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Executive  
Summary
The moose are suffering due to colonialism. When we were young, we would see moose all the time, in lakes, 
crossing back roads, moving through the park. In winters, we would sometimes see them in packs of 14 or 
more. But over the last 15 years, Elders and Land users have noticed fewer moose on the territory and advised 
that something needs to be done. Our previous moose protection efforts led to a temporary moratorium on 
sport hunting in La Verendrye Wildlife Reserve (also referred to as La Verendrye park). 

The Anishnabe Moose Committee (AMC) is a grassroots committee made up of people from several different 
Anishnabe (Algonquin) communities in and around La Verendrye. We engage directly with our communities 
to protect the moose, our lands, and our culture. Our traditional governance framework requires that we 
work directly with our people to connect with our traditions and protect the moose and our lands. We do 
this by bringing communities together into discussions that generate grassroots, bottom-up solutions to 
important problems like the declining moose population. Through these gatherings, community-led research, 
and community-building rooted in our traditions, we are building awareness and capacity to develop a Moose 
Management Plan and, ultimately, reclaim our lands and empower our culture. Traditional governance is the 
way forward to better steward the land and the Moose. This report is the first phase of our work.

Our research project began in December 2021. Through the summer of 2022 we held community workshops 
with all nine of the Anishnabe (Algonquin) communities in and around the park. Through these workshops 
we gathered knowledge and observations about the moose from Elders, hunters and other land users and 
Knowledge Keepers. Throughout the project, we have been collaborating with Research for the Front Lines, 
who have coordinated teams of volunteers to work on other research tasks related to understanding the 
causes of decline in the territory.

Our research has found that the Moose are threatened by poor management of sport hunting and they are 
being over-hunted by sport hunters in La Verendrye and in the surrounding areas on Anishnabe territory. 
Over-hunting is produced through a combination of factors: too many sport hunters; improper hunting 
regulations that allow for the unbalanced killing of females, males, and calves; waste and poaching; and unfair 
technological advantages over the moose. The underlying cause of these factors is the government’s interest 
in generating revenue and its lack of holistic moose management. The consequences of these factors have 
produced a smaller and imbalanced population that cannot recover under current conditions. Additionally, 
enforcement by the provincial game wardens is discriminatory towards Indigenous people. Game wardens 
and other enforcement are not responsive to reports from Anishnabe people, which frequently go unanswered. 

The findings of this research phase have clearly demonstrated that multiple, compounding factors continue 
to exacerbate the moose herd health and population numbers. Analysis of the results of this study show two 
main drivers of change: deforestation and sport hunting. Logging and the associated forestry operations are 
responsible for immense moose habitat loss. Deforestation, heat accumulation, snow packing and winter 
tick resilience all negatively impact the winter survival rate and number of viable moose calves. In addition, 
deforestation decimates the biodiversity index at every level, which causes ecosystem repercussions for all 
species, including the moose. 

http://www.researchforthefrontlines.ca
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Climate change, disease, forestry operations and sport hunting all continue to drastically drive the moose 
population down.  In doing so they are leading to detrimental impacts on the food security and sovereignty 
of the Anishinabe people, in their own territory.  This is also unacceptable. Continuation of current practices 
constitutes violations of territory, species health and Anishinabe rights supported by UNDRIP.

If a moose population management plan is to see any success, and respect for the Anishinabe inhabitants 
of the territory is to be upheld - all forestry operations must cease immediately, the moratorium on the 
sport hunting of moose must continue to be enforced and a comprehensive, multi-method study that is co-
developed, co-implemented and informed by the knowledge of the Anishinabe people, must be a prerequisite.

We demand that the Quebec Government respect our rights as grassroots Anishnabe people to protect the 
moose; the moose that since time immemorial have provided for us. 
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Photo from Community Workshop, Sept 24-25 2022.

Photo provided by Waba Moko 



8   Anishnabe Knowledge and Governance for the Protection of Moose Populations in and around La Verendrye Park, Quebec

1. Introduction
1.1 Historical context
As our people are in the process of negotiating with the Quebec government about the extension of the 
moratorium on sports hunting in our territories, we need to acknowledge that this is all happening amidst a 
long history of colonialism, land theft and extractive development. Our communities have consistently faced 
settler government control, broken promises and unwanted industrial projects. 

The Elders have shared with us stories of historical agreements with colonial governments. Again and again, 
the agreements which we made with them were violated. 

Anishnabe Wampum Governance & Treaty

Elders explained that through the times of the fur trade, the times of the wars between the English and 
French, to who we were allied, our People began to observe resources becoming depleted, as they began to 
dig for gold and cut various trees. It became abundantly clear that inherent to the colonial presence was the 
extraction of our resources and destruction to our lands, waters and communities. In order to address this, an 
agreement was made and ratified through a wampum belt (see image). Through this treaty, it was agreed that 
they would not harvest more than one kind of tree and could not dig more than 3 feet deep in the ground - as 
long as the sun shines, the rivers flow, the leaves fall, and the wind blows. That is what the agreement said. 
We knew such limits would be necessary. But they violated that treaty, generation after generation, time and 
time again. Government and industry have been voraciously extracting resources from our territories, taking 
from our communities and lands and harming the moose, and offering very little in return. 

Photo provided by Waba Moko (Shannon Chief).

The Hudson Bay wampum belt. This treaty 
included environmental clauses that stated that 
settlers would not harvest more than one kind 
of tree or dig more than three feet deep. 

If the colonists had honored that agreement, we would not be having the profound ecological and climate 
crises we’re facing now. We would not be having trouble finding birch bark, accessing medicines, and feeding 
our People. That Wampum has been misinterpreted and misused in order to justify extraction on the territory.
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This kind of betrayal of agreements has happened again in the La Verendrye park, which is now the largest 
Wildlife Reserve in Quebec, with over 4,000 lakes and rivers and two huge hydro reservoirs. From the 1950s 
until the 1970s, La Verendrye park was a protected area. In 1964, the Quebec government began a pilot 
project. It was agreed with the community of Barriere Lake that this would be a five-year pilot project where 
they would open up the park for the hunting of moose. They said this would be for only five years. At the time 
of agreement, they agreed that non-Indigenous hunters would need to have an Anishnabe guide during their 
hunt. After five years, when the pilot project was supposed to end, Quebec changed its position. 

They now said that they meant five years of hunting bulls, followed by five years of hunting females and 
five years of hunting calves, thereby extending this “pilot project” to a total of 15 years, which was not the 
agreement the community of Barriere Lake had agreed to in 1964. At this point, Quebec also started to 
increase tourism, bringing in wealthy Americans to hunt and fish on the territory. They established a presence 
in La Verendrye. They established game wardens. During this time, they observed all the pine species, white 
birch, spruce, and poplar, and saw all the wealth within the park, including moose, foxes, rabbits, bears, 
partridges, beavers, wolves, walleye, northern pike, lake trout, bass, and sturgeon. By 1979, La Verendrye 
became a Reserve Faunique (“Wildlife Reserve”), which removes protections from forestry and hunting. In the 
early 1980s, Anishnabe guides were used as fishing and hunting guides but were dropped in the early 1990s. 
The original five-year pilot project agreement was violated. Clearly, Quebec had no intention of honoring that 
agreement and continuously encroached on La Verendrye in the following decades without the consent of the 
Anishnabe people.

Again and again, when agreements are made, the colonial powers disregard them and do what they want. 
This profoundly unjust relationship needs to end now.

Four wampum belts  
and one wampum 
string, the original 
Anishnabe governance. 
Wampum belts are a 
record of events and 
agreements made. 

Photo provided by Waba Moko (Shannon Chief). Unknown photographer. 
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1.2 Grassroots Momentum
The moose are suffering due to colonialism. When we were 
young, we would see moose all the time, in lakes, crossing back 
roads, moving through the park. In winters, we would sometimes 
see them in packs of 14 or more. But over the last 15 years, 
Elders and Land users have noticed less moose to be seen and 
advised that something needs to be done. Our previous moose 
protection efforts led to a temporary moratorium on sport 
hunting in the park. 

The Anishnabe Moose Committee (AMC) is a grassroots 
committee made up of people from several different Anishnabe 
communities near the La Verendrye Wildlife Reserve (also 
referred to as La Verendrye park). We engage directly with our 
communities to protect the moose, our lands, and our culture. 
Our traditional governance framework requires that we work 
directly with our people to connect with our traditions and protect 
the moose and our lands. We do this by bringing communities 
together into discussions that generate grassroots, bottom-
up solutions to important problems like the declining moose 
population. 

For us, the “grassroots” includes all people in our Nation as they 
live on the land and engage in community life. In our communities, 
sometimes the word grassroots refers to the many people living 
in their traditional territories who are not represented by the 
Tribal Councils (band councils) or whose lands are not included in 
the reserve system. These families steward lands that have been 
passed down since time immemorial—hereditary territories 
where people live, hunt, fish, trap, and take care of the land and 
the animals. These lands and the moose are under constant 
threat and are being taken up by colonial settlement, agriculture, 
logging, mining, and sport hunting. We engage with our people in 
these communities to protect the land and stand up for our rights  
and culture. 

The grassroots also includes people living on the reserves that were set up under the Indian Act, which 
are managed by the Tribal Councils. People living on reserve often rely on the Tribal Councils and related 
businesses for work, although many people from these communities are frequent land users too, and many 
people in these communities are starting to reawaken to the grassroots movements. Both on and off the 
reserves, there is widespread interest in reclaiming our rights, lands, traditional knowledge and land practices. 
Elders and youth from all over the territory are showing up to help figure out how to protect the moose and 
restore our governance.
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1.3 Grassroots-led Moose Management Plan 
The AMC’s work is to reunite our people using the Spider Governance system. As opposed to the Tribal 
Councils’ way of operating, Spider Governance requires that all our people gather regularly to share 
knowledge about the land, the moose, the other animals, and our relationships and obligations to them. 
Through these gatherings, community-led research, and community-building rooted in our traditions, we are 
building awareness and capacity to develop a Moose Management Plan and, ultimately, reclaim our lands and 
empower our culture. 

This report is the first phase of our work. Next, we will complete our next phase of developing an Anishnabe-led 
Moose Management Plan as this needs much more open discussions with provincial wildlife representatives 
in order to achieve a respectful agreement on a Moose Management Plan. This process will also be grounded 
in our own governance and will involve more gatherings, traditional meals, and ceremonies. Rather than 
us visiting all the communities, this phase will involve one big gathering during which all communities 
come together.We will hold land gatherings to engage with our communities and develop our own Moose 
Management Plan, which will essentially be a treaty relationship with the moose, a way to relearn and 
remake treaty relationships between our Nation, other Nations, and the Animal Nations. We need to relearn 
the purpose of wampum and of treaty within our Nation and with other Nations, and the moose is allowing us 
to begin this work. 

After extensive community meetings and the development of a Moose Management Plan, our work will 
involve implementing the plan and continuing with the community meetings as a long-term way of stewarding 
our lands and navigating the challenges we face in the future. Ultimately, our path forward depends on the 
will of the community. Spider Governance means consulting with the people, collectively, and developing a 
consensus about how to move forward. This work is never-ending. Our job is to listen to the people, seek 
consensus, and implement the solutions the people want. Already, important paths toward the development 
of a management plan are taking shape from the workshops. 

Photo provided by Waba Moko (Shannon Chief)

The Ottawa River Watershed is 
the traditional territory of the 
Anishnabe (Algonquin) people. 
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1.4 An overview of the research
Since December 2021, the Anishnabe Moose Research Committee has led this research project on the moose 
populations in and around La Verendrye park. At the heart of our work has been gathering observations 
about the moose from Elders, hunters and other land users and Knowledge Keepers in all the Anishnabe 
(Algonquin) communities. Our research findings presented in this report are grounded in local knowledge and 
the expertise of our People.  We have taken on this work because we are deeply concerned about the moose 
decline and the various stressors impacting the moose’s health and wellbeing. 

Throughout the project, we have been collaborating with Research for the Front Lines, a network of 
researchers donating their time and labor in allyship and solidarity with communities and movements on the 
frontlines of the fight for environmental and climate justice in so-called Canada. We have been collaborating 
with the Small Change Fund to raise money to cover the research expenses. 

The following have been our goals that have guided the research:

• To gather information about the current state of moose populations in and around La Verendrye park, 
including the possible causes of decline.

• To ground this work in Indigenous Knowledge and Indigenous research methods, bringing in Western 
science methods when useful.

• The information we gather will be used to: 

• Inform decision-making about the extension of the Moratorium on sport hunting of the moose

• Support the creation of an Anishnabe-led moose management plan

• Overall, we seek to protect the moose and our food sovereignty and to bring our communities together.

The research has involved the following threads:

Literature Review. To begin the project, over the winter of 2021-22, we conducted a thorough literature review 
to learn about what is already known about the state of moose populations across Canada and to better 
understand what western and Indigenous Knowledge has already discovered about the causes of moose 
declines. You can find the full literature review report here and in Appendix 1.

Gathering community knowledge. Through the summer of 2022, we have led Community Workshops across 
the territories to learn from Elders, Hunters and Knowledge Keepers and Youth about their observations of 
the state of moose populations and health. The workshops included participatory survey activities, knowledge 
sharing circles with mapping components. In each workshop, we also shared meals of traditional foods.

Modeling forestry impacts on moose. We worked with forestry plans and existing knowledge about logging 
impacts on moose to explore the relationship between logging and moose and to try to determine what will 
happen to moose if logging continues as planned in the park.

Critical analysis of government methods for assessing moose populations and health. Concerned that the 
Quebec governments’ own data about moose numbers in the park appeared to be underestimating the moose 
decline and misinterpretations of the causes of decline, we conducted an analysis to understand potential 
biases in their methods for gathering and analyzing data. 

Gathering affirmations of Anishnabe rights to manage the moose. To help make clear our rights to make 
decisions about hunting on our traditional territories, we conducted summaries of legal cases relevant to 
Anishnabe self-determination regarding moose management and resource use.

https://researchforthefrontlines.ca/
https://smallchangefund.ca/project/help-support-algonquin-led-research-to-protect-moose-populations-on-the-unceded-traditional-territory-of-the-algonquin-people/
https://researchforthefrontlines.files.wordpress.com/2022/06/literature-review-moose-populations-health-causes-of-change-and-methods-of-evaluation-research-for-the-front-lines-for-anishnabe-moose-research-committee.pdf
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Literature review on economically viable alternatives to industrial logging. We suspected our research 
would confirm the negative impacts of industrial logging and other forms of extractivism on our territories. 
Given that many of our community members are dependent on jobs in these industries, we wanted to offer 
alternative paths forward for livelihoods and industries that are good for our people, for the moose and for 
our food sovereignty. 

In the pages that follow, we share what we’ve learned through this first phase of the research. 

During the workshop, Spider web governance was used to discuss moose management. 
The Spider web governance is a model used to teach community-based decision making 

that involves the Nation. This model was envisioned by Tina Nottaway (pictured 
above). Tina is from the Wolf clan, member of  Barriere Lake Community and lives on 

the territory. May 2022. 

Photo by Marie-Raphaëlle Lebond
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2. Legal Considerations
At its most basic, settler colonialism involves the denial of Indigenous self-determination and the dispossession 
of their land. This denial means that settler colonial democracies, like Canada, refuse to share power. Denying 
Indigenous self-determination prevents Indigenous peoples from relating to and managing their land bases 
as they see fit. As many Indigenous peoples note, relating to and managing their land bases also involves a 
struggle to be responsible to all their relations, human and animal nations alongside the land and water. 

In Canada and elsewhere, a key mechanism for the denial of self-determination has been the law. In the 1888 
St. Catherine’s Milling decision, the Privy Council grounded Canadian sovereignty and underlying title through 
the racist legal principle of the Doctrine of Discovery. Essentially, the decision interpreted treaties as a gift of 
recognition by the empire rather than an acknowledgment of Indigenous self-determination and a framework 
to share power into the future (Starblanket 2019). As many observers note, this alternative understanding of 
the treaty is the only legitimate basis for settlement.

Of course, Canadian claims to sovereignty in the courts did not stop Indigenous peoples from practicing and 
fighting for their inherent rights to self-determination. The long-standing tradition of resistance, coupled with 
the delegitimization of racist ideologies in the aftermath of the Holocaust and imperialism by decolonization 
movements worldwide, created an ideological crisis. The denial of Indigenous self-determination and the 
dispossession of their lands on the basis of presumed inferiority was delegitimized, creating legal, political, 
and economic uncertainty.

During the repatriation of the Canadian constitution, Indigenous peoples fought to have their right to self-
determination and their lands recognized. The meaning of those rights was to be determined in a series of 
constitutional conferences following repatriation. When no agreement could be reached on the meaning of 
these rights – no doubt due to federal and provincial  resistance to such rights – the courts became a key 
player in the politics of reconciliation through their role in interpreting the meaning of said rights. 

Although there was hope that Section 35 would end this denial and dispossession, the Supreme Court’s 
understanding of reconciliation continues to rely on the Crown’s assertion of sovereignty. For Bruce McIvor 
(2021) and Joshua Nichols (2019), this means that the Court has not rejected the racist doctrine of discovery. 
For reconciliation to be meaningful and substantive, denial and dispossession must cease, and the exercise 
of power shared with Indigenous peoples. 

While the law has been a tool for colonization, glimpses of its potential in facilitating the sharing of power can 
be observed as well. In Haida Nation, the Supreme Court continued with the assertion of Crown sovereignty 
but now marking this assertion as de facto – meaning that it has exercised control and jurisdiction over 
territories (paragraph 32). According to Kent McNeil, with this qualification opens a gap between de facto and 
de jure sovereignty – meaning that while it has exercised control and jurisdiction in practice, this says nothing 
about its legality. While the act of state doctrine prevents the Courts from ruling on the legality of Canadian 
sovereignty, this distinction suggests that “Crown sovereignty would not be legitimate until it is reconciled 
with pre-existing Indigenous sovereignty through honorable negotiations leading to treaties” (2019: 12). 
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As negotiations proceed, the Supreme Court also argued that the Crown has a duty to consult and 
accommodate Indigenous peoples on matters that would adversely impact their rights and title (Paragraph 
35). Importantly, this duty is triggered upon knowledge of a claim (Paragraph 37) and so it arises before proof 
of claim (Paragraph 34). The reason for this is so that when claims are settled the claimant does not find “their 
lands and resources changed and denuded” (Paragraph 33). This duty arises out of an acknowledgment that 
litigation and injunctions are time-consuming, expensive, and ineffective (Paragraph 14). What’s more, the 
duty to consult encourages give and take on all sides, encouraging negotiations, which the Court understands 
to be the spirit of reconciliation (ibid.). The strength of the claim and the seriousness of impact increases the 
required consultation (Paragraph 43-5). 

In Rio Tinto Alcan Inc. v. Carrier Sekani Tribal Council, the Supreme Court offered further clarification on the 
duty to consult, particularly for determining adverse impact. According to the Court in this case, the duty is 
triggered not only by immediate impacts but also by the potential adverse impacts of “strategic, higher level 
decisions” of a government decision on lands and resources – such as the transfer of tree licenses which 
permit the cutting of old-growth (Haida Nation v. British Columbia) and the approval of a multi-year forest 
management plan (Klahoose First Nation v. Sunshine Coast Forest District) (Paragraph 44 and 47). This was 
reaffirmed in Ross River Dena Council v. Government of Yukon: “The duty to consult exists to ensure that 
the Crown does not manage its resources in a manner that ignores Aboriginal claims. It is a mechanism by 
which the claims of First Nations can be reconciled with the Crown’s right to manage resources. Statutory 
regimes that do not allow for consultation and fail to provide any other equally effective means to acknowledge 
and accommodate Aboriginal claims are defective and cannot be allowed to  subsist” (Paragraph 37; and 
accepted in Mitchikanibikok Inik First Nation (Algonquins of Barriere Lake) c. Procureur général du Québec. 
When a new potential adverse impact on Aboriginal rights and title arises from prior and continuing breaches 
of the duty to consult, this will also trigger the duty to consult (Rio Tinto, Paragraph 49; see also West Moberly 
and Adams Lake).

Who holds the duty to consult? As argued by the Ontario Superior Court in Kelly v. Canada (Attorney General), 
the holder of Aboriginal rights is not necessarily the Indian Band (Paragraph 58). Rather, the rights holder 
must be determined “primarily from the viewpoint of the Aboriginal group itself in accordance with its 
customs and habit” (Paragraph 59). Although the applicants failed to convince the court of their claims to 
representation, this principle and its application to the duty to consult was reaffirmed in 2014 by the 
Quebec Superior Court in Manatch c. Louisiana-Pacific Canada Ltd (paragraph 72).

As the minimum international standard for Indigenous rights, the Courts could also look to the United Nations 
Declaration on the Rights of Indigenous Peoples for guidance. UNDRIP recognizes Indigenous peoples’ right 
to self-determination (Articles 3, 4), that this is not limited to state-imposed forms of governance (Articles 5, 
18, 33(2), and 34), and provides further support for a vision of decolonization as the sharing of power (Article 
18) (see also McNeil 2021: 14-5). 

In 2007, after blocking forestry trucks from entering their territory for two weeks, an Anishnabe family 
(Chief/Thomas) was arrested by about 60 police officers. The family had never been consulted about forestry 
operations on their land, and they did not consent to it happening. The court postponed the associated case over 
multiple years, but the family never gave up (Wally c. R., file number 565-01-000352-070). Meanwhile, there 
was another ongoing court case at the Superior Court in Montreal, which was eventually lost, but provided 
valuable insight on future legal strategy necessary for defending traditional territory: written explanations 
of traditional governance system were deemed essential to support the proper consultation and consent 
needed to extract resources on family territories (Manatch c. Louisiana-Pacific Canada Ltd.). With that in mind, 
the traditional governance of the area was written down. With that support, the family was acquitted in 2015 
for the road blockages in 2007, along with other cases (related to Wally c. R., Manatch c. Louisiana-Pacific 
Canada Ltd. and PF Résolu Canada inc. c. Wawatie). 
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The Anishnabe struggle to enforce a moratorium on moose hunting is an expression of Indigenous self-
determination – including responsibility to human and non-human relations – against Quebec’s refusal to 
share power. Such a refusal represents the continuation of Quebec as a settler colonial society. And yet, the 
Anishnabe continue to offer Quebec the opportunity to change this by ending their denial and embarking on 
a path to meaningfully share power. This requires recognizing Anishnabe self-determination and legal 
orders in the management of territory. In so doing, Quebec would be following the Supreme Court’s rulings 
on Duty to Consult. As Kent McNeil has noted (2021), the Courts do not need to wait for treaties to be signed 
or for legislation to be implemented in order to recognize Indigenous law. It exists already. They may 
however need some assistance in ‘seeing’ it. 

