (McCullough et al. 2012) attributes the increase primarily to increased flows (and 
flooding) in the Red River. Although these studies differ in terms of the ultimate cause, both studies 
concluded that increases in nutrients in Lake Winnipeg in recent decades are primarily due to the 
increased supply from the Red River. 

4.1.2.6 INTERNAL NUTRIENT LOADING 

Internal nutrient loading refers to the release of nutrients (typically phosphorus) from the sediment to the 
overlying water column, thereby effectively behaving as an ‘internal’ nutrient load. The role of sediment – 
water interface factors like re-suspension and internal loading in nutrient dynamics in Lake Winnipeg is 
largely unknown and little work on these potential pathways has been completed to date. However, there 
is some indication that these processes may introduce substantive quantities of nutrients to the water 
column of Lake Winnipeg, under some conditions. 

EC and MWS (2011) generated a preliminary estimate of internal phosphorus loading for the north basin 
of Lake Winnipeg based on a method applied for Lake Simcoe. The estimate of internal loading (930 
tonnes of TP) that may have been released during low oxygen events over the period of 1999-2007 was 
equal to approximately 11% of the average external TP loading for the same period. This estimate did not 
incorporate potential internal loading associated with sediment re-suspension and/or release of TP from 
sediments that may occur outside of low oxygen events (defined as DO < 5 mg/L) during the summer. 
EC and MWS (2011) indicated additional work is being undertaken to provide a more accurate estimate 
from internal loading. 
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Scott et al. (2011) noted that anecdotal evidence (via remote sensing) suggests that sediment re-suspension 
events may be correlated to subsequent cyanobacteria blooms in the north basin of Lake Winnipeg. 
Sediment re-suspension could introduce nutrients to the water column, and/or seed the algal 
community directly. 

4.1.2.7 NUTRIENT RETENTION 

Several studies have provided estimates of nutrient retention in Lake Winnipeg, though the estimates 
span a fairly wide range. EC and MWS (2011) reported that over the period of 1994-2007, on average, 
approximately 60% of calculated TP loads (supplied atmospherically and through tributaries) and 54% of 
calculated TN loads to Lake Winnipeg (supplied atmospherically, through tributaries, and nitrogen 
fixation) were retained in the lake; the remaining loads were exported via the Nelson River. 

Nutrient retention was recently examined by McCullough et al. (2012) through a nutrient budget analysis. 
McCullough et al. (2012) reported that measured and modeled outflow of Lake Winnipeg increased 
between the periods of 1971-1980 and 1996-2005, but that loads of TP exported from Lake Winnipeg in 
the Nelson River outflow as a function of total loading to the lake were unchanged. This analysis 
indicates that nutrient retention did not change between the two time periods examined, when considered 
as a percentage of total loading to the lake. Rather, this study indicates that nutrient retention has 
remained at approximately 70% for decades, though the absolute quantity of nutrients retained in the lake 
has increased in recent years due to increased external loading of nutrients.   

An earlier estimate of nutrient retention in Lake Winnipeg presented by Brunskill (1973) was significantly 
lower than the estimates reported in more recent studies. Brunskill (1973) reported that only 25% of 
phosphorus was retained in Lake Winnipeg over the period of 1968 to 1970. 

Participants at a recent Lake Winnipeg Research Consortium Workshop discussed the discrepancies 
between recently generated estimates of nutrient retention and the estimate generated by Brunskill (1973) 
for the 1968-1970 pre-LWR period and concluded that the differences may be explained by the use of 
different methods (i.e., water quality data set used for calculating nutrient export from the lake), and that 
it is plausible that nutrient retention has not actually increased post-LWR (Scott et al. 2011). 

4.1.3 PREDICTIONS MADE BY THE LWCNRSB FOR WATER QUALITY 

IN LAKE WINNIPEG AND THE ACCURACY OF THOSE PREDICTIONS 
The LWCNRSB indicated that Lake Winnipeg: “was not studied in detail during the course of the 
fisheries-limnologic [sic.] investigations because the ecological implications of regulation appeared to be 
minimal.” (p. 5-17, Technical Report). The LWCNRSB (1975a, b) did, however, predict the following 
effects of LWR on Lake Winnipeg, in relation to water quality. These predictions were based in part on 
the assumption that LWR would increase the average water level of Lake Winnipeg. While the average 
level on Lake Winnipeg is higher this is a function of recent increases in precipitation and inflows.   
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 “The small change in the average lake level is not expected to affect the general productivity of the 
lake and it is improbable that future changes in chemical or biological characteristics of the lake 
would be attributable to the Manitoba Hydro project.” (p. 33, Summary Report); 

 “It has been estimated that after the Lake Winnipeg regulation project is in operation, there will be an 
initial increase in the rate of shoreline landward movement of approximately 50%. Over time, the 
rate of recession is expected to approach the historic recorded value as the shore profiles adjust to 
the new higher mean water level…The total area of land loss associated with this profile adjustment 
is approximately 310 acres.” (p. 31, Summary Report). Increased shoreline erosion could affect 
concentrations of TSS in the lake; 

 “The chemical, bacteriological and physical properties of the water flowing through Lake Winnipeg 
are not anticipated to change due to the regulation of flows from the lake. The Fisheries and Marine 
Service, Canada Department of the Environment, has reported that it is not anticipated that 
regulation will change the water quality of Lake Winnipeg because the lake is only going to be raised 
by less than one foot above mean level, and its range of fluctuation will be maintained within the 
established high and low levels.” (p. 5-10, Technical Report); 

 Further, Hecky and Ayles (1974) concluded: “The lake is only going to be raised less than one foot 
above the mean level, and its range of fluctuation will be maintained within the established high and 
low levels. These changes are not likely to affect the general productivity of the lake and it is unlikely 
the future changes in chemical or biological characteristics of the lake can be attributed to Lake 
Winnipeg Regulation.” 

 “The Freshwater Institute of the Canada Department of the Environment has recently carried out 
some preliminary limnological studies of Lake Winnipeg. Based on data gathered in the course of 
these studies experts from the Institute indicated that although the flushing rates of the lake will be 
decreased slightly as a result of regulation no serious detrimental effect to the minute free floating 
plant organisms in the lake, which form the primary component of the food chain, will result. 
Changes in the littoral algae community are expected to be only temporary.” (p. 5-17 to 5-18, 
Technical Report). 

Existing information indicates that the primary cause of accelerated eutrophication in Lake Winnipeg – 
the major water quality concern for the lake – is external nutrient loading originating from the Red River 
basin. 

