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SUMMARY: 
During a series of interviews, community members of the Saugeen Ojibway 

Nation raised concerns regarding the Lake Huron lake whitefish fishery that 

encompassed nineteen different themes. Herein we discuss several of the most 

prevalent themes raised by community members including harvest & 

management, habitat & water quality, invasive species, assisting reproduction & 

aquaculture/hatcheries, and stocking of other fish species. Within each of these 

themes, community members identified numerous actions that could be taken 

or further explored to contribute to the improvement of the Lake Huron lake 

whitefish fishery. Community members proposed numerous alternative 

harvesting strategies, as well as stocking of hatchery-reared whitefish. The 

potential impacts of both alternative harvest and stocking could be investigated 

further using the individual-based eco-genetic simulation model already 

available for Lake Huron lake whitefish. Although the Bruce Nuclear Generating 

Stations on the shore of Lake Huron were identified as a concern, previous 

assessments have concluded that it does not have a substantial impact on lake 

whitefish populations relative to commercial harvest. Nonetheless, further 



investigation of its impacts may be warranted given current concerns regarding 

declines in lake whitefish recruitment. Concerns regarding the impacts of other 

stocked species on lake whitefish, such as salmon and trout species, was also 

expressed; identifying a need to better understand species interactions in the 

lake. Increased collaboration among First Nations and with non-Indigenous 

groups were proposed. It was also identified that steps to increase community 

involvement in research, monitoring, and management relating to the lake 

whitefish fishery, habitat and water quality, and invasive species should be 

explored. Education and outreach activities could also target youth given 

concerns relating to the transfer of knowledge to future generations.  

BACKGROUND: 
The Saugeen Ojibway Nation (SON) are a collective of the Chippewas of Nawash 

Unceded First Nation (Nawash) and the Chippewas of Saugeen First Nation 

(Saugeen). Fish are an integral part of the culture of SON for commerce, 

ceremony and food (Andrée et al. 2019). In 1993, the Justice Fairgrieve Decision, 

known within the SON Community as the Jones-Nadjiwon Decision, reaffirmed 

SON’s right to a commercial fishery in much of SON’s Traditional Territory (R vs. 

Jones, 1993). The commercial fishing waters include all the waters to the 

international boundary from Point Clark around the Saugeen (Bruce) Peninsula 

to Craigleith in Georgian Bay (Fig. 1). Many community members rely in whole 

or in part on the commercial fishery to support their livelihoods. For these 

reasons, community members are greatly concerned by the substantial declines 

that have occurred in Lake Huron lake whitefish (Coregonus clupeaformis). 

These communities also possess valuable, long-term knowledge gained from 

fishing and living on these waters since time immemorial. This knowledge has 

been passed down through many generations, nonetheless this knowledge is 

not static. SON’s knowledge develops and adapts with the changes within the 

lake over time. This knowledge can and should be used to guide research and 

management approaches geared towards ensuring the sustainability of Lake 

Huron lake whitefish and the fishery.  



 

Figure 1: MNRF Quota Management Areas for the purposes of managing the 

commercial fishery in Lake Huron (Ontario Ministry of Natural Resources and 

Forestry 2018) 

The current management of the commercial fishery is through a Substantive 

Commercial Fishing Agreement (2013) and a Framework Agreement (2011) 

between the Saugeen Ojibway Nation and Her Majesty the Queen in Right of 

Ontario as represented by the Minister of Natural Resources and Forestry. The 

2013 Agreement was extended to 2023 by an amending the Agreement in 2018. 

The Governance Committee as defined in the Framework Agreement comprises: 

 “… four representatives of SON and four representatives of the Ontario 

Ministry of Natural Resources and Forestry (OMNRF) ... At least two of 

the representatives of SON will be the Chiefs of SON and of the four 

representatives of OMNRF, one shall be an Assistant Deputy Minister 

(ADM). Quorum of the Governance Committee is two representatives 

from each Party with at least one Chief and one ADM (2011).” 



All major decisions on SON’s half of the Governance Committee must be 

approved by Joint Council. Joint Council consists of the Chiefs and Councils from 

both sister First Nations. Fisheries committees in both communities provide 

recommendations to the Joint Council. Decision-making is supported by the 

Fisheries Assessment Program. 

The Fisheries Assessment Program is a long-term data collection program that 

samples commercially harvested fish from Lake Huron/Georgian Bay.  The 

biological data collected through the Assessment Program is an integral factor in 

the management of Lake Huron fish stocks and aids SON in sound management 

and decision-making regarding their fishery.  The Assessment database provides 

a complete and standardized historical record of commercial fish harvest and 

associated biological data within the traditional waters from 1995 to the 

present. 

The general objective of the program is to provide the Council with current, 

year-to-date information on the SON commercial harvest. In particular, the 

Council requires data on (i) the quantity/quality of fishing effort deployed by 

operations within the fleet, (ii) the quantity/quality of gross harvests of fish 

species associated with the deployed effort, and (iii) sub-sampled measures 

associated with the biological condition (e.g. growth, age, etc.) of the gross 

commercial harvest.  Abundance-at-age data, in conjunction with length and 

weight measurements are used to estimate biological parameters related to 

growth, maturation, and mortality, and in turn build statistical models of stock 

composition and production for lake whitefish in Lake Huron. 

Taken together, these data allow the Councils to engage in three vital aspects of 

fisheries management: 

1.  Monitoring of year-to-date commercial harvests, relative to the total 

allowable catches (TACs) established by the Governance Committee, 

2. Biological analysis of variation (through space and time) in the fleet's 

deployment of effort and gross harvests, 

3. Biological modeling of fish population parameters (e.g., abundance, growth, 

mortality), and analysis of past and future effects of harvesting on population 

parameters 

 



It was the SON community’s concerns and interest in the future of lake 

whitefish, that led to a successful application to the Department of Fisheries and 

Oceans Northern Commercial Fisheries Initiative to investigate this important 

issue further. The questions posed to the communities and the community 

events were developed and conducted by the Chippewas of Nawash Unceded 

First Nation and the Bagida-waad Alliance, with assistance from the Chippewas 

of Saugeen Fisheries Assessment Program. The Bagida waad Alliance was 

started as a grassroots non-profit organization by Nawash fishers that were 

concerned about the lands and waters and wanted to make a positive impact on 

the issues affecting them. Dr. Jenilee Gobin was hired as a consultant to conduct 

a qualitative analysis of the interview data and to develop a feasibility report 

and implementation report as deliverables for SON. The goal of this work was to 

gain the community’s perspectives on the causes of these declines, the current 

state of lake whitefish and the fishery, and potential solutions.  

In the spring of 2019, interviews were conducted with the Chippewas of Nawash 

Unceded First Nation and the Chippewas of Saugeen First Nation. Responses to 

the three questions (Box 1) were collected during three separate sessions, two 

located in Nawash and one in Saugeen. Two of these sessions (one in each 

location) were conducted as group sessions, where responses were recorded for 

each of 6 groups of individuals. During the remaining interview session in 

Nawash, individuals that visited the Fisheries Assessment Program booth at a 

community event on Heritage Day completed a written survey asking what they 

felt could be done to help the lake whitefish fishery. Responses from these 

interviews underwent qualitative data analysis using the RQDA program in R 

(Huang 2018), revealing nineteen general themes (Fig. 2). The feasibility of 

recommendations and proposals presented by community members, in order 

from the most to least prevalent themes, are herein discussed from an 

ecological standpoint to inform SON decision-making and planning.   

  

Box 1: Questions posed during group interviews: 

1) What do you think has caused the recent decline in lake whitefish? 

2) What do you believe the fishery will look like in 10 years time? 

3) What can we do as a community to help lake whitefish? 



Figure 2. Nineteen themes identified by Saugeen Ojibway Nation community 

members during group interviews in Nawash and Saugeen and at the Heritage 

Day event hosted in Nawash.  
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REGULATING HARVEST  
How SON harvests and regulates the lake whitefish fishery was the most 

prevalent theme discussed during interviews. This theme was discussed both as 

a cause of fishery declines, and in terms of the future of the fishery and how it 

could be improved. Almost 25% of all topics discussed were related to this 

theme, demonstrating the wide range of perspectives that were expressed. 

Several of those interviewed felt that overharvesting and fishing nets being left 

out (i.e. ghost nets) contributed to the current diminished state of the fishery.  

Community members made numerous specific recommendations of how they 

felt harvest and fishery management could be changed to improve the fishery in 

the future that included:  

- stop harvest altogether/implement a moratorium 

- limit harvest/reduce quotas  

- stop harvest during spawning/implement seasonal harvest 

- preserve females/do not harvest eggs 

- develop sanctuaries 

- regulate gear to limit sizes of fish caught (i.e., min. 5” mesh)  

- implement a lottery system  

- increase monitoring of whitefish and the fishery 

- focus on subsistence rather than commercial fishing 

- community-based co-management 

Lake whitefish have a long history as a key fishery resource in the Laurentian 

Great Lakes. Indigenous Peoples have been harvesting lake whitefish since 

before the arrival of European settlers (Cleland 1982, McCullough 1987). Lake 

whitefish has also been the main species targeted by Great Lakes commercial 

fisheries since the late 1700s, with the largest yields coming from Lake Huron 

(Ebener et al. 2008). Lake whitefish stocks previously experienced declines that 

began in the late 1800s, resulting in collapse during the mid-1900s that was 

attributed to overharvesting, invasive species, and environmental degradation 

(Ebener et al. 2008). With improved fisheries and environmental management, 

lake whitefish recovered from these declines; but are once again at risk of 

collapse owing to more recent invasive species that have altered Great Lakes 

ecosystems, combined with continued high levels of harvest (Gobin et al. 2016). 

One of the objectives of this report is to present the knowledge held by SON, 

relating to the decline in lake whitefish. It is important to fully understand the 

cause of lake whitefish decline from the community’s perspective in order to 

determine what the community can do to limit or mitigate the negative impact 



of humans on lake whitefish. With this, presents a potential opportunity to bring 

these concerns to a broader audience. 

 Although, quotas have generally decreased slightly over time, harvest yields 

achieved remain a fraction of the quotas set since the early 2000s and have 

continually declined during this period (Fig. 3) (Ontario Ministry of Natural 

Resources and Forestry, 2018). In 2011, SON Joint Council reduced the Total 

Allowable Catch in the Main Basin of Lake Huron by 43% due to concerns raised 

by Gillis about lake whitefish (2011). Notably, in QMA 4-5 which is directly South 

of the SON waters in Zone 1 (Fig. 1) the quota is currently 1,044,273 RKG 

Ontario Ministry of Natural Resources and Forestry, 2018). This Quota is 357% 

greater than the TAC (total allowable catch) in Zone 1. Despite declines in lake 

whitefish in QMA 4-5, quotas in this management area has only been reduced 

12% since 2011.  The large difference between Quota/TAC in Zone 1 and QMA 

4-5 and the lack of a substantial reduction in Quota in QMA 4-5 has Joint Council 

extremely concerned. Joint Council feels a concerted joint effort from all those 

fishing in Lake Huron is required to reduce fishing mortality at this time. 

 

Figure 3. Lake Whitefish quota (line) and harvest (bars) for Lake Huron 

(Ontario Ministry of Natural Resources and Forestry 2018). 

 



Research suggests that ecosystem changes have reduced the capacity for Lake 

Huron to support lake whitefish stocks, and hence the harvest yields, that it 

once could (Kratzer et al. 2007, Wright & Ebener 2005, Gobin et al. 2015, 2016). 

Using a simulation model developed for lake whitefish in the southern main 

basin of Lake Huron, Gobin et al. (2016, 2018) found that although reduced 

harvest levels and harvesting with 5” mesh nets promoted ecological and 

evolutionary sustainability, population biomass and harvest yield remained 

limited by ecosystem changes. Given this, simply reducing harvest levels or 

altering fishing gear may not have a substantial impact on lake whitefish 

recovery in the absence of further change that promotes growth and/or 

recruitment of lake whitefish. Model simulations in these studies were run for 

longer than is typical for informing short-term management decisions (e.g., 100 

years of harvest), as this was not the main goal of this work. However, this 

simulation model could further be used to predict impacts of various harvesting 

and management strategies over shorter timeframes, such as added protection 

of females and eggs, and for examining the effects of reduced fishery harvest or 

closures on the demographic characteristics and dynamics of populations in 

greater depth.  