Photo from Community 
Workshop in Pikogan, May 2022 

Photo by Marie-Raphaëlle Lebond
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3. Threats to the Moose
3.1 Grassroots approach
During the summer of 2022, all nine communities in and around La Verendrye were visited to gather knowledge 
of Elders, hunters and other Knowledge Keepers about the state of the moose and the causes of decline. Each 
workshop took place over several days and included ceremony and shared meals of traditional foods.

These workshops were much more than just data gathering; we have been bringing our minds and our 
communities together based on our love and gratitude for the moose. We are enacting our responsibilities to 
the land and to our animal relatives. We are bringing back our traditional governance, which centered all voices 
and all community members. Drawing on the Anishnabe Spider Governance and the Pike Constitution, we are 
leading this work in a way that is grounded in and strengthens our own ways of learning, communicating, and 
making decisions.

3.2 Results from grassroots workshops and discussions  
about the moose in Anishnabe territory
In the summer of 2022, workshops were led by the Anishnabe Moose Committee with Elders, Knowledge 
Keepers, Hunters, and Youth in Anishnabe communities in and around La Verendrye (Figure 1). In addition to 
these discussions, a total of 64 surveys were filled out (49 paper surveys and 15 online surveys). 

Figure 1. Survey 
respondents. A total of 
64 surveys, including 15 
online surveys and 49 paper 
surveys, were filled out. 
Respondents are mostly 
Elders and land users. Some 
workshop participants 
did not participate in the 
surveys, so a greater number 
of people contributed  
to the ideas in this report.
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While the moose moratorium must continue in La Verendrye, the issues and threats that the moose populations 
are facing extend beyond the boundaries of La Verendrye. For this reason, it is important to consider the 
entirety of Anishnabe territory regarding decisions regarding the moose population. 

Sport hunting has been systematically identified across all communities as being the principal threat to 
the moose. Concurrently, provincial moose management and regulations, forestry, and mining throughout 
the territory contribute to the degradation of a once-healthy moose population. These threats are further 
aggravated by the increasing threat of climate change, diseases, and human encroachment. A return to the 
rightful traditional management systems that have taken care of these places since time immemorial is 
required for the moose and the forest to thrive once again.

A synthesis of the issues with the current provincial moose management policies that were determined from 
the community workshops and surveys is described in the following section. 

3.3 Issues with over-hunting under provincial moose management
Over-hunting is a problem that has been discussed across all communities (Figure 2). The consensus is that 
the most direct threat to moose is the excessive number of sport hunters allowed yearly, compounded by the 
provincial government’s inappropriate moose management policies.

Figure 2. Over-hunting. In response to the question “Do you feel there is an over-hunting problem in your area?” most 
respondents (57/61) responded “yes.” The total number of responses (61) differs from the total number of surveys (64) 
because not all respondents answered every survey question.
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Too many permits sold

To Anishnabe knowledge keepers and hunters, it is clear that too many moose are killed by sport hunters. 
Provincial regulations allow for too many tags to be sold and, thus, too many moose to be killed. The increase 
in the number of hunters is not only seen within La Verendrye; it is a widespread problem across Anishnabe 
territory, in both Quebec and Ontario.

In Algonquin Park in Ontario, the evolving political and legal situations add to the complexity of the over-
hunting problem, whereby an exponential increase in hunters claiming Indigenous harvesting rights through 
the Algonquins of Ontario land claim and in Metis harvesters claiming harvesting rights to the area contribute 
to a drastic increase in hunting pressure in the past decades.

Tourism and the focus on revenue

In Quebec, governmental and business priorities focused on increasing revenue were found to contribute to 
the over-hunting problem and create additional stress for the moose. This includes attracting out-of-province 
hunters and advertising to international hunters from the United States and Europe to hunt (moose and 
other game such as partridge and bear) and fish in Anishnabe territory. To create a “favorable offer” for sport 
hunters, Quebec’s moose management strategy allows wildlife areas (outfitters, ZECs and SEPAQ Wildlife 
Reserves) to apply permissive management strategies that allow for a certain number of females to be killed 
based on a lottery system, even in hunting zones with restrictive (male-only) hunting years. Additionally, 
increasing the hunting season duration also contributes to the overhunting problem by increasing the chance 
of sport hunting success. This economic framework of “offer-and-demand” (where the offer is moose hunting 
opportunities and the demand is sport hunters’ interests) takes precedence over understanding the needs 
and rights of the moose and Anishnabeg.

Waste and poaching

Furthermore, there was found to be a lack of sufficient enforcement for poaching, and, relatedly, community 
members have expressed their deep concern about the staggering amount of waste that is seen on the 
territory. It was mentioned that some had observed sport hunters leaving a female or smaller male carcass 
to rot if they found the opportunity later on to kill a prized bull. Trophy hunting has also been cited as a major 
waste of moose meat and other valuable parts that could be useful to the community such as hides and organ 
meat. This waste is not just observed in the moose but for other harvested animals like bears.

Wasting animals is disrespectful and against Anishnabe ways. Relatedly, other acts of disrespect have also 
been reported by the communities as being problematic, such as bow-hunters who allow a moose to roam 
with arrows stuck if they do not land a kill-shot and sport hunters hunting under the influence of drugs  
and alcohol. 
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Photo of bear wasted by  
non-Indigenous hunters 
found among trash. 

Photo by Elder Lucie Decoursay

Hunting technology

Additionally, an increase in the use of hunting technology such as drones and cameras increases the chance 
of a successful hunt. The author notes here that the effort needed to kill a moose, measured as “hunt days per 
moose killed” by the MFFP, does not currently take into account the added efficiency of these new technologies 
in facilitating a kill, which could have an incidence on the general interpretation of the moose population 
situation. Elders and knowledge keepers have also expressed concerns about hunting moose with tower 
blinds, which gives the sport hunters an unfair advantage over the moose. 

Moose population changes

Across the territory, communities have mainly observed a decline in moose populations (Figure 3).

Figure 3. Moose population changes. In response to the survey question “Have you noticed an increase or decrease in 
moose populations in this area in the last few years?” most respondents (54/62) stated they saw a decrease in moose 
populations. Notably, the only increases observed here were stated to be within the past two years, since the sport 
hunting moratorium has been put in place in La Verendrye. The total number of responses (62) differs from the total 
number of surveys (64) because not all respondents answered every survey question.



Preliminary Report from the Anishnabe Moose Studies 2022   21 

Figure 4. Moose population changes through time. In response to the survey question “When did this [population 
change] occur?” most stated that the population changes have been observed within the last ten years, although there 
is a wide spread of responses. The total number of responses (43) differs from the total number of surveys (64) because 
not all respondents answered every survey question.

Additionally, communities have observed a shift in population ratios across the territory. A common observation 
is that bulls are fewer, smaller and younger. The number of bulls is so low that it is considered to be limiting 
a sufficient reproduction rate to maintain a healthy moose population. Furthermore, herds are smaller and 
fewer calves and twins are observed than before. 

Community findings in relation to Western science literature

Over-hunting has been described here as a combination of factors: too many sport hunters; improper hunting 
regulations that allow for the unbalanced killing of females, males, and calves; waste and poaching; and 
unfair technological advantages over the moose. The underlying cause of these factors is the government’s 
interest in generating revenue and its lack of holistic moose management. The consequences of these factors 
have produced a smaller and imbalanced population that cannot recover under current conditions.

The risks of selective hunting (meaning a focus on trophies or large males) are described in Western literature. 
Indeed, it is documented that a drastic reduction in males can have a negative effect on the population’s 
persistence. For more information on the state of the population in La Verendrye, see the “Population” and 
“Population, Sex, Age, and Hunting Data” sections of the literature review in Appendix 1 of this report. For 
more information on the effects of hunting on moose population decline, see the “Hunting” section in the 
literature review in Appendix 1 of this report. 
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Racism, discrimination and harassment

Different forms of discrimination against Indigenous people are felt throughout the territory Figure (5), 
especially so during hunting season.

Figure 5. Experiences of harrassment. In response to the survey question “Have you experienced harassment by game 
wardens or non-Anishnabe hunters?” most respondents (41/60) stated “yes.” The total number of responses (60) 
differs from the total number of surveys (64) because not all respondents answered every survey question.

Indigenous people, even non-hunters, are subject to racism online and in town. This impacts all  
generations, including young Anishnabe children in school. Racist actions are especially prevalent during the 
hunting season. 

Photo of anti-Indigenous graffiti 
found near La Verendrye park.

Photo by Waba Moko (Shannon Chief), October 2022
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Anishnabe are also frequently questioned about their Indian status and the legitimacy of their rights to 
hunt and to be on the territory, both by sport hunters and game wardens. First Nations people are often 
accused of being the cause of the over-hunting (and over-fishing) problem. It is reported that sport hunters  
will purposefully create noise at night by loudly driving ATVs to scare off the animals and to disturb  
Anishnabe harvesters.

Sport hunters will put up signs to keep others out of “their” hunting area, will intimidate Anishnabe with 
threats of physical violence, sometimes with guns, and some will tell Anishnabe to leave their territory during 
the hunting season. Indigenous cabins have been vandalized, such as broken windows and stolen property. 
These acts restrict and interrupt the free and safe movement of Anishnabe people on their territory during 
the hunting season. 

Enforcement by the provincial government employees is discriminatory towards Indigenous people. Game 
wardens and other enforcement are not responsive to reports from Anishnabe people, which frequently go 
unanswered. Survey respondents have also stated that game wardens have harassed Anishnabe to buy game 
meat. This is the continuation of the legacy of oppression and discrimination that provincial agents have 
upheld since the 1930s when RCMP officers would demand that moose meat from Indigenous harvesters be 
handed over to them.

The contempt held toward Indigenous people impacts the safety of Anishnabe people on the territory and 
beyond, and the ability to adequately care for the land. By extension, Anishnabe rights and the moose 
population are also impacted. 

Photo from mapping session at Community Workshop in 
Timiskaming First Nation in June 2022.
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4. Forestry Issues
4.1 A note on alternative livelihoods
The AMC knows that many people depend on forestry and other extractive industries in the region for 
employment. This is why other possibilities must be envisioned to move away from dependence on destructive 
practices. The full analysis of alternative livelihoods can be found in Appendix 2 of this report. A summary is 
presented here.

For example, “community forestry” or “Aboriginal forestry” refers to partnerships between Indigenous-led 
entities and non-Indigenous partners to create ecosystem-based forest plans that ensure the ecosystem’s 
health is prioritized over short-term benefits. Even if it is a slow-moving process to be fully implemented, 
Aboriginal is set to become the standard for forestry management on Indigenous territories. 

Indigenous-led renewable energy projects are another alternative to explore to generate jobs and income, 
such as wind- and hydro-power, which can reduce the emission of greenhouse gases compared to other 
energy sources. If these projects are anti-colonial, community-owned and based on local priorities, they can 
positively impact the environment and Anishnabeg.

Finally, community-owned agricultural businesses can also be considered as a potential for revitalizing 
economic development in the areas surrounding the forests. For example, hemp is re-emerging as a leading 
organic product useful for many industries such as food products, clothing, and construction materials. A 
community-based enterprise similar to the Anishnabe Agricultural Institute in Minnesota could build and 
diversify local economies.

The dependence on forestry as it is currently practiced is not a viable future for healthy forests and moose 
populations. Looking towards a better future will require creative and holistic solutions, including rebuilding 
the local economies more sustainably.

4.2 Forestry impacts on moose and moose habitat
Logging has been ongoing in La Verendrye and the surrounding area for decades. Massive forestry operations 
are widespread across the territory (Figure 6). In more recent decades, heavy forestry machinery has increased 
the cutting intensity and has led to changes in the overall health of the forest and aquatic ecosystems on which 
the moose depend and of which they are part. The forestry issues were discussed during the community 
workshops and addressed through community surveys. The main findings are described in this section. 
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Figure 6. Presence of logging. In response to the survey question “Is there a presence of logging in your area?” most 
respondents (45/58) answered in the affirmative. The total number of responses (58) differs from the total number of 
surveys (64) because not all respondents answered every survey question.

Food quantity and quality

Moose do indeed use previous cut blocks to feed on the new undergrowth. Nevertheless, forestry does in fact 
negatively impact food quality and availability. Participants in community discussions and survey respondents 
noted that the forestry industry replants the wrong species for moose after a cut, like spruce; moose do not 
eat spruce. Also, there is a concern about the chemicals left behind after a cut. These pollutants contaminate 
the land and water and can make their way into the twigs and water consumed by moose. Knowledge 
keepers from Pikwakanagan are also concerned about herbicide spraying along hydro lines and its effects on  
moose health.

Changes in movement patterns

Forestry operations cause a direct disturbance and stress on the moose and cause them to flee the area. 
Disturbances include machinery noise, truck traffic, forestry road construction and dust pollution. Post-cut, 
the vegetation changes do not allow the moose to use the area in the same way, and they change their 
movement patterns in response to this disturbance.

Impacts on wetlands and aquatic ecosystems

The riparian buffer zones left are not large enough. Knowledge keepers reported that cutting too close to 
the water disturbs the water regimes, causing a subsequent decrease in wetland habitats and a reduction in 
water quality. These are essential food sources for moose and are crucial for providing protection and relief 
against insects.

Habitat loss

Clear-cutting reduces the amount of shade habitat and protective cover from predators. The effect of habitat 
loss is felt even more with the warmer summers induced by climate change. Moose are increasingly vulnerable 
to heat and predators and must seek shelter elsewhere when their natural habitat is so frequently destroyed. 

Changes in the food web

The speed at which new forestry machines fell trees is also deemed to impact other wildlife that inhabits the 
trees and compacts the soil. Smaller animals living in the trees do not have time to escape the fast-working 
forestry machinery. When there are fewer smaller animals, the repercussions are felt across the food web. 
Come wintertime, hungry predators are a bigger threat to moose and to the isolated communities. 
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Finally, knowledge keepers have reported that other animal populations are shifting across the territory. 
For example, more deer, coyotes and turkeys are observed than before. These overarching changes in the 
environment and far-reaching threats must be taken into account when looking at the moose population 
in Anishnabe territory. Some of these far-reaching threats that were noted as being of concern during the 
community workshops include climate change and human encroachment on moose habitat.

Community findings in relation to Western science literature

The problems with forestry described above are multi-faceted and far-reaching. Disturbances related to 
logging operations during and post-cuts impact moose food availability and key habitats for shelter both on 
land and in aquatic environments, across all seasons. Forestry also has a negative impact on the entire food 
web, including the moose. Climate change can further aggravate these environmental changes (Figure 7). 

The impacts of forestry on moose can also be found in Western literature (see Appendix 1). Clearcuts reduce 
thermal shelter habitat and shelter habitat from predators. The transformation of mixed-stand forests to 
coniferous forests introduces habitat fragmentation and increases vulnerability to hunters and predators. 
Moose avoid very recent clearcuts. The increase of edge habitats created by forestry introduces more 
complexity to the matter because it represents an increase in food sources for many different species, like 
moose and deer. However, in the longer term, forestry seems to have a negative effect on moose populations 
because of the changes in the vegetation. For more information on the documented impacts of logging, see the 
“Logging” section of the literature review in Appendix 1 of this report. For more information on the projected 
impacts of climate change, see the “Habitat Effects of Climate Change” section of the literature in Appendix 1 
of this report.

Photo from Community 
Workshop in Pikogan, May 2022 

Photo by Marie-Raphaëlle Lebond
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5. Changes in Moose 
Health and Behavior
5.1 Moose Health
Community surveys highlight an array of health and behavioral changes observed in moose in several 
communities in Quebec. Among the surveyed communities, the most reported health changes were lower 
twinning rate and increased presence of ticks on moose (Figure 8). Ticks are associated with a variety of 
health conditions and increases in mortality in moose, including lower twinning rates, altered behavior, and 
greater risk of parasitic infection (see Appendix 1). Tick infestations are predicted to increase with climate 
change (see Appendix 1). Other adverse health effects, including increased mortality, smaller body size and 
lower body weight were also frequently reported. Smaller body size and lower twinning rates can result from 
tick infestations and logging (see Appendix 1). Some individuals also noted older reproduction age among 
cows and increased heart rates. Increased heart rate can also be a result of climate warming (see Appendix 
1). Other, less frequently reported but concerning observations of moose health include lower body fat and 
increase in disease in moose carcasses. Participants noted an increase in deer mite (brain worm), as well as 
parasites or other abnormalities in moose lungs, liver, and kidneys. The community surveys also recorded 
increased observation of atypical racks among bulls. While changes in moose health were reportedly observed 
as early as the 1960s, the majority were observed in the last decade (Figure 9).

Figure 8. Health changes in moose. Observed health changes in moose reported in community surveys and workshops. 
The total number of responses differs from the total number of surveys (64) because respondents could select multiple 
responses, and not all respondents answered every survey question.
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Figure 9. Health changes through time. Approximate start date of observed health changes as reported in community 
surveys. The total number of responses differs from the total number of surveys (64) because not all respondents 
answered every survey question.

Photo credit by Elder Lucie Decoursay

Photo of diseased rabbit organs 
found on the territory.  
The same symptoms have been 
seen on moose as well. 
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5.2 Moose Behavior
Significant changes have been observed in moose behavior. Many respondents reported less movement of 
moose (either in summer or winter), as well as less browsing or reduced food intake (Figure 10). Further, 
many community members noted alterations in the use of various habitats by the moose, i.e. a change in their 
frequency of using different types of forest stands, wetlands, or open water. While the reported habitat use by 
moose varies, it is evident that changes have occurred in their behavior. 

Overall, community members reported disturbances in moose movement and migration patterns, mating 
areas, feeding movement patterns, and avoidance of certain areas. Moose behavior in relation to human 
presence has also been altered; some respondents observed moose encroaching on farms or other human 
settlements, while others reported that moose appear skittish or nervous, possibly due to increased mining 
or logging activity (see the relevant sections in this report). 

Figure 10. Behavioral changes in moose. Observed behavioral changes in moose reported in community surveys and 
workshops. The total number of responses differs from the total number of surveys (64) because respondents could 
select multiple responses, and not all respondents answered every survey question.

Similar to moose health changes, behavioral changes have also been primarily observed in the last decade 
(however, there is a wide range of responses) (Figure 11). 
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Figure 11. Behavioral changes through time. Approximate start date of observed health changes as reported in 
community surveys. The total number of responses differs from the total number of surveys (64) because respondents 
could select multiple responses, and not all respondents answered every survey question.

Photo by Marie-Raphaëlle Lebond

Photo of Waba Moko, during a discussion in a community research workshop. 
Waba brought Tina’s teachings on the spiderweb governance model to all the 

community workshops to honor Tina’s teachings. May 2022. 
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6. Impacts of Mining 
and Extractive Industry 
Expansion
A majority of respondents reported that there was a nearby mining presence, either directly in or surrounding 
their hunting area (Figure 12). A mining presence was reported by respondents in all eight surveyed regions. 

Many respondents expressed concerns regarding the potential health effects of this on moose, including 
but not limited to water and food pollution, noise pollution, increase in truck traffic, and illegal hunting by 
personnel. All of these factors could contribute to the habitat and population decline of moose in these areas 
(Figure 7). 

Figure 12. Presence of mining. Community survey responses of mining presence in hunting areas. The total number of 
responses differs from the total number of surveys (64) because not all respondents answered every survey question.

Extractivist industries on Anishnabe territory contribute to many harmful consequences to not just the moose 
population but the environment at large. Forestry and mining practices exact many harmful effects on moose 
in interconnected and compounding ways (Figure 7). While we do not provide a complete analysis of all the 
downstream harms caused by these extractivist practices, we attempt to demonstrate the primary effects 
and their interrelatedness. 

Forestry practices have caused an increase in heavy and intense machinery use in the past decade, which 
disturbs the soil and causes changes in the food web (killing of small creatures), which in turn increases 
predator pressure in the environment. 

Increase in the machinery’s efficiency also contributes to increase in cutting (deforestation, over-cutting, 
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clear-cutting) which has profound downstream effects: buffer zones near water not being large enough 
and disturbing water regimes decreases the number and quality of wetlands, which decreases aquatic food 
availability and increases insect-related stress; changes in post-cut vegetation reduce the number of birch 
trees, and replanting the incorrect species causes a reduction in food quality and quantity; changes in the 
vegetation, along with the decrease in protective habitat from predators and decreased shade all contribute 
to changes in moose movements during the summer; more forestry roads contribute to improper forestry 
road management and decrease moose habitats, and increase in logging transportation increases dust in  
the area. 

The mining industry contributes to many of the same harms as the forestry industry, along with its own 
unique problems. Mining also causes noise pollution and an increase in transportation, which causes moose 
to flee the area and increases dust pollution. Water pollution and environmental pollution reduce the food 
quality and quantity as well as cause changes to moose movements in the summer. In addition, mining 
contributes to an increase in hunting pressure by personnel (an illegal hunting practice). 

Furthermore, hydro damming, another big industry present on Anishnabe territory, has a negative effect 
on the overall ecosystem, of which the moose are part. Opening of dams in the winter does not allow for a 
proper freeze-over of the lakes. Unstable and irregular water fluctuations destroy beaver dams and affect 
other aquatic species like fish and muskrats. Hydro damming destroys the environment, and is not beneficial 
to Anishnabe people.

Finally, we must not forget the interrelated and compounding impacts of climate change, which can contribute 
to warmer summers, droughts, habitat loss, reduction in food quantity and quality, increase of exposure to 
parasites and disease, and many more harmful effects to the moose population.

Photo from Community Workshop in Pikogan, May 2022.

Photo by Marie-Raphaëlle Lebond
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7. Critique of  
Provincial Methods
7.1 Critical Analysis of SEPAQ/MFFP Data 
The Quebec government conducted an aerial inventory of the moose population in La Vérendrye Wildlife 
Reserve in 2019-2020. Although this study showed a significant decline in moose numbers in the park, 
Anishnabe hunters and knowledge keepers working with the Anishnabe Moose Committee (AMC) assert 
that the government’s study contains methodological flaws and biases in its framing and approach and that 
moose numbers in the park are likely lower than the government’s study shows. The government claims 
to have consulted with members of the Algonquin Nation for this study, and yet hunters and knowledge 
keepers associated with the AMC assert that Anishnabe perspectives, experiences, and voices were excluded 
from the process. They also assert that the study ignored several important factors in its design, framing,  
and conclusions.

The government’s study attempted to measure the “winter population level [of moose], its main demographic 
parameters and the rate of exploitation by sport hunting”  (Dumont & Trudeau, 2020). While the findings report 
a staggering 35% decline in the moose population since the previous inventory in 2008, the study also implies 
that hunting is the only potential cause of moose decline (Dumont & Trudeau, 2020). Hunters associated with 
the AMC point out that it is essential to study other causes, and have conducted their own study to do so. 