4.1.4 SPECIFIC CONCERNS RAISED BY STAKEHOLDERS ON WATER 

QUALITY AND HOW THEY ARE BEING ADDRESSED 

Concerns respecting deterioration of water quality of Lake Winnipeg have been raised by stakeholders, 
resources users, government agencies, and academic/research institutions for a number of years. The 
most common concern expressed by these groups is related to eutrophication – specifically, increases in 
quantities of nutrients and algae. The LWSB (2006) stated:  



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  16 
 

 “It is generally accepted that water quality in Lake Winnipeg has deteriorated over time, and in 
particular, over the past three decades. Evidence points to excessive nutrient enrichment from 
nitrogen and phosphorus as the leading cause of this problem.” 

Specific concerns expressed by stakeholders as noted by the LWSB include: 

 “Commercial fishers have reported increased densities of algae attached to their fishing nets in the 

winter and summer” (LWSB 2006); 

 “Commercial fishers have reported increased densities of diatom algae growing attached to their 
fishing nets in the winter and spring fishery” (LWSB 2006); and 

 “Some fish processing plants at remote locations on the lake have reported difficulty extracting 
sufficient lake water for cleaning fish when heavy blue-green algal blooms clog the intake filters” 
(LWSB 2006). 

The Lake Winnipeg Quota Review Task Force (Ayles et al. 2011) conducted a Lake Winnipeg Fishers’ 
Survey as a component of a study examining the status, health, and sustainable harvest levels of Lake 
Winnipeg fisheries. This survey included questions pertaining to water quality of Lake Winnipeg. Results 
of this survey indicated the following:  

 “In support of the satellite evidence all of the North Basin fishers who participated in the Fishers’ 
Survey…indicated negative changes in water quality, notably increased algal growth and increased 
turbidity due to erosion. In contrast fewer South Basin fishers indicated negative changes in water 
quality.” 

 “Thirty-six respondents observed changes in the water quality of Lake Winnipeg, 23 fishers had not 
observed changes, and 12 did not respond to the question. Of those who indicated that they 
observed changes in water quality, five considered the changes favorable, largely due to better fishing, 
and the remainder considered them to be negative.” 

 “Fishers also remarked that the shoreline used to be clean but now experiences more erosion, and 
consequently, there is higher turbidity (“muddy water”) further off-shore, especially when there is a 
strong south wind.” 

 “Fishers from Norway House observed two main changes in water quality: increased algae and 
increased turbidity.” 

 “Fishers in the other most northerly community, Grand Rapids, also identified both green and brown 
algae, considered them to be increasing in abundance, and noted that algal blooms form on calm 
days. In addition to algae, higher water levels and associated increased erosion were included in the 
observed water quality changes, without further elaboration. The algae cause sores on the hands and 
wrists, and cleaning algae from boats and nets increases the work load.” 

 “All respondents acknowledged algae as a water quality issue that has impacted fishing. Some fishers 
considered the impact positive, largely because of better fishing. The remainder considered the 
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presence of algae a detriment to fishing. For example, algae attaches to the nets, which then become 
heavy and get pulled down with the current. Additional adverse consequences of increased algae 
included: 1) can no longer drink the water in the winter, 2) can no longer see the bottom of the Lake 
in the winter, 3) fish later, 4) have to pull up and move to different locations, and 5) get less catch.” 

Concerns respecting Lake Winnipeg water quality and in particular, eutrophication of Lake Winnipeg, are 
being addressed through the various initiatives described in Section 4.1.1.1. In addition, the LWSB issued 
the following recommendations respecting consultation and collection of Traditional Knowledge on Lake 
Winnipeg (LWSB 2006): 

 Recommendation 1.6: A committee of First Nations representatives, commercial fishers, Metis 
elders, and others as appropriate, should be formed to compile and describe the history of the lake 
from Traditional Knowledge and identify concerns and solutions for Lake Winnipeg. 

 Recommendation 3.8: The provincial and federal governments need to develop a strategy to collect 
Traditional Knowledge from commercial fishers, First Nations, Metis, agricultural producers, and 
others knowledgeable on Lake Winnipeg conditions, and ensure that this information is integrated 
with contemporary science as additional knowledge of Lake Winnipeg is gained. 

4.1.5 MANITOBA HYDRO’S UNDERSTANDING OF THE EFFECTS OF LWR 

ON WATER QUALITY IN LAKE WINNIPEG 

Lake Winnipeg has undergone a number of recent changes in relation to hydrology, water quality (i.e., 
nutrients) and the biological communities. Recent monitoring programs have concluded that the lake has 
experienced a period of accelerated eutrophication beginning in approximately 1990.  

Although the issue of eutrophication of Lake Winnipeg is somewhat complex, available information 
suggests that LWR has not been a primary cause of eutrophication over the last forty years or, in 
particular, the accelerated eutrophication observed since approximately 1990. There are several 
observations that support this suggestion: 

 Firstly, two independent studies conducted by academic and research institutions (McCullough et 
al. 2012; Bunting et al. 2011) both concluded that the primary cause of recent lake eutrophication 
is an increase in the loading of nutrients to the lake (i.e., external loading), largely originating from 
the Red River.  

 Secondly, hydrology of tributaries and the lake itself has changed in recent years. Increasing 
discharge of tributaries, in particular the Red River and notably in association with flood events, 
has, at least in part, created a hydrological cycle, with outflows resembling the pre-LWR seasonal 
pattern, that is typical of unregulated waterbodies. The increased flows and flooding in the Red 
River drainage basin have contributed to the increased external nutrient loading to Lake 
Winnipeg in part due to mobilization of nutrients from the terrestrial environment. 
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 Thirdly, the abrupt increases in nutrients in Lake Winnipeg (i.e., c. 1990) coincided with a period 
of time in which the Lake Winnipeg hydrological cycle was similar to pre-LWR conditions (i.e., 
“natural” flow patterns). This suggests that regulation of Lake Winnipeg outflows is not a key 
driver affecting the recent increase in nutrients in the lake. 

 Fourthly, two invasive species (Rainbow Smelt and the zooplankter Eubosmina coregoni) were 
introduced to Lake Winnipeg around 1990 – this coincides with the period in which abrupt 
increases in nutrients were observed in the lake. Both of these invasive species may 
independently affect food webs, biological communities, energy flow, and eutrophication 
response variables (i.e., phytoplankton biomass and composition) either directly or indirectly. 