Although the precise causes of current lake whitefish declines remain uncertain, 

poor recruitment is believed to be a major contributing factor (Workshop 

Proceedings, 2018). High catches have been linked to strong year classes for 

lake whitefish (Lawler 1965), but factors that contribute to recruitment remain 

poorly understood and is a current research priority (Workshop Proceedings, 

2018). Lake whitefish recruitment has been linked to spawning stock size and 

climate, but these variables alone remain insufficient for reliably predicting lake 

whitefish recruitment (Lawler 1965, Claramunt et al. 2010). Asynchrony in 

recruitment trends of lake whitefish across the Great Lakes could suggest that 

recruitment depends mainly on density dependence and local ecological factors 

(Zischke et al. 2017). Determining where recruitment bottlenecks may be 

occurring (e.g. egg, larval, juvenile, adult life stages) also remains unknown and 

is of particular interest (Workshop Proceedings, 2018). From the standpoint of 

managing harvest, overharvesting of the spawning stocks could be negatively 

affecting lake whitefish via recruitment overfishing (Gobin et al. 2018); 

therefore, management strategies that protect the spawning stock should be 

examined.  

An additional concern not raised during interviews but that relates to 

minimizing human impacts on the spawning stock is understanding the 

movements of lake whitefish throughout the lake to prevent overharvesting. 

SON traditional knowledge that has been shared with the Chippewas of Nawash 



Fisheries Assessment Biologist, speaks to the migratory nature of lake whitefish. 

In Anishnaabemowin, the language of the Anishinaabe, there is a great deal of 

knowledge that has been passed down through the language and the names of 

animals. For example, lake whitefish is called either Atikameg or Tikmeg 

depending on dialect, which means caribou of the sea and describes the noise 

that caribou make as they walk across stones. This name relates the migratory 

nature of caribou on land to that of lake whitefish in the water.  

The fishermen tell stories that directly relate to the biology of the fish and the 

physical and environmental characteristics of the waters. These factors dictate 

fish movements within Lake Huron. In the Main Basin, fishermen have said that 

lake whitefish go south during the summer to feed on the more productive 

sands. In the south, there are very few places to spawn, so in the fall the lake 

whitefish travel north to spawn in the fishing islands. This area also happens to 

contain many large embayment’s like Stokes Bay that provide the necessary 

conditions for larval whitefish to develop. It is possible these fish move south 

after they develop further to feed on the sands. The fishermen use this 

knowledge to track the fish as they follow their migration paths. This kind of 

knowledge is an important part of being a successful fisher.  

The Ontario Ministry of Natural Resources and Forestry have divided the lake 

into Quota Management Areas (QMA’s) that are largely geopolitical in nature, 

but were based on historical data that suggested lake whitefish stocks were 

spatially separated within the lake at that time (Casselman et al. 1981). In the 

past, OMNRF suggested that the Alpena-Ambereley Ridge that runs from Alpena 

to Point Clark may act as a barrier to fish movement from North to South 

(OMRNF quantitative fisheries ecologist—Adam Cottrill, personal 

communication). However, more recent studies using genetic approaches (e.g., 

Stott et al. 2010, Overdyk et al 2015) and isotopic signatures (e.g., Eberst et al. 

2015) to delineate stock structure suggest that current management areas are 

too small and do not reflect lake whitefish population structure in the lake 

(Eberts et al 2015). Furthermore, the utilization of boundaries as defined by the 

current QMA’s in Lake Huron is contradictory to SON traditional knowledge 

about lake whitefish movements. 

The lake whitefish fishery in Ontario waters of Lake Huron surrounding the 

Bruce Peninsula is co-managed by the Sagueen Ojibway Nation (SON) and the 

Ontario Ministry of Natural Resources and Forestry (OMNRF) through a 

Substantive Commercial Fishing Agreement, and therefore both governments 

engage in various aspects of regulation and reporting that includes data-sharing 

and joint decision-making (Ebener et al. 2008). Currently, total allowable catch 



quotas for Lake Huron management units and zones are estimated based on a 

combination of fisheries catch data and independent survey data, and 

assessment tools including trends in various indices (e.g., catch-per-unit-effort, 

age composition of the stock), surplus production models, cohort analysis, and 

output from statistical catch-at-age models (Jones, 2018). SON and the OMNRF 

are currently exploring the use of a management strategy evaluation approach 

that explicitly accounts for uncertainty – a significant obstacle in the current 

estimation process.  

During interviews, community members expressed a clear desire for the 

management of the fishery to be community-based, allowing them to be more 

actively involved. Community-based co-management promotes successful 

resource management by enhancing knowledge generation, particularly for 

complex ecological systems (Olsson et al. 2004). Indigenous peoples have a long 

history of resource use, through which they develop their own knowledge of 

local ecological systems and sustainable practices to conserve their natural 

resources (Gadgil et al. 1993). However, co-management is an adaptive process 

(Olsson et al. 2004, Berkes 2009) that relies as much on fostering relationships 

as managing the resources themselves (Natcher et al. 2005, Plummer and 

Fitzgibbon 2006). The Saugeen Ojibway Nation and the Ontario Ministry of 

Natural Resources and Forestry are actively engaged in an adaptive co-

management process and many of the building-blocks to promote successful co-

management such as strong community leadership, quotas, social cohesion, and 

clearly defined roles and responsibilities (Pinkerton 1994, Olsson et al. 2004, 

Guttierez et al. 2011, MacNeil and Cinner 2013) are already in place. However, 

strategies that increase the community’s involvement in managing and 

monitoring lake whitefish harvest need to be explored.  

  



HABITAT &  WATER QUALITY  
The second most commonly discussed theme was habitat and water quality, 

which was mainly in the context of causes of lake whitefish declines. Within this 

theme, the topics of water pollution/contamination and the effects of nuclear 

power plants arose most frequently. Concerns relating to water pollution and 

contamination centered around agricultural run-off, garbage and littering, 

sewage, and effects of oral contraceptives and other drugs on fish. Concerns 

regarding nuclear power related to the impact of contaminants such as tritium, 

intakes and thermal effluent. Other concerns expressed that related to habitat 

and water quality included the overgrowth of algae, effects of boat traffic, and 

healthy shorelines.  

General recommendations made were to reduce and clean up 

pollution/contamination in the water and along shorelines, and to regulate 

thermal effluent from hydropower plants.  

Poor water quality (i.e., high phosphorus and nitrogen levels) played a role in 

historical lake whitefish declines, which greatly improved following the 

establishment of the Great Lakes Water Quality Agreement in 1978 (Ebener et 

al. 2008). However, the current challenge is the imbalance of nutrients and 

productivity between nearshore and offshore environments resulting from 

ecosystem changes associated with the dreissenid mussel invasion, whereby 

offshore productivity has declined substantially (Dove and Chapra 2015). These 

ecosystem changes have affected lake whitefish by altering the depths they 

occupy (Rennie et al. 2015), as well as their diets (Rennie et al. 2009), growth 

and condition (Rennie et al. 2009b, Fera et al 2015), and recruitment (Gobin et 

al., 2015). Dove and Chapra (2015) studied trends in the major nutrient species 

across the Great Lakes and concluded that phosphorus control is the only viable 

option for managing such imbalances.  

Contamination and pollution in the Great Lakes as it relates to fish is also a 

health concern (Dellinger et al 1996, Wattigney et al. 2019). Studies in the Great 

Lakes have revealed that contamination levels vary for different contaminants 

as well as across lakes and species of fish (Gerstenberger and Dellinger 2002, 

Shen et al. 2010, Gandhi et al. 2017). These studies generally found that while 

contaminants were present in lake whitefish; concentrations were not of 

particular concern with respect to polybrominated diphenyl ethers (Gandhi et 

al. 2017), and polychlorinated biphenyls, mercury and organochlorine 

(Gerstenberger & Dellinger 2002) in Lake Huron. Concentrations of 

dioxins/furans in lake trout in Lake Huron have also declined over time (Ghandi 

et al. 2019).  Such persistent organic pollutants can be introduced and 



transported through aquatic ecosystems via industrial applications and plastics 

(Zbyszewski & Corcoran 2011). Few studies have investigated plastics pollution 

in freshwater systems such as the Great Lakes when compared to marine 

systems (Zbyszewski and Corcoran 2011, Corcoran 2015) and in benthic 

environments in general (Corcoran 2015). Belontz et al. (2019) identified plastics 

pollution as a “wicked problem”, being a global issue that requires an 

interdisciplinary approach to solutions. They further propose that bridging gaps 

between disciplines including the arts, sciences, social sciences and humanities 

is the best approach to addressing plastics pollution, and highlight the utility of 

citizen-science and community events (e.g., shoreline clean-ups) in educating 

and engaging communities and data collection (Belontz et al. 2019). The Bagida-

waad Alliance, has been taking positive steps in this area by organizing shoreline 

clean ups in the SON Territory and collaborating with others on data collection. 

SON also collaborated with Trent University to investigate contaminants in 

Colpoys Bay and Owen Sound Bay, and identified a major contaminants issue in 

the latter (Buell et al. 2016). These findings are factoring heavily in consultation 

discussions on Transport Canada’s intentions to divest themselves of the Owen 

Sound Harbour and future dredging for commercial shipping purposes. 

Nuclear generating stations impact fish communities primarily through the 

cooling water intake systems that cause mortality through two pathways. The 

first pathway is called entrainment, which occurs when intake water is drawn 

from the lake along with small organisms such as fish eggs, larvae, and small-

bodied fish species. Entrained fish are taken in, cycled through the plant, and 

are discharged with the cooling water. The second pathway is called 

impingement, which occurs when intake water is drawn from the lake along 

with adult fish. Impinged fish become trapped against intake screens in the 

“pump houses” and are disposed of. Various types of models exist to predict the 

effects of mortality associated with impingement and entrainment on forage 

fish and fishery production. However, studies have rarely found mortality 

associated with impingement and entrainment to have a substantial impact on 

fish stocks relative to other anthropogenic sources (Newbold and Iovanna 2007, 

Greenwood 2008. Barnthouse 2013). Notably, such models are generally 

simplistic and do not account for complex ecological processes or interactions 

with other stressors.  

The assessment conducted at the Bruce Power generating station estimated 

forgone fishery yield due to impingement and entrainment of lake whitefish and 

other unidentified coregonids to be 2355 kg and 443 kg in 2013 and 2014, 

respectively (Golder Associates Ltd. 2017). The study also found that estimates 

of species-specific fishery forgone yield were higher for species with observed 



entrainment compared to impingement alone (Golder Associates Ltd. 2017). 

Few lake whitefish eggs were found to be entrained in this study, which could 

have resulted from very little sampling effort taking place during the late fall 

and winter months when spawning and egg incubation occurs in lake whitefish. 

More complete monitoring during these times may be useful for evaluating 

potential impacts due to egg entrainment on lake whitefish, which is scheduled 

to occur in 2023/2024 (Kathleen Ryan, personal communication). However, lake 

whitefish spawning habitat in the areas surrounding Bruce Power intakes and 

discharge channels is reported to be minimal (Golder Associates Ltd. 2017).  

Effluent discharged from nuclear and other types of power generating stations 

can affect fish communities due to elevated temperatures and chemical 

additives to prevent bio-fouling. A field study on the effects of thermal effluent 

from the Bruce Power nuclear generating station on lake whitefish development 

found larvae to be larger with smaller yolk sacs; whereby growth rates are 

predicted to be advanced by more than 10% (Thome et al. 2016). Early hatching 

and decreased survival have also been demonstrated in lake whitefish in 

response to increased temperatures in the laboratory (Mueller et al. 2015). 

Advanced development and early hatching could further impact larval survival if 

this leads to a mismatch in the timing of the hatch with available prey (Patrick et 

al. 2013, Thome et al. 2016). Further research in this area is needed as some 

studies have found survival during early life stages to be associated with prey 

availability (e.g., Freeberg et al. 1990, Hoyle et al. 2011), whereas other have 

not (e.g., Claramunt et al. 2010).  

The effects of two commonly used chemicals to prevent bio-fouling, morpholine 

and sodium hypochlorite, on lake whitefish embryo development were studied 

in the laboratory and the risk of impacts was found to be low under normal 

operating conditions (Thome et al. 2017). However, chronic exposure to 

morpholine within the industrial discharge limits resulted in embryos that 

hatched earlier and at smaller sizes, suggesting that regulatory limits may not be 

sufficient to prevent sub-lethal effects on lake whitefish (Thome et al. 2017). 