The government’s study states that the moose harvest by sport hunters is not large enough to explain the 
population decline, and further states that data on the Indigenous moose harvest is required to explain the 
decline.1 It is reductive and colonial for the government to imply that Anishnabe hunting is the only other 
factor that could explain the decline in moose numbers. There are many other factors potentially causing 
the decline, including logging and climate change, most of which are the result of settler-colonial industry. 
Furthermore, our analysis of the Quebec government’s own data, combined with an analysis of the amount 
of logging activity that has occurred in the reserve over the past several years and the moose population 
decline (see next section for this analysis) show that there are arguments and counter-arguments for the 
idea of logging being beneficial to the moose population. The strongest argument in support of logging being 
detrimental is the fact that in the La Verendrye region the moose population has been declining even during 
the hunting moratorium. Additionally, the knowledge workshops and surveys show that Anishnabe hunters 
and knowledge keepers have observed that factors other than hunting have caused population decline, 
including logging, ticks, thermal stress, and specific sport hunting practices. 

1 The full translation reads: “Currently, the lack of accurate harvest data from Algonquin communities limits the scope of analyses. Knowledge of 

northern moose populations suggests that subsistence hunting is significant. In fact, the controlled sport hunting that takes place in this territory 

cannot explain the observed density level alone. Sharing information on the Indigenous harvest would allow us to evaluate the relevance and 

effectiveness of measures to be put in place to increase the moose population.”
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In the government’s report, the effects of sport hunting are considered inadequately, and other complex 
causes of moose population decline, such as climate change and logging, are not considered at all. In fact, 
the government report states that “recent forestry cuts” (done within the past five years) make up only 
12% of the surface area of the study’s parcels, and therefore do not “appear” to have a significant effect on 
moose populations. As such, the study effectively ignores forestry as a potential cause. This is problematic in  
two ways. 

First, logging can have important long-term effects, beyond five years. Though moose tend to avoid  
clear-cut areas in the first few years following a clear-cut, they are attracted to the area for food after eight 
to ten years (Courtois & Beaumont, 1999). This could inflate moose numbers temporarily. After just 20 years,  
clear-cut forests already offer poor moose habitat, and moose numbers tend to decline (Lamy & Finnegan, 
2016). So while clear-cutting has short-term positive impacts on moose populations due to the habitat 
conditions offered by logged mixed stands (Potvin, Breton & Courtois, 2005), long-term impacts are detrimental. 
Studies show that while moose are attracted to recently clear-cut areas, this increases browsing pressures 
on these areas of the forest, which in turn can “suppress abundance and height of tree regeneration after 
clear-cutting, preventing sapling recruitment” and ultimately creating the potential for decade-long negative 
effects with regard to forest regeneration and the overall maintenance of the ecosystem (De Vriendt, Lavoie 
& Barrette, 2021). In other words, “[h]eavy moose browsing in logged areas can slow forest development and 
favour coniferous growth in cut stands, resulting in a long-term degeneration of healthy moose habitats” 
(Jacqmain et al., 2012; Lamy & Finnegan, 2019). To properly assess whether logging activity affects moose, 
a study should be conducted that accounts for changes in logging activity and moose population over time. 

Second, there are many logging-related activities, other than clear-cuts, that have negative effects on 
moose populations. The methods used in the government’s study to assess “forestry cuts” are not explained. 
However, if the study measured only “cuts,” it would be missing the effects of other forestry practices, such as 
plantations, thinning, and clearing, which can impact moose negatively (Gendreau, 2015; Leblond, Dussault, 
& St-Laurent, 2015).

Furthermore, factors such as hunting and logging can exacerbate each other. While moose are temporarily 
attracted to clear-cut areas due to food availability, this also increases their vulnerability to hunters and 
predators. Likewise, hunting can take an added toll on moose populations when their numbers are already 
jeopardized by habitat degradation. This calls into question the net impacts of logging. We cannot merely 
look at the short-term effects, or at clear-cutting alone, to determine whether or not logging-related activity 
significantly impacts moose.

Anishnabe hunters note other impacts as well. Climate change impacts moose populations negatively by 
causing thermal stress, habitat change, and increased tick infestations (Borowik, Ratkiewicz, Maślanko, Duda 
& Kowalczyk, 2020; Hoy, Peterson & Vucetich, 2018; Jensen et al., 2018; Jones et al., 2019; Jones, Pekins, 
Kantar, O’Neil & Ellingwood, 2017; Lamy & Finnegan, 2019; McCann, Moen & Harris, 2013; Murray et al., 2006; 
Priadka, Browna, DeWitt & Mallorya, 2022; Teitelbaum et al., 2021). In turn, logging activity can reduce thermal 
cover and exacerbate tick infestations (Blouin et al., 2021; Lamy & Finnegan, 2019).

Community members also note a lack of attention to poaching by sport hunters and to the sex ratios of 
sport hunting harvests, both of which can also negatively affect moose populations (Lamoureux, 2021; Milner, 
Nilsen & Andreassen, 2007; Van Ballenberghe, 1983).

The Quebec government has vested interests in the sport hunting and logging industries, which introduce 
significant bias in examining these as causes of moose population decline. While the government study 
reported that the population decline cannot be attributed to sport hunting alone, an in-depth and unbiased study, 
accounting for Anishnabe concerns, is required to determine other factors harming the moose population, 
such as climate change, tick populations, habitat loss, logging, and the sex ratios of the sport hunting harvest.
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The government’s study relies on a single method—the aerial survey—to measure moose populations. While 
this method is quite useful, it provides a “static” view of moose populations, ignoring changes over time and 
complex, interconnecting factors (Lamy & Finnegan, 2019). To construct a more accurate picture of the moose 
populations and their fluctuations around factors such as climate change, weather, logging activities, and 
hunting, a study should include various methods, such as snow-tracking, camera trapping, browse and forage 
surveys, biological sampling, hunter and knowledge-keeper surveys and workshops, winter tick surveys, and 
analyses of the effects of logging activity on the moose (Lamy & Finnegan, 2019).

Although the government’s study and other sources stress the importance of conducting aerial surveys in 
winter to increase the visibility of moose, Anishnabe hunters point out that this may skew the results due 
to the fact that moose shelter under evergreen forest canopies during the winter and therefore would often 
remain invisible from above. This on-the-ground knowledge represents another potential flaw in the aerial 
method and another reason why any assessment of moose populations should use multiple methods. 

Furthermore, the government report states that a main objective of the study was to create an inventory 
“in partnership with the Algonquin Nation” (Dumont & Trudeau, 2020). Although the report names certain 
Anishnabe individuals as participants in the study, it does not describe the precise nature of the collaboration 
or participation, other than to say that “the representatives of the Algonquin communities proved to be 
seasoned and dynamic observers” (Dumont & Trudeau, 2020). Anishnabe hunters and knowledge keepers 
associated with the AMC assert that their communities were not consulted when the study was designed and 
that their communities sought to design a much different study. If co-creating the inventory was a vital part 
of the objective of the government’s study, then this seems to have failed. This leaves no doubt that the study 
should be reconstructed to actually consider Anishnabe concerns and objectives. 

La Verendrye Wildlife Reserve is situated on unceded Anishnabe territory, where Anishnabe people have 
hunted since time immemorial. Anishnabe people should be the ones managing the forests and moose 
populations, and are under no obligation to disclose their hunting practices to the government. Anishnabe 
people have the right to hunt unimpeded in their traditional territories and to manage the moose, forests, and 
other natural systems according to their traditional ways, which have maintained overall healthy ecosystems 
for thousands of years. 

7.2 Analysis of the impact of logging on moose populations
Scientific literature suggests that logging can lead to an increase in the moose population. However, the 
evidence supporting this argument is indirect. Indeed, it is based on the following observations. First, logging 
can increase the amount of available forage for moose. Second, in regions where logging takes place, moose 
are found with a higher probability on or close to zones of recent logging. To the best of our knowledge, 
there exists no direct evidence that logging can lead to an increase in population. Such evidence could be 
obtained, for example, through a longitudinal study comparing the moose population in a region before and 
after logging.

Most of the existing literature focuses on determining logging practices that lead to an increase in forage and 
minimize other impacts on the moose population. Adequate logging practices are site dependent; thus the 
results of these studies are difficult to generalize (Collins and Schwartz 1998). While logging can potentially 
increase forage availability for a period of time, it also can lead to increased predation and decreased 
thermal cover that negatively affect the moose population. In fact, winter is considered the limiting season in 
mountainous ecosystems because deep snow restricts their distribution and movements, and forage is the 
least available (Poole & Stuart-Smith 2006). Thus, an increase in forage in regions with poor cover leads to a 
higher energy budget to access this forage.
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Studies have also shown that moose are more likely to be found on or close to areas that were logged 
recently, presumably because of the forage available in these areas. The local increase in moose density near 
the logged areas increases predation, and it likely has negative health effects due to a higher concentration 
of parasites.

In summary, a critical review of the literature on the effect of logging on the moose population shows that 
appropriate logging practices can lead to an increase in forage availability and moose tend to be found close 
to recently logged areas due to this availability. However, access to this forage is costly in winter due to a lack 
of cover, and the concentration of moose around these areas leads to an increase in predation and health 
problems. There is no direct evidence that the forest without logging would not be able to support the same 
moose population. 

We conclude that there are arguments and counter-arguments for the idea of logging being beneficial to the 
moose population. The strongest argument in support of logging being detrimental is the fact that in the La 
Verendrye region the moose population has been declining even during the hunting moratorium.

Analysis of governmental data on moose and forestry in La Verendrye Wildlife Reserve

Moose population data and parcel locations were obtained from the report (Dumont & Trudeau, 2020). From 205 
parcels in the park, the moose numbers were gathered and presented for 101 parcels, in 5 categories, 0, 1-10, 
11-20, 21-30, and 30-38 moose per parcel. The coordinates of the parcels were obtained by georeferencing 
the map in the report using the QGIS software. The area of water in each parcel, as well as yearly forestry 
interventions and forest fires were obtained from the web map service of the Quebec government (Forêt 
ouverte https://mffp.gouv.qc.ca/les-forets/inventaire-ecoforestier/foret-ouverte-wms/). The parcels are 
not perfectly aligned in latitude and longitude, but the misalignment was considered negligible. The web map 
data was retrieved and processed automatically using Matlab. The land area of each parcel was computed 
by subtracting the portion coerced by water. Then the proportion of land area with forestry intervention (or 
forest fire) was computed for each year. For clarity and noise reduction, the interventions were classified in 
6 groups, as 0-7, 8-15, 16-23, 24-31, 32-39 and more than 40 years before December 2019, the starting date 
of the moose survey. 

Figure 13. Correlation between 
number of moose per parcel and 
percentage of land area with forestry 
intervention (and forest fires) in 
different time intervals.

https://mffp.gouv.qc.ca/les-forets/inventaire-ecoforestier/foret-ouverte-wms/
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We computed the Spearman correlation between the moose per parcel categories and the percentage of land 
area last disturbed in each time interval. The results are shown in Figure 13. None of the correlation values 
were statistically significant at 5% significance level. The highest (negative) correlation was observed for the 
0-7 years post-disturbance interval, with Spearman’s rho = -0.16, p=0.11. The maximum positive correlation 
was observed for the 16 to 23 years post-disturbance interval, rho = 0.07, p=0.50. Even if the correlation 
values are not statistically significant, the distribution is as reported in the literature (e.g., Collin and Schwarts, 
1998), with an initial reduction, followed by an increase in years with increased availability of forage, and a 
subsequent reduction for older interventions. However, there is no evidence that overall there is a net benefit 
for the moose population number. In fact, the correlation between the number of moose per parcel and the 
percentage of land area last disturbed in the preceding 0 to 31 years, which should be high if the increase in 
forage availability overcomes the disadvantages of the initial years post-disturbance, is negative, albeit very 
close to null, rho = -0.01, p=0.9. Thus, there is no statistical significance in either direction, but it is slightly 
more likely that the overall effect is detrimental.

We note that attempts were made to use this data to generate a model of moose numbers per parcel based on 
the percentage of land area disturbed in the mentioned time intervals. Different classification and regression 
approaches were pursued, but the amount of available data (105 parcels) was insufficient for training 
purposes. E.g., the multiclass classification error for the 5 groups of moose numbers per parcel was always 
higher than 50% when assessed through 5-fold validation. 

In conclusion, we analyzed the effect of logging on the moose population in La Verendrye, accepting the 
unsubstantiated hypothesis that the spatial distribution of moose with respect to disturbed forest areas is 
a good indication of potential moose population numbers. A simple correlation analysis shows that there 
is no statistical evidence of logging being either beneficial or detrimental to the moose population, 
although the latter is slightly more likely. It seems then irresponsible to continue with logging operations 
before gathering more data to further investigate this issue. Ignoring the effect of logging in the long term 
sustainability of the moose population, as in the latest governmental report, would be unforgivable.

Photo from Community Workshop in Pikogan, May 2022.

Photo by Marie-Raphaëlle Lebond
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8. Our Recommendations 
for an Anishnabe Moose 
Management Plan

During the community workshops, we have lengthy discussions about how to best take care of the moose.  
We also included a question in the survey about the most effective strategies for protecting the moose.

One thing is clear: a moose management plan must be guided by our own communities, grounded in our 
own Knowledge and our relationships with our Moose relatives. We can build this plan together through 
gatherings in the next two years, guided by our traditional governance systems.

In this section of the report, we are not offering a Moose Management Plan, we are sharing the wealth  
of fantastic ideas that came out in our community workshops, to give readers a sense of what was discussed 
and to inspire further conversations and next steps in the creation of our own Anishnabe-led Moose 
Management Plan.

Community Recommendations for Moose Management
Principles and values to guide us

• Our Moose Management Plan must be holistic, taking into account the whole territory, other species, 
and the many other factors besides hunting that are threatening the moose (climate change, forestry, 
mining, disease, etc.)

• Anishnabe moose harvest should always be prioritized over other hunting in the area

• Hunt with respect, create no waste

• Hunt with respect, never under the influence

• Respect the moose, even after it is dead

• No selling of meat, only sharing

• Any money made through selling moose hunting licenses to non-Indigenous people should stay  
within the communities and be used to benefit our communities

• Our work in protecting the moose will bring our communities together, reuniting us  
and bringing harmony

• Preserve forests and trees that moose rely on
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Moose Governance
• Anishnabe laws must lead the management plan

• We need to establish our own rules within our communities

• Hereditary land stewards should be decision-makers about what is happening on their territories

• Begin annual gathering of all communities to share knowledge of hunting and other cultural things  
and to decide together how many moose can be harvested each year

• Host Elders gathering to guide how we use natural resources

• Secure funding to develop and implement our own community-led plan

• Develop our own 5, 10, 15-year benchmark goals for moose management

• Create Anishnabe Employee Liaison positions at SEPAQ offices

Restrict Hunting
• Continue the moratorium for 2-5 years

• Create no-hunting protection zones/sanctuaries, rotate exclusion zones

• Creating hunting zones and limiting the moose taken from each zone

• Limit the number of hunters (lottery system, limit number of tags sold)

• Implement Lottery tags for settlers (like the Ontario system or the Ontario merit system)

•  Reduce the number permits for non-residents

• Reducing the length of hunting season

• Have stricter rules for harvest (e.g. no killing of cows or calves, max of 1 moose every 3 years,  
no hunting during calving season, during heat waves or rainstorms, one harvest per trapping area, etc.)

• Moose hunt should be allowed only for food needs

• Limit harvest to one moose per family, any additional moose would be offered to Elders Center to teach 
values to the youth and community

• Each community should have own protected spaces to hunt & camp as a way to  
neutralise confrontations

• Limit hunting technology: no baiting (salt, carrots, electronic calls)

• Restrict 4 wheelers, no hunting blinds

•  Ban towers, they are not fair to moose

• Ban bow and arrow

• Ban trophy hunting; no moose heads on trucks to be a new law
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Leadership and Education
• Develop and provide traditional teachings about moose hunting, respect & protocols

• Promote awareness on responsible hunting (e.g. knowing spawning/mating seasons)

• Annual Moose Camps to teach young men, youth & families (including rites of passage ceremonies  
for boys)

• Teach the youth, host other youth gatherings

• Share traditional knowledge of meat preservation

• Provide classes in tanning hides

• Get our people out on the land and relearning traditional practices

• Hold community discussions about the differences between traditional economy vs. monetary systems

• Hold discussions on the privatizations of land on Anishnabe territory

• Bring back sharing systems

• Educate non-Indigenous people, including SEPAQ employees of our ancestral teachings and relationship 
with Moose

• Find ways to share traditional community observations with the wider community

• Increase awareness across the whole community about the problems the moose are facing

• Develop ways to make information about the moose population easily accessible to the public

• Make information about moose predators easily accessible

Future Research
• Continue research, develop methods to determine abundance of various species in different areas

• Map out hereditary family territories for better understanding

• Conduct proper population monitoring of the moose yearly, more if possible

• Take part in the aerial surveys

• Develop an ongoing data base of moose data

• Develop new ways to ensure no meat waste, for example, community storage for meat, especially  
in summer

• Evaluate the impact of existing specific management and tourism strategies such as “4-day” or “8-day” 
hunting packages
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Enforcement
• Each community should patrol their own lands and regulate

• Establish our own community members as ‘game wardens’

• Implement our own conservation officers, who are trained both in settler and traditional law  
and trauma-informed care

• Create our own systems to count kills and takedowns

• Use traplines and family hereditary territories for zoning and controlling number of hunters/tags

• Develop our on internal tag systems

• Moose tag reporting should be mandatory, with repercussions for people if they don’t report

• Reinstate Anishnabe guides to take settlers out hunting

• Enact our own justice systems to enforce penalties for over-hunting, based on reparative  
justice approach

• Develop systems to ensure sport hunters donate to local communities any meat they leave behind 

Photo from Community Workshop in Pikogan, May 2022.

Photo by Marie-Raphaëlle Lebond
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9. Conclusion
The Anishinabe people living and occupying their territory, (in which La Verendrye, as well as various outfitters 
and ZECs are situated) have recognized the steady decline of the moose population. The findings of this 
research phase have clearly demonstrated that multiple, compounding factors continue to exacerbate the 
moose herd health and population numbers. Analysis of the results of this study show two main drivers of 
change: deforestation and sport hunting.

Logging and the associated forestry operations are responsible for immense moose habitat loss. Deforestation, 
heat accumulation, snow packing and winter tick resilience all negatively impact the winter survival rate and 
number of viable moose calves. In addition, deforestation decimates the biodiversity index at every level, 
which causes ecosystem repercussions for all species, including the moose. 

Over-commercialization and the commodification of the moose sport hunt drive the herd to further demise.  
Outdated, arbitrary management plans perpetuated by provincial and local organizations like the MFFP, 
SEPAQ, ZECs and various outfitters, lack validity and sustainability. The extended hunting periods, overselling 
tags and inaccurate population data (all “supported” by cursory, flawed studies) cannot and will not support 
and protect a healthy moose herd. 

Forestry operations and sport hunting continue to drastically drive the moose population down but also 
have severe, detrimental impacts on the food security and sovereignty of the Anishinabe people, in their 
own territory.  This is also unacceptable.  Continuation of current practices constitutes violations of territory, 
species health and Anishinabe rights supported by UNDRIP.

If a moose population management plan is to see any success, and respect for the Anishinabe inhabitants 
of the territory is to be upheld - all forestry operations must cease immediately, the moratorium on the 
sport hunting of moose must continue to be enforced and a comprehensive, multi-method study that is  
co-developed, co-implemented and informed by the knowledge of the Anishinabe people, must be a 
prerequisite.

“Our own people should be funded to be out on the land,  
observing the moose and other animals and plants, relearning  
and then teaching. These people would be paid to live up on the 
 territory, as full time Land Defenders and Knowledge Keepers  
for the next generation. Through these positions, we could gather 
the evolving knowledge needed to inform strong self-determined 
management practices through time”

 – Workshop attendee
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Introduction

This literature review was conducted in solidarity with the Anishnabe Moose Research
Committee. This year, the Committee plans to conduct a study of moose populations and factors
causing the recent decline in moose numbers in the region. This literature review is intended to
support this process by offering additional perspectives on the moose situation in southwestern
Quebec. The knowledge contained in this literature review is not intended to replace Anishnabe
knowledge, but to offer as much additional knowledge as possible, which the Committee may
draw from to explore why moose numbers are declining in the area.

Because there is a bias in the published literature toward non-Indigenous ways of
knowing, most of the literature reviewed here is rooted in Western science. We acknowledge that
there may be disagreements between the Western and Anishnabe knowledge, and make no
claims as to the superiority of the information in this document.

Scope and Structure
In addition to reviewing a range of methods for evaluating moose populations and health,

this literature review focuses largely on recent changes in moose populations, health, and causes
of change in the Verendrye area. It provides perspective on broad trends in moose populations in
North America and elsewhere in the world that may relate to changes in the Verendrye region.
Given that the reasons for the population decline in La Verendrye are likely complex and remain
largely understudied, we took a complex approach, combining information about the region with
information from other regions. We reviewed data on how and why populations in and around
Verendrye have changed over the past two decades, and on larger trends and interrelated factors
causing population and health changes elsewhere.

The population section contains data from studies conducted by the Quebec government,
which includes some important information on overall populations, hunting statistics, and age
and sex ratios. However, we acknowledge that this data should be taken with a grain of salt due
to its potential bias. From our review of the Quebec data and our limited knowledge of the
Quebec government’s disagreements with Anishnabe communities, it seems that the Quebec
government is, despite the recent moratorium, reluctant to reduce access for sport hunters, and
that this reluctance is reflected in its approach to moose-related data. The government also seems
reluctant to explore complex factors that may be causing the decline in moose populations. For
example, their moose population study from 2020 states that the moose harvest by sport hunters
is not large enough to explain the population decline, and further implies that in order to explain
the decline, they would need data on the Indigenous moose harvest.1 However, the Verendrye
wildlife park is situated on unceded Anishnabe territory, where Anishnabe people have hunted

1 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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since time immemorial. For the government to imply that Anishnabe hunting is the only factor
that could explain the decline in moose numbers is, at best, reductive and, at worst, colonial.
There are many potential factors causing the decline that are in need of exploration, most of
which are the result of settler colonial industry. We support Anishnabe people’s assertion of their
right to hunt unimpeded in their traditional territories and to manage the moose, forests, and
other natural systems according to their traditional ways, which have maintained overall healthy
ecosystems for thousands of years.

As such, this report explores the many interrelated factors that may potentially be causing
the population decline in La Verendrye. Major health and causal factors discussed in the
literature include hunting, predators, logging, mining, climate change, ticks and other pathogens.
All of these factors are interrelated and may aggravate each other, exacerbating the population
decline. For the population and causes sections, we prioritized data from the region, but included
data from anywhere in the world that could describe potential causes of the decline in the
Verendrye region. When considered together, this information offers insights into the
relationships between moose health, environmental factors, human impacts, and moose
populations in the region. For the methods section, we did not orient our review geographically,
but concentrated on methods of evaluating moose populations and health that are rooted in
Indigenous knowledge, Western scientific knowledge, and combinations of and collaboration
between the two.