LWR conceptually could affect lake water quality through changes in water residence times, lake water 
levels, and lake volumes, particularly relative to natural seasonal patterns. However, the large body of 
recent research demonstrates that the major cause of recent nutrient enrichment in Lake Winnipeg is the 
increased external nutrient supply from the Red River.   

Given the above, it is reasonable to infer that the effects of LWR on eutrophication, if any, are greatly 
overshadowed by other pressures on the lake and it is unlikely that any effects of LWR would be 
discernible relative to other stressors. 

 

Grand Beach 
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4.2 LAKE WINNIPEG COMMERCIAL FISHERY 

The commercial fishery on Lake Winnipeg is an important component of Manitoba’s economy. The 
Manitoba Conservation and Water Stewardship website 
(www.gov.mb.ca/waterstewardship/water_quality/lake_winnipeg/fisheries.html) states that: 

“In 2008-2009, about 56 % of the total weight and 73 % of the total value of fish production in 
Manitoba came from Lake Winnipeg. During the same period, over eight hundred licensed 
fishers were employed in the commercial fishery on Lake Winnipeg. The total value of 
commercial fish production on Lake Winnipeg in 2008 - 2009 was over 19 million dollars.” 

The Lake Winnipeg commercial fishery has fluctuated widely over the past 100 years and commercial 
fishers have periodically raised concerns regarding the effect of Lake Winnipeg Regulation on the 
commercial fishery. Between 1986 and 1992, commercial harvests were showing a steady decline (see 
Figure 2) and a study was commissioned by Manitoba Hydro to determine the potential effect of LWR, if 
any, on the fishery. The study, which was conducted by two senior independent experts (see Section 
4.2.4) examined the commercial fishery in relation to LWR and concluded that: 

“Based on a review of Lake Winnipeg whitefish production and a consideration of biological 
factors that might account for a decrease in whitefish numbers attributed to Lake Winnipeg 
Regulation, there is no reasonable basis to conclude that Lake Winnipeg Regulation has had any 
measurable impact on the whitefish fishery.” 

Although there continues to be concerns regarding management practices and other anthropogenic 
changes that Lake Winnipeg is experiencing, the commercial harvest in recent years (particularly of 
Walleye) is the highest it has been in the past 50 years (see Figure 2). 
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Source: Data from Appendix III. b. Ayles et al. 2011 

Figure 2: Lake Winnipeg commercial fish harvests of quota species from 1970 to 
2008 (kg round weight) 

 

4.2.1 HISTORY OF THE LAKE WINNIPEG COMMERCIAL FISHERY 

The first attempt at commercial fishing in Lake Winnipeg appears to have been around 1872. By 1882: 

“a successful commercial fishing venture by Reid and Clarke was established and the following 
year … 127,117 pounds, largely whitefish were marketed” (Skaptason 1926 as quoted in 
Northern Lights Heritage Services 1994).”  

A very large commercial Lake Sturgeon fishery also existed between the late 1800s and early 1900s, after 
which the species virtually disappeared from Lake Winnipeg. 

The fishery continued to grow and in the late 1800s, it had become so successful that First Nation 
communities along Lake Winnipeg became concerned about their domestic fisheries. Around 1890, First 
Nation members living at Grand Rapids voiced their concerns regarding the domestic fishery and the 
Norway House Chief and Council wrote to Sir John Shultz the Lieutenant Governor of Manitoba 
“…requesting the authorities to protect the whitefish in Lake Winnipeg and prevent our coming soon to 
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a miserable condition and reduced to starvation” (MG12E1:3416 as quoted by Northern Lights Heritage 
Services 1994).  

In 1890, residents of Berens River also requested controls be put on the commercial fishery and met with 
the Lieutenant Governor of Manitoba to discuss their concerns. Despite this, the commercial fisheries 
continued to have a negative impact on First Nations along Lake Winnipeg and Tough (1987 in Northern 
Lights Heritage Services 1994) stated that they were “worse off economically at the end of the 19th 
century than they had been 50 years before”. By 1929, approximately 15 million “fish” were harvested 
from Lake Winnipeg (PAM MG 1600 G4588#10: Northern Lights Heritage Services 1994).  

Commercial catches of Lake Whitefish were highest in the 1920s and declined until the mercury closure 
in 1970 (Lysack 2005). In a review of the whitefish fishery from 1944 to 1969, Davidoff et al. (1973) 
concluded that the severely depleted whitefish stocks during the late 1960s were a direct result of over-
exploitation rather than ecological change. 

The commercial fishery was significantly affected in the early 1970s due to the closure of the commercial 
fishery from high mercury levels that were attributed to pollution primarily from chlor-alkali plants and 
pulp mills. The closure had large, negative effects on the commercial fishery but had a positive effect on 
the fish populations, which substantially increased during the closure as demonstrated in the commercial 
harvests following the re-opening (with some restrictions on predatory species) of the fishery in 1973. A 
summary of Lake Winnipeg commercial fishing statistics from 1883 to 1991 is provided by Heuring 
(1993) and from 1883 to 2008 by Ayles et al. (2011). 

Lake Whitefish yields increased following the mercury closure until the mid-1980s, after which declines 
were associated with low prices (Lysack 2005). Commercial catches of Walleye and Sauger were highest 
when Lake Whitefish catches first started declining (Lysack 2005). Schlick (1978) noted that following the 

                   

Walleye       Sauger 

re-opening of the Lake Winnipeg fishery in 1971 following the mercury closure, Walleye was the main 
commercial species harvested, whereas prior to 1972, Sauger had been the dominant quota species 
harvested. Yields of both species started to decline in the mid-1980s. While Sauger yields have continued 
to decline, Walleye yields started increasing in the mid-1990s, and have been at record highs since 2000  
(Lysack 2005).  
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4.2.2 CURRENT STATUS OF THE LAKE WINNIPEG COMMERCIAL 

FISHERY 

The Lake Winnipeg commercial fishery is managed by Manitoba Fisheries Branch of the Manitoba 
Department of Water Stewardship which has monitored commercial catches and conducted annual stock 
assessments since the mid-1970s. The Freshwater Fish Marketing Corporation (FFMC) also has collected 
data on the commercially marketed harvest since 1972; however, these data sets are not readily available 
for analysis as they have not been assembled or standardized into a common format (Ayles et al. 2011).  

Commercial harvesting of Lake Whitefish, Walleye, and Sauger has been managed under an evolving 
quota system since 1972 and a Quota Entitlement System since 1985 (Macdonald pers. comm. 2014). As of 
March 2009, the total quota has been 6.52 million kg (Ayles et al. 2011). In 2008, The Lake Winnipeg 
Quota Review Task Force was established by the Minister of Water Stewardship to conduct a biological 
review of the Lake Winnipeg fishery to assess its sustainability (Ayles et al. 2011). 

