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EXECUTIVE SUMMARY 
Moose occur across the northern Boreal and Foothills of Alberta (Alces alces). Their core range is in mid- and west-
central Alberta and supports the highest densities of moose in the province. The most recent provincial population 
estimate from 2014 is 115,000. However, in northern Alberta and British Columbia, local populations are thought to be 
in decline, and concern has been voiced about local population declines by First Nations and land managers. 

Changes in the distribution of moose are driven by climate change, predation pressure, habitat change, recreational 
harvest, and disease. In British Columbia, although population limiting factors are known to be contributing to moose 
population declines, the specific mechanisms driving these declines are unknown. In the Boreal and Foothills of 
Alberta, there is less available knowledge of limiting factors and mechanisms that may be contributing to local declines. 

Wildlife managers regulate moose populations through harvest and predator management, and to a lesser extent 
through habitat management. Although forestry does not regulate moose populations, forestry activities do change 
moose population dynamics through changes in habitat. Forestry is one of the dominant anthropogenic landscape 
driver changing habitats by design in Alberta’s Boreal forests, and there is potential to enhance moose-forestry co-
management through improved forest planning and management practices. 

This document reviews the current literature on moose, with a specific focus on the Foothills and Boreal regions of 
northern Alberta, specifically with a goal of identifying gaps in our knowledge in: Ecology, Monitoring Methods, and 
Response to Disturbance. These gaps were used to develop Future Directions that are meant to facilitate consultations 
and tabletop sessions with stakeholders, organizations, and individuals with the goal of identifying next steps and 
gathering local knowledge. Based on these knowledge gaps, we provide ten Future Directions with several 
recommendations to support forest planning and best management practices to benefit moose through the 
development of future research, partnerships, plans, and guidelines. Based on this literature review it is likely that 
moose could benefit most from future research informing the following topic areas:  

i. researching moose population sizes and trends; 
ii. researching moose response to mountain pine beetle; 
iii. developing industrial access management plans; 
iv. improving herbicide BMP application strategies; 
v. enhancing the government Open Data Portal; 
vi. partnering in observational winter tick surveillance; 
vii. planning for climate resilient and connected forests; 
viii. researching moose and moose browse response to operational and forest planning practices;  

ix. considering landscape scale criteria in cumulative effects assessments; and 
x. innovating moose monitoring methods.  
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1. BACKGROUND 
1.1 OVERVIEW   
Moose (Alces alces) in Alberta primarily reside in the Boreal and Foothills Natural Regions, but over the last 40 years 
they have spread south into the Parkland and Grasslands Natural Regions (Bjorge et al. 2018). These changes in the 
distribution of moose are driven by climate change, predation pressure, habitat change, recreational harvest, and 
disease (Rippin 2001). Recently, there has been renewed concern from First Nations and stakeholders that moose are 
in decline in northern Alberta (T8FN Team 2012; Alexis 2010); L. Trout pers. comm. 2019). Adjacent populations in 
British Columbia are in general decline, and although population limiting factors have been identified and are known to 
be contributing to this decline, the specific mechanisms driving moose decline in British Columbia are unknown (Kuzyk, 
Hatter, et al. 2018; Kuzyk, Marshall, et al. 2018). It is currently unclear whether moose in the Boreal and Foothills of 
Alberta are declining. 

This document reviews the current literature on moose, with a specific focus on the Foothills and Boreal regions of 
northern Alberta, in order to identify key gaps in our knowledge in: Ecology (Section 2), Monitoring Methods (Section 
3), and Response to Disturbance (Section 4). These key gaps could be used to guide Future Directions (Section 5), and 
to facilitate consultations and tabletop sessions with stakeholders, organizations, and individuals with the goal of 
identifying next steps and gathering local knowledge. 

1.2 BOREAL AND FOOTHILLS REGIONS 
The economy in northern Alberta is primarily driven by industrial development (i.e. forestry and oil and gas) on 
forested Public Lands in the Boreal and Foothills regions (Hebblewhite 2017; AEDT 2019). Agriculture in the Boreal and 
Foothills of northern Alberta is less prevalent than in the Parkland and Grasslands, since cultivation is limited by shorter 
growing seasons (Natural Regions Committee 2006). In addition to public lands, northern Alberta has large areas of 
federally and provincially protected land. 

1.2.1 VEGETATION AND CLIMATE 
The Boreal is the dominant ecosystem in Alberta (58% of the province), with the Foothills, considered to be sub-Boreal, 
representing a smaller area (10%). Boreal and Foothills topography is mostly even or gently undulating, excepting at 
higher elevations in the Foothills, where it transitions into more steeply sloping terrain (Natural Regions Committee 
2006). 

The Boreal is predominantly a mix of wetlands and deciduous, mixedwood, and coniferous forests. The southern Boreal 
is dominated by aspen (Populus tremuloides) interspersed with white spruce (Picea glauca), and wetlands. The 
northern Boreal is mixedwood, dominated by aspen, white spruce, and balsam poplar (Populus balsamifera) 
interspersed with fens. Wetlands have black spruce (Picea mariana), shrub, or sedge fens, while dry, well-drained areas 
can have stands of jack pine (Pinkus banksiana). The climate in the Boreal is moist and cool, with short summers (Daily 
Avg. Temp.  ≤15°C) and long cold winters (Daily Avg. Temp. < -10°C; Natural Regions Committee 2006).   
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The Foothills are dominated by deciduous and mixedwood forests of aspen, white spruce, balsam poplar, white birch 
(Betula papyrifera), lodgepole pine (Pinus contorta), and black spruce at lower elevations. There are also some wetland 
areas with stunted black spruce and tamarack (Larix laricina) or shrub communities. At higher elevations, coniferous 
forests of lodgepole pine are dominant. The climate is moist and cool with short summers and cold winters (Natural 
Regions Committee 2006). 

1.2.2 CULTURE 
First Nation communities in northern Alberta are predominantly Woodland Cree and Dene, and are both members of 
the Treaty 8 First Nations (T8FN). Moose are particularly important for subsistence hunting, since they are the 
traditional staple for many First Nation communities (Schramm and Krogman 2001; Nelson 2003; Alexis 2010; T8FN 
2012) because they are large and widespread (Alexis 2010).  

Although, traditionally bison, where present, were the  culturally preferred species, but as they became scarce in the 
1830s, caribou and moose were hunted instead (Broomfield in T8FN 2012). More recently, as caribou have become 
scarce, moose became the most important food source. However, as moose are also now scarce in some areas like 
Peace River country, some T8FN members have switched to hunting elk (T8FN 2012). However, elk skin is thin and 
cannot be used for many traditional purposes (e.g., moccasins, shelters, clothing; T8FN 2012). Therefore, although 
there is great concern over the loss of caribou and moose, there is also concern over the loss of culture, values, and 
way of life (T8FN 2012).  
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2. MOOSE ECOLOGY 
2.1 DISTRIBUTION AND DESCRIPTION 
There are seven recognized subspecies of moose and four occur in Canada (Peterson 1955; Rippin 2001). In Alberta, 
Northwestern moose (A.a. andersoni) occur in the Boreal and Foothills, and Shira’s moose (A.a. shirasi) occur in the 
south; both are listed as ‘secure’ under the Alberta Wildlife Act (AEP 2017). 

Moose are the largest ungulate (Cervidae), weighing up to 771kg (Rodgers 2001) and standing 2m tall at the shoulders 
(Rippin 2001). However, the average weight of the Northwestern moose in Alberta is 441kg for males and 400kg for 
females (Lynch et al. 1995). Moose are considered senior at 10-12 years of age (Rodgers 2001), and rarely live more 
than 16 years (Rausch, Gasaway, and Schwartz 2008).  

During the snow-free season (May to late-November), moose are typically solitary or occur in cow-calf pairs until the 
rut (early-September to late-November), when they can be found in groups of three to six (RISC 1998). During the rut, 
bull moose breed with several females and afterwards disperse, shedding their antlers from late-November to 
December. During spring (late-May to early-June), cow moose commonly produce only one calf per year, but can have 
up to three calves (Rausch, Gasaway, and Schwartz 2008). Higher twinning rates are a sign of a productive population 
(e.g. Lynch 2006). 

