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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
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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
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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
3

Ministry of Northern Development, Mines, Natural Resources and Forestry, “Factors That Affect Moose Survival,”
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4
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6
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7
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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
9
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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
13
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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

16
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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

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

11

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
26
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27
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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
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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
30

Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
204 parcels of 60km² in the park. 4 parcels covered by more than 50% water were removed.
32
Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
33
Dumont, “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 12. (Rapport Sommaire).”
34
Trudeau, “Résultat de l’inventaire Aérien de l’orignal Dans La Zone de Chasse 13 à l’hiver 2017. (Rapport
Sommaire).”
35
Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
36
Lefort and Massé, “Plan de gestion de l’orignal au Québec 2012-2019.”
31

14

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
HZ13
20092002-2003 2009- 2010 2002-2003 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
HZ12
HZ13
HZ14

37

2008

2010

2018

0.32

0.3542

0.21±0.02

2002-2003

2008*

2009-2010

2018*

0.37

0.28±0.03

0.25

0.21±0.04

2002-2003

2005*

2009-2010

2016-2017*

0.30

0.31±0.06

0.27

0.26±0.03

2002-2003

2009-2010

Dumont and Trudeau, “Inventaire aérien de l’orignal dans la réserve faunique La Vérendrye à l’hiver.”
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39
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40
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41
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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
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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.
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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
51
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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.
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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
65
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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
68
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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
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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

82

Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
Leclerc, Lamoureux, and St-Laurent, “Influence of young black spruce plantations on moose winter distribution.”
84
Courbin et al., “Logging-Induced Changes in Habitat Network Connectivity Shape Behavioral Interactions in the
Wolf-Caribou-Moose System.”
85
Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
86
Ibid.
83

23

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
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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
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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.
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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
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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
128
moose. 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
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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,
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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
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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
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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
158
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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
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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
171

Joly and Messier, “The distribution of Echinococcus granulosus in moose: evidence for parasite-induced
vulnerability to predation by wolves?”
172
Ibid.
173
Otero et al., “Chronic Wasting Disease: A Cervid Prion Infection Looming to Spillover.”
174
Ibid.

34

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
175

Otero et al., “Chronic Wasting Disease: A Cervid Prion Infection Looming to Spillover.”
Lamy and Finnegan, “Moose Habitat and Populations in Alberta Boreal and Foothills Regions.”
177
Dumont and Crete, “The Meningeal Worm, Parelaphostrongylus Tenuis, a Marginal Limiting Factor for Moose,
Alces alces, in Southern Quebec.”
178
Lankester, “Considering Weather-Enhanced Transmission of Meningeal Worm, Parelaphostrongylus tenius, and
Moose Declines.”
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.”
176

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
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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
184
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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 health 196 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
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.”
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.”
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.”
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.”
193
Kofinas et al., “Towards a protocol for community monitoring of caribou body condition.”
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.”
195
Ibid.
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.”
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.”
198
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.”
200
Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”
201
Ibid.
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.”
203
Tomaselli et al., “Local knowledge to enhance wildlife population health surveillance.”

38

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
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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
210
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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
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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,
219
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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
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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
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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.”
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