Verma et al. (2007 and 2007b) found that chlorine exposure augmented 

temperature-induced stress and immunosuppression in common carp (Cyprinus 

carpio). Studies in Europe have also demonstrated negative impacts of thermal 

effluent on reproduction in several other species including European perch 

(Perca fluviatilis), roach (Rutilus rutilus), and northern pike (Esox lucius) 

(Luksiene & Sandstrom 1994, Sandstrom et al. 1997, Luksiene et al. 2000).  

A host of collection systems, diversion systems, and physical and behavioural 

barriers can be employed to reduce impacts of nuclear power generation 



cooling systems on fish (Taft 2000, Noatch & Suski 2012). Although fish screens 

are commonly used to prevent fish from entering cooling systems and causing 

harm, they can still cause substantial mortality and many of the assumptions 

made regarding their effectiveness for conserving fish populations remain 

untested (Moyle & Israel 2005). The intake structures for the Bruce Nuclear 

Generating Stations are designed to minimize fish impingement, such that they 

are located in deep water, several hundred meters off shore, each of the intake 

structures are fitted with a velocity cap, and Bruce B has a chain-rope barrier to 

prevent schooling fish from entering the intake structure (Golder Associates Ltd. 

2017) The discharge channels are also designed to minimize the impacts of 

thermal effluent on flow patterns (Golder Associates Ltd. 2017). However, Bruce 

Power will be required to undertake a comprehensive mitigation measures 

analysis relating to impingement, entrainment and thermal effluent (Kathleen 

Ryan, personal communication).  

In a study conducted by Graham et al. (2016), lake whitefish stocks in the 

vicinity of the Bruce Power generating station were not found to be ecologically 

or genetically distinct from those in adjacent areas not affected by the thermal 

plume; it was therefore been recommended that future research focus on 

effects related to development and recruitment (Graham et al. 2016). Additional 

research in these areas is warranted given the potential effects of power 

generating systems and the current concerns surrounding lake whitefish 

recruitment.  

SON has been taking positive steps in addressing the community’s concerns 

about the impacts from the Bruce Nuclear Generating Station with the creation 

of the SON Coastal Waters Environmental Monitoring Program. The purpose of 

the program is to better understand the coastal environment, the impacts of 

the Bruce Nuclear generating Station, provide the proper respect and place for 

SON’s Traditional Knowledge and “enhance SON’s ability to protect our 

Aboriginal and Treaty Rights as they relate to the lands, waters, human and non-

human beings of our Territory” (Ryan 2019). 

  



INVASIVE SPECIES  
This theme was discussed in terms of its current impact on the fishery and its 

anticipated role in the future. A number of those interviewed felt that invasive 

species were responsible for lake whitefish and fishery declines. Specifically, 

dreissenid mussels and the negative impacts on whitefish from feeding on these 

mussels was a concern; lamprey and phragmites in spawning areas were also 

mentioned explicitly.  

General recommendations were made to remove non-indigenous and invasive 

species, and prevent introductions in the future. Concerns about the arrival of 

Asian carp were also expressed.  

Over the last century, invasive species have played a substantial role in shaping 

Great Lakes ecosystems in ways that have greatly affected lake whitefish and 

the fishery. Historically, sea lamprey (Petromyzon marinus) predation 

contributed to lake whitefish declines (Smith 1972). More recently, dreissenid 

mussels have altered the distribution of nutrients and energy in the lakes (Hecky 

et al. 2004, Vanderploeg et al. 2010, Higgins & Vander Zanden 2010), which has 

affected lake whitefish movement (Rennie et al. 2015), diets (Rennie et al. 

2009), growth and condition (Rennie et al. 2009b, Fera et al 2015), and 

recruitment (Gobin et al., 2015). Ecosystem changes associated with the 

invasion of dreissenid mussels appear to have reduced the capacity for Great 

Lakes ecosystems to support the lake whitefish stocks they once did (Kratzer et 

al. 2007, Wright and Ebener 2005, Gobin et al. 2015, 2016). Shifts in the 

emergent vegetation characterizing coastal wetlands in the Great Lakes have 

also occurred with invasive species like phragmites (Phragmites australis) and 

Tphya spp. becoming increasingly dominant, particularly in areas that are 

affected by agriculture an anthropogenic disturbance (Frieswyk & Zelder 2007, 

Trebitz & Taylor 2007). The potential effects that such invasive emergent 

vegetation may have on lake whitefish has not been evaluated. However, 

studies that have compared the use of emergent vegetation stands 

characterized by phragmites or native species in the Great Lakes found no 

difference in the fish and invertebrate communities that occupied them (Aday 

2007, Wynia 2019). Bigheaded carps (Hypophthalmichthys spp.) are predicted to 

have detrimental ecological impacts on Great Lakes aquatic ecosystems 

(Cudmore et al. 2012). As filter-feeders that consume phytoplankton and 

zooplankton, they are predicted to compete with native planktivores; and most 

fish species feed on plankton during early life stages and subsequently shift to 

alternative prey (Nunn et al. 2012). In Lake Huron, bigheaded carps will likely 

occupy productive embayments (Cudmore et al. 2012), which also constitutes 



larval lake whitefish habitat (Ryan 2012). Using a food web simulation model, 

Zhang et al. (2016) found that while bigheaded carp generally reduced fish and 

zooplankton biomass, large impacts on food webs only occurred when carp 

densities and declines in zooplankton and planktivorous fishes were near the 

levels that have been observed in the Illinois River, which represented 2% of 

their simulations. However, Lake Erie is notably more productive compared to 

Lake Huron. Further research is needed to make specific predictions regarding 

the impacts of bigheaded carp on plankton and fish communities (Cooke 2016).  

Given the challenges of eradicating invasive species once they become 

established, emphasis is placed on acting early in the invasion process with the 

goal of first preventing invasive species introductions, followed by early 

detection and a rapid response aiming for eradication, controlling and 

containing established invasive species, and finally mitigating impacts and 

restoration (Hulme 2006). While sea lamprey have not been eradicated from 

the Great Lakes, populations have been suppressed to 10% of that in the mid-

1900s through an integrated approach that targeted their unique physiology, 

and constitutes one of the most successful invasive species programs in the 

world (Siefkes 2017). Declines in lake whitefish growth are expected to make 

them less susceptible to predation by sea lamprey, which primarily parasitize 

large fishes (Gobin et al. 2016, 2018). Research on dreissenid mussels is on-

going to better understand the factors influencing their spread, and to 

investigate chemical and mechanical means of control that has shown promise 

at smaller scales (Escobar et al. 2018). Phragmites is primarily managed using 

herbicides and mechanical removal by mowing and cutting, and new methods 

are being developed. However, the best approach to managing phragmites is 

debated, given the cost and inefficiency associated with its removal, and several 

studies have found that it can provide valuable ecosystem services (reviewed in 

Hazelton et al. 2014). Hazelton et al. (2014) also identified that additional 

emphasis needs to be placed on the vegetative species recolonizing sites, rather 

than simply on eradicating phragmites. Asian carp management is overseen by 

the Asian Carp Regional Coordinating Committee (ACRCC), a multi-agency 

working group comprised of government and non-government agencies 

engaged in research, monitoring and surveillance, and efforts to prevent the 

spread of Asian carp (ACRCC, 2019). In Ontario, these efforts are led by the 

Department of Fisheries and Oceans (DFO) with limited partnership from 

OMNRF and comprises regulation of Asian carp species, monitoring and 

surveillance, environmental DNA research, implementation of the Asian Carp 

Response Plan, and outreach activities  



While further research is needed on the management of invasive species and 

their impact on native species in the Great Lakes, integration of local citizens 

and management agencies is also critical for invasive species managements in 

the Great Lakes (Escobar et al. 2018). This generally takes the form of 

engagement and awareness to reduce spread of invasive species, a key aspect 

of invasive species management; however, as a social-ecological phenomenon, 

discussion among groups such as managers, researchers, First Nations, and 

stakeholders surrounding the value-based judgements that guide decision-

making and management actions is also important (Kokotovich & Andow 2017).  

SON recognizes the impact from invasive species and are seeking a much more 

active role on this issue. On December 6 and 7, 2017 SON participated in a Great 

Lakes Aquatic Invasive Species workshop and voiced their concern about Asian 

Carps and the absence of SON’s involvement with the Great Lakes Aquatic 

Invasive Species Program within SON’s Traditional Territory (Cudmore & Wright 

2017). A large portion of Lake Huron and Georgian Bay lay within SON’s 

Traditional Territory. It is a reasonable assertion, that due to the close 

connection to the waters, SON fishers could play a vital role in early detection 

and broadening monitoring efforts. SON also has an intimate knowledge of the 

waters and the beings within them that could provide wisdom and a different 

perspective to the problem. For these reasons SON and DFO have begun the 

process of collaborating on creating a greater role for SON in invasive species 

monitoring and decision-making within the SON Traditional Territory. This has 

already resulted in tangible outcomes, including outreach at Pow wows and an 

Asian Carp Monitoring Training Program for SON fishermen on June 6, 2019. The 

fishermen now have tools to identify Asian carp and are an important part of 

the early detection of Asian carps in SON’s Traditional Territory. In the future, 

SON intends to push for a much greater role on the decision-making aspects of 

the invasive species issue. 

  



ASSISTING REPRODUCTION AND STOCKING  
Community members proposed several strategies for assisting reproduction to 

help whitefish populations and improve the fishery in the future. The most 

common suggestions for assisting reproduction included rearing whitefish in 

hatcheries, and using SON traditional methods of fertilizing eggs and depositing 

them on spawning shoals. While some community members recommended that 

stocking be conducted by the Ontario Ministry of Natural Resource & Forestry, 

others recommended compensating fishers to stock whitefish. Other 

recommendations to increase reproductive success included releasing female 

whitefish and eggs from harvest, developing sanctuaries for spawning grounds, 

installing spawning beds, and controlling phragmites in spawning grounds.  

Low recruitment in recent years is thought to contribute to lake whitefish 

population and fishery declines (Workshop Proceedings, 2018). The causes of 

this low recruitment remain unknown and is an area of active research 

(Workshop Proceedings, 2018), but could result from either low survival during 

early life stages or declines in the number of recruits being produced. Ecosystem 

changes associated with dreissenid mussels have reduced primary productivity 

and zooplankton densities (Higgins & Vander Zanden 2010) that are prey for 

young lake whitefish; therefore, increased competition for prey may have 

reduced their survival. Evans & Waring (1987) attributed recruitment declines in 

Lake Simcoe lake whitefish to competition between young rainbow smelt and 

lake whitefish, as well as predation of young lake whitefish by adult rainbow 

smelt to a lesser extent. Environmental changes associated with a warming 

climate (e.g., warmer fall temperatures, increased wind and wave action, 

shorter ice cover) could also lead to lower survival of eggs and/or larval lake 

whitefish (Lynch et al. 2015). Declines in the growth and condition of spawning 

whitefish, and overfishing of the spawning stock (Gobin et. al. 2018) could also 

lead to lower recruitment by reducing the number of recruits produced. 

Depending on the mechanisms underlying recruitment declines, several of the 

proposed recommendations could potentially have positive impacts on lake 

whitefish and the fishery. 

Stocking can enhance productivity in stocks that are limited by recruitment, 

which is believed to be the case for most fish populations in general (Lorenzen 

2005, 2014). Such enhancement also provides economic opportunities and 

benefits for stakeholders and communities that depend on fishery resources 

(Pinkerton 1994). Various types of fishery enhancement systems exist that 

determine the objectives, approaches/strategies employed, and what 

constitutes success (Lorenzen et al. 2012). Success also depends on numerous 



factors — stock enhancements often fail or even cause ecological harm 

(Lorenzen 2014). The value of stocking remains widely debated given that 

outcomes are often moderate and highly variable (Lorenzen et al. 2001, 

Lorenzen 2014), economic viability can be low (Lorenzen 2014, Kitada 2018), 

and the potential for negative impacts on native communities (Lorenzen et al. 

2012). Trade-offs also exist between socio-economic and conservation 

objectives, as demonstrated in the enhancement of marine recreational 

fisheries (Camp et al. 2017). When used as a temporary measure to rebuild 

depleted stocks, stocking is only beneficial when stocks are at low levels relative 

to their carrying capacity, and should be used to complement harvest limitation 

rather than as an alternative strategy (Lorenzen 2005). Stocking is unlikely to 

reverse the impacts of ecosystem shifts that reduce the population carrying 

capacity (Moloney et al. 2005), as appears to be the case for lake whitefish in 

Lake Huron (Kratzer et al. 2007, Wright and Ebener 2007, Gobin et al. 2015, 

2016). However, Kao et al. (2018) predicted that the population biomass of 

three salmonids (lake trout, steelhead, and Chinook salmon) could be enhanced 

thorough stocking in Lake Michigan despite oligotrophication occurring in this 

system. Notably, stock enhancement was least beneficial for species that were 

highly impacted by quagga mussels in that study (Kao et al. 2018).  