2.2 POPULATION SIZES AND TRENDS 
In North America, the most recent moose population estimate (2014-2015) was approximately 1,000,000 individuals 
with approximately 115,000 in Alberta (provincial data based on hunting records; subspecies data not available; 
Timmermann and Rodgers 2017).  

In Alberta, the highest moose densities are in the mid-boreal and boreal-cordilleran mixed-wood forests in the west 
and central parts of the province. The provincial population estimate was 92,000 in 2001, increasing to 115,000 in 
2014 (Timmermann and Rodgers 2017). However, in Alberta and British Columbia populations are presently in decline 
(R. Corrigan pers. comm. In Timmermann and Rodgers 2017; Kuzyk, Hatter, et al. 2018).  

Historically, moose were abundant in Alberta prior to the 1940s (Rippin 2001). However, population limiting factors – 
like wolf predation, non-licensed and recreational harvests, agricultural land conversion, wildfire, and winter tick 
outbreaks (Dermacentor albipictus) contributed to general population decline into the late 1940s (Rippin 2001). In the 
1950s, wolf control and better harvest management practices contributed to moose populations rebounding into the 
1960s. But in the late 1970s, moose populations again began to gradually decline, and this decline continued into the 
1980s. Overharvesting, predation, and significant winter tick outbreaks were the primary drivers of this decline, but fire 
suppression and agricultural and industrial land conversion were also contributing factors. 

Moose harvest management evolved in response to these declines, becoming more adaptive by employing limited-
entry systems and by designating Wildlife Management Units (WMU), with management actions specific to each 
WMU. In the 1990s, recreational and First Nation hunters became concerned about low numbers of bulls. These 
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concerns drove further change in moose management towards planning by moose population structure and density, 
while also accounting for different limiting factors (Rippin 2001). 

In 1999, a strong El Niño year providing favourable conditions for winter tick survival and reproduction (i.e., limited 
snowfall, mild winter, hot dry summer) resulted in a major winter tick outbreak, causing significant moose mortality 
(Pybus 1999). Since then, there was another strong El Niño year from 2015-2016, but weaker than the 1999 El Niño 
event (GOC 2016; Huang et al. 2017). However, we could not find information indicating that this El Niño event caused 
any significant winter tick outbreaks, nor could we find records of significant moose mortality in Alberta during this 
time.  

Between 2000 and 2014, moose populations gradually returned to numbers previously observed in the early 1980s 
(Timmermann and Rodgers 2017). However more recently, moose populations have been trending towards decline (R. 
Corrigan pers. comm. 2015 In Timmermann and Rodgers 2017). In 2010, several First Nations in the Boreal (i.e., Beaver 
Lake Cree, Aseniwuche Winewak, Bigstone Cree) noted moose populations in their areas were declining, and expressed 
concerns related to population health and the number of sick and thin looking animals on the landscape (Alexis 2010). 
Conversely, Alexis Nakota Sioux Nation noted increases in the moose population in their homelands adjacent to the 
Parkland region and expanses of cultivated land (Alexis 2010). Between 2015 and 2019, there is a gap in the literature 
describing moose population trends, sizes, and their fluctuations with limiting factors. However, results compiled from 
individual WMU aerial inventory reports (1978-2018) indicate that during that time some local moose populations 
have been in decline, while others are stable or increasing. Overall, in the Boreal and Foothills, moose populations have 
been declining since the 1980s (1978-2018 WMU reports), whereas in the Grassland and Parklands, populations have 
been increasing (Bjorge et al. 2018; see Section 2.5.2 Range Expansion and Shifts).  

Historically, fluctuations in moose populations have been related to synergistic limiting factors, many of which 
managers cannot directly control like parasites, disease (e.g. winter tick), insects (e.g. MPB), and weather. However, 
current moose populations are likely being influenced by additional limiting factors which differ across populations, but 
which could be managed. For example, differential intensities of mountain pine beetle infestation, industrial 
development, and human and predator access may all impact moose populations (e.g. Kuzyk 2016). These factors, 
combined with climate change and increasing human disturbance, mean that management of habitat and harvests to 
manage moose populations will become increasingly important (Timmermann and Rodgers 2017). 

2.3 MOVEMENT BEHAVIOUR 
For many species, movement occurs at two different scales: the home range and the landscape. The home range scale 
encompasses local movements and daily activity patterns. The landscape scale describes large scale movements like 
juvenile dispersal, seasonal range shifts, and migratory movements (see Section 4.5 Habitat Connectivity). At the daily 
scale, moose are active during the day and night, with peak activity periods at dawn and dusk to forage (Klassen and 
Rea 2008). At the seasonal scale, moose migrate and disperse from summer ranges to winter ranges by latitudinal or 
elevation gradients (Demarchi 2003). 
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2.3.1 MIGRATORY MOVEMENTS 
Not all moose in a population will migrate from winter to summer ranges (e.g. Stenhouse et al. 1994; Ball, Nordengren, 
and Wallin 2001). Older moose in Sweden, for example, became non-migratory in areas with high road density or high 
hunting pressure (Singh et al. 2012), and in Ontario, female moose migration and movements are restricted by roads 
(Finnegan et al. 2012). 

Considering moose that migrate, moose migration is influenced by snow pack depth (Demarchi 2003), and seasonal 
green-up of herbaceous vegetation (Allen et al. 2016). Before calving (April to June), as the snowpack decreases moose 
move from winter to summer ranges, returning to winter ranges when snowpack increases (December to January; 
Demarchi 2003). During these seasonal migrations moose can travel  distances of up to 75km (i.e. A.a. gigas; Demarchi 
2003). Moose ranges may be separated by elevation or latitudinal gradients; e.g., moose in the mountains spend the 
summers at high elevation (e.g. 1500m), and move to lower elevations during the winter ( e.g. 200m; Demarchi 2003).  

Cows teach migratory movements and routes to their calves. However if calves are orphaned prior to migration, they 
may fail to migrate and stay on their summer range throughout the winter, or they may establish a different winter 
range than their mother (Sweanor and Sandegren 1989). Reintroduced moose can take decades to accumulate 
knowledge through generations to re-establish reliable migration corridors (Jesmer et al. 2018). Additionally, moose 
migratory corridors may not necessarily be a well-defined route taken by the entire population, but can consist of 
multiple routes taken by different individuals.  

2.3.2 DISPERSAL MOVEMENTS 
Yearling moose are the primary dispersers in moose populations. While on the summer range, their mothers drive 
them away prior to birthing young of year (Altmann 1958; Stringham 1974). Dispersers have variable dispersal patterns 
(Labonte et al. 1998; Hoffman, Genoways, and Choate 2006) and typically disperse short distances (< 15.2km; Labonte 
et al. 1998), but dispersal distances as high as 1,511 km have been reported (Hoffman, Genoways, and Choate 2006). 
In some cases, moose have high inter-seasonal fidelity to their natal range (Göran Cederlund, Sandegren, and Larsson 
1987), and can retain winter or summer ranges in common with their mothers (i.e. partial dispersal; Göran Cederlund, 
Sandegren, and Larsson 1987; Labonte et al. 1998). Yearling males also disperse farther than females (Labonte et al. 
1998), and females retain more overlap in their established home ranges with their mothers than males (Göran 
Cederlund, Sandegren, and Larsson 1987).  

2.4 HABITAT 
Moose are primarily associated with shrublands and deciduous cover (Stewart, Komers, and Bender 2010), which can 
be considered “permanent” moose habitats (Geist 1971). Moose are also dependent on early seral habitats generated 
by major disturbances that are dynamic (e.g., fire, forestry; Geist 1971). 

2.4.1 HABITAT USE 
Moose habitat use is driven by foraging requirements and co-occurring factors like wildfire, mountain pine beetle 
(Dendroctonus ponderosae), predation risk, heat stress, and human disturbance  (e.g. Snaith and Beazley 2004). Moose 
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are habitat generalists occupying a range of habitats during different stages of their life cycle – including boreal forest, 
mixedwood forest, subalpine shrub, tundra, flood plains, and riparian areas (Secretariat 2014). Generally, moose 
browse on aspen, willow, and birch, but from mid-June to July they also browse on aquatic vegetation (Timmermann 
and McNicol 1988).  