Literature Review Methods

Although many of the researchers who conducted this literature review have backgrounds
in science and environmental studies, we are not moose experts or wildlife biologists. We have
done our best to interpret the science faithfully and carefully. Any conclusions and inferences are
done cautiously and with full reference to original source material in order to maximize accuracy
and facilitate fact checking.

The criteria for what literature to include in the review was determined in consultation
with the Committee. Together we decided to focus on the following subject areas: population
dynamics in the region; moose health; causes of change; and methods of evaluation. It was also
suggested that we find information on other moose moratoria. However, our search on this
subject produced very little, and the other themes produced such a huge body of literature, that
we decided to postpone research on other moratoria and to focus on the moose population and
health data as well as methods of evaluation.

A wide range of search tools were used to locate available literature. A McGill biology
librarian searched several academic databases using these search terms. We filed
access-to-information requests to the Ministère des Forêts, de la Faune et des Parcs (MFFP) to
obtain hunting statistics and population data. We also searched for information on the effects of
industry on moose populations in the Canadian Environmental Assessment Agency’s database.
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We also performed many Google searches, especially for material describing Indigenous
knowledge of moose populations. Though these searches revealed some studies involving
Indigenous collaborations with university researchers, they did not reveal much exclusively
Indigenous knowledge on moose populations. Also, given the volume of Western scientific
knowledge on moose that was available from the search methods which were available to us, and
the fact that Anishnabe knowledge keepers maintain their own body of knowledge on moose, we
decided to concentrate largely on the former.

Once the literature was compiled, we rated the relevance of each source based on the
criteria discussed with the Committee. A rating system of one to five, with five being the most
relevant, was developed to decide which sources to include, which can be seen here. After
determining which sources to include, researchers reviewed each article based on this annotation
form, which was output to a spreadsheet that we used to summarize and synthesize the literature
to produce this report.

Summary of the Findings: Population, Health and Causes

Below we summarize the general population trends and major potential causes mentioned in the
literature we reviewed. In the summary of each potential cause below, we also offer possible
avenues for evaluating whether that cause may be a factor in the area.

Population

Some studies, mostly by the Quebec government, describe moose populations in La Verendrye
and the surrounding area. The data shows a decline in moose populations both in and around La
Verendrye, at varying rates and levels. In La Verendrye between 2008 and 2010, there was a very
slight increase in population density in the park, but then a fairly drastic decrease between 2010
and 2020. In the hunting zones, population densities also declined, but less drastically than in the
park. The current estimated population structure was 61% females, 26% males, and 13% calves.
This corresponds to a sex ratio of 42 males per 100 females, and 22 calves per 100 females.

Over the years, when population dropped in the Verendrye area, so did the calf:cow ratio
(the number of calves per 100 cows). This could be caused by calf mortality or a decrease in the
ability of moose populations in the area to reproduce. This could be a result of the low number of
bulls, hunting regulations that allow sport hunters to harvest cows of any age, and the many
factors explored in the “Causes” chapter.

Also, the MFFP study from 2020 states that the moose population in La Verendrye is
generally lower than in surrounding hunting zones.2

Causes, Impacts and Health Issues

2 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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There is little information in the literature we reviewed that examines the direct causes of
the moose declines in the Verendrye region. However, we were able to infer many potential
causes from other studies. Causes that seemed particularly likely—or that were particularly
well-studied in other regions and corresponded to conditions around La Verendrye—include
sport hunting, logging, climate change, and ticks. Other potential causes that seemed less
prominent in the literature but may still be worth exploring include predators, mining, and other
pathogens like chronic wasting disease, tapeworms, and brain worm.

Hunting

Some major concerns when it comes to hunting include the declining survival of calves into
adulthood; the timing of the breeding season in relation to hunting seasons;3 female-to-male
ratios in harvest, harvesting of calves, and the age of females harvested.  Wildlife managers,
including in Quebec, have recommended since the 1980s that hunted moose populations can be
better maintained by harvesting more males and calves (and thereby fewer females), leaving a
higher cow-to-bull ratio.4 However, other sources suggest that in the long term, the harvesting of
bulls and calves may negatively impact overall reproduction and the chances of calves surviving
into adulthood.5

As mentioned, the MFFP study from 2020 states that the moose population in La
Verendrye is generally lower than in surrounding hunting zones.6 The study goes on to explain
that the habitats in the surrounding hunting zones are similar to those in the park (though their
evidence for this is unclear), and therefore there must be a difference in hunting practices
affecting populations in the park.7 One difference we noticed in the official Quebec hunting
statistics is that, in the hunting zones, calves make up a larger portion of moose harvested by
sport hunters, whereas in the park, calves are rarey harvested.8 Of course, other factors are
potentially at play as well, as explored in the “Causes” chapter. Another difference is that cows
are harvested every year in the park, whereas in the hunting zones harvesting cows is restricted
every other year.

Moose expert Jeff  Wastesicoot of the Pimicikamak Cree Nation explained that Cree rules
about moose hunting forbid harvesting any calves, restrict harvesting of bulls to those less likely
to mate, and restrict harvesting of cows to those old enough to have already produced several

8 See our data summary of Quebec hunting statistics here from original data we gathered from the government.
7 Ibid.
6 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”

5 Milner, Nilsen, and Andreassen, “Demographic Side Effects of Selective Hunting in Ungulates and Carnivores”;
Laurian et al., “Effects of Intensive Harvesting on Moose Reproduction.”.

4 Van Ballenberghe, “Rate of Increase in Moose Populations”; Lamoureux, “Effects of Selective Harvest on Moose
Populations of the Bas-Saint-Laurent Region, Québec.”

3 Ministry of Northern Development, Mines, Natural Resources and Forestry, “Factors That Affect Moose Survival,”
last modified November 2021, http://www.ontario.ca/page/factors-affect-moose-survival.
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calves.9 These differences in hunting practices could have significant impact. As noted in the
population section, the La Verendrye park and hunting zone 12 have a low proportion of calves
per 100 cows, which could be caused by over-harvesting young females. Quebec’s hunting
regulations do not appear to require hunters to differentiate based on the age of cows as the Cree
rules do.

To gather information about the effects of sport hunting on moose populations in La
Verendrye, further analysis of existing SEPAQ statistics on sport hunting may be helpful. Though
these statistics may not be 100% reliable, it may be insightful to compare the harvest rates by age
and sex to both Anishnabe knowledge about moose populations and the knowledge gathered in
this literature review. More knowledge could be gathered about the known effects of certain
hunting practices. Additionally, land user questionnaires or knowledge sharing workshops could
be used to gather direct observations of Quebec hunting practices, especially their harvesting by
age and sex. This information could then be compared to known causes of population decline,
such as a low proportion of bulls or over-harvesting of calves or young cows. Also, spatial
population analysis of areas of the park where sport hunters are known to hunt could be helpful.
That is, there may be population declines in certain moose habitat zones where sport hunters
concentrate. Some existing data may be helpful in this regard (such as population counts by the
MFFP done by parcel), and observational data may also be gathered via questionnaire.

Logging

Logging has also been found to affect moose populations, but in very complex ways. Moose
populations tend to decline immediately after a clear cut because they tend to avoid open areas.
This was the case in northwestern Quebec, where a moose population’s density was found to
decrease by about 20–30% immediately after logging.10 Ten years after a cut, logged mixed
stands already offer good habitat conditions for moose when accompanied with stricter hunting
regulations (selective hunting where female moose are protected). The moose populations first
experienced a drop in density, but then returned to levels that are similar to areas where there was
no logging. However, regeneration stands are also sought after by moose hunters that use them
for observation, which puts moose at a greater risk of being hunted.

The long-term effects of clear cuts on forest-secession and density of population
networks can be negative for moose. Moose prefer “early-seral stage habitat” (i.e. young forests),
which clear cuts and some other forestry practices provide in the short term. But when the forest
matures—often after just 20 years—moose populations can decline as the food sources grow out
of their reach.11 Also, according to the Société des établissements de Plein Air du Québec
(SEPAQ), when clearcuts make up more than 50% of a hunting zone, they are avoided by moose
due to a lack of food regeneration and shelter from predators.12 Generally, moose populations are

12 Gendreau, “Évaluation de la qualité d’habitat de l’orignal  réserve faunique La Vérendrye.”
11 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
10Courtois and Beaumont, “The Influence of Accessibility on Moose Hunting in Northwestern Quebec.”
9 Indigenous Climate Action, Moose Teachings Webinar.
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negatively affected by logging activity that transforms mixed forests into “single-species
coniferous stands.” This includes logging practices that leave few mature stands and that reduce
the diversity of trees in the forest. Additionally, logging that leaves few irregular contours in its
cut lines can negatively affect moose habitats, because irregular contours provide food
opportunities for moose. Logging without irregular contours fragments moose habitats in ways
that cut moose off from important sources of food and shelter. Logging also increases access for
predators and hunters. Clear cuts also reduce thermal cover for moose.13

Research that seeks to determine the effects of logging in the park could start by finding
out what types of logging practices have been present in the park over the years; how these
logging practices correspond to known impacts on moose; and how moose in the park have
specifically been impacted by logging in the park.  One example could be to ask whether the
types of logging practices in the park have resulted in mixed or homogenous forest stands, or if
logging has left irregular contours. Another approach might be to analyze logging practices over
time. For instance, an area that was clear cut either very recently or over twenty years ago can
result in bad moose habitat.

Possible avenues for this research could include gathering observations from Anishnabe
hunters and other land users about changes in moose presence in certain areas over time;
observations about habitat quality; or observations about the actual effects of logging on moose
populations. If there are major changes in moose populations observed in an area that correspond
to known logging practices, this could be strong evidence suggesting causation, especially if
other factors (ticks, climate, hunting practices, etc) have remained relatively stable. To assess the
effects of various factors, comparisons could be made between land user observations in
different areas. Such a comparison could be done in the questionnaires themselves or after the
questionnaires are completed. There are many options, explored in the “Land User Knowledge”
section of the “Methods” chapter below, that could help in this regard. Others avenues might
include using GIS-based habitat analysis combined with historical data on logging practices and
current or existing statistics on moose population changes over the years. And of course, all of
these methods can be combined.

Climate change

Climate change poses a major threat to moose. It can have direct physiological effects on
browsing habits or behavioral trends, and indirect effects on habitat and food sources.14 It can
have cascading effects on plants, wildlife, and people that depend on moose for economic and
cultural benefits.15 In the region including La Verendrye Park, temperatures increased by between
0.5 °C and 1.2°C, resulting in a longer frost-free season and more frequent and longer periods of

15 Weiskopf, Ledee, and Thompson, “Climate Change Effects on Deer and Moose in the Midwest.”

14 Powers, “Assessing the Relationships of Winter Ticks, Weather and a Declining Moose Population in Northern
New Hampshire.”

13 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
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warm weather.16 As a cold climate species, moose may be particularly vulnerable to climate
change. Many studies describe adverse physical effects of warming on moose survival and
ability to reproduce. Both heat stress and increased precipitation in winter (snowpack) can
negatively affect moose populations.

Many researchers expect a northward shift in moose populations due to climate change.17

An increase in population in the north and in the arctic from 1980 to 2010 has already been
linked to climate change.18 This may be an avenue to explore in La Verendrye, which is situated
not far from the southern edge of moose habitat. However, there is variability among the diverse
moose populations, even with respect to global effects such a climate changing.19 Some reports
even indicate a general growth of moose in their southern range.20

A study of the effects of climate change could gather further data on temperature
conditions and snowpack in the area, since these are the major climate factors affecting moose.
This information could be compared to observed changes in moose population and health.
Hunter observations of heat stress among moose, or the effect of increased snowpack, if
applicable, could also be useful. Additionally, data on population changes beyond the park on a
larger landscape scale or regional scale (as opposed to a very local scale) could be compared
with climate data to show whether there are any large-scale population trends happening (i.e. if
moose are moving north in large numbers). All of this information could be gathered through
various means, including land user questionnaires, population studies, and further review of
existing data.

Ticks and other pathogens

Moose are at risk of several parasites, viruses and bacteria that negatively affect their health.
Often, these factors appear to be compounded by environmental conditions such as climate
change, habitat availability, and human development. Threats to moose health vary regionally
due to interactions between moose population density, weather, habitat, other species, and human
influence.21 The impacts of the pathogens and parasites on moose health also appear to depend
on an individual’s age, sex, and condition. Ticks, tapeworm, chronic wasting disease, and brain

21 Jones et al., “Mortality assessment of moose (Alces alces) calves during successive years of winter tick
(Dermacentor albipictus) epizootics in New Hampshire and Maine (USA).”

20 Jensen et al., “Expanding GIS Analyses to Monitor and Assess North American Moose Distribution and Density.”

19 Hoy, Peterson, and Vucetich, “Climate Warming Is Associated with Smaller Body Size and Shorter Lifespans in
Moose near Their Southern Range Limit.”

18 Jensen et al., “Expanding GIS Analyses to Monitor and Assess North American Moose Distribution and Density.”

17 Murray et al., “Pathogens, Nutritional Deficiency, and Climate Influences on a Declining Moose Population”;
Borowik et al., “Too Hot to Handle: summer space use shift in a cold-adapted ungulate at the edge of its range”;
Teitelbaum et al., “Habitat Use as Indicator of Adaptive Capacity to Climate Change”; Priadka et al., “Habitat
Quality Mediates Demographic Response to Climate in a Declining Large Herbivore.”

16 Natural Resources Canada, “A Changing Québec,” last modified February 2016,
https://www.nrcan.gc.ca/changements-climatiques/impacts-adaptation/changing-quebec/10281#shr-pg0
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worm can all negatively impact moose health, reproduction, and survival rates. Climate change
can also compound the effects of parasites and diseases affecting moose health, especially ticks.

Ticks

Due to climate change, moose are increasingly exposed to ticks (Dermacentor albipictus), which
can reduce moose populations. Ticks have significant negative impacts on moose health,
reproduction, survival, and large-scale population trends. Infestations have also been associated
with a high mortality of 10-11 month-olds and low productivity in adult cows (Jones et al.,
2019).22 Health effects of ticks on moose include poorer cow condition from blood loss that can
result in lower fertility, later age of first reproduction, low twinning rates, lower body weight,
slower ovulation rate, and slow yearling growth. In particular, ticks may compound the
challenging conditions of winter and early spring, in which moose cows are in gestation during a
period of decreased food supply.23 Additionally, research indicates that ticks have serious impacts
regarding the survival and health of calves.

Climate change is likely causing more tick epizootics for moose. Tick populations are
highly influenced by climate change. Increasing temperatures result in longer summers and
autumns, which is the ideal breeding time for winter ticks. Not only do ticks negatively affect the
reproductive abilities of moose, but they worsen the effects of heat stress that moose already
experience in the summer, since moose with compromised health are more susceptible to heat
stress caused by a warming climate.24 There is also evidence that a warming climate will increase
interactions with other species, notably white-tailed deer, and that this can cause an increase in
the transmission of certain diseases and parasites, including ticks, brain worm, and liver fluke
disease.25

To determine whether there are significant tick infestations in the park, a study could
sample a certain number of harvested or tranquilized moose to get an average number of
tick-infested moose in the larger population. This could also potentially be accomplished via land
user surveys, where people are asked to rate the number of ticks found on each of their harvested
moose over the past few years. This could then be compared and correlated with other factors to
determine whether ticks are causing health effects or population declines. For example, if there is
heavy tick infestation in an area with otherwise good moose habitat, and negative health or
population effects are also observed in this area, this could suggest ticks are causing the problem.
Contrarily, if the area offers other challenges for moose, such as unhealthy habitat conditions, the
study should compare the findings to other areas as well, to control for the effects of the other
factors. Other signs of tick infestation could also be observed, such as deteriorated body

25 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
24 McCann, Moen and Harris, “Warm-season heat stress in moose (Alces alces).”
23 Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter tick epizootics.”

22 Jones et al., “Mortality Assessment of Moose (Alces Alces) Calves during Successive Years of Winter Tick
(Dermacentor Albipictus) Epizootics in New Hampshire and Maine (USA)”.
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condition, weight loss, excessive grooming, hair loss, or signs of stress, although without seeing
actual tick infestations these observations might only be suggestive.

Other pathogens

Other health issues that have been explored much less in the literature include tapeworms,
chronic wasting disease, and brain worm. There is little evidence that these health issues are
currently affecting moose populations in Quebec, but this may be because they remain
understudied. See the respective sections below for descriptions of each of these pathogens.
Little is known about how climate change is affecting these pathogens, although one study from
outside Quebec suggests that mild winters increase the risk of brainworm for moose.26

Combined effects

A crucial insight is that most of these causes—hunting, logging, climate change, and
ticks—can interact and aggravate each other. There is evidence from regions similar to ours of
double and triple effects, where two or three factors combine in the same place and time to
exacerbate the situation for moose. One of the most obvious examples is that climate change has
multiple effects on moose. It increases the chance of tick infestation; drives temperatures up
making it harder for moose to survive and reproduce; and increases precipitation and winter
snowpack in Quebec, which reduces moose mobility. Increased snowpack in turn makes it harder
for moose to survive tick infestations, creating a vicious cycle.

Industrial development also impacts this cycle. For example, in areas where moose
habitat and ecological conditions have been compromised by logging, ticks can have an even
greater impact.27 Some researchers noted that mixed forest ecosystems best support moose
during tick infestations. However, logging that results in single-species forests, or
coniferous-only forests, is not favorable for moose populations in general, and makes it harder
for moose to survive tick infestations.28

Likewise, hunting can take an added toll on moose populations when their numbers are
already jeopardized by habitat degradation.

Research seeking to measure these cumulative effects in the park could combine many of
the methods mentioned above. Many of these factors could be addressed in land-user

28 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions”; Blouin et al.,
“Moose Habitat Selection and Fitness Consequences During Two Critical Winter Tick Life Stages in Vermont,
United States.”

27 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival”; Jones et al., “Fecundity and summer calf survival of moose during 3
successive years of winter tick epizootics”; Pekins, “Metabolic and Population Effects of Winter Tick Infestations on
Moose: Unique Evolutionary Circumstances?”

26 Lankester, “Considering Weather-Enhanced Transmission of Meningeal Worm, Parelaphostrongylus tenius, and
Moose Declines.”
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questionnaires, workshops, and focus groups. Establishing causality can be difficult when so
many factors are involved, but careful study planning that gathers information on a wide variety
of potential causal factors could produce some convincing suggestive evidence. Some statistical
approaches may be helpful here, such as multivariate statistics or multiple factor analysis. These
would require further investigation and expertise, as they are not covered in this literature review.

Western scientific understandings of moose29

Moose are cervids and belong to the same family as deer, caribou, elk. As such, they share many
(but not all) of the same tendencies and risks, including diseases and parasites.

Moose are “habitat generalists,” which means they are capable of adapting to a wide
range of ecosystems and frequently change their behavior and location depending on the
availability of resources. For food, they browse on twigs and leaves of trees and shrubs, as well
as aquatic plants in summer. They tend to prefer shrublands, deciduous forests and, to a lesser
extent, wetlands.

Moose evolved alongside disturbances in ecosystems, especially as a result of forest fire.
They are attracted to these disturbed ecosystems, especially young forests, which provide
abundant food for them. They are also attracted to “edge habitats” – that is, the edges between
different ecosystems. Recent historical fire suppression has limited moose habitats, but they are
also attracted to certain types of human-disturbed landscapes. Today, some forest managers try to
regulate logging activities in ways that mimic forest fire regimes in order to maintain better
moose habitats.

Moose choose their habitats based on many factors, including food availability, shelter
from predators, heat stress, wildfire, insects, and human disturbances. Moose populations are
affected by some factors that are difficult for ‘managers’ to control, like disease, parasites, and
insects, but today are also greatly affected by human activity, such as industrial development,
logging, and increased access for hunters and predators by roads.

29 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
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Population

This section analyzes, summarizes, and re-interprets Quebec government data on moose
populations in and around the La Verendrye wildlife park. In 2020, the moose population in La
Vérendrye was studied through aerial survey.30 The density—the average number of moose per
square kilometer—was estimated at 0.21±0.02 moose/km² (meaning there is mostly likely about
0.21 moose per square kilometer, but with errors this number could be between 0.19 and 0.23).
The report estimates that there were 2074 moose in the park, give or take 225 moose with an
89% confidence level. The estimated population structure was 61% females, 26% males, and
13% calves. This corresponds to a sex ratio of 42 males per 100 females, and 22 calves per 100
females. Moose were found throughout the park, but not equally across the park. Instead, moose
density varied widely in the different parcels of the park, ranging from 0 to 38 moose observed in
each parcel.31 In Table 1, these population metrics are compared with those of hunting zones 12
(HZ12) and 13 (HZ13), which overlap with the park.

La Verendrye
(2020)32 HZ12 (2018)33 HZ13 (2016-2017)34

Density (moose/km^-2) 0.21±0.02 0.21±0.04 0.26±0.03

Males/100 Females 42 23 24.3±8.5

Calves/100 Females 22 23 28.0±7.1

Female
Male
Calf
(proportion  (%))

61%
26%
13%

69%
16%
15%

62%
20%
18%

TAB1: Recent moose density and population structure in La Verendrye, HZ12 & HZ13.

The density of the moose population in the park has declined from its 2008 levels, when the
density was about 0.32 moose/km².35 A potential reduction is also hinted at by 2010 GIS data
giving a moose density in the park that ranged between 0.153  moose/km²  and  0.310
moose/km². Estimates from harvest data also gave a density of 0.35 moose/km² in 2010 with a
harvest rate of less than 5%.36 The MFFP study from 2020 states that the moose population in La

36 Lefort and Massé, “Plan de gestion de l’orignal au Québec 2012-2019.”
35 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”

34 Trudeau, “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 13 à l’hiver 2017. (Rapport
Sommaire).”

33 Dumont, “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 12. (Rapport Sommaire).”
32 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
31 204 parcels of 60km² in the park. 4 parcels covered by more than 50% water were removed.
30 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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Verendrye is generally lower than in surrounding hunting zones.37 The study goes on to explain
that the habitats in the surrounding hunting zones are similar to those in the park (though their
evidence for this is unclear), and therefore there must be a difference in hunting practices
affecting populations in the park.38 One difference we noticed in Quebec hunting statistics is that,
in the hunting zones, calves make up a larger proportion of moose harvested by sport hunters,
whereas in the park, calves are rarey harvested.39 Of course, other factors are potentially at play
as well, as explored in the “Causes” chapter.

An important decrease in moose density was also observed in hunting zone 12 (2008:
0.28±0.03 moose/km² ; 2018: 0.21±0.04 moose/km² 40), while the moose density in hunting zone
13 might have decreased or remained at similar levels (2005: 0.31±0.06 moose/km²; 2016-2017:
0.26 ± 0.03 moose/km² 41).