The Task Force reported that “major biological changes in the lake” were evident from decadal harvest 
summaries (Table 2). They reported that Walleye and Sauger showed a 6-fold difference in the highest 
and lowest decade of production, while those of Lake Whitefish were more stable. The records also 
showed that other species decreased from about 30% to closer to 10% of the total catch starting in the 
1970s or 1980s.   

Table 2: Mean commercial harvest (thousands of kg) by decade of Lake Winnipeg 
quota species from the 1940s to 2008 

Decade 
Whitefish 

(kg x 
1000) 

Walleye 
(kg x 
1000) 

Sauger 
(kg x 
1000) 

Total 
(Quota 
spp.) 

Other 
Species  

(kg x 
1000) 

Total 
Harvest 

Quota 
Species  

(% of total)

1940s 1299 1998 2737 6034 1688 7722 78 

1950s 991 1854 1479 4324 1578 5901 73 

1960s 567 603 1374 2543 915 3458 74 

1970s 1028 1205 1370 3603 662 4265 84 

1980s 1591 1911 1795 5298 459 5757 92 

1990s 1089 1608 1316 4014 784 4798 84 

2000s 1420 3914 450 5784 409 6193 93 

Source: Ayles et al. 2011 

The Task Force concluded in 2011 that “the fisheries of Lake Winnipeg are generally in a healthy state”. 
The authors noted that Walleye commercial production in Lake Winnipeg was stronger than it has ever 
been (Ayles et al. 2011). They primarily attributed record high catches to an abundance of a single age 
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class hatched in 2001. In contrast, Sauger catches declined since the late 1980s, but Lake Whitefish 
catches remained stable into the 2000s. The Task Force concluded that:  

“The available fisheries information and analysis from sources consulted are inadequate to 
determine absolute estimates of current or past biological productivity for Lake Winnipeg, and 
the proper application of standard stock assessment methods based on biomass or indices is not 
possible with the data at hand.” 

The Task Force stated that the main environmental stressors affecting Lake Winnipeg are eutrophication, 
the introduction of non-indigenous species, and climate-related changes.  

The Task Force included in their recommendations that:  

“The Minister of Water Stewardship seek the involvement of Fisheries and Oceans Canada, 
university researches, Manitoba Hydro, the Lake Winnipeg Research Consortium, Lake 
Winnipeg fishers and the Centre for Indigenous Environmental Resources, amongst others, to 
support research initiatives related to the fish and fish habitat of Lake Winnipeg.” 

4.2.3 PREDICTIONS MADE BY THE LWCNRSB ON THE LAKE 

WINNIPEG COMMERCIAL FISHERIES AND THE ACCURACY OF 

THOSE PREDICTIONS 

The LWCNRSB predicted that the small change in the average water level on Lake Winnipeg as a result 
of regulation would not affect its fish populations or the availability of commercial species to the 
commercial fishery. Based on the recent assessment of The Lake Winnipeg Quota Review Task Force, 
which concluded that “the fisheries of Lake Winnipeg are generally in a healthy state” (Ayles et al. 2011), 
it appears that the Study Board’s prediction was correct. 

However, it should be noted that current harvest levels may not be sustainable. Ayles et al. (2011) 
postulated that increased productivity may have contributed to the good condition and higher yields of 
Walleye and possibly Lake Whitefish. The Task Force noted that there would likely be “further changes 
to the fish community if eutrophication intensifies and these changes may be considerably less desirable 
to the fishery” (Ayles et al. 2011). 

4.2.4 SPECIFIC CONCERNS RAISED BY STAKEHOLDERS ON THE 

COMMERCIAL FISHERY AND HOW THEY ARE BEING ADDRESSED 

During the period of 1986/87 to 1992 there was a relatively constant decrease in the Lake Whitefish 
harvest and, although Walleye production remained fairly consistent, there was a corresponding decline in 
Sauger production. During this period the commercial fishers approached Manitoba Hydro as they felt 
that LWR was affecting the fishery (Lawler and Doan 1992). The fishers stated, among other things, that 
the construction of Two-Mile Channel had reduced the current through Warren Landing causing 
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siltation; the changes to seasonal flow patterns and distribution of flows affected the migration patterns 
and habitat use by whitefish in the north end of the lake (e.g., there was a lack of fish in the Mossy 
Bay/Warren Landing area as fish had moved south due to the effects of Two-Mile Channel). The fishers 
also stated that increased currents caused more net fouling.  

In response to issues raised by commercial fishers, Manitoba Hydro contracted Dr. H. Lawler (the 
former Regional Director General of the Department of Fisheries and Oceans, Canada) and Dr. K. Doan 
(the former Director of Manitoba Fisheries Branch) in 1991 to examine “the impacts to the Lake 
Winnipeg whitefish fishery that might be associated with regulation of Lake Winnipeg” (Lawler and 
Doan 1992). In March 1992, a workshop was held to discuss factors affecting the commercial whitefish 
fishery of Lake Winnipeg, particularly LWR (Lawler and Doan 1992). In attendance were provincial and 
federal biologists, commercial fishers, a representative from the FFMC, and representatives from 
Manitoba Hydro.  

The Lawler and Doan (1992) report concluded that: 

“Based on a review of Lake Winnipeg whitefish production and a consideration of biological 
factors that might account for a decrease in whitefish numbers attributed to Lake Winnipeg 
Regulation, there is no reasonable basis to conclude that Lake Winnipeg Regulation has had any 
measurable impact on the whitefish fishery. To the contrary, the historical record of production, 
both pre- and post-project, indicates in a significant manner, the extent to which biological 
factors (year-class strength, population distribution, drought, etc.), fisheries management practices 
(quotas, overfishing, mesh size) and the economics of the fishery combine to influence the 
population of whitefish available to the fishermen. The regulation of Lake Winnipeg, therefore, 
is likely to have no measurable impact on the overall status of the whitefish fishery.” 

4.2.5 MANITOBA HYDRO’S UNDERSTANDING OF THE EFFECTS OF LWR 

ON COMMERCIAL FISHERIES 

Lake Winnipeg commercial fish harvests have fluctuated widely both before and after LWR. During the 
period of 1986 to 1992, the fishery appeared to be declining and Manitoba Hydro commissioned a study 
by independent experts who worked with the stakeholders to gather information and to provide an 
opinion on the effects of LWR. The study concluded that there was no basis to link the operation of 
LWR to the decline.  