Lake whitefish were historically stocked into the Great Lakes; however, this 

practice ceased because of uncertainty regarding its impact on the fishery 

(Ebener et al. 2008). In Lake Simcoe, stocking of lake whitefish into Lake Simcoe 

began in the early 1980’s due to recruitment failure (COSEWIC, 2005), and 

continues today (Ontario Ministry of Natural Resources and Forestry, Fish ON-

Line). Several decades later, hatchery-reared lake whitefish comprised the 

majority of the Lake Simcoe stock, but wild lake whitefish persisted (Lasenby et 

al. 2001). The history of lake whitefish stocking in the Great Lake and Lake 

Simcoe combined with information available for rearing and stocking of 

European whitefish (C. lavaretus), a close relative of lake whitefish that may 

actually belong to the same species (Bodaly et al. 1991), could provide a basis 

for the development of a stocking program for lake whitefish in SON waters. 

Notably, the Lake Simcoe strain is genetically distinct from those in the Great 

Lakes and utilizing original stocks for rehabilitation is ideal (Lasenby et al. 2001). 

A study that examined genetic data for lake whitefish in Lakes Huron and 

Michigan found that, while genetic diversity was generally low, genetic variation 

was greatest between lakes and there appears to be some evidence of 

structuring within lakes (Stott et al. 2010). However, supplemental stocking of 

lake whitefish at young life stages (e.g., fry, small fingerlings) in waterbodies 

where natural reproduction is occurring has previously been found to be 



ineffective and is not recommended (Lasenby et al. 2001). We could not find 

any studies examining the efficiency of SON traditional methods involving 

redepositing fertilized eggs on spawning shoals, which could be investigated 

further.  

Given that various biological, technical, social and economic factors contribute 

to the success of stocking programs, insufficient knowledge of these factors and 

interactions among them can contribute to failures (Lorenzen 2014, Camp et al. 

2017). Modelling approaches are a valuable for predicting potential outcomes 

(e.g., Camp et al. 2014, 2017, Garlock et al. 2017, Kao et al. 2018) before 

stocking even begins. Such models should account for key processes like size- 

and density-dependence that are not always accounted for in conventional 

fishery models (Lorenzen et al. 2005). A simulation model that accounts for both 

ecological and evolutionary processes has been developed for Lake Huron lake 

whitefish (Gobin et al., 2016, 2018) and could be used to explore potential the 

outcomes of stocking in this system when combined with various harvesting 

scenarios.  

Management practices that protect spawners (e.g., seasonal harvest, fish 

sanctuaries) can also increase natural recruitment in harvested fish populations 

where the production of recruits is limited (e.g., by harvesting of the spawning 

stock). Although less common than in marine environments, freshwater 

protected areas (including fish refuges/sanctuaries) have successfully been used 

to protect freshwater environments and the fishes that inhabit them (Suski & 

Cooke 2007). In the Great Lakes, fish refuges cover 4% of its total area, with the 

majority of these occurring in the United States (Parker et al. 2017), but other 

types of freshwater protected areas also exist that offer protection or harvested 

fish species and their habitat (Suski & Cooke 2007). Protected areas could 

benefit lake whitefish by buffering against variability in recruitment (Taylor et al. 

1987, Zuccarino-Crowe et al. 2016). Refuges developed for lake trout in the 

Apostle Islands region of Lake Superior have been shown to benefit both lake 

trout and lake whitefish (Zuccarino-Crowe et al 2016). However, lake whitefish 

in Superior have not been impacted by dreissenid mussels in the same way that 

they have in the other Laurentian Great Lakes (Fera et al. 2015, Rennie et al. 

2015).  

Creating and rehabilitating spawning habitat could also have a positive impact 

on recruitment if this is limiting reproduction or the early survival of lake 

whitefish eggs and/or larvae. Although in-lake spawning habitat is thought to 

remain in good condition due to human densities being relatively low in these 

areas (Ebener et al. 2008), habitat degradation associated with deforestation 



and human settlement has negatively impacted spawning and contributed to 

past lake whitefish declines in the Great Lakes (Smith 1972) and their tributaries 

(Roseman et al. 2007). Degradation of spawning shoal habitat was also 

considered a factor in lake whitefish declines in Lake Simcoe (COSEWIC, 2005). 

The creation of shipping channels in the St.Clair-Detroit River system 

contributed to substantial losses in spawning substrates for lake whitefish and 

other species that utilize similar habitat (e.g., lake sturgeon, walleye) (Roseman 

et al. 2007., Fischer et al. 2018). However, restoration of spawning substrates 

through the creation of artificial reefs using broken limestone did not increase 

egg deposition by lake whitefish (Fischer et al. 2018). The impact that invasive 

plant species like phragmites may have on lake whitefish recruitment is not 

known. While phragmites displaces native plant communities, a the few studies 

examining its impact on fish habitat found no difference between fish 

assemblages occupying phragmites stands when compared to native emergent 

plant communities (Aday 2007, Wynia 2019). However, lake whitefish were not 

among the species detected in that study.  

STOCKING OF SPORT FISH AND OTHER TOP PREDATORS  
Community members were concerned about the stocking of sport fish and top 

predators in the lake. Many felt that the stocking of salmon and trout species 

have contributed to whitefish declines and recommended that it be stopped in 

the future.  

Rainbow trout, chinook salmon, brown trout, brook trout, lake trout and 

walleye have been stocked in Lake Huron by the Ministry of Natural Resources 

and Forestry and sport fishing clubs (Fish ON-Line). Rainbow trout and chinook 

salmon have been stocked in the greatest numbers, while walleye have not 

been stocked since 2013 (Fish ON-Line). 

The potential for interactions between lake trout and lake whitefish exist given 

that they occupy similar habitat. Consequently, lake whitefish harvest 

management is affected by lake trout due to efforts to reduce by-catch of the 

latter (Ebener et al. 2008). Given recent declines in lake whitefish recruitment 

that coincide temporally with the rehabilitation of lake trout in the Great Lakes, 

this is an area of particular interest (Workshop Proceedings, 2018).  

Direct predation of lake whitefish by lake trout in the Great Lakes is reported to 

be minimal. Roseman et al. (2014) found that lake whitefish comprised less than 

1% of lake trout diets in Lake Huron based on the stomach contents of fish 

captured by anglers between May and October during the years 2009-2011. 

Happel et al. (2018) similarly did not find lake whitefish comprised a part of lake 



trout diets in Lake Michigan and Michigan waters of Lake Huron, based on 

stomach contents and fatty acid profiles. In this study, rainbow smelt were the 

main prey consumed by lake trout in Lake Huron, and 11.5% of their diet 

comprised other fish that were generally unidentifiable due to a high degree of 

digestion. Notably, these studies focused on larger lake trout (generally >30 cm 

in length) during late spring, summer, and early fall months.  

Although lake trout feed in winter (Martin 1954), we could find no studies 

examining Great Lakes lake trout diet during this time of year. Martin (1954) 

was the only published study found that examined winter diet of lake trout, and 

this study was conducted in Lake Opeongo in Algonquin Park, ON. While this 

study does not provide a measure of the quantity of diet items consumed, 

Martin (1954) reported occurrences of “whitefish” in lake trout stomachs twice 

as frequently as perch during the summer and both lake whitefish and round 

whitefish are among the major fish species found in the lake. Morbey et al. 

(2007) found that, historically, about 10-25% of lake trout collected in Lake 

Opeongo during spring and summer months had lake whitefish in their 

stomachs; the introduction of smallmouth bass in this system resulted in lake 

trout consumption of fewer but larger lake whitefish that were up to about 25 

cm in length.  

Indirect interactions between lake whitefish and lake trout were examined by 

Langseth (2012) using a simulation model, who found these interactions to be 

minimal beyond the lake whitefish fishery, even when a small amount of direct 

predation was added. Indirect interactions increased under alternative and 

plausible scenarios relating to parameters that represent the strength of 

interactions between predators and prey, such that increased vulnerability of 

prey to lake whitefish led to lake trout becoming less sensitive to changes in 

lake whitefish harvest (Langseth 2012). However, increased vulnerability of prey 

to lake trout had little impact on lake whitefish (Langseth 2012). Nonetheless, 

other studies have reported potential interactions between lake trout and lake 

whitefish. For example, Zuccarino-Crowe et al. (2016) found contrasting trends 

in lake trout and lake whitefish abundance inside and outside of lake trout 

fishing refuges that could suggest an interaction between the two species.  

The only other stocked species that is reported as a predator of lake whitefish 

by Lasenby et al. (2001) is walleye. However, lake whitefish have been recorded 

in the diet of brown trout (Kerr & Grant 2000). Other species present in Lake 

Huron that are known to prey on lake whitefish at various life stages include 

longnose sucker (Catostomus Catostomus) (Nester and Poe 1984), rainbow 

smelt (Loftus & Hulsman 1986, Evans & Waring 1987), and Northern Pike (Diana 



1979 cited in Kerr & Grant 2000). Predation of lake whitefish by rainbow smelt is 

size-dependent (Gorsky & Zydlewski 2013) and therefore slower growth of larval 

lake whitefish could result in increased predation rates. Evans & Waring (1987) 

also suggested that a predatory or competitive relationship exists between 

young-of-year lake whitefish and yellow perch.  

The belief that fish stocking is having a negative impact on the fishery is a 

longstanding concern. In 2004, former Chiefs, Roote and Akiwenzie, wrote, “We 

should not be stocking exotic fishes to support an artificial, recreational fishery 

in the Great Lakes. It is an insult to the Creator. It is wrong.” SON’s ecological 

concerns about fish stocking, presented by Crawford in his monograph from 

2001, remain unresolved: 

1. Introduction and distribution of diseases and parasites 

2. Predation on native species 

3. Competition for limited resources 

4. Genetic alteration of native populations 

5. Environmental alteration 

6. Community alteration 

 

SON community members have reported to the Fisheries Assessment Biologist 

on the damage being done by stocking. They have seen many lake whitefish in 

the stomachs of lake trout. In areas once fished by SON for whitefish, they are 

all but gone, it is believed they have been driven out by the introduced exotics.  

SON has expressed concern that with decreased productivity in the lake there is 

less food at each trophic level and the continued large-scale introductions of 

predators will only exacerbate the problem. Fish being stocked at the top of the 

food web and have a direct top down effect on all other trophic levels. It is not 

only whitefish that are vanishing. SON fishermen report that many of the fish 

they used to see like suckers are fast disappearing as well. This is seen in the 

community as a very dangerous signal that there is an ecological catastrophe in 

SON waters.  

SON’s lake whitefish harvest is decreasing dramatically and has become 

increasingly dominated exotics of low commercial value. SON fishermen are 

losing their livelihoods and way of life. The number of our fishermen who can no 

longer make their living in the waters they rely upon is rising. SON’s economy is 

heavily dependent on the fishery and always has been. Many fishermen have no 

other trade and are being pushed even further into poverty and despair. 

However, the impacts of fish stocking go much deeper than economy, these 

impacts go to the very heart and Spirit of SON’s people. 

As explained to the Fisheries Assessment Biologist, there are beliefs that the fish 

beings are our family, and the Creator gave SON a sacred responsibility to care 

for and be in relationship with them and the waters. Women honour the fish 



beings as they continue to practice and maintain their role and responsibility as 

water protectors, offering prayers to the waters. SON community members pass 

on the teachings from the Creator on how to maintain their relationship with 

the waters and animal beings in a good way by providing offerings of tobacco. 

Native fish like lake whitefish are a key component of the Clan system, SON’s 

Original governance.  Fish are also an essential part of our feasts and 

celebrations. There is a belief that the introduction of exotic species is an affront 

to the Creator and is directly impacting that sacred responsibility from the 

Creator to the waters and animal beings.  

Fish has always been an essential part of our diet. Food security remains a very 

real and ever-present issue for the community. Traditionally, SON relied upon 

our territory to provide food security. Food sovereignty is essential if we are to 

achieve food security and justice for our people. Fish stocking is seen as an 

impediment to that goal. The ability for SON to harvest culturally appropriate 

food is so much more than having enough food to eat; it is an essential 

component of their identity. 