As generalists, moose interact with a mosaic of habitat types (Stewart, Komers, and Bender 2010), adjusting their 
habitat preferences with changes in resource availability (Osko et al. 2004). In northeastern Alberta, moose habitat 
preferences changed with changes in abundance of available habitat, even though similar habitats were available 
(Osko et al. 2004). However, moose primary habitat associations are with shrubland communities and deciduous 
forests (Stewart, Komers, and Bender 2010), and low elevations where these shrubland communities and deciduous 
tree cover are more prevalent. To a lesser extent, moose are also associated with wetlands (Serrouya et al. 2011; 
Toews 2016).  

2.4.1.1 WINTER RANGE 
Moose winter ranges are smaller than their summer ranges 
(winter: 110.7km2, summer: 237.9km2; Peters 2010b), and they 
adapt the size of their home range to changes in forage quality, 
availability of suitable habitat types (Bjørneraas et al. 2011), and 
snow depth (Telfer 1970). Generally, moose winter range includes 
areas with less snow that allow good mobility, and have higher 
habitat suitability (Demarchi 2000) and browse production (Telfer 
1970). During periods of deep snow, moose will reduce their 
movements and select areas with dense coniferous stands or 
select coniferous patches within mixed stands (Telfer 1970; 
Rehaume Courtois et al. 2002). But when snow depth is not 
limiting, moose select shrublands and open deciduous or 
coniferous forests (Telfer 1970), and avoid avalanche chutes 
(Serrouya et al. 2011) and grasslands (Stewart, Komers, and 

Bender 2010). Grasslands are thought to have a fragmentary effect 
on moose populations and are avoided during winter due to deeper snow, reduced mobility (Telfer 1970), and reduced 
escape cover (Stewart, Komers, and Bender 2010). Even in open stands snow depth can be up to 70% greater than 
adjacent closed canopy forests (Rolley and Keith 1980). 

In years with long periods of deep snow (>70cm; Sweanor and Sandegren 1989) winter habitat is limited, and moose 
are concentrated (60-90cm) on or even confined (>90cm) to critical winter range (Telfer 1970), causing intense 
browsing damage in these areas (Sweanor and Sandegren 1989). During winter, moose primarily browse on trembling 
aspen, willow, white birch, balsam poplar, balsam fir (Abies balsamea), red-osier dogwood (Cornus stolonifera), beaked 
hazel (Corylus cornuta), pin cherry (Prunus pensylvanica), Saskatoon berry (Amelanchier stolonifera), and green alder 
(Alnus crispa; Timmermann and McNicol 1988). 

Lamy, K. 

Moose winter range (Photo: Lamy, K). 
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2.4.1.2 SUMMER RANGE 
During summer, habitat heterogeneity is important for moose; a mix of older and younger forest age classes with non-
forest cover types optimizes cover and forage from predation and heat stress, while also providing access to forage 
(Olsson, Brown, and Smith 2002; Olav Hjeljord, Hövik, and Pedersen 1990). If moose summer home ranges are within 
highly productive habitats, they are smaller than those within unproductive habitats (e.g. Bjørneraas et al. 2012). 
During summer, moose browse the same species as in winter, although they do not consume balsam poplar and 
balsam fir (Timmermann and McNicol 1988). They also consume aquatic plants including emergent aquatic species 
(pond lilies (Nuphar spp.)), and submergent aquatic species (pond weeds (Potomegeton spp.), macroscopic algae 
(Niteila spp. and Chara spp.), bladderwort (Unicularia vulgaris), and water milfoil (Myrophyllum verticillatum; 
(Timmermann and McNicol 1988). During calving, cows select refugial habitats or sites for birthing, in isolation from 
other cow-calf pairs (e.g. islands; (T8FN 2012), that reduce predation risk and increase calf survival (White et al. 2014). 

2.5 ENVIRONMENTAL CHANGE 
Climate is a known population distribution driver for moose as well as for other ungulates. It is predicted that winters 
will continue to warm and have increased precipitation, and spring will continue to arrive earlier, reducing soil 
moisture and resulting in longer growing seasons (Cerezke 2009). Half of the western Boreal is predicted to have a 
drier climate similar to the Aspen Parkland Zone by the 2050’s (Schneider et al. 2009; Cerezke 2009).  

With climate change, forest fires are also predicted to be larger, more frequent, and more severe (Hanes et al. 2018). 
As forests are burned, succession will shift to forests with younger age class structures, which is likely to impact moose 
distribution and abundance (e.g. Eastman 1974; Lord and Kielland 2015). Extreme weather events are also predicted to 
be more frequent with climate change, resulting in more severe storms, periods of drought, and tree mortality 
(Cerezke 2009). Climate change and its interaction with ungulates and harvest dynamics is already a research priority in 
Midwestern United States, and may be an important upcoming research priority across Canada (Weiskopf, Ledee, and 
Thompson 2019). 

2.5.1 BOREAL AND FOOTHILLS SHIFTING 
In Alberta, a drier climate in the central, northern, and southern Boreal will cause changes in tree species composition 
(Cerezke 2009). Widespread aspen forest distribution and productivity is expected to be particularly affected, with 
aspen shifting northward in response to environmental change (Cerezke 2009). Periodic dieback is predicted primarily 
from drought stress and insect defoliator outbreaks (Cerezke 2009). White spruce in central and northern Alberta are 
also predicted to decline, and productivity and mortality is expected to increase. Lodgepole pine productivity has been 
increasing in the Foothills in recent years, it is unclear whether this is an effect of climate change or changes in 
management practices (Cerezke 2009). 

Eventually, with climate change non-native fauna and flora from warmer climates will also arrive in the Boreal and 
Foothills (Schneider 2013). Insects and tree pathogens are expected to benefit from these changes include mountain 
pine beetle, spruce beetle, spruce budworm, wood borers, root disease, and stem cankers (Cerezke 2009). As climate 
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change and resulting effects increase, developing tools and advancing knowledge to better manage habitat will 
become increasingly important (Timmermann and Rodgers 2017). 

Water scarcity leading to drought is the biggest climate risk in Alberta (Toews 2016), and increasing temperatures and 
evapotranspiration rates will impact wetlands and peatlands; water levels will subsequently drop and decomposition 
rate of dead plants will increase (Cerezke 2009). As moose depend on aquatic habitats seasonally for nutrients, water 
scarcity and changes to wetlands are likely to impact moose, but the vulnerability of moose to these habitat changes 
has not been assessed in Alberta (e.g. Rempel 2012). 

2.5.2 RANGE EXPANSION AND SHIFTING 
Recently, moose range has expanded north into Nunavut and the Northwest Territories (Timmermann and Rodgers 
2017), south into the coastal rainforests in British Columbia (Darimont et al. 2005), and east into the prairies of Alberta 
(Bjorge et al. 2018), and Saskatchewan (Laforge, Michel, and Brook 2017). Although at a continental scale 10 of the 15 
moose populations at the southern limit of their distribution are stable or increasing, recent information has described 
declines in local moose populations in Alberta and British Columbia (R. Corrigan pers. comm. In Timmermann and 
Rodgers 2017; Kuzyk, Hatter, et al. 2018; Timmermann and Rodgers 2017) (see Section 2.2.). 

In Alberta, moose were first observed in the Parklands in the early 1970s (Bjorge 1996) and began to colonize them in 
the 1980s (Bjorge et al. 2018). More recently moose started to colonize the Grasslands in the early 2000s (Bjorge et al. 
2018). In both the Parklands and Grasslands, the reduction of several population limiting factors contributed to this 
southern range expansion (Rippin 2001; Bjorge et al. 2018). Human activity declined as private farms were replaced by 
corporate farms (Rippin 2001; Bjorge et al. 2018). In addition, in the Parklands and Grasslands hunting pressure from 
illegal harvest is in decline, and predation risk (i.e., wolves, black bears, grizzly bears) is lower when compared to the 
Boreal (Rippin 2001; Bjorge et al. 2018). 

In addition to a reduction of moose population limiting factors, Parklands and Grasslands areas also benefit moose 
because they contain important resources. In agricultural landscapes moose select crops (high protein forage), 
wetlands, and forests (Laforge, Michel, and Brook 2017). The current level of crop browsing and damage in Alberta is 
unknown (Bjorge et al. 2018), but oilseed and pulse crops in particular are preferred by moose in Saskatchewan 
(Laforge, Michel, and Brook 2017). Outside of farmlands, the Parklands and Grasslands have suitable moose habitat 
like river valleys and small wetlands, and the available browse from shrub communities in riparian habitats and 
remnant forest patches is expected to continue to support population growth (Bjorge et al. 2018). Further research is 
required to understand how and why moose are expanding their ranges (Timmermann and Rodgers 2017).  