The commercial fish harvest in recent years (particularly of Walleye) is the highest it has been in the past 
50 years (see Figure 2). It should be noted that although the commercial fishery is currently at the high 
end of its historic range that there continues to be concerns regarding fisheries management practices, 
lake eutrophication, and other anthropogenic changes that are occurring within Lake Winnipeg’s 
extensive watershed. 
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4.3 NETLEY-LIBAU MARSH CONDITIONS 

Wetlands are important as habitat for many species of fish, birds, and mammals as well as for providing 
ecosystem services like uptake of materials carried in runoff (e.g., eroded soil and other particulate matter, 
pesticides, metals, fertilizers, acids, and sewage effluent) and offer temporary storage for water arising 
from overland runoff, thereby mitigating floods.   

Over the last 80 years, there have been profound changes in Netley-Libau Marsh (Figure 3), notably a 
substantial reduction in deep marsh emergent vegetation. Studies conducted over the last several 
decades have documented this decline (Grosshans et al. 2004). Several potential reasons for the changes 
in the Netley-Libau Marsh have been examined by various researchers including: Lake Winnipeg 
Regulation; the ‘Netley Cut’ (in the Red River); changes in the tributaries to the river; among others 
(Cicek et al. 2006; Grosshans et al. 2004).   

Research has shown that changes in marsh habitat (e.g., vegetation loss) started well before LWR and a 
primary factor affecting the marsh appears to be the Netley Cut that, in combination with other factors, 
causes substantial amount of the river’s flow to be diverted directly into the west half of the marsh.  

4.3.1 HISTORY OF THE NETLEY-LIBAU MARSH 

Netley-Libau Marsh is a large (258 km2), coastal wetland situated at the mouth of the Red River in the 
south end of Lake Winnipeg. Netley-Libau Marsh is a complex of shallow basins and inter-connecting 
channels classified as a ‘freshwater lacustrine bay marsh’ by the Canadian Wetland Classification System. 
The marsh is bisected by a large, permanent water course (Red River) that flows through it before 
entering Lake Winnipeg (Cicek et al. 2006). 

The Netley Cut was excavated through the river’s west bank in 1913 which significantly altered flow 
patterns in the marsh. In 1916-17 archival records indicate that a first attempt was made to seal the cut 
with a sheet pile dam at the entrance to the cut. After the initial attempt to seal the cut failed, in 1923 the 
cut opening had doubled in width to 80 feet wide (see Figure 4) and an attempt was made to seal the cut 
again with a sheet pile weir attached to the original dredge that was sunk in the middle of the Netley Cut 
channel (See Figure 5). That has failed as well (see Figure 6) and the cut is currently over 1,400 feet wide 
(Goldsborough pers. comm. 2014). 
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Figure 3: The Netley-Libau Marsh  
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Netley Cut, 1923

 

Source: Archives of Manitoba, FA23/09, C10 Box 15, 1960-2 

Figure 4: Aerial photo of Netley Cut, 1923 

“Pluggin’ the hole” ‐ 1923

 

Source: Library and Archives Canada [Winnipeg Office], Department of Public Works, Accession W84-85/493 Box 26 Netley 

Figure 5: Engineering drawing of Netley Cut, circa 1924 
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Netley Cut ‐ 15 April 2009

 

Source: Dr. G. Goldsborough 

Figure 6: Aerial photo of Netley Cut, 15 April 2009  

 

Mapping of the marsh, conducted intermittently since 1922, indicates a loss of vegetation, along with a 
loss of island and upland habitats, over an 80-year time frame. During that same period, there has been a 
significant reduction in the number of individual basins within the marsh complex as waterbodies have 
merged into one another due to the loss of vegetation and levees that formerly separated the basins 
(Grosshans et al. 2004). 

Vegetation maps of Netley-Libau Marsh for 1979 and 2001 were developed by Ducks Unlimited Canada 
using high resolution aerial photography, satellite imagery, and ground-truthing. The maps illustrate a 
substantial reduction in deep marsh emergent vegetation (e.g., cattail, bulrush, river bulrush, and giant 
reed grass) between those two study years. However, such change, in the context of loss of vegetation 
abundance and diversity, is not a recent occurrence (Grosshans et al. 2004).  

A recent, GIS-based inventory of coastal wetlands associated with the Manitoba Great Lakes (lakes 
Winnipeg, Manitoba, and Winnipegosis), including Netley-Libau Marsh (Watchorn et al. 2012), may serve 
as a baseline for future comparisons. 
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4.3.2 CURRENT STATUS OF THE NETLEY-LIBAU MARSH 

The main factors that have been raised as affecting the health of the marsh are discussed below. 

4.3.2.1 THE RED RIVER AND THE NETLEY CUT 

The Red River has a major hydrological influence on the marsh. Historically this was due to over-bank 
flooding under high-flow events and, since around 1913, it has been due to the excavation of the Netley 
Cut through the river’s west bank that separates it from Netley Lake (Cicek et al. 2006) which is the 
largest basin within Netley-Libau Marsh. The ‘cut’ was originally intended to facilitate boat navigation 
into this basin from the river, as well as to allow water entering the basin during Lake Winnipeg wind-sets 
to exit the basin quickly via the cut, thereby reducing the length of time that the basin would hold water 
over peripheral, native hayland (Grosshans et al. 2004). Over time, this cut has eroded to the extent that it 
now conveys a substantial portion of the Red River’s flow into the west half of Netley-Libau Marsh (see 
Figures 4 and 6).  

Over the past two decades there has also been a substantial increase in wetland drainage to facilitate 
agriculture within the upper watersheds of the Assiniboine and Red rivers. The net effect has been an 
increase in the volume of overland runoff resulting from precipitation and snow-melt events, as well as a 
hastening of this flow, into these two rivers. This additional input ultimately contributes further to the 
backwater and flooding issues experienced at the lower end of the Red River, and the flooding in Netley-
Libau Marsh. 

The diversion of flow from the river directly into the marsh readily inundates that half of the wetland 
under any high-flow event, thereby reducing the potential for (and also duration of) the dewatered, moist 
mudflat state required for emergent vegetation seed germination, which is a critical component of the 
regenerative phase in a freshwater wetland (van der Valk and Davis 1978). Prior to the cut’s existence, 
most of the Red River’s flow entered Lake Winnipeg directly, and did not exert any influence upon the 
marsh, aside from overbank flows under extreme flooding conditions (Grosshans et al. 2004).  