HZ12
2002-2003 2009- 2010

HZ13
2002-2003

2009-
2010

HZ14
2002-2003 2009-2010

Density (moose/km²) 0,37 0,25 0,30 0,27 0,18 0,22

Total population 1 856 1 250 15 587 14 068 3 834 4 662

Calves/100 females 55 n/d 50 50 45 n/d

Calves (%) 28% n/d 24% 25% 25% n/d

Harvest rate (%) 11%&24% 25%&14% 9%&18% 18%&13% 13%&16% 14%&16%
TAB2: Various population data in HZ12, HZ13, and HZ14 (excluding La Verendrye)

La Verendrye 2008 2010 2018

0.32 0.3542 0.21±0.02

HZ12 2002-2003 2008* 2009-2010 2018*

0.37 0.28±0.03 0.25 0.21±0.04

HZ13 2002-2003 2005* 2009-2010 2016-2017*

0.30 0.31±0.06 0.27 0.26±0.03

HZ14 2002-2003 2009-2010

42 Estimated with harvest data (compared success rates and attempts).

41 Trudeau, C. “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 13 à l’hiver 2017. (Rapport
Sommaire)”; Lefort and Massé, “Plan de gestion de l’orignal au Québec 2012-2019.”

40 Dumont, “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 12. (Rapport Sommaire).”
39 See our data summary of Quebec hunting statistics here from original data we gathered from the government.
38 Ibid.
37 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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0.18±0.03 0.22
TAB3: Moose densities (moose/km²) in La Verendrye, HZ12, HZ13 & HZ14 in the last 20 years.43

Data from hunting zones exclude La Verendrye (except for years with a  “*” where information
is unknown  — HZ13 has a much larger population than La Verendrye, so it will not have a
significant effect in this case).

Ultimately, the data provided in the tables above shows a clear decline in moose populations both
in and around La Verendrye, at varying speeds or levels. In La Verendrye between 2008 and
2010, there was a very slight increase in moose density in the park, but then a fairly drastic
decrease measured in 2018 and 2020. In the hunting zones, population densities also declined,
but less drastically than in the park.

Population, Sex, Age, and Hunting Data

In 1997, moose populations in western Quebec in general were evaluated to be higher than in the
rest of Quebec, where densities were estimated to approximately 0.1 moose/km² in moose
populated regions.44 In the same survey, the proportion of bulls in the adult population was
described as being very low, ranging from 25%-39% (except in Northern populations).
Nowadays, this proportion is about 26% in La Verendrye45, and a bit below 20% for hunting
zones 12 and 13.46 This very low proportion of bulls may relate to hunting practices and
regulations, which are explored in the “Causes” section of this lit review. A low density of bulls
combined with a low density population overall can lead to declining populations. For a
population density of 0.30 moose/km², a proportion of at least 50 bulls/100 cows should be met.
As the population density gets lower, the ratio should tend more towards 100 bulls / 100 cows.
The specific minimum bull:cow ratio can vary with given populations.47 A recent study of a
moose population in the Boreal Plain Ecozone of Saskatchewan and western Manitoba suggests
that having a minimal bull:cow ratio for a given population density is important.48 In other
words, there is a minimum number of bulls, compared to cows, required to maintain a healthy
population, although this minimum number of bulls depends on the population density. Given

48 Arsenault, Rodgers, and Whaley, “Demographic Status of Moose Populations in the Boreal Plain Ecozone of
Canada.”

47 Timmermann, “Moose Sociobiology and Implications for Harvest.”
46 MFFP document- 2018 && 2016-2017
45 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
44 Courtois and Lamontagne, “Management System and Current Status of Moose in Québec.”

43 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver”; Lefort and
Massé, “Plan de gestion de l’orignal au Québec 2012-2019”; Trudeau, “Résultat de l’inventaire Aérien de l’orignal
Dans La Zone de Chasse 13 à l’hiver 2017. (Rapport Sommaire)”; Dumont, “Résultat de l’inventaire Aérien de
l’orignal Dans La Zone de Chasse 12. (Rapport Sommaire).”
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this information, we imagine that the overall low proportion of bulls compared to females in the
park could be having a negative effect on population.

On the other hand, the proportion of bulls in hunting zone 13 was lower than in La
Verendrye, but the decrease in population was much less significant over the last few years. This
could indicate that bull proportion is not an important factor in either La Verendrye and hunting
zone 13, or that the effects of low bull proportions in La Verendrye are aggravated by other
factors.

The proportion of calves and cows is also an important factor that can affect populations
and that is, in turn, affected by various causal factors. Table 1 shows that populations in La
Verendrye and hunting zone 12 with a lower density with respect to hunting zone 13 also have a
lower calf:cow ratio (fewer calves per 100 cows). In other words, when the population is low in
these areas, so is the number of calves per 100 cows. The Quebec study suggests that the ability
for moose to reproduce in these areas could be impacted by the presence of gray wolves and
black bears; the low density of moose in certain parcels; and the high proportion of young
females aged 1.5 to 2.5 years (moose usually first reproduce at 2.5 years of age).49 Other
potential explanations include the low number of bulls, Quebec hunting regulations which allow
sport hunters to harvest cows of any age, and the many factors explored in the “Causes” chapter.

To help with this analysis, we also retrieved sport hunting data in La Verendrye, hunting
zones 12, 13 and 14 in the last 20 years  from the MFFP and SÉPAQ.50 We gathered the number
of female, male and calf harvested by sports hunters per year and the total number harvested. We
organized this data into tables and graphs, which can be accessed here and in footnote 50 below.
Overall, hunting numbers in La Verendrye have been stable, ranging from 75 to 150 harvested
moose per year, with numbers often close to 100 hunted moose. Given a population of
approximately 2000 moose in 2020, this represents a 5% harvest rate in La Verendrye.

In the hunting zones, every other year has been a restrictive year, where female moose
were not supposed to be hunted at all. This was not the case in the park, where the number of
female moose harvested by sport hunters has remained relatively stable at around 30 cows per
100 bulls. Starting in 2012, practically no female moose were harvested every year in hunting
zone 12.

Among the three hunting zones, hunting zone 12 had the largest peaks in harvest rates,
which increased by 24% in 2003 and 25% in 2009 (see Table 2). This zone also saw the largest
decrease in population density (although information on hunting zone 14 beyond 2010 was not
retrievable), as the moose density went from 0.37 moose/km² in 2002-2003 to 0.21 moose/km² in
2018 (see Table 3).

Of course, many other factors, in addition to hunting, may be affecting moose
populations, such as logging, ticks and climate change.

50 Moose harvest data can be accessed here:
https://docs.google.com/spreadsheets/d/1vZCORFZ_KXnvPmGKaNfp5aQh0fgtLkm86i0PygL7-zA/edit#gid=0

49 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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Causes, Impacts, and Health Issues

Since the mid 2000s in North America, moose populations have declined in their
southern range due to successive high calf mortality at a rate beyond the population’s retraction
rates – in other words, the calves are dying faster than their ability to grow and recover.51

Concrete causes for moose population decline, and specifically calf population mortality, within
La Verendrye Park have been difficult to measure, but certain factors undoubtedly have a strong
impact. This section draws on both local and global information to suggest some potential causes
for the region. Major causes may include hunting practices, logging, climate change, winter
ticks, and other pathogens, all of which can work in tandem to exacerbate moose population
declines.

Hunting

There have been varied moose hunting regulations throughout settler Canada over the
past many years, with regulations on female cows during breeding season being some of the
most important for protecting populations. According to a SEPAQ report, the average moose
harvest between 2010 and 2020 in and around La Verendrye Park by sports hunters was 4.2% of
the moose population per year (90 moose per year on average) 52. The authors note a lack of data
on local Anishnabe harvest rates and imply that this may be a cause of population decline 53.
Although the authors estimate that this figure cannot explain the reduction in population
observed over the past ten years by itself, the data still suggests that hunting is influencing the
population 54. Therefore, more restrictive harvest methods could be effective at increasing the
moose population as it becomes more vulnerable to stresses caused by tick epizootics, logging
activity, and climate change.

Some major concerns when it comes to hunting include the declining recruitment of
calves into the breeding population (i.e. when calves don’t survive to adulthood); the timing of
the breeding season in relation to hunting seasons;55 female-to-male ratios in harvest, and
harvesting of calves (89). If female moose that are younger than or at breeding-age are
over-hunted, it affects the fecundity (ability to reproduce) and productivity of the population
– meaning that fewer new calves are born. Additionally, as winter tick severity worsens, and tick
infestation continues to be the leading cause of death for calves 56, moose populations will be less
fit and there will be less members of breeding-age, making them more vulnerable to hunting or

56 DeBow, “Effects Of Winter Ticks And Internal Parasites On Moose Survival And Fecundity In Vermont, USA.”

55 Ontario Government, “Factors that affect moose survival,” last modified November 2021,
http://www.ontario.ca/page/factors-affect-moose-survival.

54 Ibid.
53 Ibid.
52 Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver 2020.”

51 Powers, “Assessing the Relationships of Winter Ticks, Weather and a Declining Moose Population in Northern
New Hampshire.”
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predation and less able to rebound to normal population levels after a difficult winter 57. Due to
these stresses, it could be argued that any hunting of vulnerable populations represents
over-hunting, since these populations do not have the ability to rebound as effectively or quickly
as they usually should.

Wildlife managers, including in Quebec, have recommended since the 1980s that hunted
moose populations can be better maintained by harvesting more males and calves (and thereby
fewer females), leaving a higher cow-to-bull ratio58. However, other sources59 suggests that
things might be more complicated, especially in the long term, and that the harvesting of bulls
and calves may negatively impact overall reproduction and adult recruitment rates in the long
term. Moose tend to have a greater sensitivity to overall imbalances in their population than do
other ungulates60. Subsequent to this, hunting policies should mirror natural death rates as closely
as possible to ensure a long term stability in the population.61 Also, other factors might be
responsible for the decline in populations, like climate change and parasites.62

As noted in the introduction, this literature review draws mostly on Western scientific
methods. However, one Indigenous source, a workshop with Cree knowledge keeper Jeff
Wastesicoot, shows that at least some Indigneous communities have more stringent and precise
hunting regulations than do Canadian settler governments and sport hunters. Wastesicoot
explained that Cree rules about moose hunting forbid harvesting any calves, restrict harvesting of
bulls to those less likely to mate, and restrict harvesting of cows to those old enough to have
already produced several calves.63 This difference in restrictions on harvesting calves could have
a significant impact. As noted in the population section, the La Verendrye park and hunting zone
12 have a low proportion of calves per 100 cows, which can be caused by over-harvesting female
moose of a certain age. Quebec’s hunting regulations do not appear to require hunters to
differentiate based on the age of cows as the Indigenous rules might.64 This lack of precision and
differentiation on the part of the Quebec government’s hunting restrictions could cause a
population decline.

64 Québec, “Moose Hunting,” last modified April 2022,
https://www.quebec.ca/en/tourism-and-recreation/sporting-and-outdoor-activities/sport-hunting/game/moose;
Québec,“Purchasing a Hunting Licence,” last modified May 2022,
https://www.quebec.ca/en/tourism-and-recreation/sporting-and-outdoor-activities/sport-hunting/licences-certificate/p
urchasing-licence.

63 Indigenous Climate Action, Moose Teachings Webinar.

62 Ministry of Northern Development, Mines, Natural Resources and Forestry, “Factors That Affect Moose
Survival,” last modified November 2021, http://www.ontario.ca/page/factors-affect-moose-survival.

61 Laurian et al., “Effects of Intensive Harvesting on Moose Reproduction”; Milner, Nilsen, and Andreassen,
“Demographic Side Effects of Selective Hunting in Ungulates and Carnivores.”

60 Milner, Nilsen, and Andreassen, “Demographic Side Effects of Selective Hunting in Ungulates and Carnivores.”

59 Milner, Nilsen, and Andreassen, “Demographic Side Effects of Selective Hunting in Ungulates and Carnivores”;
Laurian et al., “Effects of Intensive Harvesting on Moose Reproduction.”

58 Van Ballenberghe, “Rate of Increase in Moose Populations”; Lamoureux, “Effects of Selective Harvest on Moose
Populations of the Bas-Saint-Laurent Region, Québec.”

57 Powers, “Assessing the Relationship of Winter Ticks, Weather and a Declining Moose Population in Northern
New Hampshire.”
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Predators

Predators of moose, other than humans, in the immediate area surrounding La Verendrye
Park are eastern coyotes, black bears, and occasionally lynx. Wolves do not seem to have a very
intense direct influence on moose patterns of forage or general movement, although movement
patterns around lakes and ponds may be an indirect function of predator avoidance and thermal
cooling 65. From the Quebec literature alone, predation does not appear as a major cause for the
observed moose population decrease in La Verendrye Park. Rather this decline seems to be more
explainable via ticks, logging activity, and aggravating climate change effects, although more
park-specific data would have to be collected to conclude this for certain. There is evidence from
other regions that predation is an important factor, but the extent is unclear and it is difficult to
infer across different regions.

An Ontario government report explains that the relationship between wolves and moose
generally results in equilibrium, as predation rates tend to increase in tandem with moose
numbers and vice versa. This naturally regulates the density of the moose population and is
beneficial to moose and the ecosystem they rely on, since wolves normally prey on adults
past-their-prime or sick moose, and rarely consume prime-breeding-age moose. Without wolves,
moose populations at very high densities may degrade their own habitat and experience
increased transmission of pathogens and occurrences of tick infestation.66

Impacts on Habitat and Moose Health

The sections below describe factors that affect moose habitats, moose health, or a combination of
the two. These factors can all aggravate each other, and can even aggravate factors like predation
and hunter access.

We found many articles and reports that, when taken together, offer insights into
declining habitats in the Verendrye region. Few studies evaluated habitat quality of the region
specifically. One exception is a study by SEPAQ that evaluates moose habitat quality in La
Verendrye park based on food cover, shelter, and edge habitat.67 The report describes food
potential for the park as low. Averaged together, 41% of the forest throughout the park provides
poor food potential for moose. The overall habitat quality quality for the park, including both
food and shelter availability, is described as “medium quality.” We found no data to indicate
change in these variables over time, but considering that climate change will alter this habitat via

67 Gendreau, “Évaluation de la qualité d’habitat de l’orignal – réserve faunique La Vérendrye.”

66 Ministry of Northern Development, Mines, Natural Resources and Forestry, “Factors That Affect Moose
Survival,” last modified November 2021, http://www.ontario.ca/page/factors-affect-moose-survival.

65 Ditmer et al., “Moose at Their Bioclimatic Edge Alter Their Behavior Based on Weather, Landscape, and
Predators.”
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temperature and thus vegetation and parasite conditions, it could be expected that habitat quality
will follow a decreasing trend.68

Logging

The logging industry and its associated activities have also been found to affect moose
populations, but in very complex ways. Moose populations tend to decline immediately after a
clear cut because they tend to avoid open areas. This was the case in northwestern Quebec,
where a moose population’s density was found to decrease by about 20–30% immediately after
logging.69

The case of mixed logging was also studied. Ten years after a cut, logged stands of mixed
deciduous and coniferous trees already offered good habitat conditions for moose when
accompanied with stricter hunting regulations (selective hunting, female moose protected). The
moose populations first experienced a drop in density, but then returned to levels that are similar
to areas where there was no logging. There was an exception in a zone with very low moose
density 0.11 moose/km², which stayed down to 0.07 moose/km², but it was only 8 years in.70

Overall, this supported another study finding that moose and forestry are compatible, particularly
when it comes to limited harvesting within mature forests, which creates the ideal habitat for
moose. There was no evidence that moose would avoid or leave the entire area, but would only
avoid completely clear-cut regions, except in early winter where they reduce their movements
overall. Some forest should be left standing around clear-cuts in order to benefit moose. In
summer and fall, moose indeed prefer mature forest with cover.71

Generally, moose populations are negatively affected by logging activity that transforms
mixed forests into “single-species coniferous stands.” This includes logging practices that leave
few mature stands and that reduce the diversity of trees in the forest. Logging in this manner also
fragments moose habitats and increases access for predators and hunters. Clear cuts also reduce
thermal cover for moose.72

Contrarily, a higher density of cut edges can increase moose food sources and thus also
moose populations.73 The edges of logging cuts can mimic “ecotones,” the complex spaces in an
ecosystem where one type of habitat transforms into another, such as the edge of a forest into a
meadow. Species interactions in these spaces tend to be very complex.74 Moose and other cervids
(deer) are attracted these edge habitats. For the same reason, moose are attracted to clearcuts

74 Temple and Flaspohler, “The Edge of the Cut: Implications for Wildlife Populations.”

73 Leclerc, Lamoureux, and St-Laurent, “Influence of Young Black Spruce Plantations on Moose Winter
Distribution.”

72 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
71 Courtois et al., “Habitat Selection by Moose (Alces alces) in Clear-Cut Landscapes.”

70 Potvin, Breton, and Courtois, “Response of Beaver, Moose, and Snowshoe Hare to Clear-Cutting in a Quebec
Boreal Forest: A Reassessment 10 Years after Cut.”

69 Courtois and Beaumont, “The Influence of Accessibility on Moose Hunting in Northwestern Quebec.”
68 Gendreau, “Évaluation de la qualité d’habitat de l’orignal – réserve faunique La Vérendrye.”
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with irregular contours due to their regeneration areas, which provide feeding stands and edge
habitats.75 However, regeneration stands are also sought after by moose hunters that use them for
observation, which puts moose at a greater risk of being hunted.

Furthermore, the long-term effects of clear cuts on forest-secession and density of
population networks can be negative for moose. Moose prefer “early-seral stage habitat” (i.e.
young forests), which clear cuts and some other forestry practices provide in the short term. But
when the forest matures—often after just 20 years—moose populations can decline as the food
sources grow out of their reach. Some research shows that the peak time for moose in clear cuts
is 7-10 years after logging.76 Other research suggests that moose prefer “partially harvested
stands of 11-20 years over clearcuts.”77 Also, according to SEPAQ, when clearcuts make up more
than 50% of a hunting zone, they are avoided by moose due to a lack of food regeneration and
shelter from predators.78

Forestry practices can also affect tree species composition in recently logged forests,
which can in turn affect moose populations. Clearcuts in hardwood and low-density softwood
forests negatively affect forest composition because they provide less cover sought by moose
during winter. Although softwood tree plantations between 15 and 30 years old can provide
decent food for moose, in the long term, plantations are actually the least productive regeneration
site as a food source for moose.79 In the Bas-Saint-Laurent region of Quebec, research showed
that low-density spruce plantations with low vertical cover offer better food opportunities for
moose than high-density plantations with high cover. They also found that pre-commercial
thinning, which involves cutting smaller trees to reduce competition and stimulate growth in
diameter, can negatively affect moose numbers because it reduces both food and shelter.
Pre-commercial thinning also reduces ecotones, or transitions between two stands over a short
distance, which are critical habitat for moose.80

Moose browsing can also combine with the effects of post-logging regeneration patterns
to affect the long-term regenerative capabilities of the forest. Heavy moose browsing in logged
areas can slow forest development and favor coniferous growth in cut stands, resulting in a
long-term degeneration of healthy moose habitats.81

Some logging companies apply herbicides and fertilizers to stimulate the growth of
certain economically valuable trees. Although many fertilizer treatments increase moose food
availability, repeated treatments in the same areas can reduce some shrubs and mosses.
Herbicides can also have significant negative impacts in both the short and long term. Most
research focuses on glyphosate, which has been banned in Quebec since 2001. However, another

81 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

80 Leblond, Dussault, and St-Laurent, “Low-Density Spruce Plantations Increase Foraging by Moose in a
Northeastern Temperate Forest.”

79 Ibid.
78 Gendreau, “Évaluation de la qualité d’habitat de l’orignal – réserve faunique La Vérendrye.”
77 Ibid.
76 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
75 Gendreau, “Évaluation de la qualité d’habitat de l’orignal – réserve faunique La Vérendrye.”
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herbicide, hexazinone, was found to have negative long term effects on boreal vegetation for at
least 17 years after treatment.82

Linear development associated with logging activity also negatively affects moose
populations by fragmenting their habitats. Linear development includes logging roads and cut
lines, which split up habitat. A high density of roads results in a low moose count, because it
decreases the “functional connectivity” among “network nodes” where moose populations are
concentrated.83 In other words, roads and cut lines decrease the possibility of connection between
certain areas where moose populations are concentrated, leaving them isolated from both each
other and important resources that can be found in these areas. For example, cost levels were
three to six times higher when moose traveled within open areas, cut blocks, and sparse conifer
stands with mosses than within their network’s nodes, and at least 48 times higher on lakes and
roads in the Cote-Nord region.84 This reduced accessibility, resulting in higher energy costs,
which is problematic when combined with strains like illness, tick infestation, and heat stress.
Overall, this fragmentation and discontinuity has grave consequences. It can cause changes in
large-scale population dynamics, gene flow, and species richness. It can also displace herds, alter
dispersion patterns, increase spatial heterogeneity, and shift numerical trends.

Additionally, logging increases physical access to moose habitat for both hunters and
predators, which can also decrease moose populations. Linear development and clear cutting
improve sightlines for hunters and predators, making it harder for moose to hide from these
threats. All of this can result in overharvesting.85 To reduce the risk of predation, moose will
often abandon otherwise good habitat.86

Mining

We found no independent studies on the impacts of mining on moose. This is certainly a
major gap in the literature, since many of the impacts of mining are similar to the impacts of
logging, such as habitat loss, increased predator/hunter access, habitat fragmentation, and
pollution. Some environmental assessment reports discuss the effects of mineral and fossil fuel
development on moose. These reports can be produced both by Indigenous communities fighting
projects and by extraction companies seeking project approval, and sometimes vice versa. The
Blackwater gold mine project impact assessment, for example, noted that the project would

86 Ibid.
85 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

84 Courbin et al., “Logging-Induced Changes in Habitat Network Connectivity Shape Behavioral Interactions in the
Wolf-Caribou-Moose System.”

83 Leclerc, Lamoureux, and St-Laurent, “Influence of young black spruce plantations on moose winter distribution.”
82 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
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impact moose by felling tree stands, resulting in habitat loss, mortality, migration, increased
predation and hunter harvest, and overall population change.87

Pollution from mining may also affect moose. Although no studies were found on the
effects of pollution on moose populations, one environmental assessment conducted in the tar
sands region of Northern Alberta found significant levels of industrial toxins in moose. This was
the first study to connect tar sands development to cancer in Northern communities.88

Climate Change

Climate change poses a major threat to moose. It can have direct physiological effects on
browsing habits or behavioral trends, and indirect effects on habitat and food sources.89 All of
this can have cascading effects on plants, wildlife, and people that depend on moose for
economic and cultural benefits.90 Climate change can be especially impactful when it coincides
with and exacerbates other factors like frequency of winter epizootics (tick infestations that
cause over 50% calf mortality) or habitat destruction by industrial development.