2.5.3 HEAT STRESS 
Under climate change scenario models, mean annual temperatures in Alberta are predicted to increase between 2.0°C 
and 4.2°C by 2100 (Schneider 2013). Moose are well-adapted to cold (-5°C to -30°C), with a dense wool undercoat, 
long winter guard hairs, and a high volume-to-surface area ratio (Renecker and Hudson 1986; Rippin 2001; McCann, 
Moen, and Harris 2013). However, moose have a limited ability to reduce their internal heat load (Renecker and 
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Hudson 1986; Rippin 2001; McCann, Moen, and Harris 2013), which can limit moose distribution and activity (Dussault, 
Ouellet, and Courtois 2005), especially at the southern limits of their distribution (e.g. Ditmer et al. 2017). 

Above 14°C in summer and -5°C in winter (Renecker and Hudson 1986; Schwartz and Franzmann 1991), moose 
become heat stressed and begin to pant to increase evaporative cooling (Renecker and Hudson 1986). Areas 
experiencing hot periods above 27°C without shade are unsuitable for moose (Kelsall and Telfer 1974). The limitations 
imposed by heat stress can affect the ability of moose to meet energetic requirements and affect their productivity 
and survival (Dussault et al. 2004; McCann, Moen, and Harris 2013). Combined with other population limiting factors, 
heat stress can contribute to population decline (Lowe, Patterson, and Schaefer 2010; Murray et al. 2006; 
Galatowitsch, Frelich, and Phillips-Mao 2009).  

Moose primarily select habitat based on foraging requirements, but may alter their selection for stand types that 
provide thermal cover (Street, Rodgers, and Fryxell 2015). In response to hot periods during summer and fall, moose 
modify their behaviour by reducing their activity during the day, seeking shade and water, and increasing nocturnal 
activity (Renecker and Hudson 1986; Dussault et al. 2004). However, moose may have some variability in their 
response to heat stress, and heat tolerance thresholds may be higher than previously thought (Lowe, Patterson, and 
Schaefer 2010; McCann, Moen, and Harris 2013). At the southern limit of their distribution, moose in Ontario did not 
exhibit any signs of heat stress within the expected range of temperatures (Lowe, Patterson, and Schaefer 2010), and 
in Nova Scotia, moose sought thermal cover above the expected range at around 24°C (Broders, Coombs, and 
McCarron 2012). Solar radiation (Bourke 2003; Eigenberg et al. 2005) and wind (Berman et al. 1985; Mader, Johnson, 
and Gaughan 2010; McCann, Moen, and Harris 2013) can affect the onset of heat stress. In windy areas heat stress can 
occur at temperatures 4°C to 10°C higher than in other areas (McCann, Moen, and Harris 2013). 

Within their current distribution, moose are predicted to respond to a warming climate by shifting their habitat use 
more into cooler low-lying (e.g., ravines, wetlands; Dussault et al., 2005). Existing thermal cover can be retained in the 
future through forestry management practices in cutblocks, so that moose can reduce their heat stress during critically 
hot periods (Broders, Coombs, and McCarron 2012). Retaining thermal cover may also benefit other ungulates (e.g. 
caribou; COSEWIC 2014). Young cutblocks are an attractive food source for moose, and retention patch design criteria 
could include placement and cover to support habitat resilience in these exposed areas (Dussault, Ouellet, and 
Courtois 2005). In the future, research could quantify the ability of different cover types in Alberta (e.g. Street, 
Rodgers, and Fryxell (2015) in Quebec) to buffer high temperatures to support the development of best management 
practices for moose (Broders, Coombs, and McCarron 2012). 

2.6 MORTALITY RISK 
In Alberta, the main causes of moose mortality are predation, disease, hunter harvest, and vehicular collisions (Rippin 
2001). Other causes of mortality include starvation, heat stress, and natural accidents (Kuzyk, Marshall, et al. 2018). 
These mortality factors can be compensatory or additive in populations, and without proper documentation or 
knowledge of their changes they can have significant effects on management outcomes (Rippin 2001).  
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2.6.1 DISEASE 
Moose populations in Alberta are historically most affected by winter tick (Dermacentor albipictus – primary host: 
moose; incidental host: deer), and to a lesser extent by spillover of giant liver fluke from infected elk and deer 
(Fascioloides magna – primary host: white-tailed deer; e.g.Pybus, Butterworth, and Woods 2015). In eastern Canada, 
brain worm (Parelophostrongylus tenuis – primary host: white-tailed deer) is prevalent and causes significant moose 
population declines. However brain worm has not been recorded in Alberta, since its range ends in Saskatchewan 
(Leighton 2011). Chronic wasting disease (CWD) primarily affects deer in Alberta, and although increasing in prevalence 
(1996-2017; GoC 2019), spill over into moose populations is not maintained and only occurs when CWD is well-
established in deer (GoA 2013). In 2012, the first known moose CWD case in Canada occurred in Hilda, Alberta (GoA 
2013). 

The distribution of diseases are expected to expand north with a warming climate. For winter tick, a warmer climate 
will provide a more favourable environment for tick survival (Pybus 1999), and for giant liver fluke, brain worm, and 
CWD, a warmer climate will provide a more favourable environment for their host, deer (Dawe, Bayne, and Boutin 
2014). 

Winter tick has known to be present in moose populations Alberta since 1930 (Glines and Samuel 1989), and they are 
present on moose every year of their lives (Samuel 2004). However, widespread outbreaks that contribute significantly 
to moose population mortality occur less frequently. These events are known to have occurred between 1977 and 
1979 (Samuel and Barker 1979) and in 1999 (Pybus 1999). In 1999, the tick outbreak coincided with a strong El Niño 
year, which produced a warmer more favourable climate for winter tick survival (Pybus 1999). After 1999, there is a 
gap in the literature (1999-2019) describing the timeline of significant tick outbreak. 

Warming temperatures are expected to expand deer distribution by reducing snow cover and increasing warm 
weather (Dawe, Bayne, and Boutin 2014). Increased overlap between moose and deer distribution is expected to 
increase disease transmission and exposure to winter tick, giant liver fluke, and brain worm (Beazley, Ball, Isaacman, 
Mcburney, et al. 2006; Weiskopf, Ledee, and Thompson 2019). In Nova Scotia, the mainland moose population, at the 
southern limit of its distribution, began to decline from winter tick infection when the white-tailed deer population 
experienced significant growth (Beazley, Ball, Isaacman, McBurney, et al. 2006).  

In Alberta, there is limited available information on the prevalence of diseases in moose. There is baseline disease 
surveillance of CWD and winter tick, but it is unclear if there is continuous surveillance for giant liver fluke. The 
methodology, spatial extent, and frequency of monitoring for the winter tick program is also unknown and there is a 
notable gap between 2000 and 2019 in winter tick publications. From 2015-2016, there was a strong El Niño year (GoC 
2016), but we could find no information indicating that a significant winter tick outbreak occurred, or that significant 
moose mortality was recorded in Alberta. Given the cyclical nature of tick outbreaks and their significant contribution 
to moose mortality, it is important that this information is made available and monitored through partnerships with 
industry professionals, First Nation, stakeholders, biologists, and other interested parties. The expansion of deer 
northwards into moose range, coupled with a more favourable predicted climate for winter tick survival, only 
highlights this need. 
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2.6.2 PREDATION 
Predators are often widespread across the landscape and when spatial refuge from predators is not an option, moose 
avoid predation risk (Dussault, Ouellet, and Courtois 2005). The main predators of the moose, wolves (Canis lupus), 
grizzly bears (Ursus arctos), and black bears (Ursus americanus), are responsible for the majority of calf mortalities (3-
55% of calves (Hauge and Keith 2007; Ballard and Van Ballenberghe 1998). Wolves are a significant predator of moose 
(Rippin 2001), predating on moose year-round (Rausch, Gasaway, and Schwartz 2008), and selecting their habitat 
based on prey availability (Kittle et al. 2017). Grizzly bears can also be a significant predator of moose calves, 
depending on prey availability (Boertje et al. 1988; Brockman et al. 2017). In northern Alberta, grizzly bears primarily 
predate on young of year or younger during the non-denning period (Larsen et al. 2019). Black bears, on the other 
hand, predate on moose calves primarily between May and June (Rausch, Gasaway, and Schwartz 2008). Cougars 
mainly kill young of year (<1 year, 74% of predations), but kill more adult moose (>200kg) in summer than winter; 
although adult cougars are physically capable of killing large adult moose (>400kg) they rarely do so (<2% of 
predations; Knopff et al. 2010). 