In 2017, SON worked with McGill University to look at fish and its relation to 

food security for our people (Lowitt et al 2017). It was no surprise to learn that 

food security was a major issue in the community with 75% of participants 

experiencing some level of food insecurity and 25 % of participants going hungry 

due to a lack of food. SON are a fishing People and in the past fish was a major 

component of their diet. This research indicated that this has changed 

dramatically: Approximately 30% of participating households indicated eating 

local fish 1-3 times per month in the winter and summer. Slightly more 

participants (approximately 40% and 50% respectively) reported eating local fish 

1-3 times per month in the fall and spring (Lowitt et al 2017). 

As stated in Lowitt et al. (2017): 

“In Indigenous communities, understanding food security issues is 

complex, involving the interplay of peoples and their cultures, rights, 

resources, environment, health, and livelihoods (Council of Canadian 

Academies, 2014). From a public health perspective, the main food 

security issues facing Indigenous peoples in Canada include rates of 

household food insecurity that are much higher among Indigenous than 

non-Indigenous Canadians, and high rates of diet-related non-

communicable diseases (NCDs), including obesity and diabetes. In many 

cases, rising NCD rates are the result of a growing consumption of 

market foods in place of traditional foods, often driven by 

environmental dispossession and cultural change (Power 2008, 

Fieldhouse & Thompson, Rudolph & McLachlan, 2013). Increasingly, 

efforts to support household and community access to affordable and 



nutritious foods in Indigenous communities are focusing on the 

importance of traditional foods (including wild-harvested fish, game, 

birds, berries and other plants), along with the ability of communities to 

harvest, share and consume them (Willows 2005, Fieldhouse and 

Thompson 2012, Islam & Berkes 2016, Wesche et al. 2016,). Traditional 

foods are gaining increasing policy and research attention not only 

because they are nutrient-dense (Elliot et al. 2012), but also because 

they may contribute to what Power (2008) calls “cultural food security” 

due to their pivotal role in maintaining cultural identity, health and 

survival.” 

The creation of an artificial fishery with stocked fish has led to increased use of 

SON’s waters for recreational fishing. This is of particular significance in Owen 

Sound Bay and Colpoys Bay, which have been stocked by local angler clubs 

under licence from the OMNRF for many years. Owen Sound has established a 

whole festival called the “Salmon Spectacular” based upon the stocking of 

exotic fish. SON’s well-known opposition to stocking and the commercial fishery 

is seen as a threat to stocking. This has manifested in many ugly interactions and 

dynamics, including racist language, violence, threats of violence, vandalism and 

theft. This issue is so extreme in Colpoys Bay and Owen Sound Bay that many 

SON fishermen have been driven out so as to not lose their equipment to theft 

and vandalism. 

SON would like an adequately resourced consultation process that includes a 

plan to identify and address all of SON’s issues with fish stocking. There are 

ways to move forward positively on these issues. For example, SON had a very 

successful collaboration on a proposal to address lake whitefish and lake trout 

interactions and are continuing to work towards securing funding for that 

project.  

OTHER THEMES  
Other themes that emerged frequently during interviews (>10 mentions), in 

order from most to least prevalent, include (examples of each are provided in 

parentheses):  

- ecosystem effects (climate change, declines in productivity, predation); 

- partnerships (among First Nations and with non-indigenous groups); 

- education, community awareness and maintaining spiritual and cultural 

connections (passing of knowledge from fishers to youth); 

Themes that emerged during interviews with community members in lower 

frequencies (i.e., <10 mentions), include:  



- views/perspectives (being respectful, harvesting for subsistence and viewing 

fishing as a lifestyle rather than an occupation); 

- economics/finance (compensation for fishers, consumerism/marketing 

strategies, investment returns); 

- policy (changing existing policy regulating fishery harvest and management); 

- research (need for more research on whitefish and fisheries assessment 

including tagging studies, research funding);  

- funding (for training and research); 

- legal action (taking ownership of the water); 

- diet/consumption (reducing human consumption of fish and eggs); 

- enforcement (implementing fines); 

- infrastructure (on-water gas station). 

  



EFFECTS OF INTERVIEW TYPE  
The prevalence of themes was consistent whether community perspectives 

were gathered through group interviews or on an individual basis (i.e., on 

Heritage Day) (Fig. 3), with a few exceptions. Stocking of other species as a 

cause of whitefish declines and assisting reproduction to help whitefish 

populations and the fishery were mentioned more frequently among individuals 

surveyed on Heritage Day compared to during group interviews conducted in 

Nawash and Saugeen. On the other hand, the role that ecological effects have 

played in whitefish and fishery declines was raised frequently during group 

interviews in both Nawash and Saugeen, but was not mentioned in individual 

surveys from Heritage Day. The format of questions posed to individuals and 

during group interviews differed slightly and is likely responsible for these 

differences.  

COMMUNITY DIFFERENCES  
The prevalence of themes was also consistent across the two communities, 

Nawash and Saugeen, with two exceptions. Invasive species and habitat & water 

quality were discussed more frequently among community members in Saugeen 

compared to in Nawash (Fig. 3). Increased concern regarding habitat and water 

quality among community members in Saugeen is likely related to their 

proximity to the Bruce Power nuclear generating station.  



Figure 3. Prevalence of themes broken down by interview location and type. 

Group interviews were conducted in Nawash (int_N) and Saugeen (int_S), 

whereas written responses were submitted by individuals at the Heritage Day 

event hosted in Nawash.   
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CONCLUSIONS  
Engaging SON community members yielded numerous potential explanations 

for lake whitefish declines and approaches to help Lake Huron lake whitefish 

populations and the fishery in the future that should be explored.  

The existing literature suggests that regulating harvest alone will likely be 

insufficient to promote recovery of lake whitefish, given the impacts of the 

ecosystem changes that have occurred in the lake (Gobin et al. 2016, 2018). 

While further research is needed to identify the causes of recruitment declines 

in lake whitefish, studies by Gobin et al. (2016, 2018) suggest that ecosystem 

changes and harvest combined could be limiting lake whitefish recruitment, in 

which case stocking could be a viable option for increasing productivity in these 

populations. However, how much the productivity of lake whitefish population 

may be increased through stocking may remain somewhat limited given the 

apparent reductions in carrying capacity. Existing knowledge of best practices 

for hatchery-rearing and stocking of lake whitefish (e.g., Lasenby et al. 2001) 

and the closely related European whitefish could be used to inform the 

development of a lake whitefish stocking program for Lake Huron. The eco-

genetic model that has already been developed for these stocks could also be 

used to predict the potential outcomes of stocking combined with various 

harvesting strategies as part of a cost-benefit analysis.  

The Fisheries Assessment Programs, SON Environment Office and the Bagida-

waad Alliance have taken steps to address many of the other concerns raised by 

SON community members. As a co-managed fishery, the Saugeen Ojibway 

Nation and the Ontario Ministry of Natural Resources and Forestry are 

collaborating to improve the approaches used to estimate total allowable catch, 

increase community-involvement in research and monitoring of invasive 

species), and investigate potential impacts of stocked species (e.g., lake trout) 

on lake whitefish. SON has also been working to address community concerns 

regarding the Bruce Nuclear Generating Stations through the SON Coastal 

Waters Environmental Monitoring Program, and the Bagida-waad Alliance has 

organized shoreline cleanups and data collection to improve water quality.  

Given that regulating harvest and stocking of lake whitefish would most directly 

impact lake whitefish stocks and their recovery, next steps will include the 

development plans focusing on further investigation and the implementation of 

community members’ recommendations in these areas.  

  



ACKNOWLEDGEMENTS  
We would like to thank SON community members for participating in the 

interviews, and for sharing their views and knowledge, as well as the 

Department of Fisheries and Oceans who funded the work. We would also like 

to thank the Bagida-waad Alliance for their role in developing the interview 

questions and for producing scripts of interview responses for subsequent 

analysis. 

REFERENCES  
Aday, D.D. 2007. The presence of an invasive macrophyte (Phragmites australis) 

does not influence juvenile fish habitat use in a freshwater estuary. Journal 

of Freshwater Ecology 22: 535-537. 

https://doi.org/10.1080/02705060.2007.9664185 

Akiwenzie, R. & Roote, R. 2004. Jumping to conclusions: GLFC, conflict of 

interest and the problem of stocking exotic salmon in the Great Lakes. A 

Saugeen Ojibway discussion paper presented at the IAGLR (International 

Association for Great Lakes Research) Conference, 24–28 May 2004, 

University of Waterloo, Waterloo, Ontario. 

Amending agreement to the substantive commercial fishing agreement 

between between the Chippewas of Nawash Unceded First Nation and 

Saugeen First Nation and Her Majesty the Queen in Right of Ontario as 

represented by the Minister of Natural Resources and Forestry (MNRF), 

Feb. 20, 2018. 

Andrée, P., Clark, J. K., Levkoe, C. Z. & Lowitt, K. (Eds.). 2019. Civil society and 

social movements in food system governance. Routledge. 

Asian Carp Regional Coordinating Committee. 2019. Asian carp action plan for 

fiscal year 2019. https://www.asiancarp.us/Documents/2019ActionPlan.pdf 

Barnthouse, L.W. 2013. Impacts of entrainment and impingement on fish 

populations: A review of the scientific evidence. Environmental Science & 

Policy 31: 149-156. http://dx.doi.org/10.1016/j.envsci.2013.03.001 

Belontz, S.L., Corcoran, P.L., Davis, H., Hill, K.A., Jazvac, K., Roberston, K. & 

Wood, K. 2019. Embracing an interdisciplinary approach to plastics 

pollution awareness and action.  

Berkes, F. 2009. Evolution of co-management: Role of knowledge generation, 

bridging organizations and social learning. Journal of Environmental 

https://doi.org/10.1080/02705060.2007.9664185
https://www.asiancarp.us/Documents/2019ActionPlan.pdf
http://dx.doi.org/10.1016/j.envsci.2013.03.001


Management 90: 1692-1702. 

https://doi.org/10.1016/j.jenvman.2008.12.001 

Bodaly, R.A., Vuorinen, J., Ward, R.D., Luczynski, M. & Reist, J.D. 1991. Genetic 

comparisons of New and Old World coregonid fishes. Journal of Fish Biology 

38: 37-51. https://doi.org/10.1111/j.1095-8649.1991.tb03089.x 

Buell, M., Drouillard K. & Metcalfe C. 2016. Ecotoxicological risks from PAHs 

released from contaminated sediments in Owen Sound Bay, ON, Canada. 

Trent University, Peterborough. 

Camp, E.V., Larkin, S.L., Ahrens, R.N.M. & Lorenzen, K. 2017. Trade-offs between 

socioeconomic and conservation management objectives in stock 

enhancement of marine recreational fisheries. Fisheries Research 186: 446-

459. https://doi.org/10.1016/j.fishres.2016.05.031 

Camp, E.V., Lorenzen, K., Ahrens, R.N.M. & Allen, M.S. 2014. Stock 

enhancement to address multiple recreational fisheries objectives: An 

integrated model applied to red drum Sciaenops ocellatus in Florida. Journal 

of Fish Biology 85: 1868-1889. https://doi.org/10.1111/jfb.12548 

Casselman, J.M., Collins, J.J., Crossman, E.J., Ihssen, P.E. & Spangler, G.R. 1981. 

Lake whitefish (Coregonus clupeaformis) stocks of the Ontario waters of 

Lake Huron. Canadian Journal of Fisheries and Aquatic Sciences 38: 1772-

1789. https://doi.org/10.1139/f81-225 

Claramunt, R.M., Muir, A.M., Sutton, T.M., Peeters, P.J., Ebener, M.P., 

Fitzsimons, J.D. & Koops, M.A. 2010. Measures of larval lake whitefish 

length and abundance as early predictors of year-class strength in Lake 

Michigan. Journal of Great Lakes Research 36: 84-91. 

https://doi.org/10.1016/j.jglr.2010.02.005 

Cleland, C.E. 1982. The inland shore fishery of the northern Great Lakes: Its 

development and importance in prehistory. American Equity 47: 761-784. 

https://www.jstor.org/stable/280281 

Cooke, S.L. 2016. Anticipating the spread and ecological effects of invasive 

bigheaded carps (Hypophthalmichthys spp.) in North America: A review of 

modeling and other predictive studies. Biological Invasions 18: 315-344. 

http://dx.doi.org/10.1007/s10530-015-1028-7 

Corcoran, P.L. 2015. Benthic plastic debris in marine and fresh water 

environments. Environmental Science Processes & Impacts 17: 1363-1369. 