Generally, Quebec saw significant warming between 1960 and 2003. In South-Central
Quebec, the region including La Verendrye Park, temperatures increased by between 0.5 °C and
1.2°C, resulting in a longer frost-free season and more frequent and longer periods of warm
weather.91 Based on climate models created by the government of Canada, mean temperatures
and precipitation in Quebec will increase92 and act in tandem with pathogens and chronic
malnutrition to decrease moose populations.93

Many researchers expect a northward shift in moose populations due to climate change.94

An increase in population in the north and in the arctic from 1980 to 2010 has already been
linked to climate change.95 However, a 2014-2015 study of moose populations in Canada and the
northern US estimates that moose are not immediately at risk of disappearing from southern
regions.96 Some reports even indicate a general growth of moose in the southern range.97

97 Jensen et al., “Expanding GIS Analyses to Monitor and Assess North American Moose Distribution and Density.”
96 Timmermann, “Moose Sociobiology and Implications for Harvest.”
95 Jensen et al., “Expanding GIS Analyses to Monitor and Assess North American Moose Distribution and Density.”

94 Murray et al., “Pathogens, Nutritional Deficiency, and Climate Influences on a Declining Moose Population”;
Borowik et al., “Too Hot to Handle”; Teitelbaum et al., “Habitat Use as Indicator of Adaptive Capacity to Climate
Change”; Priadka et al., “Habitat Quality Mediates Demographic Response to Climate in a Declining Large
Herbivore.”

93 Murray et al. “Pathogens, Nutritional Deficiency, and Climate Influences on a Declining Moose Population.”
92 Ibid.

91 Natural Resources Canada, "A Changing Québec," last modified February 2016,
https://www.nrcan.gc.ca/changements-climatiques/impacts-adaptation/changing-quebec/10281#shr-pg0.

90 Weiskopf, Ledee, and Thompson, “Climate Change Effects on Deer and Moose in the Midwest.”

89 Powers, “Assessing the Relationships of Winter Ticks, Weather and a Declining Moose Population in Northern
New Hampshire.”

88 McLachlan, “Water Is a Living Thing.”

87 AMEC Environment & Infrastructure, “Blackwater Gold project application for an environmental assessment
certificate / environmental impact assessment of potential environmental effects.”

Preliminary Report from the Anishnabe Moose Studies 2022   69 



24

However, there is variability among the diverse moose populations, even with respect to global
effects of such a changing climate.98

Physiological effects of climate change

Moose that live near the southern limit of their range are especially vulnerable to
negative effects caused by irregular temperature, as they are at or near the limit of their species’
thermal envelope – that is, the limit of temperatures within which a species can survive.99

Increasing temperatures will likely cause low productivity (low levels of growth and
reproduction) and force the southern distribution of moose northward due to their heat
intolerance. Though moose usually choose habitats based on food availability, they also shift
habitats based on the availability of thermal cover (shade from the sun). With rising
temperatures, moose can be expected to move to low-lying, cooler habitat zones, such as ravines
and wetlands, and can also be expected to move north.

In some cases, favorable habitats can allow moose to mitigate climate change effects.
This was the case for a moose population in Northern Poland, where moose used dense forest
canopy as cover during the day to avoid heat stress during the summer.100 Dense canopy cover
was also linked to a better resilience to winter severity of Southern and Northern Ontario moose
populations.101 In contrast, in spare forest cover or regenerating forests, moose were found to be
more vulnerable to direct and/or indirect climate effects. For instance, climate change is causing
increased precipitation and moose are more likely to be affected by deep snow, which hinders
their movement, increasing their energy costs and making them more vulnerable to predators.

As a cold climate species, moose may be particularly vulnerable to climate change.
Moose have a thick wool undercoat, long “winter guard hairs,” and low surface area to volume
ratio. This means that moose retain heat longer, which can threaten their fitness and ability to
survive.102 Suggested upper critical body temperatures (UCT) for moose are 58 degrees Celsius
in the winter and between 148 degrees Celsius and 208 degrees Celsius in the summer.103 In
ambient temperatures that can cause their body temperature to reach these UCTs, moose can
become heat-stressed, experience increased metabolism, heart rate and respiration rate, reduced
food intake, and loss of bodyweight,104 indicating lower general fitness due to unnatural energy
usage. Effects of this body-condition deterioration as a result of general malnutrition include

104 Ibid.
103 Weiskopf, Ledee, and Thompson, “Climate change effects on deer and moose in the Midwest.”

102 McCann, Moen, and Harris, “Warm-Season Heat Stress in Moose (Alces Alces)”; Lamy and Finnegan, “Moose
Habitat and Populations in Alberta Boreal and Foothills Regions.”

101 Priadka et al., “Habitat Quality Mediates Demographic Response to Climate in a Declining Large Herbivore.”
100 Borowik et al., “Too Hot to Handle”

99 Wattles, Zeller, and DeStefano, “Range Expansion in Unfavorable Environments through Behavioral Responses to
Microclimatic Conditions.”

98 Hoy et al., “Winter Tick Burdens for Moose Are Positively Associated With Warmer Summers and Higher
Predation Rates.”

70   Anishnabe Knowledge and Governance for the Protection of Moose Populations in and around La Verendrye Park, Quebec



25

lowered productivity, higher vulnerability to pathogens and predators, higher mortality, and
population decline.105 For example, in Northeastern Minnesota, unusually higher January
temperatures explained a high proportion of both short- and long-term survival with an inverse
relationship between temperature and survival.106 Put simply, the higher the temperature, the less
chance moose had of surviving.

Climate change at the southern range of moose habitats has triggered temperatures that
often exceed their ability to keep cool. Summer temperatures have a profound effect on moose
activity.107 In rising temperatures, individuals must reduce heat exposure by shifting their
activities and behavior. For example, moose have been observed to rest more often and prefer
nighttime activity in the summer, which reduces opportunities to seek out new food sources.108

This adaptation also manifests in the form of using different habitats, stands of forest, and
landscape features that are not optimal for their nutrition, such as open water and evergreen
forests 109. In a study in Minnesota, temperature thresholds, or UCTs, were exceeded in most
days and would have resulted in high metabolic costs if these thermal refuges were not available
110.  However, another study suggested that expansion and growth in the northeastern U.S. moose
population up until the 1980s, and slow decline afterwards, suggests thermal stress has little
impact on moose populations (Pekins, 2020).

Habitat Effects of Climate Change

Along with direct effects on moose bodies, climate change also affects their habitats. In
the long term, climate change may cause important changes in boreal forest, such as reduced
snow cover, loss of permafrost, extended growing seasons, severe drought, surges in the
incidence of disease, fire, hybridization, and invasive species. Some models predicted that
climate change will alter the environmental suitability at the southern range edge for species like
moose.111 In the so-called “bottleneck region,” which is a section of the boreal forest that
includes La Verendrye where climate change is expected to have especially severe effects, moose
may lose 72% of their suitable habitat by 2050, reaching a loss of 100% by 2080. Temperature
conditions may also become unsuitable for moose. Moose could then be completely extirpated
from the region by 2080. The model predicts a northward shift of many species in the region,
including the moose, as time passes.

111 Murray et al., “Data from: Continental Divide: Predicting Climate-Mediated Fragmentation and Biodiversity Loss
in the Boreal Forest.”

110 Lenarz, et al., “Temperature Mediated Moose Survival in Northeastern Minnesota.”

109 Ditmer, et al., “Moose at Their Bioclimatic Edge Alter Their Behavior Based on Weather, Landscape, and
Predators.”

108 Ditmer, et al., “Moose at Their Bioclimatic Edge Alter Their Behavior Based on Weather, Landscape, and
Predators.”

107 Street, Rodgers, and Fryxell, “Mid-Day Temperature Variation Influences Seasonal Habitat Selection by Moose.”
106 Lenarz et al. “Temperature Mediated Moose Survival in Northeastern Minnesota.”
105 Murray et al., “Pathogens, Nutritional Deficiency, and Climate Influences on a Declining Moose Population.”
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Temperature trends will result in shorter winters and increased precipitation in Quebec
and other areas of moose habitat.112 Increased snowfall attributable to winter conditions and
warming of the Great Lakes113 is not ideal for moose, since snow depth reduces their
movement.114 Forced movement through deep snow means more energy spent on transport,
especially for moose that are already being affected by tick infestation or disease, which, as
mentioned, can impact their survival.

Ticks and Other Moose Pathogens

Moose are at risk of several parasites, viruses and bacteria that negatively affect their health.
Often, these factors appear to be compounded by environmental conditions such as climate
change, habitat availability, and human development. Threats to moose health vary regionally
due to interactions between moose population density, weather, habitat, other species, and human
influence.115 The impacts of the pathogens and parasites on moose health also appear to depend
on an individual’s age, sex, and condition. This section reviews the evidence on the impacts of
ticks, tapeworm, chronic wasting disease, ticks, and brain worm, all of which have been found to
have negative consequences for moose health, reproduction, and survival rates. This section also
reviews a growing body of evidence on the compounding influence of climate change on
pathogens and parasites affecting moose health, especially ticks.

Ticks

Due to climate change, moose are increasingly exposed to ticks (Dermacentor albipictus), which
can reduce moose populations. Ticks have significant negative impacts on moose health,
reproduction, survival, and large-scale population trends. In Quebec, the effects of ticks on
moose remain largely unstudied, but this is changing since evidence from northern New England
shows a northward movement of tick infestations. A study is currently underway at the
University of Laval that examines the interaction of ticks, moose, and climate change.116

One study found that ticks are one of the most significant factors causing stress to moose,
even when considering climate conditions, habitat composition, human activity, and the
condition of an individual moose.117 Exposure to higher and more prolonged stress hormones can
result in the reduced reproduction, growth, immune function, and response to pathogens and

117 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”

116 Partenariat de recherche sur les relations Tique-Orignal-Climat, “Contexte,” https://www.albipictus.com/contexte.

115 Jones et al., “Mortality assessment of moose (Alces alces) calves during successive years of winter tick
(Dermacentor albipictus) epizootics in New Hampshire and Maine (USA).”

114 Lowe, Patterson, and Schaefer, “Lack of Behavioral Responses of Moose (Alces alces) to High Ambient
Temperatures near the Southern Periphery of Their Range.”

113 Weiskopf, Ledee, and Thompson, “Climate change effects on deer and moose in the Midwest.”

112 Natural Resources Canada, "A Changing Québec," last modified February 2016,
https://www.nrcan.gc.ca/changements-climatiques/impacts-adaptation/changing-quebec/10281#shr-pg0.
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parasites among moose.118 Ticks can also transmit a variety of pathogens and can also cause
pronounced blood loss, deteriorated body condition, and alopecia from excessive grooming.119

Other impacts of ticks on moose fitness and health include altered behaviour (excessive
grooming, decreased browsing, and reduced feeding and rest time); physiological changes
(anemia, sepsis); greater risk of parasitic interactions due to a reduced capacity to resist other
infections; and reduced capacity to detect and evade predators.120 Exposure to higher and more
prolonged stress hormones can result in the reduced reproduction, growth, immune function, and
response to pathogens and parasites among moose.121 In turn, these health impacts on individual
moose can affect the productivity, livelihood, and fecundity of moose populations.122

In a study conducted in Maine and New Hampshire, most moose mortalities were
associated with moderate to severe infestations of winter ticks. Infestations have also been
associated with a high mortality of 10-11 month-olds and low productivity in adult cows.123 Tick
infestations can average approximately 33,000 ticks per moose, with some individuals carrying
more than 100,000 ticks.124 It has been observed that winter ticks can move between individuals
in moose populations,125 and even between populations and other species.126 Another study
predicted continued decline in their New Hampshire/Maine study population if the frequency of
tick epizootics remains at its current high level.127 This prediction is underlined by the fact that
ideal moose habitat has increased in this study area over the past 15 years, suggesting that the
negative health effects observed among this population are caused by successive tick epizootics.

The impacts of cumulative factors may vary depending on the sex and age of the infested
moose.128 Numerous studies demonstrate the negative impacts of ticks on moose cow health and
calf health. Health effects include poorer cow condition from blood loss that can result in lower
fertility, later age of first reproduction, low twinning rates, lower body weight, slower ovulation
rate, and low productivity as yearlings.129 In particular, ticks may compound the challenging
conditions of winter and early spring, in which moose cows are in gestation during a period of
decreased food supply.130 Some decline in moose body fat and condition is to be expected during

130 Ibid.
129 Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter tick epizootics.”

128 Partenariat de recherche sur les relations Tique-Orignal-Climat, “Contexte,”
https://www.albipictus.com/contexte.

127 Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter tick epizootics.”
126 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
125 Ibid.

124 Severud & DelGiudice, “Potential Vertical Transmission of Winter Ticks (Dermacantor albipictus) from Moose
(Alces americanus) Dams to Neonates.”

123 Jones et al., “Mortality Assessment of Moose (Alces alces) Calves during Successive Years of Winter Tick
(Dermacentor albipictus) Epizootics in New Hampshire and Maine (USA).”

122 Ibid.

121 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”

120 Partenariat de recherche sur les relations Tique-Orignal-Climat, “Contexte,” https://www.albipictus.com/contexte.

119 Severud and DelGiudice, “Potential Vertical Transmission of Winter Ticks (Dermacantor albipictus) from Moose
(Alces americanus) Dams to Neonates.”

118 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”
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this period, but ticks compound the problem.131 Winter ticks, gestation, and lactation while
consuming a protein-deficient diet during the winter have been found to have a compound effect
on the demands of a cow’s energy use.132 Body protein is related to body fat and thus food
consumption, because it is expected that once body fat is depleted, body mass and body protein
begin to decline. As a result, adequate body fat and body protein are essential for moose to
successfully reproduce. Blood loss to winter ticks accelerates the depletion of body protein and
body mass, and inadequate body fat likely results in failed pregnancy.133

Body fat and body mass at the start of the season is directly related to a cow's nutritional
condition at the end of winter and in early spring.134 Female moose may be most at risk in April
and May, during the end of the gestation period.135 This deterioration in body condition of
females at the end of gestation and during lactation in May-June could   reduce the resources the
mother is capable of giving towards growing its offspring, thereby increasing the likelihood of
death of newborn calves.136 In comparison, male moose may be most at risk of health impacts
due to ticks if they lose body mass in the fall and enter winter with an energy deficit.137 One
modeling study predicted that in worst case epizootic scenarios, where winter food availability is
low and tick infestation is high, only large cows (with 25% body fat at start of season) would
have any body fat left at the time of calf birth; small cows (with 15% body fat at start of season)
depleted body fat 45 days before calf birth.138 Similarly, a study found that during epizootic
years, the successive calving rate (i.e., the amount of calves actually produced compared to the
amount of potential calves) was only 24%, suggesting that the health impacts of ticks affected
reproduction.139 Another study found that in epizootic years, adult calving declined to a rate of
less than 60%, and the twinning rate to less than 5%.140

Additionally, research indicates that ticks have serious impacts regarding the survival and
health of calves. Over the years, an unprecedented frequency of winter tick epizootics in Maine
and New Hampshire caused greater than 50% late-winter mortality of 9 to 12 month old calves,
according to one study.141 Other studies have found similar deleterious impacts. A study in New
Hampshire found that during years of heavy tick infestation, calf survival declined significantly,

141 Jones et al., “Mortality assessment of moose (Alces alces) calves during successive years of winter tick
(Dermacentor albipictus) epizootics in New Hampshire and Maine (USA).”

140 Ellingwood et al., “Evaluating Moose Alces alces Population Response to Infestation Level of Winter Ticks
Dermacentor albipictus.”

139 Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter tick epizootics.”

138 Pekins, “Metabolic and Population Effects of Winter Tick Infestations on Moose: Unique Evolutionary
Circumstances?”

137 Ibid.
136 Ibid.
135 Partenariat de recherche sur les relations Tique-Orignal-Climat, “Contexte,” https://www.albipictus.com/contexte.

134 Pekins, “Metabolic and Population Effects of Winter Tick Infestations on Moose: Unique Evolutionary
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133 Pekins, “Metabolic and Population Effects of Winter Tick Infestations on Moose: Unique Evolutionary
Circumstances?”; Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter
tick epizootics.”
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to a survival rate of less than 50%.142 This study found that heavy tick infestations in the winter
in New England have reduced the viability of moose populations, primarily due to high calf
mortality and lower fecundity. A study estimated that if current rates of tick infestations
continue, the moose population in New England will halve by 2030.143

Blood loss appears to be the significant contributing factor that causes poor calf health
due to ticks. Tick-caused blood loss compromises moose calves’ ability to survive harsh winter
conditions, particularly for smaller calves.144 Winter tick infestation of newborn moose may
result in life-long adverse effects on fitness, if infestations are great enough to cause appreciable
blood loss or pathogen transmission.145 In their study of moose in New Hampshire and western
Maine, where epizootics occurred each year from 2014 to 2016, a study found that mortality of
10–12 month-old calf moose reached 60–80% between March and May during these years from
blood loss due to winter ticks.146 Winter tick infestations greatly increase a moose’s protein
requirement, given that moose need to replenish blood lost to winter ticks.147 Calves who are
heavier and carry fewer ticks at the beginning of the winter are better equipped to survive normal
winter challenges, such as snowpack and poor quality food, alongside added metabolic costs of
tick infestation. This same study found that moose calf stress increased with nutritional
restriction (lack of food availability) and snow depth during adult winter tick engorgement (when
ticks are sucking the most blood). Additionally, they found that nutrient-deficiency increased in
calves with lighter weights and higher tick loads in early winter, and also increased for
individuals whose home ranges were composed of little deciduous forest during adult winter tick
engorgement. In areas that have been converted to homogenous coniferous forest due to logging,
this may exacerbate tick infestations. Furthermore, calf weight is determined by the mother’s
condition during the previous winter, given that the majority of fetal development occurs at the
peak of adult winter tick engorgement, from March to May. Mothers in poor condition tend to
produce lighter calves and give birth later in the birthing season.148 Tick epizootics are further
associated with loss of yearling productivity.149 A study observed a more marked decline in body
weight and productivity of yearling cows compared to other age groups in association with tick

149 Ellingwood et al., “Evaluating moose Alces alces population response to infestation level of winter ticks
Dermacentor albipictus.”

148 Ibid.

147 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”

146 Jones et al., “Fecundity and summer calf survival of moose during 3 successive years of winter tick epizootics.”

145 Severud and DelGiudice, “Potential Vertical Transmission of Winter Ticks (Dermacantor albipictus) from Moose
(Alces americanus) Dams to Neonates.”

144 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”
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142 Ellingwood et al., “Evaluating moose Alces alces population response to infestation level of winter ticks
Dermacentor albipictus.”
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epizootics.150 The health impacts of ticks on calves could lead to a possible demographic effect at
the population level.151

A 10-year study in Algonquin Provincial Park, Ontario used damage to the winter hair
coat of moose as an index of tick numbers on moose. An important management issue is whether
data on annual hair damage/loss can provide an early warning of impending die-offs of moose.
The answer might hinge on the accuracy of techniques used during aerial and ground surveys of
moose (discussed later in the methods section) to record tick-induced hair damage and loss. All
three habitat types with open canopies were more suitable for winter tick survival and production
of larvae than the four habitat types with closed canopies. Die-offs occurred when moose
densities approached three moose per km2 and mean numbers of ticks on moose approached
50,000 – 60,000. The cascade goes as follows: moose numbers increase in a local area; tick
numbers increase; tick bites increase, which causes more itching and grooming; hair damage and
loss increases; energy expended to grooming increases; blood loss increases; appetite and
feeding by moose may become suppressed; smaller energy parks available for blood replacement
and to support high rates of grooming; and increased cost of replacing heat energy lost through a
damaged hair coat. All of this results in lethargic, ill, or dead moose.152

There is also a connection between ticks, ecological conditions, and moose health.
Ecological conditions influence available nutrients which in turn impacts moose survival,
reproductive success, and offspring health. A study found that mixed forest habitat best supports
moose during tick infestations. In the winter months when tick engorgement is worst, moose use
conifer stands to protect themselves from snow and cold weather while foraging on woody
growth from deciduous and coniferous plants.153 Challenging winter conditions (such as greater
snowpack) and human activity (such as logging) that results in homogenous forests can all
further exacerbate the effects of tick infestations. Another study found that tick attachment to
calves is determined by climate conditions, distribution of optimal forage and localized density
of the host.154 Another study suggests that forestry activity may also have reduced the scale of
moose habitats, which is associated with density of moose populations and their subsequent
vulnerability to tick infestation.155 Moose on the southern edge of their sphere of habitation in
North America experience population fluctuations, their prevalence increasing and decreasing
due to parasites, habitat loss, nutritional deficiency, and infectious pathogens.156 Also, tick
populations are 1.8x larger in partial forestry cuts than in clear-cuts, and are highest in high-use
forestry transcents.157

157 Severud et al., “Using GPS collars to determine parturition and cause-specific mortality of moose calves.”
156 Ibid.

155 Ellingwood et al., “Evaluating moose Alces alces population response to infestation level of winter ticks
Dermacentor albipictus.”
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153 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival.”

152 Samuel, “Factors affecting epizootics of winter ticks and mortality of moose.”
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A study suggested that management options like regulating moose harvests and
maintaining ideal moose habitat across an entire landscape, rather than in restricted locations,
could be beneficial in supporting moose populations at risk of tick epizootics. Additionally, they
suggest that preventing moose population densities from becoming too high locally could help
prevent associated tick epizootics.158 Another study offered a very detailed analysis of moose
habitat selection and survival during tick infestations. This study may be worth consulting if
research activities go this route.

Ticks and Climate Change

Climate change is likely causing more tick epizootics for moose. Tick populations are highly
influenced by climate change. Increasing temperatures result in longer summers and autumns,
which is the ideal breeding time for winter ticks. Tick larval activity is greatly reduced below 0
degrees Celsius,159 so late frosts and snowfalls, which lengthen larval activity, increase the
amount of time that moose are exposed to potential transmission. This translates to higher
infestation levels, more frequent epizootics (when more than 50% of calves die as a result of
ticks), and reduced productivity in yearling and adult cows from the metabolic drain of annual
infestation.160

The primary variable and predictor of tick abundance is fall ground conditions. Climate
change, which produces longer autumns and a higher density of moose corralled into a single
area, is creating ideal conditions for the flourishing of tick populations.161 Climate change
favours tick growth and infestation capacity, with the biggest influence on tick population growth
being less snowfall, which ensures a greater survival of tick eggs laid in the spring.162 Though
climate change may increase precipitation in Quebec, some years with less snowfall may result
in more severe and frequent tick infestations.

A study found that the number of epizootics reflects a host–parasite relationship strongly
influenced by climate change at the southern fringe of moose habitat.163 They determine that
increased epizootics will negatively impact the size, stability, and relative health of this regional
population until a host–parasite balance is reached. Moose benefit from longer, cooler winters
because larvae are less adept at attaching in colder conditions.164 Another study of moose in the

164 Addison et al., “Recruitment of winter ticks (Dermacentor albipictus) in contrasting forest habitats, Ontario,
Canada.”