Moose distribution is driven primarily by habitat availability, but they will trade-off foraging opportunities to reduce 
predation risk, minimizing their home-range overlap with wolves (Dussault, Ouellet, and Courtois 2005). During winter, 
wolves concentrate their hunting efforts in areas with low snow depth (Kunkel and Pletscher 2001), since they prefer 
to travel on shallow, compact snow (Droghini and Boutin 2018). Moose, on the other hand, can travel in snow depths 
of up to 65cm (Telfer 1970), but by avoiding areas of low snowfall and higher food availability to reduce predation risk 
they can increase their energy expenditure (Dussault, Ouellet, and Courtois 2005). In April when the snow starts to 
thaw and the ice has crusted, moose become more vulnerable to predation since they penetrate the snow, while 
wolves can run on top (Schramm and Krogman 2001).  

Females with calves, in particular, will trade-off foraging for habitats with lower predation risk compared to solitary 
moose (e.g. Dussault, Ouellet, and Courtois 2005). Females with calves select habitats with forest cover over any other 
habitat type, trading off more open and higher quality foraging areas for less productive coniferous forests when 
compared to moose without calves (e.g. Bjørneraas et al. 2012). Moose also avoid disturbed areas like harvest blocks 
with better sightlines to reduce predation risk. For example, in British Columbia, females avoided recent cuts year-
round, and high intensity harvest blocks during summer, preferring areas in or near mature conifer cover (Kuzyk et al. 
2017). Bull moose, on the other hand, are less risk averse than females and will select areas with higher seismic line 
densities than females (Mumma and Gillingham 2017).  

2.6.3 HUNTER HARVEST 
Hunters in Alberta harvested 8,227 moose in 2018 and have harvested similar numbers over the past 7 years, 
representing approximately 6-10% of the population depending on the year (range: 7,618-9,006 moose; GoA 2014, 
2015, 2016, 2017, 2018, 2019a). In 2018, 91% of the 133,543 hunters in Alberta were resident hunters (GoA 2019a), 
followed by First Nations and alien hunters. Depending on the WMU, there are special license antlered, antlerless, 
and/or calf moose draws (GoA 2019a).  
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Recreational hunter harvest is documented by the province, but 
First Nation hunter harvest and subsistence hunter harvest is not 
well documented. Moose meat for subsistence hunters (First 
Nation or non-First Nation) is an important food source, especially 
for those who are living marginally (Rippin 2001). In 2001, 
undocumented kills were estimated as 30% of the legal harvest 
(Rippin 2001). Information on subsistence and First Nation hunter 
harvest is needed for more effective management of moose 
populations, especially in areas where undocumented harvest is 
prevalent and a potential population limiting factor (Rippin 2001). 
Double allocation of moose due to unknown undocumented 
harvest can lead to exceeding annual population recruitment 
(Rippin 2001). In addition, industrial land use increases ease and 
accessibility of hunting, by facilitating travel and enabling the use of mechanized transport (e.g., ATVs, snowmobiles, 
4X4 trucks) into previously remote areas through the development of trails, roads, and deforested areas (e.g. 
MacNearney et al. 2017). Increased hunter access puts additional pressure on moose (See Section 4.4 Forestry Access 
and Other Anthropogenic Linear Features).  

In Norway, where there are fewer predators, there is high hunting pressure. Moose avoid open areas making trade-
offs to avoid human activity (Bjørneraas et al. 2012; Lykkja et al. 2009). Females with young do so to the greatest 
extent compared to single females and males. In managed forests, visibility increases after clearcutting, so that within 
the 1-2 years after logging hunters can cause local moose population declines (e.g. Rehaume Courtois and Beaumont 
1999). Eason (1985) recommend reducing harvest block size and leaving more forest to provide security cover, 
although new EBM approaches to forest harvesting warrants further investigation. 

2.6.4 VEHICULAR COLLISIONS 
Across Canada from 2000 to 2014, 236 people died in moose-vehicle collisions (WRRC 2017). Moose collisions (7%; 
495) are the second most commonly reported wildlife collisions in Alberta (AWW 2019). Taking into consideration that 
the actual number of collisions are at least double those that are reported, the number of moose mortalities from 
vehicular collision is likely much larger (Bangs, Bailey, and Portner 1989). Moose, due to their large size, cause more 
vehicle damage and result in more injury and fatalities compared to other species (Mountrakis and Gunson 2009). 
Similar to other ungulates, during summer, moose are most active at dawn and dusk and during the rut in the fall (GoA 
2009). They generally avoid roads, but can trade-off road mortality risk with roadside foraging opportunities by moving 
closer to roads at night compared to the day, and by moving closer to secondary roads with lower traffic volume rather 
than major roads with higher traffic volume (Eldegard, Lyngved, and Hjeljord 2012). Whether moose respond 
differently to paved versus unpaved resource roads could provide valuable information for access planning. 

Between 2007 and 2009 the cost of moose-vehicle collisions on rural highways in Alberta was approximately 
$21.5million/year (Imran unpub. in Boyce, Baxter, and Possingham 2012). Between 1982 and 1991 there were 2,928 
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moose road mortalities in Alberta; the highest occurrence of these mortalities was in the Eastern Slopes and Peace 
River regions (41% and 31%), which are also in the areas with the highest provincial moose densities, followed by the 
Northeast Region (17%), and Central (10%), and Southern (1%) Regions (Rippin 2001).  

Moose population density has a strong effect on vehicle collision rates, with collision risk increasing in areas with 
higher moose density (Rolandsen et al. 2011; Boyce, Baxter, and Possingham 2012). Moose road-crossing rates also 
increase proportionally with road density and differ across seasons, with higher crossing rates in summer than winter 
(Beyer et al. 2013). During winter, collisions increase with increasing traffic volume, decreasing temperatures, and 
increasing snow depth; moose are more active at colder temperatures, and during periods of deep snow (>50-70cm) 
they move into lower elevation areas with less snow that tend to be closer to roads and rail lines (Rolandsen et al. 
2011) 

Moose are generally negatively associated with roads (e.g. Beazley et al. 2004), but are attracted to salt pools and 
roadside forage. During winter, removing these salt pools decreases the attractiveness of roads (Laurian et al. 2008; 
Leblond et al. 2007). During summer, vehicular collisions can be effectively managed by reducing speeds, managing 
roadside forests and forage to make them less attractive to moose, and where required the highway itself can be 
altered (e.g., fencing, underpasses; Olsson and Widen 2008; Danks and Porter 2010). 
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3. MONITORING METHODS 
Moose habitats can be monitored non-invasively using a range of approaches, including snow-tracking, camera 
trapping, forage availability, fecal pellets, and hunter observations. More invasive monitoring methods include aerial 
inventories, capture-mark-recapture, and collaring. Identifying the most appropriate survey method depends on 
factors like study area size, study objectives, season, habitat, access, and resources (i.e., money, staff, and expertise). 
Moose in Alberta, as in many other provinces, are primarily monitored by the provincial government’s Fish and Wildlife 
Division. This monitoring is conducted within five Fisheries and Wildlife Management Areas (FWMAs) to regulate and 
monitor species by WMU; WMA in the northern Boreal and Foothills are the Peace, Lower Athabasca, and Upper 
Athabasca FWMAs. 

3.1 NON-INVASIVE MONITORING: GROUND-BASED SURVEYS 
Tracks and sign and opportunistic sightings are amongst the most widely employed methods to monitor ungulates. 
Ground-based techniques include fecal pellet-group counts, snow-tracking, and browse and forage surveys. Hunter 
observations have also been used to survey moose and monitor winter ticks, and more recently this approach has been 
revitalized through facilitated reporting with modern technology and apps (i.e., Moose Hunter Survey (Boyce and 
Corrigan 2017), Moose Tracker (GoBC 2019a)). More recent monitoring approaches include camera trapping, and the 
use of hair and scat to investigate population genetics, diet, and health. Scat can be used to extract DNA, determine 
diet, and identify parasites, and hair can be used to determine long-term stress and population genetics (e.g. Carroll et 
al. 2018; Joly and Messier 2004; Shave et al. 2019; Kretser et al. 2016). 