DOI: 10.1039/C5EM00188A 

https://doi.org/10.1016/j.jenvman.2008.12.001
https://doi.org/10.1111/j.1095-8649.1991.tb03089.x
https://doi.org/10.1016/j.fishres.2016.05.031
https://doi.org/10.1111/jfb.12548
https://doi.org/10.1139/f81-225
https://doi.org/10.1016/j.jglr.2010.02.005
https://www.jstor.org/stable/280281
http://dx.doi.org/10.1007/s10530-015-1028-7


COSEWIC 2005. COSEWIC assessment and update status report on the lake 

whitefish (Lake Simcoe population) Coregonus clupeaformis in Canada. 

Committee on the Status of Endangered Wildlife in Canada. Ottawa. vii + 36 

pp. www.sararegistry.gc.ca/status/status_e.cfm 

Crawford, S. S. 2001. Salmonine introductions to the Laurentian Great Lakes: An 

historical review and evaluation of ecological effects. NRC Research Press. 

Cudmore, B. & Wright, J. 2017. Fisheries and Oceans Canada’s Great Lakes 

Aquatic Invasive Species Workshop Summary Report. Department of 

Fisheries and Oceans Canada, Burlington, 2017. 

Cudmore, B., N.E. Mandrak, J. Dettmers, D.C. Chapman, and C.S. Kolar 2012. 

Binational Ecological Risk Assessment of Bigheaded Carps 

(Hypophthalmichthys spp.) for the Great Lakes Basin. DFO Can. Sci. Advis. 

Sec. Res. Doc. 2011/114. vi + 57 p. 

http://publications.gc.ca/collections/collection_2013/mpo-dfo/Fs70-5-

2011-114-eng.pdf 

Dellinger, J.A., Meyers, R.M., Gebhardt, K.J. & Hansen, L.K. 1996. The Ojibwa 

health study: Fish residue comparisoms for Lakes Superior, Michigan, and 

Huron. Toxicology and Industrial Health 12: 393-402. 

https://doi.org/10.1177/074823379601200311 

Dove, A. & Chapra, S.C. 2015. Long-term trends of nutrients and trophic 

response variables for the Great Lakes. Limnology and Oceanography 60: 

696-721. https://doi.org/10.1002/lno.10055 

Ebener, M.P., Kinnunen, R.E. Schneeberger, P.J., Mohr, L.C., Hoyle, J.A. & Peters, 

P. 2008. Management of commercial fisheries for lake whitefish in the 

Laurentian Great Lakes of North America. In: Schecter, M.G., Taylor, W.W., 

Leonard, N.J. (Eds.), International Governance of Fisheries Ecosystems: 

Learning From the Past, Finding Solutions for the Future. 

https://www.michiganseagrant.org/downloads/research/journals/08-

310.pdf 

Escobar, L.E., Mallez, S., McCartney, M., Lee, C., Zielinski, D.P., Ghosal, R., Bajer, 

P.G., Wagner, C., Nash, B., Tomamichel, M., Venturelli, P., Mathai, P.P., 

Kokotovich, A., Escobar-Dodero, J. & Phelps, N.B.D. 2018. Aquatic invasive 

species int eh Great Lakes Region: An overview. Reviews in Fisheries Science 

& Aquaculture 26: 121-138. 

https://doi.org/10.1080/23308249.2017.1363715 

http://www.sararegistry.gc.ca/status/status_e.cfm
http://publications.gc.ca/collections/collection_2013/mpo-dfo/Fs70-5-2011-114-eng.pdf
http://publications.gc.ca/collections/collection_2013/mpo-dfo/Fs70-5-2011-114-eng.pdf
https://doi.org/10.1177/074823379601200311
https://doi.org/10.1002/lno.10055
https://www.michiganseagrant.org/downloads/research/journals/08-310.pdf
https://www.michiganseagrant.org/downloads/research/journals/08-310.pdf
https://doi.org/10.1080/23308249.2017.1363715


Evans, D.O. & Waring, P. 1987. Changes in the multispecies, winter angling 

fishery of Lake Simcoe, Ontario, 1961-83: Invasion by rainbow smelt, 

Osmerus mordax, and the roles of intra- and interspecific interactions. 

Canadian Journal of Fisheries and Aquatic Sciences 44: 182-197. 

https://doi.org/10.1139/f87-322 

Fera, S.A., Rennie, M.D. & Dunlop, E.S. 2015. Cross-basin analysis of long-term 

trends in the growth of lake whitefish in the Laurentian Great Lakes. Journal 

of Great Lakes Research 41: 1138-1149. 

http://dx.doi.org/10.1016/j.jglr.2015.08.010 

Fischer, J.L., Pritt, J.J., Roseman, E.F., Prichard, C.G., Craig, J.M., Kennedy, G.W. 

& Manny, B.A. 2018. Lake sturgeon, lake whitefish and walleye egg 

deposition patterns with response to fish spawning substrate restoration in 

the St. Clair-Detroit River System. Transactions of the American Fisheries 

Society 147: 79-93. https://doi.org/10.1002/tafs.10016 

Fish ON-Line. 2019. Ontario Ministry of Natural Resources and Forestry. 

https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=Fish

ONLine&viewer=FishONLine&locale=en-US 

Framework agreement between between the Chippewas of Nawash Unceded 

First Nation and Saugeen First Nation and Her Majesty the Queen in Right 

of Ontario as represented by the Minister of Natural Resources (MNR), Aug. 

10, 2011. 

Freeberg, M.H., Taylor, W.W. & Brown, R.W. 1990. Effect of egg and larval 

survival on year-class strength of lake whitefish in Grand Traverse Bay, Lake 

Michigan. Transactions of the American Fisheries Society 119: 92-100. 

http://dx.doi.org/10.1577/1548-8659(1990)1192.3.CO;2 

Frieswyk, C.B. & Zedler, J.B. 2007. Vegetation change in the Great Lakes coastal 

wetlands: Deviation from the historical cycle. Journal of Great Lakes 

Research 33: 336-380. https://doi.org/10.3394/0380-

1330(2007)33[366:VCIGLC]2.0.CO;2 

Gadgil, M., Berkes, F. & Folke, C. 1993. Indigenous knowledge for biodiversity 

conservation. Ambio 22: 151-156. https://www.jstor.org/stable/4314060 

Gandhi, N., Gewurtz, S.B., Drouillard, K.G., Kolic, T., MacPherson, K.A., Reiner, 

E.J. & Bhavsar, S.P. 2017. Polybrominated diphenyl ethers (PBDEs) in Great 

Lakes fish: Levels, patterns, trends and implications for human exposure. 

Science of the Total Environment 576: 907-916. 

http://dx.doi.org/10.1016/j.scitotenv.2016.10.043 

https://doi.org/10.1139/f87-322
http://dx.doi.org/10.1016/j.jglr.2015.08.010
https://doi.org/10.1002/tafs.10016
https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=FishONLine&viewer=FishONLine&locale=en-US
https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=FishONLine&viewer=FishONLine&locale=en-US
http://dx.doi.org/10.1577/1548-8659(1990)1192.3.CO;2
https://doi.org/10.3394/0380-1330(2007)33%5b366:VCIGLC%5d2.0.CO;2
https://doi.org/10.3394/0380-1330(2007)33%5b366:VCIGLC%5d2.0.CO;2
https://www.jstor.org/stable/4314060
http://dx.doi.org/10.1016/j.scitotenv.2016.10.043


Gandhi, N., Gewurtz, S.B., Drouillard, K.G., Kolic, T., MacPherson, K.A., Reiner, 

E.J. & Bhavsar, S.P. 2017. Dioxins in Great Lakes fish: Past, present and 

implications for future monitoring. Chemosphere 222: 479-488. 

https://doi.org/10.1016/j.chemosphere.2018.12.139 

Garlock, T.M., Camp, E.V. & Lorenzen, K. 2017. Using fisheries modeling to 

assess candidate species for marine fisheries enhancement. Fisheries 

Research 186: 460-467. http://dx.doi.org/10.1016/j.fishres.2016.08.024 

Gerstenberger, S. & Dellinger, J.A. 2002. PCBs, mercury, and organochlorine 

concentrations in lake trout, walleye, and whitefish from selected tribal 

fisheries in the Upper Great Lakes Region. Environmental Toxicology 17: 

513-519. https://doi.org/10.1002/tox.10092 

Gillis, Dan. 2011. Total allowable catch estimation. University of Guelph. 

Gobin, J., Lester, N.P., Cottrill, A., Fox, M.G. & Dunlop, E.S. 2015. Trends in 

growth and recruitment of Lake Huron lake white fish during a period of 

ecosystem change, 1985 to 2012. Journal of Great Lakes Research 41: 405-

414. http://dx.doi.org/10.1016/j.jglr.2015.03.003 

Gobin, J., Lester, N.P., Fox, M.G. & Dunlop, E.S. 2016. Effects of changes in 

density-dependent growth and recruitment on sustainable harvest of lake 

whitefish. Journal of Great Lakes Research 42: 871-882. 

http://dx.doi.org/10.1016/j.jglr.2016.05.003 

Gobin, J., Lester, N.P., Fox, M.G. & Dunlop, E.S. 2018. Ecological change alters 

the evolutionary response to harvest in a freshwater fish. Ecological 

Applications 28: 2175-2186. https://doi.org/10.1002/eap.1805 

Golder Associates Ltd. 2017. Bruce Power environmental quantitative risk 

assessment. B-REP-03443-29Jun2017-01.  

Gorsky, D. & Zydlewski, J. 2013. Experimental evaluation of size-dependent 

predation by adult post-spawned rainbow smelt on larval lake whitefish. 

North American Journal of Fisheries Management 33: 163-169. 

http://dx.doi.org/10.1080/02755947.2012.750632 

Graham, C.F., Eberts, R.L., Morgan, T.D., Boreham, D.R., Lance, S.L., Manzon, 

R.G., Martino, J.A., Rogers, S.M., Wilson, J.Y. and Somers, C.M. 2016. Fine-

scale ecological and genetic population structure of two whitefish 

(Coregoninae) species in the vicinity of industrial thermal emissions. PLoS 

ONE 11: e0146656. https://doi.org/10.1371/journal.pone.0146656 

https://doi.org/10.1016/j.chemosphere.2018.12.139
http://dx.doi.org/10.1016/j.fishres.2016.08.024
https://doi.org/10.1002/tox.10092
http://dx.doi.org/10.1016/j.jglr.2015.03.003
http://dx.doi.org/10.1016/j.jglr.2016.05.003
https://doi.org/10.1002/eap.1805
http://dx.doi.org/10.1080/02755947.2012.750632
https://doi.org/10.1371/journal.pone.0146656


Greenwood, M.F.D. 2008. Fish mortality by impingement on the cooling-water 

intake screens of Britain’s largest direct-cooled power station. Marine 

Pollution Bulletin 56: 723-739. 

https://doi.org/10.1016/j.marpolbul.2007.12.008 

Guttiérrez, N.L., Hillborn, R. & Defeo, O. 2011. Leadership, social capital and 

incentives promote successful fisheries. Nature 470: 386-389. 

https://doi.org/10.1038/nature09689 

Happel, A., Jonas, J.L., McKenna, P.R., Rinchard, J., He, J.X. & Czesny, S.J. 2018. 

Spatial variability of lake trout diets in Lakes Huron and Michigan revealed 

by stomach content and fatty acid profiles. Canadian Journal of Fisheries 

and Aquatic Sciences 75: 95-105. https://doi.org/10.1139/cjfas-2016-0202 

Hazelton, E.L.G., Mozdzer, T.J., Burdick, D.M., Kettenring, K.M. & Whigham, D.F. 

2014. Phragmites australis management in the United States: 40 years of 

methods and outcomes. AoB PLANTS 6: plu001. 

https://doi.org/10.1093/aobpla/plu001 

Hecky, R.E., Smith, R.E.H., Barton, D.R., Guildford, S.J., Taylor, W.D., Charlton, 

M.N. & Howell, T. 2004. The nearshore phosphorus shunt: A consequence 

of ecosystem engineering by dreissenids in the Laurentian Great Lakes. 

Canadian Journal of Fisheries and Aquatic Sciences 61: 1285-1293. 

https://doi.org/10.1139/f04-065 

Higgins, S.N. & Vander Zanden, M.J. 2010. What a difference a species makes: A 

meta-analysis of dreissenid mussel impacts on freshwater ecosystems. 