163 Jones et al., “Mortality assessment of moose (Alces alces) calves during successive years of winter tick
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northeastern U.S. finds that multiple factors are interacting to affect moose productivity: body
condition, energy balance, blood loss to winter ticks, and compensatory growth in the following
summer (dependent on summer forage) which affects condition the next winter. These authors
conclude that shorter winters and warmer temperatures in the northeastern United States are
benefitting ticks to the detriment of moose. While climate change will increase the frequency of
tick epizootics, it may also increase vegetation leading to improved moose diet; however, it is
expected that climate change will have an overall negative impact on moose due to the impact of
ticks on productivity.165

Not only do ticks negatively affect the reproductive abilities of moose, but they
compound the effects of heat stress that moose already experience in the summer, since moose
with compromised health are more susceptible to heat stress caused by a warming climate.166 As
climate change continues to create beneficial conditions for the tick population, including longer
autumns and a higher density of moose pushed into one area from northward migration, moose
populations in the northern US and southern Canada are likely to decrease exponentially.167

Indeed, it may already be the case that ticks are reducing populations in the Verendrye area, since
several studies reveal a correlation between ticks and reduced moose populations in the
northeastern United States.

There is also evidence that a warming climate will increase interactions with other
species, notably white-tailed deer, and that this increase in interactions can also cause an increase
in the transmission of certain diseases and parasites, including ticks, brain worm, and liver fluke
disease.168 Increased temperatures and decreased snow-pack facilitates deer movement, bringing
them more in contact with moose populations, which in turn spreads disease and parasites. This
was shown in Nova Scotia in the early 2000s, when winter ticks reduced moose populations
shortly after the white-tailed deer population grew in the same habitat.169

Tapeworm

The parasitic tapeworm Echinococcus granulosus, known by the common names hydatid worm,
hyper tape-worm or dog tapeworm, has been found to have direct negative impacts on moose
health. However, one study notes that parasites other than ticks are typically not considered
pathogenic in moose and are common across the North American moose range.170 Moose can
become infected by Echinococcus granulosus through ingestion via the consumption of

170 Jones et al., “Mortality assessment of moose (Alces alces) calves during successive years of winter tick
(Dermacentor albipictus) epizootics in New Hampshire and Maine (USA).”

169 Ibid.
168 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

167 Ellingwood et al., "Evaluating moose Alces alces population response to infestation level of winter ticks
Dermacentor albipictus."

166 McCann, Moen, and Harris, “Warm-season heat stress in moose (Alces alces).”

165 Pekins, “Metabolic and Population Effects of Winter Tick Infestations on Moose: Unique Evolutionary
Circumstances?”
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contaminated wolf feces during the foraging season171. The tapeworm usually inhabits the lungs
of infected moose. An Echinococcus granulosus infection may worsen a moose’s overall fitness,
often by reducing the individual’s capacity for long periods of exertion. Moose heavily infected
with Echinococcus granulosus have been found to be at increased risk of predation by wolves.
This increased risk of predation may facilitate the transmission and it increases the prevalence of
Echinococcus granulosus by enabling the tapeworm’s spread to a greater number of hosts. In
southwestern Québec, Echinococcus granulosus in moose were more concentrated in an area
with a low rate of predation by wolves relative to a high predation area, supporting the idea that a
heavily infected moose is removed from the population faster than a moose with a relatively
lower intensity of infection. Concentration of Echinococcus granulosus appears to be unrelated
to age or gender of moose.172 In this literature review, no research was identified regarding the
potential for climate change to impact Echinococcus granulosus prevalence.

Chronic Wasting Disease173

Chronic wasting disease (CWD) is a “prion” disease that currently infects primarily cervid
species such as moose, elk, and deer. A prion is a type of protein that can cause abnormalities in
mammal brains. Due to its increasing prevalence in North America, and its observed negative
impacts on cervid species (including deer and moose), CWD is a growing concern relating to
moose health.174 In regions where CWD is enzootic (i.e. it affects moose in a particular area or
during a particular season), prevalence can be greater than 50% in adult males. In cervid herds
with high CWD prevalence, population declines have been observed, with research finding that
deer with CWD are more likely to be killed by predators, hunters, and vehicles. In Rocky
Mountain National Park, CWD was noted as a significant contributor to population decline in
mule deer. CWD is increasing exponentially in North America, although presently, it is more
likely to be found in farmed animal herds than wild animals.

CWD transmission is less understood in wild cervids compared to captive cervids. It has
been found that in the wild, but not in captivity, male cervids have much higher rates of CWD
compared to females, possibly due to behavioral differences, such as a greater tendency to roam
and to interact with other males. The presence of CWD in calves suggests that CWD may be
transmitted from mothers to calves. Most transmission likely occurs through direct contact
between animals or the environment (e.g. contaminated soils, plants, pastures).

Although the origin of CWD is uncertain, it is thought to have emerged in the 1960s in
captive deer populations in Colorado and Wyoming. Natural migration, as well as transfer of
animals for commercial purposes, likely contributed to the spread of CWD across North

174 Ibid.
173 Otero et al., “Chronic Wasting Disease: A Cervid Prion Infection Looming to Spillover.”
172 Ibid.

171 Joly and Messier, “The distribution of Echinococcus granulosus in moose: evidence for parasite-induced
vulnerability to predation by wolves?”
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America. CWD is present in Canada, and among Canadian moose, it was first detected in Alberta
in 2013. It is unknown how CWD arrived in Canada. CWD is increasing and spreading
geographically, which increases the risk of transmission to other species. Little is known about
how climate change will impact the risk associated with and spread of CWD.175

Brain worm

Brain worm (Parelophostrongylus tenuis) is a parasite that infects the brains of cervids,
especially deer, but has also been known to impact moose populations, for example in the
maritime provinces.176 There is little research indicating brainworm is currently a significant
threat to moose in QC. However, this may be due to a lack of recent monitoring; the most recent
study we found addressing brain worm in Quebec is from 1996.177 A study from outside Quebec
suggests that mild winters increase the risk of brainworm for moose.178 Other studies suggest this
could be due to increased interaction with deer, which will occur more often due to warming
climates.179

Causes conclusion
Without further investigation, it is impossible to know for sure which of the above causes may be
most at play in the Verendrye area. A crucial insight is that most of these causes can interact and
aggravate each other. There is evidence from regions similar to ours of double and triple effects,
where two or three factors combine in the same place and time to exacerbate the situation for
moose. One of the most obvious examples is that climate change has multiple effects on moose.
It increases the chance of tick infestation; drives temperatures up making it harder for moose to
stay cool; and increases precipitation and winter snow-pack in Quebec, which reduces mobility
for moose. Increased snow-pack in turn makes it harder for moose to survive tick infestations,
producing a vicious cycle. Wattles et. al. found that human development and climate change
have produced a loss of habitat due to forest development, increase in parasites like ticks, and an
increase in invasive species like the hemlock wooly adelgid which poses a threat to hemlock.

Industrial development also impacts this cycle. For example, in areas where moose
habitat and ecological conditions have been compromised by logging, ticks can have an even

179 Lankester, “Understanding the Impact of Meningeal Worm, Parelaphostrongylus Tenuis, on Moose Populations”;
Lamy, and Finnegan. “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

178 Lankester, “Considering Weather-Enhanced Transmission of Meningeal Worm, Parelaphostrongylus tenius, and
Moose Declines.”

177 Dumont and Crete, “The Meningeal Worm, Parelaphostrongylus Tenuis, a Marginal Limiting Factor for Moose,
Alces alces, in Southern Quebec.”

176 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
175 Otero et al., “Chronic Wasting Disease: A Cervid Prion Infection Looming to Spillover.”

80   Anishnabe Knowledge and Governance for the Protection of Moose Populations in and around La Verendrye Park, Quebec



35

greater impact.180 Some researchers noted that mixed forest ecosystems best support moose
during tick infestations. However, logging that results in single-species forests, or
coniferous-only forests, is not favorable for moose populations in general, but also makes it
harder for moose to survive tick infestations.181 In other words, logging practices that result in
homogeneous forest (i.e. forests with little tree species diversity) could produce a double effect,
where the logging practices decrease available food and shelter and simultaneously aggravate the
effects of the ticks on moose populations. In addition, logging reduces the density of moose
populations, this increases their vulnerability to ticks. This is especially true for moose on the
southern edge of their range.182 Likewise, hunting and predation can take an added toll on moose
populations when their numbers are already threatened by habitat degradation. The impacts of
ticks worsened with increased predation rate by wolves, either because moose move to areas
with more ticks to avoid wolves, or because ticks make moose more vulnerable to wolves.183

183 Hoy et al., “Winter Tick Burdens for Moose Are Positively Associated With Warmer Summers and Higher
Predation Rates.”

182 Ellingwood et al., “Evaluating moose Alces alces population response to infestation level of winter ticks
Dermacentor albipictus.”

181 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions”; Blouin et al.
“Moose Habitat Selection and Fitness Consequences During Two Critical Winter Tick Life Stages in Vermont,
United States.”

180 Rosenblatt et al., “Juvenile moose stress and nutrition dynamics related to winter ticks, landscape characteristics,
climate-mediated factors and survival”; Jones et al., “Fecundity and summer calf survival of moose during 3
successive years of winter tick epizootics”; Pekins, “Metabolic and Population Effects of Winter Tick Infestations on
Moose: Unique Evolutionary Circumstances?”
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Methods
In this section, we review a wide range of methods for monitoring and evaluating moose
populations, health issues, and other impacts. The first section describes studies that draw on
Indigenous knowledge, or where Indigenous knowledge informs Western methods. The second
section describes some of the major categories of Western scientific methods, such as pellet
counts, snow tracking, camera traps, aerial surveys, and collaring. The last section describes
some general approaches and protocols for collaborations between Indigenous and Western
scientific communities.

Land User Knowledge

We reviewed many studies involving traditional ecological knowledge in Indigenous
communities to evaluate wildlife populations. Many of these studies involved interviews,
surveys, or workshops with members of Indigenous communities, especially hunters.184 In some
cases, respondents were selected based on their identification by community-based researchers as
local wildlife experts who were active on the land.185 Interviews were often semi-structured
(meaning they were partly guided by the interviewer’s questions but conversations could diverge
significantly) and were sometimes held individually and sometimes in small groups.186 The focus
and content of interviews and surveys was often determined through consultation or
collaboration with community members187 and typically included questions regarding:

● Respondents’ perceptions regarding habitat suitability.188

188 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes”, Belisle, Wapachee, and Asselin,
“From landscape practices to ecosystem services”; Popp, Priadka, and Kozmik, “The Rise of Moose
Co-Management and Integration of Indigenous Knowledge”; Larter, “A program to monitor moose populations in
the Dehcho region, Northwest Territories, Canada”; and Tendeng, Asselin, and Imbeau, “Moose (Alces americanus)

187 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes”, Gagnon et al., “Merging
indigenous and scientific knowledge links climate with the growth of a large migratory caribou population”; Larter,
“A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Tendeng, Asselin,
and Imbeau, “Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests Based on Algonquin
Traditional Knowledge and on a Habitat Suitability Index.”

186 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada.”

185 Gagnon et al., “Merging indigenous and scientific knowledge links climate with the growth of a large migratory
caribou population.”

184 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes”; Belisle, Wapachee, and Asselin,
“From landscape practices to ecosystem services”; Gagnon et al., “Merging indigenous and scientific knowledge
links climate with the growth of a large migratory caribou population”; Popp, Priadka, and Kozmik, “The Rise of
Moose Co-Management and Integration of Indigenous Knowledge”; Larter, “A program to monitor moose
populations in the Dehcho region, Northwest Territories, Canada”; Parlee et al., “Tracking Change:”; Tendeng,
Asselin, and Imbeau, “Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests Based on
Algonquin Traditional Knowledge and on a Habitat Suitability Index”; Tomaselli et al., “Local knowledge to
enhance wildlife population health surveillance: Conserving Muskoxen and Caribou in the Canadian Arctic.”;
Marshal, “Co-Management of Moose in the Gwich’in Settlement Area, Northwest Territories.”
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● Respondents’ observations regarding seasonal changes in wildlife populations 189 and
habitat selection.190

● Respondents’ observations regarding the characteristics of areas used by wildlife for
different activities (i.e., for food vs. for cover vs. for rest vs. for reproduction).191

● Respondents’ perceptions about which areas were most valuable for hunting.192

● Locations and dates of respondents’ previous hunting harvests.193

● Respondents’ observations regarding the number of  male vs. female individuals in a
particular wildlife population.194

● Respondents’ observations regarding how many individuals in a particular wildlife
population were pregnant or lactating.195

● Respondents’ observations about wildlife health196 and abundance,197 as on wildlife
demography,198 body condition,199 morbidity and mortality.200

In some cases, interview and survey results were used to generate descriptive statistics
regarding wildlife populations.201 For Data analysis was performed using different software
programs, including NVivo202 and IBM SPSS.203 For example, hunter observations about animal

203 Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

202 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”;
Tendeng, Asselin, and Imbeau, “Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests
Based on Algonquin Traditional Knowledge and on a Habitat Suitability Index.”

201 Ibid.
200 Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

199 Gagnon et al., “Merging indigenous and scientific knowledge links climate with the growth of a large migratory
caribou population” ; Kofinas, “Towards a protocol for community monitoring of caribou body condition”;
Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

198 Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

197 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”;
Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

196 Popp, Priadka, and Kozmik, “The Rise of Moose Co-Management and Integration of Indigenous Knowledge”;
Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Parlee et
al., “Tracking Change.”

195 Ibid.

194 Popp, Priadka, and Kozmik, “The Rise of Moose Co-Management and Integration of Indigenous Knowledge”;
Kofinas, “Towards a protocol for community monitoring of caribou body condition.”

193 Kofinas et al., “Towards a protocol for community monitoring of caribou body condition.”

192 Beslie, Wapachee, and Asselin, “From landscape practices to ecosystem services: Landscape valuation in
Indigenous contexts”; Larter, “A program to monitor moose populations in the Dehcho region, Northwest
Territories, Canada.”

191 Larter and Kandola, “Levels of arsenic, cadmium, lead, mercury, selenium and zinc in various tissues of moose
harvested in the Dehcho, Northwest Territories”; Tendeng, Asselin, and Imbeau, “Moose (Alces americanus) Habitat
Suitability in Temperate Deciduous Forests Based on Algonquin Traditional Knowledge and on a Habitat Suitability
Index.”

190 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”;
Tendeng, Asselin, and Imbeau, “Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests
Based on Algonquin Traditional Knowledge and on a Habitat Suitability Index.”

189 Boyce, Baxter, and Possingham, “Managing moose harvests by the seat of your pants”; Popp, Priadka, and
Kozmik, “The Rise of Moose Co-Management and Integration of Indigenous Knowledge.”

Habitat Suitability in Temperate Deciduous Forests Based on Algonquin Traditional Knowledge and on a Habitat
Suitability Index.”
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populations can be statistically analyzed to show how populations have changed over time in a
specific area. Studies like this can describe potential causes of population declines. Land user
data can be organized to compare between locations and to control for certain factors. For
example, if land users report moose population changes in an area that is subject to a certain type
of logging, and other users report differences in areas not subject to this type of logging, this
could provide strong evidence that this type of logging affects moose populations, especially if
other factors are relatively stable.204

In cases where studies were conducted on an annual basis, researchers used survey or
interview data to try to model how variables like body condition had changed over time. For
instance, in a study on caribou populations, a statistical analysis was conducted to evaluate
annual average body condition, in both spring and fall, from year to year. This data was then
compared with climate chage data to help explain the effects of large-scale climate conditions,
local weather conditions, vegetation productivity, and insect harassment on caribou body
conditions.205

In some cases, Indigenous knowledge was used to map out habitat selection patterns by
wildlife populations. In cases where interviews, rather than surveys, were being conducted,
researchers worked with respondents to develop “participatory” maps over the course of the
interview.206 For instance, in Belisle and Asselin’s (2021) study, hunters were asked to develop
“participatory maps” by marking areas of high vs. low value for moose hunting on a map.207

Similar strategies for collecting and analyzing survey and interview data have also been used
outside of the North American context. One example is a Somaliland study, where agro-pastoral
people were interviewed regarding the frequency with which certain species occurred in their
vicinity.208 Geographic location coordinates were collected for each of these interviews, which
were used to map potential distributions of wildlife based on the interview data. Other
researchers working with similar methods have used ArcGIS to visualize this kind of
geo-referenced data.209

209 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”;
Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

208 Evangelista et al., “Integrating indigenous local knowledge and species distribution modeling to detect wildlife in
Somaliland.”

207 Belisle, and Asselin, “A Collaborative Typology of Boreal Indigenous Landscapes.”

206 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes.” See also Beslie, Wapachee, and
Asselin “From landscape practices to ecosystem services” ;  Jacqmain et al., “Aboriginal forestry”; Larter, “A
program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Tomaselli et al.,
“Local knowledge to enhance wildlife population health surveillance.”

205 Gagnon et al., “Merging indigenous and scientific knowledge links climate with the growth of a large migratory
caribou population.”

204 Conversation with Hugo Asselin, Feb 9, 2022
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Western knowledge can be cross-validated by Indigenous knowledge and venice-versa.210

Maps developed by Indigenous respondents were often compared to maps based on provincial
forest inventories, road maps, and mining and power line maps to generate habitat suitability
indices (HSI).211 These in turn were compared with Indigneous perspectives on habitat quality
and suitability.212

In some wildlife biology studies, local indigenous knowledge was used to inform
traditional Western research methods such as aerial surveys, fecal pellet and track counts, camera
trap data, harvest data , as well as radio telemetry and GPS collaring.213 In one such example, in
advance of the construction of the Mackenzie gas project, the Dehcho First Nations established a
moose monitoring program to generate a baseline overview of moose population health.214 Aerial
surveys and fecal sampling were conducted in Dehcho-identified areas of interest, using
sampling strata determined by traditional knowledge of moose harvesters.

In another caribou study, researchers created “habitat suitability index” models based on
interviews with Indigenous knowledge keepers. These models evaluate the suitability of animal
habitats based on hunter observations and traditional knowledge. The researchers compared these
models to “resource selection functions” (RSFs) created using Western scientific methods. They
then applied the generated values to a GIS map that included information regarding land cover
type, elevation, and aspect, and found that the traditional Indigenous knowledge could accurately
evaluate habitat suitability and inform ecological management decisions.215 Western scientific
researchers emphasized the value of traditional Indigenous environmental knowledge, which
they argued “can offer complementary insights to shorter-term and smaller-scale scientific

215 Polfus et al., “Comparing Traditional Ecological Knowledge and Western Science Woodland Caribou Habitat
Models.”

214 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada.”

213 Popp, Priadka, and Kozmik, “The Rise of Moose Co-Management and Integration of Indigenous Knowledge”;
Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Nature
United, “Considerations and Recommendations for Initiating Indigenous-led Moose Monitoring and Research
Summary Report”; Evangelista et al., “Integrating indigenous local knowledge and species distribution modeling to
detect wildlife in Somaliland”; Fisher et al., “Indigenous-led camera-trap research on traditional territories informs
conservation decisions for resource extraction”; Boyce, Baxter, and Possingham, “Managing moose harvests by the
seat of your pants”; Kofinas et al., “Towards a protocol for community monitoring of caribou body condition.”

212 See Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”;
Tendeng, Asselin, and Imbeau, “Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests
Based on Algonquin Traditional Knowledge and on a Habitat Suitability Index.”; see also Dussault et al., “Temporal
and spatial distribution of moose-vehicle accidents in the Laurentides Wildlife Reserve, Quebec, Canada.”

211 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes”, Popp, Priadka, and Kozmik,
“The Rise of Moose Co-Management and Integration of Indigenous Knowledge”; Larter, “A program to monitor
moose populations in the Dehcho region, Northwest Territories, Canada”; Tendeng, Asselin, and Imbeau, “Moose
(Alces americanus) Habitat Suitability in Temperate Deciduous Forests Based on Algonquin Traditional Knowledge
and on a Habitat Suitability Index.”

210 Belisle and Asselin, “A collaborative typology of boreal Indigenous landscapes”; Popp, Priadka, and Kozmik,
“The Rise of Moose Co-Management and Integration of Indigenous Knowledge”; Larter, “A program to monitor
moose populations in the Dehcho region, Northwest Territories, Canada”; Polfus et al., “Comparing Traditional
Ecological Knowledge and Western Science Woodland Caribou Habitat Models”; Tendeng, Asselin, and Imbeau,
“Moose (Alces americanus) Habitat Suitability in Temperate Deciduous Forests Based on Algonquin Traditional
Knowledge and on a Habitat Suitability Index.”
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studies” and which can be “particularly useful when statistical limitations result from
non-existent, incomplete, or biased empirical data.”216

Western Research and Data Collection Methods

A recent review of literature focusing on moose habitats and populations in Alberta conducted by
Lamy and Finnegan concisely summarized the most widely-used methods for data collection and
monitoring of moose populations and health.217 They also identified particular gaps or drawbacks
of these methods and future research directions that would aid in more effectively conducting
such research. The methods were categorized in two ways: non-invasive or invasive monitoring
methods. The footnotes in the section below contain sources that exemplify each method, and a
table at the end of the section summarizes and compares various  methods.

Non-invasive monitoring methods:

● Fecal Pellet Counts. This is considered one of the most practical methods for monitoring
populations, although it may not be suitable for large study areas or non-winter habitat
use in densely vegetated habitats. For winter ranges it is advised to collect after snowmelt
and before vegetation rises up. A potential challenge is misidentification of the species
based on the pellets.218

● Snow Tracking. This is often the only available option for winter range fata in heavily
forested and mountain terrain where aerial surveys are not practical. Snow tracking tends
to detect more species than camera traps, hair snares, and aerial surveys, but is also more
costly. For collecting data on moose, a minimum of two winters should be studied but
ideally the study would span multiple years “to sample a variation in inter-annual snow
depth.”.

● Browse and Forage Surveys. This method is often used to assess moose habitat and
moose habitat use. Browse intensity surveys provide data on the degree of damage or
browsing intensity of moose foraging in different habitats, which can in turn be used to
determine if and how this intensity is impacting things such as regeneration of forests and
reclamation of disturbed areas. Forage availability surveys provide data on available

218 For examples of how fecal pellet counts have been used, see: Leblond, Dussault, and St-Laurent, “Low-Density
Spruce Plantations Increase Foraging by Moose in a Northeastern Temperate Forest.”

217 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

216 Larter, “A program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Polfus et
al., “Comparing Traditional Ecological Knowledge and Western Science Woodland Caribou Habitat Models.”