During 1999, dredging of the Red River at its mouth was discontinued. Previously, this was a routine 
form of maintenance conducted to ensure deep-draft boat navigability to/from the lake. Dredging at the 
river mouth allowed relatively unrestricted flow from the Red River into Lake Winnipeg. With the 
discontinuation of dredging, river-borne sediments have in-filled the mouth area, causing a backwater 
effect on river flows that exacerbates the marsh’s flooding due to flow from the river via the Netley Cut 
(Grosshans et al. 2004). 

The Province also implemented an annual, late-winter ice-cutting program in the reach of the Red River 
situated between the Netley Cut and the Selkirk Bridge in 2006. The intent of this program is to mitigate 
the effects of ice jams by facilitating the opening of a centerline channel through the river ice to improve 
ice flow towards Lake Winnipeg, thereby reducing backwater effects that threaten populated centers 
upstream (Topping pers. comm. 2013). The impact of ice-cutting on inundation issues associated with 
Netley-Libau Marsh is presently unknown. Since ice-cutting has at times not continued downstream past 
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the Netley Cut, this would have presumably facilitated flow through the cut and into the basins on the 
west side of the marsh. This would have contributed to erosion and vegetation flooding. 

4.3.2.2 LAKE WINNIPEG WATER LEVELS 

Reduction in marsh vegetation is typically attributed to extended periods (e.g., season-long) of high water 
that inundate the vegetation sufficiently during the summer growth period to cause plants to senesce (die 
back). The depth of flooding influences the rate at which the vegetation is lost with deeper water 
normally resulting in faster die-off (van der Valk and Davis 1978).  

Water levels high enough to cause senescence in Netley-Libau Marsh can occur via high water levels 
(static or wind induced in origin) on Lake Winnipeg which then readily pass through the wide, naturally-
occurring gaps in the beach ridge that exist between Lake Winnipeg and the marsh (Cicek et al. 2006). 
Wind-set refers to an increase in water level resulting from a wind’s frictional force pushing water from 
one end of a basin to the other. There is a temporary increase at the leeward (downwind) end of the 
basin, and a corresponding decrease in water level at the windward (upwind) end. Seiche refers to the 
‘sloshing’ effect within the basin after a wind-set event, whereby the water level oscillates over the lake 
until it settles back to its ‘wind-eliminated’ or static level. In Lake Winnipeg, strong, persistent winds from 
the north are capable of causing a 1.13 m (3.7 foot) increase in water level at the south end of the basin, 
and the seiche effect can last 39 hours (Baird and Stantec 2000). Therefore, even when Lake Winnipeg’s 
static or wind-eliminated water level is not high enough to cause water to enter Netley-Libau Marsh, 
wind-sets from the north can be sufficient to ‘stack’ the water up at the south end of the lake, and push it 
into Netley-Libau Marsh, repeatedly inundating the wetland over the period corresponding to the seiche. 
Recurring ‘north’ wind-sets over the course of the ice-free season can, therefore, increase the frequency 
of wetland inundation and effectively the period of its influence on the aquatic vegetation. 

4.3.2.3 COMMON CARP AND OTHER FACTORS AFFECTING THE MARSH 

There are a number of other factors affecting Netley-Libau Marsh including, among others, the 
introduction of Common Carp and isostatic rebound. It is expected that climate change has had, or will 
have, an effect on the march but the nature of the effect is not well understood at this time. 

The Common Carp has contributed to the decline of submergent and emergent marsh vegetation in 
Netley-Libau Marsh (Grosshans et al. 2004). By 1944, this introduced species was known to be abundant 
and widely distributed in the marsh (McLeod and Moir 1944). Its spawning and grubbing-style foraging 
behaviour causes direct and indirect effects on vegetation. It directly affects the marsh by dislodging 
submersed vegetation from areas near the shorelines (Cirvelli 1983). This, in turn, results in an indirect 
effect as dislodging the vegetation increases turbidity, which impedes light penetration through the water 
column, and reduces plant growth. Additionally, the loss of submersed vegetation that would otherwise 
help to stabilize the water column (by dispersing the energy resulting from wind and wave action) results 
in water movement and wave action that are more able to erode the soil at the base of emergent plants 
along shorelines, leading to their eventual loss (Grosshans et al. 2004).  
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In addition to more recent changes, isostatic rebound, over the scale of centuries, is raising the outlet of 
Lake Winnipeg such that water levels in the south basin are gradually increasing at an estimated rate of 
0.2 m/century (Baird and Stantec 2000). 

4.3.3 PREDICTIONS MADE BY THE LWCNRSB FOR LAKE WINNIPEG 

MARSHES AND THE ACCURACY OF THOSE PREDICTIONS 
The LWCNRSB predicted that higher water levels and the elimination of extreme low and high levels on 
Lake Winnipeg under regulation would result in a decline in plant growth and the elimination of a variety 
of emergent plant vegetation. Stable and higher water levels were expected to result in stagnation and the 
development of an anaerobic state that would prevent vegetative reproduction of emergent plants that 
would lead to die offs and reductions in species diversity. These predicitions were based in part on the 
assumption that LWR would increase the average water level of Lake Winnipeg and result in stable water 
levels. While the average level on Lake Winnipeg is higher this is a function of recent increases in 
precipitation and inflows.   

The current condition of Netley-Libau Marsh does appear to reflect some of the predictions noted by the 
LWCNRSB; however, research conducted after the LWCNRSB Report was published has shown that 
these effects had already been occurring for several decades prior to LWR. 

4.3.4 SPECIFIC CONCERNS RAISED BY STAKEHOLDERS ON THE 

NETLEY-LIBAU MARSH AND HOW THEY ARE BEING ADDRESSED 

There has been a great deal of concern expressed regarding the health of the Netley-Libau Marsh which 
is a key component of the Lake Winnipeg ecosystem. Concern has also been raised regarding the key role 
of the marsh in regards to nutrient cycling and supply, and more specifically, as to the significance of 
changes in the marsh on Lake Winnipeg eutrophication.  

4.3.5 MANITOBA HYDRO’S UNDERSTANDING OF THE EFFECTS OF LWR 

ON NETLEY-LIBAU MARSH 

The health of the Netley-Libau Marsh has significantly declined over the past 80 years. Although the 
effects of LWR on the marsh are not fully understood, it is clear that the health of the marsh was 
declining prior to the existence of LWR.   