Ecological Monographs 80: 179-196. https://doi.org/10.1890/09-1249.1 

Hoyle, J.A., Johannsson, O.E. & Bowen, K.L. 2011. Larval lake whitefish 

abundance, diet and growth and their zooplankton prey abundance during 

a period of ecosystem change on the Bay of Quinte, Lake Ontario. Aquatic 

Ecosystem Health & Management 14: 66-74. 

https://doi.org/10.1080/14634988.2011.548730 

Huang, Ronggui. 2018. RQDA: R-based Qualitative Data Analysis. R package 

version 0.3-1. http://rqda.r-forge.r-project.org. 

Hulme, P.E. 2006. Beyond control: Wider implications for the management of 

biological invasions. Journal of Applied Ecology 43: 835-847. 

https://doi.org/10.1111/j.1365-2664.2006.01227.x 

Jones, Michael. 2018. Lake Huron lake whitefish assessment and TAC setting: 

Advice from the Quantitative Fisheries Center. Michigan State University.  

https://doi.org/10.1016/j.marpolbul.2007.12.008
https://doi.org/10.1038/nature09689
https://doi.org/10.1139/cjfas-2016-0202
https://doi.org/10.1093/aobpla/plu001
https://doi.org/10.1139/f04-065
https://doi.org/10.1890/09-1249.1
https://doi.org/10.1080/14634988.2011.548730
http://rqda.r-forge.r-project.org/
https://doi.org/10.1111/j.1365-2664.2006.01227.x


Kao, Y.-C., Rogers, M.W. & Bunnel, D.B. 2018. Evaluating stocking efficacy in an 

ecosystem undergoing oligotrophication. Ecosystems 21: 600-618. 

https://doi.org/10.1007/s10021-017-0173-5 

Kerr, S.J. & Grant, R.E. 2000. Ecological impacts of fish introductions: Evaluating 

the risk. Fish and Wildlife Branch, Ontario Ministry of Natural Resources, 

Peterborough, Ontario. 473 p. 

https://mffp.gouv.qc.ca/faune/peche/ensemencement/Pdf/impacts-

ecologiques-en.pdf 

Kitada, S. 2017. Economic, ecological and genetic impacts of marine stock 

enhancement and sea ranching: A systematic review. Fish and Fisheries 19: 

511-532. https://doi.org/10.1111/faf.12271 

Kokotovich, A.E. & Andow, D.A. 2017. Exploring tensions and conflicts in 

invasive species management: The case of Asian carp. Environmental 

Science & Policy 69: 105-112. https://doi.org/10.1016/j.envsci.2016.12.016 

Kratzer, J.F., Taylor, W.W. & Turner, M. 2007. Changes in fecundity and egg lipid 

content of lake whitefish (Coregonus clupeaformis) in the Upper Laurentian 

Great Lakes between 1986-87 and 2003-05. Journal of Great Lakes Research 

33: 922-929. https://doi.org/10.3394/0380-

1330(2007)33[922:CIFAEL]2.0.CO;2 

Langseth, B.J. 2012. An assessment of harvest policies for a multi-species fishery 

in Lake Huron using a food-web model. Michigan State University, Doctoral 

Dissertation.  

Lasenby, T.A., Kerr, S.J. & Hooper, G.W. 2001. Lake whitefish culture and 

stocking: An annotated bibliography and literature review. Fish and Wildlife 

Branch, Ontario Ministry of Natural Resources. Peterborough, Ontario. 72p. 

+ appendices. 

http://www.ontla.on.ca/library/repository/mon/3000/10294113.pdf 

Lawler, G.H. 1965. Fluctuations in the success of year-classes of whitefish 

populations with special reference to Lake Erie. Fisheries Research Board of 

Canada: 22: 1197-1227. https://doi.org/10.1139/f65-106 

Loftus, D.H. & Hulsman, P.F. 1986. Predation on larval lake whitefish (Coregonus 

clupeaformis) and lake herring (C. artedii) by adult rainbow smelt (Osmerus 

mordax). Canadian Journal of Fisheries and Aquatic Sciences 43: 812-818. 

https://doi.org/10.1139/f86-100 

https://doi.org/10.1007/s10021-017-0173-5
https://mffp.gouv.qc.ca/faune/peche/ensemencement/Pdf/impacts-ecologiques-en.pdf
https://mffp.gouv.qc.ca/faune/peche/ensemencement/Pdf/impacts-ecologiques-en.pdf
https://doi.org/10.1111/faf.12271
https://doi.org/10.1016/j.envsci.2016.12.016
https://doi.org/10.3394/0380-1330(2007)33%5b922:CIFAEL%5d2.0.CO;2
https://doi.org/10.3394/0380-1330(2007)33%5b922:CIFAEL%5d2.0.CO;2
http://www.ontla.on.ca/library/repository/mon/3000/10294113.pdf
https://doi.org/10.1139/f65-106
https://doi.org/10.1139/f86-100


Lorenzen, K. 2005. Population dynamics and potential of fisheries stock 

enhancement: Practical theory for assessment and policy analysis. 

Philosophical Transactions: Biological Sciences 360: 171-189. 

https://www.jstor.org/stable/30040885 

Lorenzen, K. 2014. Understanding and managing enhancements: Why fisheries 

scientists should care. Journal of Fish Biology 85: 1807-1829. 

https://doi.org/10.1111/jfb.12573 

Lorenzen, K., Amarasinghe, U.S., Bartley, D.M., Bell, J.D., Bilio, M., de Silva, S.S., 

Garaway, C.J., Harmann, W.D., Kapetsky, J.M., Laleye, P., Moreau, J. 

Sugunan, V.V. & Swar, D.B. 2001. Strategic review of enhancements and 

culture-based fisheries. In R.P. Subasinghe, P. Bueno, M.J. Philips, C. Hough 

& S.E. McGladdery (Eds). Aquaculture in the Third Millennium. Technical 

Proceedings of the Conference on Aquaculture in the Third Millennium, 

Bangkok, Thailand, 20-25 February 2000. pp. 221-237. 

http://www.fao.org/3/ab412e/ab412e11.htm 

Lorenzen, K., Beveridge, M.C.M. & Mangel, M. 2012. Cultured fish: Integrative 

biology and management of domestication and interactions with wild fish. 

Biological Reviews 87: 639-660. https://doi.org/10.1111/j.1469-

185X.2011.00215.x 

Lowitt, K., Johnston-Weiser, D., Lauzon, R., & Hickey, G. M. 2018. On food 

security and access to fish in the Saugeen Ojibway Nation, Lake Huron, 

Canada. Journal of Great Lakes Research 44: 174-183. 

https://doi.org/10.1016/j.jglr.2017.10.009 

Lukšienė, D. & Sandström. 1994. Reproductive disturbance in a roach (Rutilus 

rutilus) population affected by cooling water discharge. Journal of Fish 

Biology 45: 613-625. https://doi.org/10.1111/j.1095-8649.1994.tb00928.x 

Lukšienė, D. Sandström, O., Lounasheimo, L. & Andersson, J. 2000. The effects 

of thermal effluent exposure on the gametogenesis of female fish. Journal 

of Fish Biology 56: 37-50. https://doi.org/10.1111/j.1095-

8649.2000.tb02085.x 

Lynch, A.J., Taylor, W.W., Bear, T.D. Jr. & Lofgren, B.M. 2015. Climate change 

projections for lake whitefish (Coregonus clupeaformis) recruitment in the 

1836 treaty waters of the Upper Great Lakes. Journal of Great Lakes 

Research 41: 415-422. https://doi.org/10.1016/j.jglr.2015.03.015 

https://www.jstor.org/stable/30040885
https://doi.org/10.1111/jfb.12573
http://www.fao.org/3/ab412e/ab412e11.htm
https://doi.org/10.1111/j.1469-185X.2011.00215.x
https://doi.org/10.1111/j.1469-185X.2011.00215.x
https://doi.org/10.1016/j.jglr.2017.10.009
https://doi.org/10.1111/j.1095-8649.1994.tb00928.x
https://doi.org/10.1111/j.1095-8649.2000.tb02085.x
https://doi.org/10.1111/j.1095-8649.2000.tb02085.x
https://doi.org/10.1016/j.jglr.2015.03.015


MacNeil, M.A. & Cinner, J.E. 2013. Hierarchical livelihood outcomes among co-

managed fisheries. Global Environmental Change 23: 1393-1401. 

http://dx.doi.org/10.1016/j.gloenvcha.2013.04.003 

Martin, N.V. 1954. Catch and winter food of lake trout in certain Algonquin Park 

Lakes. Journal of the Fisheries Research Board of Canada 11: 5-10. 

https://doi.org/10.1139/f54-002 

McCullough, A.B. 1987. Commercial fishing on the Great Lakes: Resource 

management and technological efficiency. Canadian Journal of the History 

of Science, Technology, and Medicine 11: 3-18. 

https://doi.org/10.7202/800242ar 

Molony, B.W., Lenanton, R., Jackson, G. & Norriss, J. 2005. Stock enhancement 

as a fisheries management tool. Reviews in Fish Biology and Fisheries 13: 

409-432.  

Morbey, Y.E., Vascotto, K. & Shuter, B.J. 2007. Dynamics of piscivory by lake 

trout following a smallmouth bass invasion: A historical reconstruction. 

Transactions of the American Fisheries Society 136: 477-483. 

https://doi.org/10.1577/T06-070.1 

Moyle, P.B & Israel, J.A. 2005. Untested assumptions: Effectiveness of screening 

diversions for conservation of fish populations. Fisheries 30: 20-28. 

https://doi.org/10.1577/1548-8446(2005)30[20:UA]2.0.CO;2 

Mueller, C.A., Eme, J., Manxon, R.G., Somers, C.M., Boreham, D.R. & Wilson, J.Y. 

2015. Embryonic critical windows: Changes in incubation temperature alter 

survival, hatchling phenotype, and cost of development in lake whitefish 

(Coregonus clupeaformis). Journal of Comparative Physiology B 185: 315-

331. https://doi.org/10.1007/s00360-015-0886-8 

Natcher, D.C., Davis, S. & Hickey, C.G. 2005. Co-management: Managing 

relationships, not resources. Human Organization 64: 240-250. 

https://www.jstor.org/stable/44127318 

Nester, R.T. & Poe, T.P. 1984. Predation on lake whitefish eggs by longnose 

suckers. Journal of Great Lakes Research 10: 327-328. 

https://doi.org/10.1016/S0380-1330(84)71846-6 

Newbold, S.C. & Iovanna, R. 2007. Populatiom level impacts of cooling water 

withdrawls on harvested fish stocks. Environmental Science & Technology 

41: 2108-2114. https://doi.org/10.1021/es060812g 

http://dx.doi.org/10.1016/j.gloenvcha.2013.04.003
https://doi.org/10.1139/f54-002
https://doi.org/10.7202/800242ar
https://doi.org/10.1577/T06-070.1
https://doi.org/10.1577/1548-8446(2005)30%5b20:UA%5d2.0.CO;2
https://doi.org/10.1007/s00360-015-0886-8
https://www.jstor.org/stable/44127318
https://doi.org/10.1016/S0380-1330(84)71846-6
https://doi.org/10.1021/es060812g


Noatch, M.R. & Suski, C.D. 2012. Non-physical barriers to deter fish movements. 

Environmental Reviews 20: 71-82. https://doi.org/10.1139/a2012-001 

Nunn, A.D., Tewson, L.H. and Cowx, I.G. 2012. The foraging ecology of larval and 

juvenile fishes. Reviews in Fish Biology and Fisheries 22: 377-408. 

http://dx.doi.org/10.1007/s11160-011-9240-8 

Olsson, P., Folke, C. & Berkes, F. 2004. Adaptive comanagement for building 

resilience in social-ecological systems. Environmental Management 34: 75-

90. https://doi.org/10.1007/s00267-003-0101-7 

Ontario Ministry of Natural Resources and Forestry. Fish ON-Line. 

https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=Fish

ONLine&viewer=FishONLine&locale=en-US 

Ontario Ministry of Natural Resources and Forestry. 2018. Lake Huron 

Commercial Fishing Summary for 2017. Upper Great Lakes Management 

Unit, Owen Sound. 