3.1.1 PELLET-GROUP COUNTS 
Pellet-group counts have been used to monitor ungulate population trends and habitat use for over half a decade 
(Bennett, English, and McCain 1940), and are considered the most suitable method for monitoring relative abundance 
of ungulates (RISC 1998). However, although widely applied, pellet-group counts may not be practical for large study 
areas or for assessing non-winter habitat use in densely vegetated habitats (RISC 1998). 

To monitor ungulate winter range, surveys are typically conducted when pellets are most visible in the spring after 
snowmelt and before vegetation green-up (RISC 1998). By carrying out surveys when visibility is maximised, visibility 
bias from different habitat types and vegetation growth can be largely removed (Persson 2003). However, a future 
adaptation could be adopting a sightability correction factor in order to avoid underestimating populations (Persson 
2003).  

The experience and ability of the surveyor to accurately identify species is critical to the success of pellet-group surveys 
(RISC 1998). Moose pellets tend to be larger, more distinct, and more visible in ground cover than those of smaller 
ungulates (e.g. deer), excepting when there is overlap in size between large elk and smaller moose (Adamczewski et al. 
1993; RISC 1998).  

Two common sampling methods are used for pellet-groups counts: the plot (Neff 1968) and distance methods 
(Batcheler 1975). Both approaches estimate a moose index throughout the study area (e.g. Stewart and Kromers 
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2012). Sampling designs for the plot method include selecting circular plot centres within grids or on transects, and 
surveying pellet-groups from plot centre within a pre-defined radius (e.g. 5.64m; Neff 1968; Pfeffer et al. 2018). Larger 
plots have lower precision, since some pellet-groups may be missed (Neff 1968; Noor, Habib, and Kumar 2010). 
Preparing the plot for monitoring can include clearing, marking, or leaving pellet-groups in the fall prior to sampling in 
the spring (RISC 1998). Pellet-based distance sampling involves observing pellet-groups at pre-determined sampling 
points along transects. When a pellet-group is observed, it is recorded if it falls within a pre-defined distance; (1m or 
2m; Härkönen and Heikkilä 1999; Torres et al. 2015). The distance of the pellet-group to the point or transect is 
recorded, as well as the distance to the centre of the nearest pellet-group within a pre-defined search distance (Kie 
1988). Distance sampling is faster in areas with higher pellet-group densities, since at lower densities pellet-groups 
take longer and are more difficult to detect; therefore, the plot survey method, which is unaffected by pellet-group 
densities, is better in areas where moose are at low densities (Kie 1988; Eckervall 2007). Standardized protocols in 
British Columbia recommend conducting the plot method with a radius of ~1.71 m (~ 1.22 m in very dense cover) and a 
maximum search distance of 3.7m, and counting and clearing pellets each year (RISC 1998). 

3.1.1.1 SNOW-TRACKING 
Ground-based snow-tracking is often the only option for obtaining ungulate winter range data in heavily forested and 
mountainous terrain where aerial surveys are not practical (D’Eon, Wilson, and Hamilton 2006). For snow-tracking, the 
most suitable study areas are the size of drainages (e.g. ~10,000 Ha), where a single population is monitored. Larger 
study areas will likely need aerial inventories in order to have a sufficient number of survey transects covering the area 
(D’Eon, Wilson, and Hamilton 2006). While in smaller study areas (e.g. 100 Ha; cut-block), snow-tracking surveys are 
subject to sampling error (D’Eon, Wilson, and Hamilton 2006). Snow-tracking detects more species than camera traps, 
hair snares, and aerial surveys, but because of labour it is also more expensive than camera trapping and hair snares 
(Bayne, Moses, and Boutin 2005).  

Standards for snow-tracking include pre-stratifying the study area into ecologically similar units so that snow-tracking 
transects sample the study area and its ecological variability. Ecological relationships that strongly influence ungulate 
distribution and that may be used to stratify the area include elevation, aspect, hydrology, forest cover, natural 
regions, and/or snow depth (D’Eon, Wilson, and Hamilton 2006). 

Moose distribution is strongly influenced by snow conditions and track surveys should be conducted for a minimum of 
two winters, but ideally should span multiple years to sample a variation in inter-annual snow depth. Surveys can be 
conducted for the season of interest (e.g. early-, mid-, or late-winter) or for the entire winter, and require optimal 
snow conditions. Shorter sampling periods increase the precision of data due to the variation snow conditions can have 
from the start to the end of a sampling period (D’Eon, Wilson, and Hamilton 2006). 

If sampling an entire season, the winter can be divided into early (late-November to early-January) and late winter 
(early January to early March), and sampled 3 days or a minimum of 12 hours after a snowfall (Bayne, Moses, and 
Boutin 2005; Stent and Hamilton 2007). Tracks and sign (e.g., scat, tracks, bed) of moose that cross transects within 
visibility are counted and classified. Moose tracks are easily identified, but they can still be misclassified as caribou or 
elk; if uncertain, tracks can be followed to find a scat to confirm species identification (Bayne, Moses, and Boutin 
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2005). Snow depths are also measured either at regular intervals of 100m or at each track occurrence. Variations in 
this sampling protocol include recording habitat measures like canopy cover (e.g. MacDonald and Mcnay 2010). 
However, if there is not enough time (e.g., high track frequency, long transects), habitat can also be sampled during 
the summer (D’Eon, Wilson, and Hamilton 2006). 

3.1.2 BROWSE AND FORAGE SURVEYS 
Moose browse and forage surveys are used to assess moose habitat and moose habitat use. Browse intensity (or 
pressure) surveys provide information on the degree of damage or browsing intensity of moose foraging in different 
habitats and can also be used to measure forage selectivity (e.g. Milligan and Koricheva 2013). Browse intensity 
surveys can be targeted to determine if and how browse intensity is affecting particular areas or habitats, such as 
regenerating forests and reclamation of disturbed areas (e.g. Bergeron et al. 2011; Andreozzi, Pekins, and Langlais 
2014). In contrast, forage availability surveys provide an understanding of available moose forage in different habitats, 
which in turn can be linked to the spatial distribution and densities of moose (e.g. Månsson, Andrén, et al. 2007; Wam 
and Hjeljord 2010). In some cases, these different approaches might produce contradictory results, highlighting the 
importance of surveying by more than one method (Eastman 1974). 

Browse intensity and forage survey areas are frequently focused in specific areas of interest (e.g. foraging paths; 
(Routledge and Roese 2004; Poole and Stuart-Smith 2005)) or on moose winter or summer ranges (e.g. Seaton et al. 
2011). Survey windows for winter browse are during spring, before leaf emergence (e.g. Seaton et al. 2011), and for 
summer browse are during the summer between June and September, prior to leaf abscission (e.g. Wam and Hjeljord 
2010; Månsson et al. 2015). Similar to pellet count surveys, habitat measurements are usually recorded at sampling 
sites ( e.g. canopy cover, tree diameter, snow depth Poole and Stuart-Smith 2005). 

Sampling designs for browse, forage, and pellet-group surveys can be combined to understand spatial patterns of 
browsing pressure in relation to forage availability and moose occurrence on the landscape (e.g. Bergqvist et al. 2018). 
Sampling designs that combine or conduct these surveys often survey from the same plot centres within a grid or along 
transects, but using different search radii (e.g. Månsson, Andrén, et al. 2007; Bergqvist et al. 2018).  

Most browse and vegetation surveys apply a standard limitation to surveying only vegetation within the physical reach 
of a moose – 0.5m to 3.0m in North America (Telfer 1981). At less than 0.5m, browse is considered inaccessible, 
because of a moose’s height and because during winter it is under snow (Telfer 1981). The lower limit may be set 
differently for different subspecies (e.g. Hörnberg 2001) and in regions with lower snow accumulation (e.g. Routledge 
and Roese 2004). During summer, studies may also exclude recording species that are negligibly browsed (e.g. 
Routledge and Roese 2004; Wam and Hjeljord 2010; Seaton et al. 2011). If present in the area, deer, cattle, and sheep, 
may bias results, but if present at low densities or if they intake very little biomass of the surveyed vegetation, this bias 
can be considered insignificant (Månsson, Kalén, et al. 2007; Wam and Hjeljord 2010). Grazing exclosures can also be 
created to provide reference estimates of ungrazed sites (Månsson et al. 2015). 