86   Anishnabe Knowledge and Governance for the Protection of Moose Populations in and around La Verendrye Park, Quebec



41

moose forage within certain habitats, “which can in turn be linked to the spatial
distribution and densities of moose.”219

● Hunter Observation Surveys. This is a very cost effective method of monitoring but the
authors assert that it is insufficient by itself and must be accompanied by more direct
monitoring approaches. The authors also suggest that survey applications can be used to
aggregate hunter observations, which can then be used to adjust hunting quotas and
prevent overharvesting.220

● Camera Trapping. This method has become more widely used recently, but “there are
no standard sampling protocols for camera trapping…” which leads the authors of this
report to conclude that this monitoring method is still evolving and “has not reached its
full potential.”221 The benefit of this method compared to pellet counts and snow tracking
is that there is less likelihood of species misidentification. However, there is a lot of
potential bias regarding where the cameras are placed and how (i.e. with or without bait,
in known high traffic areas, etc.) therefore there is a high potential of skewed data.222

● Winter Tick Surveys. Because tick outbreaks can have significant impacts on moose
populations, tick surveillance can provide baseline monitoring of winter tick infestations
to determine distribution, prevalence, and severity within [moose] populations.”223

● DNA Extraction from Hair and Scat. DNA extracted from moose hair and scat can be
used to investigate population genetics, diet, and health. Short term stresses can be
determined from blood samples, while long-term stresses can be sampled from hair and
scat, which, when combined with other data, can help to explore how “different spatial
variables…[are] link[ed] to long-term stress (e.g., fragmentation, distance to roads,

223 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

222 For example of how camera trapping has been used, see: Fisher et al., “Indigenous-Led Camera-Trap Research on
Traditional Territories Informs Conservation Decisions for Resource Extraction”; Hoy et al., “Winter Tick Burdens
for Moose Are Positively Associated With Warmer Summers and Higher Predation Rates.”

221 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

220 For examples of how hunter observation surveys have been used, see:
Tendeng, Asselin, and Imbeau, "Moose (Alces americanus) habitat suitability in temperate deciduous forests based
on Algonquin traditional knowledge and on a habitat suitability index"; Tomaselli et al., “Local Knowledge to
Enhance Wildlife Population Health Surveillance”; Gagnon et al., “Merging Indigenous and Scientific Knowledge
Links Climate with the Growth of a Large Migratory Caribou Population”; Parlee et al., “Tracking Change”; Polfus
et al., “Comparing traditional ecological knowledge and western science woodland caribou habitat models”; Boyce,
Baxter, and Possingham, “Managing moose harvests by the seat of your pants”; Kofinas, et al., “Towards a Protocol
for Community Monitoring of Caribou Body Condition”; Marshal, “Co-Management of Moose in the Gwich’in
Settlement Area, Northwest Territories”; Nature United, "Using Facebook to Manage Moose Populations on
Gitanyow Territory",
https://www.indigenousguardianstoolkit.ca/story/using-facebook-manage-moose-populations-gitanyow-territory;
Timmermann and Rodgers, “The Status And Management Of Moose In North America–Circa 2015.”

219 For examples of how browse and forage surveys have been used, see: Leblond, Dussault, and St-Laurent,
“Low-Density Spruce Plantations Increase Foraging by Moose in a Northeastern Temperate Forest.”
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predator densities.)”224 Investigating genetic information can help determine how
population genetic structure is “altered by barriers, such as major highways and fencing,
preventing dispersal and gene flow between populations…or by isolation by distance due
to insufficient moose dispersal rates.”225 Isolated and/or small populations without
enough genetic diversity can suffer from inbreeding, reduced disease resistance, and/or
increased extinction risk – all factors which can negatively impact moose populations.226

Invasive monitoring methods:

● Aerial Inventories. Aerial surveys are considered “the gold standard” for moose
population inventory, but they are very costly and time consuming.227 Sample-based
surveys are often used due to the costs of conducting such surveys, and they are typically
conducted during the winter in order to increase visibility of animals. There is potential in
the future for a more cost effective technology for aerial surveying, namely ‘unmanned
aerial vehicles’ (UAVs) which use satellite imagery and infrared technology to identify
the moose.228

● Capture-Mark-Recapture and Collaring. Collaring and marking provides very precise
movement data, biometrics, and other data that can be used to study migration, predation,
mortality, and habitat use although collection of biological samples / biometrics can also
be used for this data). These methods are very useful to study the interrelated impacts of
climate change, habitat disturbance, and pathogens. Downsides include very high cost
and adverse outcomes (“capture myopathy, calf abandonment, internal hemorrhaging,
hypoxemia”) as a result of stress on the animals, improper dart placement, long chase
times, poor animal health, drug-related complications, etc.229

229 For examples of how this method has been used, see: Jones et al. “Mortality assessment of moose (Alces alces)
calves during successive years of winter tick (Dermacentor albipictus) epizootics in New Hampshire and Maine
(USA)”; Pekins, "Metabolic and population effects of winter tick infestations on moose: Unique evolutionary
circumstances?" Murray et al., “Pathogens, Nutritional Deficiency, and Climate Influences on a Declining Moose
Population”;   Borowik et al. “Too hot to handle”; Wattles, Zeller, and DeStefano, “Range expansion in unfavorable
environments through behavioral responses to microclimatic conditions”; Courtois et al., “Habitat Selection by
Moose (Alces alces) in Clear-Cut Landscapes.”

228 For examples of how this method has been used, see: Larter, “A Program To Monitor Moose Populations In The
Dehcho Region, Northwest Territories, Canada”; Popp, Priadka, and Kozmik, “The rise of moose co-management
and integration of Indigenous Knowledge”; Leclerc, Lamoureux, and St-Laurent. “Influence of Young Black Spruce
Plantations on Moose Winter Distribution”  ; Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve
faunique La Vérendrye à l’hiver 2020”; Potvin, Courtois, and Bélanger, “Short-term response of wildlife to
clear-cutting in Quebec boreal forest”; Potvin, Breton, and Courtois, “Response of beaver, moose, and snowshoe
hare to clear-cutting in a Quebec boreal forest”; Timmermann and Rodgers, “The status and management of moose
in North America - circa 2015.”

227 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”

226 For examples of how molecular methods have been used, see: Balluffi-Fry, Nowell, and Humphries, “Eastern
Coyotes (Canis latrans var.) consuming large ungulates in a multi-ungulate system.”

225 Ibid.
224 Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
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Collaborative Strategies for Settler Wildlife Researchers and
Indigenous Communities

Settler wildlife researchers and Indigenous communities have developed many strategies for
collaborating on research projects. These strategies have typically involved some form of
community consultation. Through these consultation processes, members of Indigenous
communities have been able to define research priorities and the parameters of the study230. But
in many cases, Indigenous communities’ involvement in the research process went beyond an
initial consultation process, with Indigenous community members actively participating in
gathering data.231

Where Indigenous community members actively participated in the data collection process,
Indigenous and non-Indigenous co-researchers have sometimes worked together to develop
processes for cross-cultural knowledge validation. For instance, Gratani et al.’s (2011) study on
fishing poisons in the Wet Tropics, Australia involved both Indigenous elders and
non-Indigenous scientists in the research process.232 As part of this study, Indigenous and
non-Indigenous co-researchers developed a cross-cultural knowledge validation process, which
they used to test and communicate their research findings. Within this framework, all
co-researchers treated knowledge as validated once it had passed through the following stages:

1. Mutual comprehension, achieved by “presenting information in a language and medium
intelligible to all team members”.

2. Cross-cultural contextualisation, achieved by “finding analogies within each team
member’s pre-existing knowledge system”.

3. Respectful validation, achieved by “valuing information against a common values
framework representing all of the team members involved”.

In order to facilitate Indigenous communities’ involvement in the research process, some
non-Indigenous researchers have also sought to involve Indigenous communities in the process
of determining how research findings should be applied to future wildlife management  and

232 Gratani et al., “Is Validation of Indigenous Ecological Knowledge a Disrespectful Process?”

231 Gratani et al., “Is Validation of Indigenous Ecological Knowledge a Disrespectful Process?”; Popp et al.,
“Indigenous Guardianship and Moose Monitoring”; Larter, “A program to monitor moose populations in the Dehcho
region, Northwest Territories, Canada”; Kofinas et al., “Towards a Protocol for Community Monitoring of Caribou
Body Condition”; Parlee et al., “Tracking Change.”

230 Belisle, and Asselin, “A Collaborative Typology of Boreal Indigenous Landscapes”; Gratani et al., “Is Validation
of Indigenous Ecological Knowledge a Disrespectful Process?”; Jacqmain et al., “Aboriginal Forestry”; Larter, “A
program to monitor moose populations in the Dehcho region, Northwest Territories, Canada”; Tendeng, Asselin, and
Imbeau, “Moose (Alces Americanus) Habitat Suitability in Temperate Deciduous Forests Based on Algonquin
Traditional Knowledge and on a Habitat Suitability Index.”
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stewardship programs.233 For instance, working within the Canadian context, Jacqmain et al.
(2012) worked with members of the Dene First Nation to develop new wildlife management
guidelines through a five-stage process234:

1. Researchers and community members identified current management issues and then had
this list of current management issues ratified by Indigenous governing bodies and
participating organizations.

2. Researchers sought to understand and document current management issues from an
integrated Indigenous and Western perspective.

3. Researchers sought to identify solutions for current management issues by conducting a
literature review and by leveraging the expertise of local Indigenous hunters and local
wildlife and forest managers.

4. Researchers made final determinations about what should be included in the wildlife and
forest management guidelines they were developing.

5. Researchers implemented and monitored the success of these new wildlife and forest
management guidelines.

Jacqmain et al. (2012) identified several prerequisites to the success of this multi-stage
process:235

1. “Constitutional rights or a specific agreement defining the place of Aboriginal peoples in
the [wildlife and forest] management process.”

2. “Willingness and open-mindedness of the local community and non-Aboriginal managers
to collaborate together, commit to cross-cultural dialogue, exchange knowledge, and
embrace ethical issues such as knowledge confidentiality and intellectual property
rights.”

3. “A clear mandate for both parties to collaborate in such a participatory process (i.e.,
official approval from Aboriginal and non-Aboriginal governments) in a neutral context.”

4. “Knowledge of the Aboriginal community about the subject of interest.”

235 Ibid.
234 Jacqmain et al., “Aboriginal Forestry”

233 Jacqmain et al., “Aboriginal Forestry”; Popp, Priadka, and Kozmik, “The Rise of Moose Co-Management and
Integration of Indigenous Knowledge”; Popp et al. “Indigenous Guardianship and Moose Monitoring: Weaving
Indigenous and Western Ways of Knowing”; Larter, “A program to monitor moose populations in the Dehcho
region, Northwest Territories, Canada.”
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Appendix 2: Alternative Livelihoods
People depend on forestry for their livelihoods. To offer viable alternatives for sustainable economies that 
do not compromise the health of the moose populations or Anishnabe food sovereignty, this section offers 
pathways to move away from the status-quo forestry operations and examines the potential of renewable 
energy projects and “wood-less” economic activities.

Improving Current Logging Practices

To promote both reconciliation and Anishnabe self-determination on the territory, we propose ways in 
which forestry could proceed in better ways on the territory. This solution allows for people, including non-
Indigenous people, to continue to make a living while ensuring that the moose habitat is not being devastated 
for short-term benefits.

In Canada, the emerging concept of collaborating with Indigenous communities in the industry is often 
referred to as “community forestry” or “Aboriginal forestry” (Palaschuk & Bullock, 2019). Aboriginal forestry 
is an approach which boasts several advantages for everyone involved. First, forestry fully or partially led by 
Indigenous peoples who use the forest allows for a more effective long-term planning of the resource since 
Indigenous peoples, who depend on the forest, have a direct interest in managing it in a way that will be truly 
sustainable (Lawler & Bullock, 2017). Partnerships often take the form of collaborative assessment of the 
land in which Indigenous peoples can point out areas of the forest (regenerating, mature, mixedwood) that 
should be protected for the wellbeing of the entire ecosystem (Bélisle & Asselin, 2020). Aboriginal forestry is 
likely to manage through the protection and management of the ecosystem (rather than trees only), which is 
more effective in creating natural-like forests in the long term than selective clear-cutting as practiced by the 
industry today (Asselin et al., 2015). This “ecosystem based-management of forests” (Lertzman, 2010) namely 
took place around Kitcisakik, in which the Anishnabe were able to protect areas based on the ecosystems they 
sustained, which involved less and targeted logging practices (Asselin et al., 2015). In Wet’suwet’en territory 
(British-Columbia), there is a recent example of the form that the collaboration can take in Aboriginal forestry, 
whereby the community was namely able to share information about rare species of the area and to launch an 
initiative to plant species of trees that can help face the climate crisis (Assuah et al., 2016). In sum, Aboriginal 
forestry is currently best practiced via ecosystems that they identify themselves and which are protected 
on the same grounds as the industry’s interest. This approach is considered the best meeting ground for 
Indigenous and scientific forest knowledge (Asselin, 2015), but of course, industry partners need to reconsider 
the profit-only incentive to leave room for these partnerships and relationships to flourish so that everyone can 
reap the benefits, including the moose.  

Moreover, partnerships between Indigenous communities and non-Indigenous entrepreneurs are more likely to 
be successful; by establishing respectful agreements before taking from the territory, conflicts are less likely to 
stop operations (Beaudoin et al., 2015) and create further mistrust in Indigenous communities. This is the case 
in Temagami, where a license for co-managed forestry with the local First Nations community was granted for 
up to 20 years (Bay Today, 2022). Based on real examples, the principles to “facilitate meaningful collaboration 
in the forest sector” have already been laid out by researchers (Robitaille et al., 2017), which include bridging 
knowledge systems and the building of respectful relationships, and are likely to be relevant on Anishnabe 
territory as well.

Aboriginal forestry is set to become the minimum standard for the logging industry on Indigenous territories, 
especially since the circulation of the nation-wide calls for action of the Truth and Reconciliation Commission 
(TRC, 2015) and the increasing deployment of the United Nations Declaration for the Rights of Indigenous 
Peoples (UNDRIP) in Canada (Caverley et al., 2020). However, governmental agencies can be behind other 
actors in implementing respect for Indigenous rights and consent. The movement towards Aboriginal 
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forestry in Quebec is already taking shape in Forest Certification (Forest Stewardship Council - FSC), with 
the introduction of the obligation to respect First Nations rights, which is a step beyond “consultation” (Wyatt 
& Teitelbaum, 2020). Overall, the trend shows an increasing number of direct partnerships between the 
Industry and First Nations (Zurba et al., 2016) and, in general, a change in normative guidelines that are set to 
improve the relative influence of Indigenous nations in managing their forest (Bulkan, 2017). In the future, it is 
important to create partnerships in which the knowledges of Indigenous peoples, and the long-term benefits 
associated with them, can make it into the decision-making step as an equal. This reality is likely to take place 
when direct and local partnerships between a First Nation and a local company are built in an interdependent 
manner. As an example of this model, Essipit and the Boisaco company have partnered up in a way which 
has afforded them more leverage than the mechanism for public participation of the Quebec forestry regime 
allows. On Anishnaabe territory, we recommend for local logging industries (including investors and each 
contractor hired) to partner up with either First Nations companies and or collectives and take the time 
to come to an agreement to ensure a standard for sustainability in which communities and animals can  
thrive again.  

Renewable Energy

Many people in Canada earn their livelihoods from extractive practices like logging. In order to successfully 
transition away from extractive practices like logging, communities will need to secure alternative livelihoods 
for those who currently rely on these practices. Renewable energy projects may help fill this need. 

Renewable Energy as an Alternative Livelihood 

Many communities are already beginning to make the transition away from extractive practices like logging 
to alternative livelihoods based on renewable energy. Many of the communities leading the way in this regard 
have been Indigenous communities, who have been able to secure new sources of jobs and funds for their 
communities through renewable energy projects - all while helping reduce greenhouse gas emissions.  
This includes: 

• M’Chigeeng First Nation, Ontario: The M’Chigeeng First Nation is the sole owner of the Mother Earth 
Renewable Energy Project (MERE), a 4-megawatt wind turbine farm. The M’Chigeeng First Nation has 
secured a 20-year power generation contract with the Ontario Power Authority, and it is expected that 
the MERE will generate hundreds of thousands of dollars in surplus funds for the community every year 
(Kelly, 2013). 

• Bitigtigong Nishnaabeg (Pic River) First Nation, Ontario: The Bitigtigong Nishnaabeg First Nation has 
been involved in several hydroelectricity projects. It developed a 5-megawatt generating station on one 
of its major waterways in partnership with several other stakeholders; the First Nation ultimately went 
on to become the station’s sole owner. In collaboration with Innergex, the First Nation has also begun 
developing the 24-megawatt Umbata Falls generating station (Krupa et al., 2015).

• Haida Nation, British Columbia: The Haida Nation has collaborated with NaiKun Wind on the construction 
of a major wind project, partly on the condition that NaiKun provide members of the Haida Nation with 
employment opportunities. The first phase of this project has involved the construction of 110 offshore 
wind turbines, with generating capacities of 3-5 megawatts. It has been projected that this project will 
displace 26,000 tonnes of greenhouse gas emissions emitted by diesel generators on Haida Nation (Krupa 
et al., 2015). 

• Vuntut Gwitchin First Nation, Yukon: The Vuntut Gwitchin First Nation has established a large solar panel 
project to help the community transition away from its reliance on fossil fuels. The electricity produced 
by the project, which involves over 2,100 solar panels, is currently being sold under a 25-year purchase 
agreement to ATCO Electric Yukon and has reduced diesel fuel use by approximately 189,000 litres per 
year (Baker, 2021). 
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Renewable energy projects like those listed above can be excellent economic opportunities for Indigenous 
communities (Krupa, 2012), both in the sense that they can create jobs for members of these communities 
and in the sense that they can generate revenues for First Nations if they own the projects either in whole or 
in part. But as Schatz and Musilek (2020) emphasize, the economic potential of renewable energy projects 
is more likely to be fully realized where projects are “anti-colonial, locally owned, and in touch with the 
community’s needs to see the rich social impact these projects can have.”   

Supporting Communities in Transition

Communities’ ability to transition away from extractive practices like logging by developing renewable energy 
projects depends on factors such as: 

• The availability of project funding. With government or private funding, communities can take whole or 
partial ownership of renewable energy projects in their communities. This affords communities some 
measure of control over project development and implementation, which can ultimately improve project 
legitimacy (Schatz & Musilek, 2020). While government funding cuts have historically posed a barrier 
for communities looking to fund renewable energy projects (Krupa, 2012), several new government 
programs have been introduced to assist Indigenous communities in funding such projects, including the 
federal Strategic Partnerships Initiative (Government of Canada, 2022a) and the Québec Green Initiative 
(Government of Canada, 2022b).

• Community members’ levels of training and education. Communities can more fully reap the benefits 
of renewable energy projects when community members are directly employed by these projects. But 
as Krupa (2012) notes, this can be difficult where few community members have project management 
experience or where few community members are familiar with renewable energy technology. Providing 
training and education opportunities geared towards the demands of the renewable energy sector will 
need to be a key part of helping communities transition away from extractive practices.  

• Perceived project legitimacy. Where communities seek to transition away from extractive processes 
by developing new renewable energy projects, it is essential that community members perceive these 
projects as legitimate (Krupa, 2012). Project legitimacy can be improved by involving community leaders 
throughout in the development and implementation of renewable energy projects, rather than simply 
holding one-off community consultations (Krupa et al., 2015). Project legitimacy can also be improved 
by familiarizing community members with the technology used in renewable energy projects and by 
communicating with them regularly about project developments (Mercer et al., 2020). Most importantly, 
project legitimacy can be improved by ensuring that communities are able to directly benefit from 
renewable energy projects (Schatz et al., 2020).

The potential for a hemp production economy

Hemp production in Canada

While hemp is the same plant as cannabis (Cannabis sativa), it is a variety that contains very little to no 
THC. Since 1998, industrial hemp has been legalized and authorized in Canada as it was distinguished as 
a different cultivar than cannabis. Industrial hemp has been regulated under the federal Industrial Hemp 
Regulations since 2018 and is currently run through the Industrial Hemp Regulation Program policy that 
delivers annual licenses for activities under their purview (Health Canada, 2020).

Globally, hemp uses are varied and span multiple industries, such as construction materials, textiles, food, and 
CBD oils. In the construction industry, hemp fibre is used to produce insulation materials like “hempcrete” that 
are energy-efficient (Bedlivá & Isaacs, 2014). As a textile, hemp is generally viewed as more environmentally-
friendly than cotton because it requires less water, pesticides, and energy to produce a durable garment 
(Duque Schumacher et al., 2020). 
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In Canada, food is the principal driver of hemp production (Alberta Agriculture and Forestry, 2020). Similarly, 
in Quebec, hemp is mainly grown for its seeds, whereas other industries, such as construction materials and 
isolation fibres and textiles, are emerging (Lalonde et al., 2018). “Generally, the demand for hemp products 
is expected to benefit from a growing demand for products that are environmentally and economically 
sustainable” (Alberta Agriculture and Forestry, 2020). 

Growing hemp in Anishnabe territory

It must be recognized that the conversion of forested or natural areas to any agricultural crop represents 
a change in the landscape that could affect biodiversity, with unquantifiable impacts on moose. However, it 
could also represent an alternative livelihood in Anishnabe territories in areas already devoted to agriculture. 
In Canada, hemp crops are best-suited to grow in rotation with other crop types and grow best in well-drained, 
slightly acidic (pH 6.5) soil in a field ideally cleared of weeds (Lalonde et al., 2018).

It is difficult to quantify the environmental impacts of industrial hemp production compared to those of 
forestry operations. Hemp is believed to sequester enormous amounts of carbon, about 10 tonnes of Co2 
per hectare - which is more than the average forest - but rigorous data is missing to confirm this metric 
and for hemp to be included in carbon markets (New Frontier Data, 2022). Further studies are underway to 
evaluate the potential for hemp to improve soil health and erosion control (Alberta Agriculture and Forestry, 
2020). Compared to other commercial crops, hemp generally requires fewer chemical inputs, water and 
energy to process, which increases its potential to be marketed as an organic product (Alberta Agriculture 
and Forestry, 2020). However, agricultural fields do require more intensive inputs in fertilizer than forestry 
operations (Boreal Forest Facts, 2022). The impacts on biodiversity would also vary and depend on the type of 
agriculture (organic or not), the surrounding landscape (forested or not), and the size of the fields (Martin et 
al., 2020). There are no documented cases of invasive hemp cultivars. 

Economic potential

An Indigenous-led hemp project has the potential to diversify local economies and can support multiple 
adjacent nation-building projects. For example, the Anishnabe Agricultural Institute based in northern 
Minnesota is a centre guided by the principle of transitioning to a post-carbon, sustainable, and respectful 
economy by focusing on food sovereignty, culture, and health for tribal nations. They grow hemp, research 
hemp production and products, and support tribes in their own hemp-based economic endeavors by providing 
hemp seeds and training to five tribes in the USA and Canada (thus far) (Anishnabe Hemp Institute, 2022).
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