Patrick, P.H., Chen, E., Parks, J. Powell, J., Poulton, J.S. & Fietsch C. 2013. Effects 

of fixed and fluctuating temperature on hatch of round whitefish and lake 

whitefish eggs. North American Journal of Fisheries Management 33: 1091-

1099. https://doi.org/10.1080/02755947.2013.824937 

Pinkerton, E.W. 1994. Local fisheries co-management: A review of international 

experiences and their implications for salmon management in British 

Columbia. Canadian Journal of Fisheries and Aquatic Sciences 51: 2363-

2378. https://doi.org/10.1139/f94-238 

Plummer, R. & FitzGibbon, J. 2006. People matter: The importance of social 

capital in the co-management of natural resources. Natural Resources 

Forum 30: 51-62. https://doi.org/10.1111/j.1477-8947.2006.00157.x 

Rennie, M.D., Sprules, G. & Johnson, T.B. 2009. Resource switching in fish 

following a major food web disruption. Oecologia 159: 789-802. doi: 

10.1007/s00442-008-1271-z 

Rennie, M.D., Sprules, G. & Johnson, T.B. 2009b. Factors affecting the growth 

and condition of lake whitefish (Coregonus clupeaformis). Canadian Journal 

of Fisheries and Aquatic Sciences 66: 2096-2108. 

https://doi.org/10.1139/F09-139 

Rennie, M.D., Weidel, B.C., Claramunt, R.M. & Dunlop, E.S. 2015. Changes in 

depth occupied by Great Lakes lake whitefish populations and the influence 

https://doi.org/10.1139/a2012-001
http://dx.doi.org/10.1007/s11160-011-9240-8
https://doi.org/10.1007/s00267-003-0101-7
https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=FishONLine&viewer=FishONLine&locale=en-US
https://www.gisapplication.lrc.gov.on.ca/FishONLine/Index.html?site=FishONLine&viewer=FishONLine&locale=en-US
https://doi.org/10.1080/02755947.2013.824937
https://doi.org/10.1139/f94-238
https://doi.org/10.1111/j.1477-8947.2006.00157.x
https://link.springer.com/article/10.1007/s00442-008-1271-z
https://link.springer.com/article/10.1007/s00442-008-1271-z
https://doi.org/10.1139/F09-139


of survey design. Journal of Great Lakes Research 41: 1150-1161. 

http://dx.doi.org/10.1016/j.jglr.2015.09.014 

Roseman, E.F., Kennedy, G.W., Boase, J., Manny, B.A., Todd, T.N. & Stott, W. 

2007. Evidence of lake whitefish spawning in the Detroit River: Implications 

for Habitat and Population Recovery. Journal of Great Lakes Research 33: 

397-406. https://doi.org/10.1016/S0380-1330(07)70064-3 

Roseman, E.F., Schaeffer, J.S., Bright, E. & Fielder, D.G. 2014. Angler-caught 

piscivore diets reflect fish community changes in Lake Huron. Transactions 

of the American Fisheries Society 143: 1419-1433. 

https://doi.org/10.1080/00028487.2014.945659 

Ryan, K. 2012. Distribution and abundance of larval lake whitefish (Coregonus 

clupeaformis) in Stokes Bay, Lake Huron. University of Guelph, Master’s 

Thesis.   

Ryan, K. 2019. SON Coastal Waters Environmental Monitoring Program. 

Saugeen Ojibway Nation Environment Office, Neyaashiingmiing. 

R. v. Jones, 1993 CanLII 8684 (ON SC). http://canlii.ca/t/g128h 

Sandström, O., Abrahamsson, I., Andersson, J. & Vetemaa, M. 1997. 

Temperature effects on spawning and egg development in Eurasian perch. 

Journal of Fish Biology 51: 1015-1024. https://doi.org/10.1111/j.1095-

8649.1997.tb01540.x 

Shen, L., Reiner, E.J., MacPherson, K.A., Kolic, T.M., Sverko, E., Helm, P.A., 

Bhavsar, S.P., Brindle, I.D. & Marvin, C.H. 2010. Identification and screening 

analysis of halogenated norbornene flame retardants in the Laurentian 

Great Lakes: Dechloranes 602, 603, 604. Environmental Science & 

Technology 44: 760-766. https://doi.org/10.1021/es902482b 

Siefkes, M.J. 2017. Use of physiological knowledge to control the invasive sea 

lamprey (Petromyzon marinus) in the Laurentian Great Lakes. Conservation 

Physiology 5: cox031. https://doi.org/10.1093/conphys/cox031 

Smith, S.H. 1972. Factors of ecological succession in oligotrophic fish 

communities of the Laurentian Great Lakes. Journal of the Fisheries 

Research Board of Canada 29: 717-730. https://doi.org/10.1139/cjfas-2017-

0571 

Stott, W., VanDeHey, J.A. & Sloss, B.L. 2010. Genetic diversity of lake whitefish 

in lakes Michigan and Huron; sampling, standardization and research 

http://dx.doi.org/10.1016/j.jglr.2015.09.014
https://doi.org/10.1016/S0380-1330(07)70064-3
https://doi.org/10.1080/00028487.2014.945659
http://canlii.ca/t/g128h
https://doi.org/10.1111/j.1095-8649.1997.tb01540.x
https://doi.org/10.1111/j.1095-8649.1997.tb01540.x
https://doi.org/10.1021/es902482b
https://doi.org/10.1093/conphys/cox031
https://doi.org/10.1139/cjfas-2017-0571
https://doi.org/10.1139/cjfas-2017-0571


priorities. Journal of Great Lakes Research 36: 59-65. 

https://doi.org/10.1016/j.jglr.2010.01.004 

Substantive commercial fishing agreement between between the Chippewas of 

Nawash Unceded First Nation and Saugeen First Nation and Her Majesty 

the Queen in Right of Ontario as represented by the Minister of Natural 

Resources (MNR), Feb. 25, 2013. 

Suski, C.D. & Cooke, S.J. 2007. Conservation of aquatic resources through the 

use of freshwater protected areas: opportunities and challenges. 

Biodiversity Conservation 16: 2015-2029. 

http://dx.doi.org/10.1007/s10531-006-9060-7 

Taft, E.P. 2000. Fish protection technologies: A status report. Environmental 

Science & Policy 3: S349-S359. https://doi.org/10.1016/S1462-

9011(00)00038-1 

Taylor, W.W., Smale, M.A. & Freeberg, M.H. 1987. Biotic and abiotic 

determinants of lake whitefish (Coregonus clupeaformis) recruitment in 

northeastern Lake Michigan. Canadian Journal of Fisheries and Aquatic 

Sciences. 44: 313-323. https://doi.org/10.1139/f87-333 

Thome, C., Mitz, C., Somers, C.M., Manzon, R.G., Boreham, D.R. & Wilson, J.Y. 

2016. Incubation of lake whitefish (Coregonus clupeaformis) embryons in 

cooling water discharge and the impacts of fluctuating thermal regimes on 

development. Canadian Journal of Fisheries and Aquatic Sciences 73: 1213-

1221. https://doi.org/10.1139/cjfas-2015-0286 

Thome, C., Mitz, C., Sreetharan, S., Mitz, C., Somers, C.M., Manzon, R.G., 

Boreham, D.R. & Wilson, J.Y. 2017. Developmental effects of the industrial 

cooling water additives morpholine and sodium hypochlorite on lake 

whitefish (Coregonus clupeaformis). Environmental Toxicology and 

Chemistry 36: 1955-1965. https://doi.org/10.1002/etc.3727 

Trebitz, A.S. & Taylor, D.L. 2007. Exotic and invasive aquatic plants in Great 

Lakes coastal wetlands: Distribution and relation to watershed land use and 

plant richness and cover. Journal of Great Lakes Research 33: 705-721. 

https://doi.org/10.3394/0380-1330(2007)33[705:EAIAPI]2.0.CO;2 

Vanderploeg, H.A., Liebig, J.R., Nalepa, T.F., Fahnenstiel, G.L. & Pothoven, S.A. 

2010. Dreissena and the disappearance of the spring phytoplankton bloom 

in Lake Michigan. Journal of Great Lakes Research 36: 50-59. 

https://doi.org/10.1016/j.jglr.2010.04.005 

https://doi.org/10.1016/j.jglr.2010.01.004
http://dx.doi.org/10.1007/s10531-006-9060-7
https://doi.org/10.1016/S1462-9011(00)00038-1
https://doi.org/10.1016/S1462-9011(00)00038-1
https://doi.org/10.1139/f87-333
https://doi.org/10.1139/cjfas-2015-0286
https://doi.org/10.1002/etc.3727
https://doi.org/10.3394/0380-1330(2007)33%5b705:EAIAPI%5d2.0.CO;2
https://doi.org/10.1016/j.jglr.2010.04.005


Verma, A.K., Pal, A.K., Manush, S.M., Das, T., Dalvi, R.S., Chandrachoodan, P.P., 

Ravi, P.M. & Apte, S.K. 2007. Persistent sub-lethal chlorine exposure 

augments temperature induced immunosuppression in Cyprinus carpio 

advanced fingerlings. Fish & Shellfish Immunology 22: 547-555. 

https://doi.org/10.1016/j.fsi.2006.08.001 

Verma, A.K., Pal, A.K., Manush, S.M., Das, T., Dalvi, R.S., Chandrachoodan, P.P., 

Ravi, P.M. & Apte, S.K. 2007b. Persistent sub-lethal chlorine exposure elicits 

the temperature induced stress response in Cyprinus carpio early 

fingerlings. Pesticide Biochemistry and Physiology 87: 229-237. 

https://doi.org/10.1016/j.pestbp.2006.08.001 

Wattigney, W.A., Irvin-Barnwell, E., Li, Z., Davis, S.I., Manente, S., Maqsood, J., 

Scher, D., Messing, R., Schuldt, N., Hwang, S., Aldous, K.M., Lewis-Michl, E.L. 

& Ragin-Wilson, A. 2019. Biomonitoring programs in Michigan, Minnesota 

and New York to assess human exposure to Great Lakes contaminants. 

International Journal of Hygiene and Environmental Health 222: 125-135. 

https://doi.org/10.1016/j.ijheh.2018.08.012 

Workshop Proceedings. 2018. Developing research priorities for lake whitefish 

in the Upper Great Lakes: Results of a workshop sponsored by the Great 

Lakes Fishery Trust and Great Lakes Fishery Commission. Michigan State 

University. 

http://www.glfc.org/pubs/clc/whitefish/2018%20Whitefish%20Workshop%

20Proceedings.pdf 

Wright, G.M. & Ebener, M.P., 2005. Potential effects of dietary lipid reduction 

on growth and reproduction of lake whitefish in northern Lake Michigan. 

Advances in Limnology 60: 300-330. 

Wynia, A. 2019. Fish and invertebrate use of invasive Phragmites in a Great 

Lakes freshwater delta. Trent University, Master’s Thesis.   

Zbyszewski, M. & Corcoran, P.L. 2011. Distribution and degradation of fresh 

water plastic particles along the beaches of Lake Huron, Canada. Water, Air, 

& Soil Pollution 220: 365-372. https://doi.org/10.1007/s11270-011-0760-6 

Zhang, H., Rutherford, E.S., Mason, D.M., Breck, J.T., Wittman, M.E., Cooke, 

R.M., Lodge, D.M., Rothlisberger, J.D., Zhu, X. & Johnson, T.B. 2016. 

Forecasting the impacts of silver and bighead carp on the Lake Erie food 

web. Transactions of the American Fisheries Society 145: 136-162. 

https://doi.org/10.1080/00028487.2015.1069211 

https://doi.org/10.1016/j.fsi.2006.08.001
https://doi.org/10.1016/j.pestbp.2006.08.001
https://doi.org/10.1016/j.ijheh.2018.08.012
http://www.glfc.org/pubs/clc/whitefish/2018%20Whitefish%20Workshop%20Proceedings.pdf
http://www.glfc.org/pubs/clc/whitefish/2018%20Whitefish%20Workshop%20Proceedings.pdf
https://doi.org/10.1007/s11270-011-0760-6
https://doi.org/10.1080/00028487.2015.1069211


Zischke, M.T,, Bunnel, D.B., Troy, C.D., Berglund, E.K., Caroffino, D.C., Ebener, 

M.P., He, J.X., Sitar, S.P. & Höök, T.O. 2017. Asynchrony in the inter-annual 

recruitment of lake whitefish Coregonus clupeaformis in the Great Lakes 43: 

359-369. https://doi.org/10.1016/j.jglr.2017.01.007 

Zuccarino-Crowe, C.M., Taylor, W.W., Hansen, M.J., Seider, M.J. & Krueger, C.C. 

2016. Effects of lake trout refuges on lake whitefish and cisco in the Apostle 

Islands Region of Lake Superior. Journal of Great Lakes Research 42: 1092-

1101. http://dx.doi.org/10.1016/j.jglr.2016.07.011 

  

 

https://doi.org/10.1016/j.jglr.2017.01.007
http://dx.doi.org/10.1016/j.jglr.2016.07.011