The factors that started the marsh’s decline and have become more pronounced in recent years (e.g., 
widening of the Netley Cut and elimination of dredging at the mouth of the Red River) may have 
significantly altered the hydrology in the marsh. When combined with other factors such as the 
introduction of Common Carp, ice cutting to facilitate spring flows, increased overland runoff, and 
climate change, it appears that the regulation of Lake Winnipeg is a small contributing factor. However, 
Manitoba Hydro is committed to continuing to support independent research on Netley-Libau Marsh to 
gain an understanding of the effects, if any, that LWR may have on the marsh.  
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5.0 MANITOBA HYDRO’S PARTICIPATION IN 
ENVIRONMENTAL STUDIES AND 
MONITORING ON LAKE WINNIPEG 

The mandate to manage Lake Winnipeg (including conducting scientific research) lies with the Province 
of Manitoba which has conducted scientific studies on the lake and monitored fish populations for 
decades. Although Manitoba Hydro does not conduct independent scientific research on Lake Winnipeg, 
it is a major supporter of a number of research bodies and management boards due to the importance of 
the lake to Manitoba Hydro’s operating system. This importance was noted by Mr. Bob Brennan, former 
President of Manitoba Hydro, in 2011 who stated that: 

“As we look to further develop the hydroelectric potential of the Nelson River, research will 
become even more critical. Lake Winnipeg is an important part of Manitoba Hydro’s operations. 
We are very interested in supporting solid scientific research, like that facilitated by the Lake 
Winnipeg Research Consortium, which will add to our collective understanding of the lake and 
any changes that are occurring.” 

Organizations and activities supported by Manitoba Hydro include, but are not limited to, those 
described below. 

5.1 COORDINATED AQUATIC MONUITORING 

PROGRAM (CAMP) 

The Coordinated Aquatic Monitoring Program (CAMP), initiated in 2008, represents a coordinated effort 
between the Government of Manitoba (Manitoba) and Manitoba Hydro to implement a long-term, 
systematic and system-wide aquatic monitoring program across Manitoba Hydro’s hydraulic operating 
system in Manitoba. CAMP was designed to document the environmental condition of waterways 
affected by Manitoba Hydro’s hydraulic operating system and facilitate a better understanding over time, 
of the environmental effects of hydro-electric operations. The primary objectives of CAMP are: 

 To monitor and document the physical, chemical, and biological conditions of Manitoba Hydro's 
existing hydraulic system, in accordance with established scientific protocols;  

 To provide long-term information on key physical, chemical, and biological parameters that can be 
used to assess environmental conditions and track aquatic ecosystem health over time; and 

 To provide information that can assist with: a) the licensing of future developments; b) the renewal 
of licenses at existing developments; and c) the assessment of the potential impacts of new hydro-
electric developments on the existing hydraulic system. 
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The program is extensive in scope and includes monitoring of physical, chemical, and biological 
components of the aquatic environment in eight regions: Winnipeg River Region; Saskatchewan River 
Region; Lake Winnipeg Region; Upper Churchill River Region; Lower Churchill River Region; CRD 
Region; Upper Nelson River Region; and the Lower Nelson River Region. Monitoring conducted in Lake 
Winnipeg under CAMP includes: 

 Annual fish community monitoring in three areas of the north basin of Lake Winnipeg (Sturgeon 
Bay, Grand Rapids; and Mossy Bay); 

 Annual monitoring of the benthic macroinvertebrate community in two areas of the north basin of 
Lake Winnipeg (Grand Rapids; and Mossy Bay); and 

 Monitoring of mercury in selected fish species from three areas of the north basin of Lake Winnipeg 
(Sturgeon Bay, Grand Rapids; and Mossy Bay) on a three-year rotational basis. 

5.2 LAKE WINNIPEG RESEARCH CONSORTIUM 

The Lake Winnipeg Research Consortium (the 
Consortium) was formed in 1998 
(www.lakewinnipegresearch.org): the impetus for its 
formation was evidence of water quality deterioration 
related to the 1997 Red River flood. Membership in the 
Consortium consists of representatives from various 
government and university departments, municipalities, 
First Nations, corporation, and other interested parties. 

The Consortium has stated that its main objectives are to “coordinate multidisciplinary research on Lake 
Winnipeg; develop and implement an education and outreach program; and provide a dedicated and 
capable research platform”. 

Studies on Lake Winnipeg include: nutrient cycling and impacts of excessive nitrogen and phosphorus on 
water quality and the food chain; use of satellite imagery as a measure of algal growth (chlorophyll a) and 
discriminate different types of algal blooms; use of stable isotopes to assess food web processes; and 
development of a whole ecosystem model. The Consortium holds an annual Science Workshop that is 
open to Consortium researchers and members, as well as the general scientific community and offers an 
Education Program that includes resource materials for teachers and a lake ecology field program aboard 
its research ship, the Namao. 

From the time of its foundation to 2011, Manitoba Hydro had provided over $1.5 million for research. In 
2011, Manitoba Hydro made a commitment to provide “$1.35 million over six years to help fund further 
research into ongoing water quality and biological changes in Lake Winnipeg” (Manitoba 2011). The 
funding represents approximately one-third of the annual operating budget for the Lake Winnipeg 
Research Consortium. 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  34 
 

5.3 LAKE WINNIPEG STEWARDSHIP BOARD 

The Lake Winnipeg Stewardship Board (www.lakewinnipeg.org) 
operated from 2003 until its term ended in 2010. The Board was 
formed as one of the six actions recommended as part of the provincial 
Lake Winnipeg Action Plan, which was released in February 2003. The 
role of the Board was to assist the government in reducing phosphorus 
and nitrogen in Lake Winnipeg to pre-1970 levels. The Board’s terms 
of reference were expanded in February 2007 by the Minister of Water 
Stewardship: 

 “To use a consensus-based process to develop a basin-wide 
watershed management plan for Lake Winnipeg that would 
provide direction to and integrate individual basin plans under 
development by watershed authorities; 

 To identify and assist with implementing further actions necessary 
to reduce nitrogen and phosphorus to pre-1970s levels in the lake 
as per the commitments in the Lake Winnipeg Action Plan of 
February 18, 2003; 

 To provide advice through a consensus-based process on the 
establishment of long-term, ecologically-relevant water quality 
objectives for nutrients; 

 To identify actions required to achieve long-term ecologically-relevant water quality objectives for 
nutrients; 

 To consult broadly and provide advice to government on other measures in addition to nutrient 
reductions needed to restore the health of Lake Winnipeg; 

 Through liaison with resources users, communities, scientists, and others, assist government in the 
preparation of periodic “state of the lake” reports. Included would be information on the status of 
government’s actions to implement the Board’s recommendations and the status of progress towards 
reaching nutrient reduction targets; 

 To provide advice to government on the environment and resource management issues related to the 
sustainability of Lake Winnipeg’s ecosystem and its communities including management of the lake’s 
commercial and sport fisheries; and 

 To carry-out other initiatives related to the long-term health of Lake Winnipeg that may be identified 
by the Minister of Water Stewardship.” 