Browse intensity estimates the amount of vegetation browsed per plot by comparing the browse eaten by moose (i.e., 
bites or stripped leaves bark, shoots, or buds ( Wam and Hjeljord 2010) to the number of unbrowsed shoots (e.g. 
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2.52m; (Månsson, Kalén, et al. 2007)). During winter, the number of shoots browsed from the previous year’s growth 
are counted (Wallgren et al. 2013; Bergqvist et al. 2018), whereas during summer, the number of unbrowsed shoots of 
the current year’s growth are counted (Wam and Hjeljord 2010). These methods can be time consuming (Månsson, 
Kalén, et al. 2007), since bites in the spring are aged from that of previous years by the colour, resins, and dead bark 
tissue at the bite surface (Hörnberg 2001; Månsson et al. 2010).  

Estimating total forage availability at sample plots is comparatively faster than twig counts and can be estimated as the 
percent cover for each browse species (Månsson, Kalén, et al. 2007; Bergqvist, Bergström, and Wallgren 2014; Poole 
and Stuart-Smith 2004). More destructive methods estimate total forage biomass by collecting and weighing fresh (in 
the field) and dry biomass (e.g. Månsson et al. 2015). Biomass can be estimated by clipping the current year’s growth 
within a quadrat or circular plot (e.g. 2m radius; 0.25m2, 0.5m2 areas; Fraser 2004; Månsson et al. 2015). Other 
methods to measure biomass include measuring diameters or lengths of browsed and unbrowsed twigswhile also 
collecting representative samples of unbrowsed twigs for weighing (e.g. Telfer 1969; Potvin 1981). Although used 
infrequently for moose, disc pasture metres can measure biomass in pastures and grassland areas (e.g. Bergman et al. 
2001). 

3.1.3 HUNTER OBSERVATION SURVEYS 
Population trends and abundance can be monitored indirectly through hunter harvest, and is very cost effective ($0.60 
per hunter surveyed; Corrigan pers. Comm. In Boyce, Baxter, and Possingham 2012). However, hunter observations 
alone are insufficient for monitoring populations, and they need to be combined with more direct population 
monitoring approaches like aerial surveys (Boyce, Baxter, and Possingham 2012). Aerial inventories are considered the 
gold standard for moose population inventory, but are very cost prohibitive and take time – it takes 10 years to survey 
Alberta  (Boyce, Baxter, and Possingham 2012).  

Hunter observations are currently being collected by Alberta and British Columbia through survey apps (i.e., Moose 
Hunter Survey App (Boyce and Corrigan 2017), BC Moose Tracker App (GoBC 2019a)) and other platforms. Hunter 
observation data assists in moose management by monitoring moose population trends more frequently, but with 
lower precision than aerial inventories (Boyce and Corrigan 2017; GoBC 2019a). They are typically used to adjust 
hunting quotas and to prevent overharvest (Boyce, Baxter, and Possingham 2012). Hunter observations records include 
the number, sex, and location of moose that hunters encounter (GoBC 2019a), and this data has had success in 
reflecting moose population trends in size and reproductive rates (Boyce and Corrigan 2017). However, Boyce and 
Corrigan (Boyce and Corrigan 2017) caution that calibration of this data is required prior to assessment, and that the 
resulting moose density estimates have limited uses. 

Hunter survey apps have great potential to support moose management and could also simultaneously gather 
information from hunters to meet other surveillance needs (e.g. winter tick surveillance). Hunter observation data 
should be synthesized and made publicly available online to maintain participant interest (Boyce and Corrigan 2017), 
and to provide industry professionals with the information to understand and verify concerns related to population 
trends in their area of interest. The ease of geolocating hunter observations with apps can also facilitate a spatially 
explicit understanding of access management issues, which can inform spatial restrictions for quotas in WMUs and 
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land use planning. If combined with tabletop consultations, these data could be used to develop access management 
strategies. 

3.1.4 WINTER TICK SURVEYS 
Winter tick outbreaks can cause significant declines in moose population numbers. The government of Alberta 
currently conducts a baseline winter tick surveillance program, but information from the program is not publicly 
available and the frequency, spatial extent, methods, and timeline on which existing datasets may have information for 
is unclear. We found no publications since 1999 for the Boreal region, although we found publications from the 2000s 
on winter tick in the Foothills region (BRL 2005). In British Columbia, the province launched a winter tick surveillance 
program in 2015, collecting opportunistic observations from wildlife professionals, forestry and environmental 
consultants, members of First Nation communities, and the public (GoBC 2019b). This program provides baseline 
monitoring of winter tick infestations to determine distribution, prevalence, and severity within populations (Bridger 
2015). The program in British Columbia was based off of a program that ran in the 2000s in Alberta (Samuel 2004), and 
allows hunters to quickly document moose observations for any sign of hair loss using five descriptive categories. 

This information can help biologists understand the impact winter tick outbreaks have over time on local moose 
populations, and the susceptibility of particular areas to increased outbreaks (e.g. favourable tick habitat). For 
example, in the Blue Ridge Lumber FMA, WMU 347 in the Alberta Foothills, between 1998 and 2005 the moose 
population decreased by 45.6%, with ~7.2% of the moose observed having light hair loss and 1.1% with moderate hair 
loss. The decrease is suspected to be caused by tick infestation through higher exposure to white-tail deer from 
surrounding agricultural areas (BRL 2005). A low cost winter tick surveillance program could help inform industry 
professionals of the prevalence and distribution of winter tick. Other more labour intensive survey methods include 
counting winter ticks on harvested moose hides, roadside hair-loss surveys, and larval sampling (Bergeron et al. 2011;  
Bergeron and Pekins 2014). Larval sampling (e.g. drag and flag) has previously been used to inform management 
practices to reduce tick survival and habitat suitability through prescribed burning of highly suitable tick habitat (Drew 
and Samuel 1985; Gleim et al. 2014). In managed forests, larval sampling could be used to co-manage for moose 
persistence, by targeting cutblocks with high winter tick suitability in areas experiencing continued decline of local 
moose populations with high winter tick infestation severity. Camera trapping is a new approach that holds potential to 
monitor disease non-invasively, in particular those with recognizable symptoms, such as hair loss (e.g. mange; 
Borchard, Eldridge, and Wright 2012). Differentiating between winter tick and mange hair loss patterns from photos 
may be difficult or unfeasible, but fortunately, ungulates in North America are largely unaffected or unexposed to 
mange (Astorga et al. 2018). At a minimum, camera traps surveys can be conducted to provide presence/not-detected 
data to understand disease occurrence and distribution in areas of interest. Camera traps also provide the opportunity 
to simultaneously record data to estimate host availability (e.g., moose, elk, caribou, deer) and host contact rates (e.g. 
Hofmeester, Rowcliffe, and Jansen 2017). 

3.1.5 CAMERA TRAPPING 
Camera trapping is a more recent monitoring method and is widely used to monitor occurrence, abundance, and 
behaviour of single and multispecies (Burton et al. 2015). However, although widely applied there are no standard 
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sampling protocols for camera trapping (Burton et al. 2015), although standards for BC and Alberta are in 
development. Camera trapping is still evolving with technology, methodology, and application, and has not yet reached 
its full potential (e.g. Caravaggi et al. 2017)). 

Camera traps have been used in species population biology and ecology to understand population distribution, habitat 
use, relative abundance, community structure, and behaviour (Trolliet et al. 2014; Burton et al. 2015). Most studies do 
not require recognition of individuals to estimate spatial habitat use and derive population estimates and densities, e.g. 
Random Encounter Model, Bayesian, Occupancy Modelling (Burgar et al. 2018; Burgar, Burton, and Fisher 2019). 
Although density estimates can also be calculated by identifying individuals through distinctive markings (e.g., tags, 
stripe patterns) and employing mark-recapture protocols (Bayne, Moses, and Boutin 2005). Another advantage of 
camera traps over more traditional approaches, such as fecal pellet-group counts and snow tracking surveys, is that 
camera traps can provide clear species’ identification and records, reducing observer misidentifications (e.g., age class, 
species, sex; Bayne, Moses, and Boutin 2005; Pfeffer et al. 2018), and be combined with other approaches (e.g. Pfeffer 
et al. 2018; Franklin, Macdonald, and Nielsen 2019).  