Manitoba Hydro was a member of the Lake Winnipeg Stewardship Board, which included First Nation 
members, municipal, provincial and federal government representatives, representatives from the Lake 



 JULY 2014 

LAKE WINNIPEG REGULATION 
APPENDIX 8  35 
 

Winnipeg Research Consortium, universities and individuals involved in a broad array of activities 
including commercial fishing and agriculture.  

Publications of the Board include: 

 Reducing nutrient loading to Lake Winnipeg and its watershed: Our collective responsibility and 
commitment to action (December 2006); and 

 Manitoba’s progress towards implementing recommendations of the Lake Winnipeg Stewardship 
Board recommendations (March 2010). 

5.4 LAKE WINNIPEG FOUNDATION 

The Lake Winnipeg Foundation (www.lakewinnipegfoundation.org) is an independent, non-profit 
organization that was formed in August 2005. Its mission is:  

“To identify and support solutions 
that restore and protect the health 
of Lake Winnipeg and its 
watershed through research, public 
education, advocacy, management 
and collaboration.” 

The primary goals of the Foundation are: 

 “To provide financial support for scientific research; 

 To communicate lake and watershed knowledge which encourages societal changes that benefit lake 
health for future generations; 

 To encourage individual citizens and their governments to promote ecological health through 
individual behaviour, legislation, policy and programs; 

 To endorse and promote lake management based on the best current science; and  

 To act as an umbrella organization for people working on issues that affect Lake Winnipeg and its 
watershed.” 

A Science Advisory Council was established in January 2012 that consists of a team of research 
professionals to provide guidance and advice to the Foundation’s Board of Directors. 

Manitoba Hydro continues to work in association with the Lake Winnipeg Foundation to support 
projects that promote science based management of Lake Winnipeg. 
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5.5 WATER INNOVATION CENTRE – LAKE WINNIPEG 

BASIN 

The International Institute for Sustainable 
Development (www.iisd.org) was established 
in 1990 and is a Canadian-based, 
international public policy research institute 
for sustainable development. The Institute is 
“involved in research and analysis of 

integrated water resources management and the use of policies for nutrient management in the Lake 
Winnipeg basin”. Its Water Innovation Centre “coordinates existing and proposed work towards basin-
wide solutions and works on watershed governance, ecosystem services valuation and management, and 
appropriate technologies for watershed-based management”. 

Manitoba Hydro helped fund the Centre as part of the Institute’s “Bridging the Gap between Knowing 
and Doing Capital Campaign”.  

The Centre hosted the Lake Winnipeg Basin Summit on 
November 30 and December 1, 2010 and a follow-up meeting 
showcasing two years of progress and partnerships in December 
2012. Attendees included scientists, policy-makers, business 
leaders, civil society members, and other stakeholders that met to 
discuss how to develop solutions for Lake Winnipeg water quality 
and nutrient loading that both addressed environmental concerns 
and recognized social and economic values. Conference 
proceedings were published in the “The Lake Winnipeg Basin 
Summit: Synthesis and Next Steps”.  

Based on feedback from the summit, the two key activities of the 
Centre are to: 

 “Provide secretariat functions for a new Lake Winnipeg Basin sustainable development planning 
process; and  

 Initiate a signature project within the sustainable development planning process, the Lake Winnipeg 
Bioeconomy Initiative that will create economic opportunities for Manitoba while reducing nutrient 
loading to Lake Winnipeg.” 

The Centre developed the Netley-Libau Marsh Management Project, which aims to improve the water 
quality in Lake Winnipeg by harvesting cattails to remove nutrients, produce bioenergy, and improve the 
recycling of captured phosphorus, and that was recognized as an innovative solution provincially, 
nationally, and internationally. This signature project has now been expanded to demonstrate broad 
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application of these concepts broadly in municipal, institutional and other areas of the province to 
facilitate and demonstrate integrated solutions for watershed management. 

5.6 LAKE WINNIPEG: SHARED SOLUTIONS EXHIBIT 

(MANITOBA MUSEUM) 

The Lake Winnipeg: Shared Solutions exhibit opened on March 22, 2014 in the Manitoba Museum’s 
Science Gallery (http://www.manitobamuseum.ca/main/science-gallery/lake-winnipeg-shared-
solutions/). The exhibit provides information on Lake Winnipeg and challenges people to fix the 
eutrophication issue on Lake Winnipeg. A centerpiece of the exhibit is an interactive computer simulation 
of Lake Winnipeg allowing visitors to try different combinations of land use, policy, education and 
research projects to reduce nutrients in the Lake. Manitoba Hydro is a major contributor to the exhibit.  

5.7 LAKE FRIENDLY “BECOME AN AQUAVIST” PUBLIC 

EDUCATION PROGRAM. 

Lake Friendly, the organization representing nine communities in the south basin of Lake Winnipeg, is 
the lead public awareness proponent on reducing nutrient inputs to Lake Winnipeg. Lake Friendly has 
launched a three-year “Become an Aquavist” public education program to educate, engage and empower 
the general public general public to take action to protect Lake Winnipeg 
(www.lakefriendly.ca/slider/aquavist). Manitoba Hydro is a Lead Partner supporting the exhibit. 
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6.0 SUMMARY 

The key points described in this appendix can be summarized as follows: 

 Prior to and after the construction of LWR, both Manitoba and Canada focused their environmental 
assessment and monitoring programs (LWCNRSB, FEMP, and MEMP) on the areas downstream of 
Lake Winnipeg as they did not feel that LWR would materially affect Lake Winnipeg. 

 Lake Winnipeg has a watershed of almost 1,000,000 km2 and is affected by numerous developments 
and activities occurring within that area. The ability to differentiate between the cumulative effects 
of these developments and LWR may not be possible. 

 It is Manitoba Hydro’s opinion that the key biological concerns expressed by stakeholders (i.e., 
decreased water quality/eutrophication, commercial fishing, and the Netley-Libau Marsh) are being 
affected by a number of factors (as discussed in this report) and that the effects of LWR, if any, on 
these components are not measureable. 
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