Before using camera traps to monitor moose, sampling design, and camera settings must be carefully considered, as 
these will vary depending on the study area and goal of the study (Burton et al. 2015). In camera trap surveys, sampling 
designs can affect detectability through the selection of the number, location, spacing, and survey duration of cameras. 
The average home range of the focal species is often correlated to camera spacing, sampling unit area, and study area; 
regardless, when using the home range of the focal species to space cameras, sampling independence is often 
assumed, but seldom tested (Burton et al. 2015). Moreover, when cameras are first set up, not all species are equally 
detectable. Some species like moose have latency periods, which affect optimal survey durations, while more elusive 
or rare species have even longer latency periods and lower detection rates (Burton et al. 2015). In Alberta, the 
probability of false absences of moose was 50-80% within the first 4 weeks of sampling, but gradually declined to 10% 
after 10 weeks of sampling (Fisher and Burton 2012). Overall moose detectability by the end of the study was 77%, and 
Fisher et al. (2012) recommended that summer wildlife surveys sample for a minimum of 6-8 weeks and pilot programs 
for more than 18 weeks, to characterize and account for these latency periods in their respective study area.  

Settings and setup of cameras can also alter detectability – including altering size of the detection zone, trigger speed, 
sensitivity, and camera height (Burton et al. 2015). When deploying cameras, camera sensitivity and camera height 
should be tailored to body size and speed of the focal species (Burton et al. 2015). Considering camera models, many 
are available (e.g. Rovero et al. 2013) and it is important to consider the key settings required to collect data from focal 
species and weigh the pros and cons of different models. For example, acquiring fewer expensive complex cameras 
versus many less expensive more simple cameras, especially considering the latter can be just as effective in answering 
the majority of research questions; however, mid-range cameras are recommended over low-end ones, since low-end 
cameras they may not survive harsh field conditions (van Berkel 2014). Multiple cameras at a site can also increase 
detectability. In Illinois, two cameras facing opposite directions nearly doubled detection rates of white-tailed deer 
(Pease, Nielsen, and Holzmueller 2016), but more than two cameras does not necessarily continue to increase 
detection rates (e.g. Evans, Mosby, and Mortelliti 2019). 
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Camera setup typically includes baiting (i.e. lure or attractants) to lure animals into the field of view to increase 
detection rates (Meek et al. 2014), but depending on the species some bait can act as repellants (Wearn and Glover-
Kapfer 2019). Non-baited camera sites are thought to not directly influence animal behaviour and to provide a 
representative sample of what crosses at any random point (Bayne, Moses, and Boutin 2005). Cameras that are not 
baited can be placed in areas of high animal activity with natural attractants, such as game trails, roads, water sources 
– a non-random approach, which can produce strong bias in detection rates (Bayne, Moses, and Boutin 2005; Burton 
et al. 2015). The impacts of ungulate baiting on detection rates (Bayne, Moses, and Boutin 2005), and the biases 
associated with natural attractants and deterrents at camera sites is poorly understood. In addition, ungulate baiting is 
unlikely to remain a monitoring approach in areas with CWD. Game trails and logs are features that are known to 
inflate detection rates, game trails can do so by as much as 9.7 fold (Kolowski and Forrester 2017). Many studies 
assume equal detectability across sites (Burton et al. 2015), and if these biases, are neither documented nor controlled 
for in study design and analyses, they could lead to misleading conclusions on animal habitat use, activity patterns, 
distribution, and more (Kolowski and Forrester 2017).  

Standard provincial camera trapping protocols targeted for Alberta’s species and habitats would increase the scientific 
robustness, rigor, and replicability of the approach across studies (Meek et al. 2014). 

3.1.5.1 STRESS, POPULATION GENETICS, AND DIET 
Biological samples (e.g., muscle tissue, hair, scat, stomach contents) can be collected from carcasses and hunter 
sample submissions to assess short-term stress (e.g. Gentsch, Kjellander, and Röken 2018), long-term stress (e.g. 
Millspaugh et al. 2001; Shave et al. 2019), diet (e.g. Bao et al. 2017), and population genetic structure (e.g. 
Niedziałkowska et al. 2014) and gene flow (e.g. Sattler, Willoughby, and Swanson 2017).  

Short-term stress can be sampled from blood and can assess trauma during captures (e.g. Huber et al. 2017). Long-
term stress can be sampled from hair and scat (Ewacha 2016; Sheriff et al. 2011). With proper location data different 
spatial variables can be explored for links to long-term stress (e.g., fragmentation, distance to roads, predator 
densities).  

Population genetics can be surveyed from samples of DNA extracted from hair, blood, muscle tissue, and scat. DNA 
extracted from moose pellets may be in lower quantities and quality than blood and tissue (Gschwantner et al. 2016). 
DNA degradation from rain and solar radiation can be reduced by collecting samples during a time of year with cooler 
temperatures (e.g. March and April; Rea et al. 2016).Genetics can determine if population genetic structure is altered 
by barriers, such as major highways and fencing, preventing dispersal and gene flow between populations (e.g. Wilson 
et al. 2015), or by isolation by distance due to insufficient moose dispersal rates (e.g. Schmidt et al. 2008). Isolated or 
small populations without enough genetic diversity can suffer from inbreeding, reduced disease resistance, and/or 
increased extinction risk (O’Brien and Evermann 1988; Loew 2000; Frankham 2003). 

Feces can also be used to assess diet, but may be less accurate than browse surveys since  fecal analyses of moose 
pellets overestimate the less digestible portions of their diet (Wam and Hjeljord 2010). Until correction factors are 
available, browse surveys  (e.g. Routledge and Roese 2004) may be the more accurate technique to survey moose diet 
(Wam and Hjeljord 2010). 
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3.2 INVASIVE MONITORING 

3.2.1 AERIAL-BASED SURVEYS 
Aerial surveys are considered the gold-standard for moose population surveys (Boyce, Baxter, and Possingham 2012) 
and are the most practical monitoring approach for large study areas, preferably enclosing the entire survey 
population (RISC 1998). Aerial surveys are also the primary approach used to estimate population size, trends, 
distribution, and herd composition of ungulates (Boyce and Corrigan 2017; Timmermann and Rodgers 2017). Aerial 
surveys are typically conducted during winter as snow cover improves ungulate sightability (Gasaway et al. 1986; 
Timmermann and Rodgers 2017). However, aerial surveys are very expensive. On average, each WMU in Alberta (avg. 
3,058 km2; ArcGIS 10.3) costs $60,000 to survey (R. Anderson pers. comm. In Boyce and Corrigan 2017)). In one year 
only 9-11 WMUs are surveyed, and after 10 years all 99 provincial WMUs are completed (Boyce, Baxter, and 
Possingham 2012). This provides a somewhat static view of moose populations, which is best complemented with 
other methods that can monitor population fluctuations at more regular intervals (Boyce and Corrigan 2017). 

During flights, observations include the number of moose and their age class and sex (e.g., juvenile, male, female). A 
sightability correction factor that accounts for the amount of snow cover and forest canopy density, both of which can 
affect the detectability of moose during the survey period (e.g. late- or early-winter surveys), can also be applied to 
reduce population estimate biases (RISC 2002). Optimal aerial survey windows depend on the type of survey being 
conducted and the study area. In the Boreal, late-November to mid-December is better for surveying population 
composition (e.g., calf, cow, yearling bull), since adult moose drop their antlers in December and snow cover improves 
their visibility. After December, classifying moose requires more effort and expense, and relies on identifying the 
presence of antlers (young bulls), pedicel scars, or the presence of a vulva patch (RISC 2002). If surveying for a 
population count, late winter from January to February is the best window (RISC 2002).  

Moose tend to be scattered (i.e., singly, cow/calf family), but widely distributed over the landscape. However, 
surveying an entire region is not practical for costs and logistics, so for aerial surveys, sample-based surveys (e.g. 
stratified random block) are used where sample units (e.g., quadrats, blocks) are surveyed and the results extrapolated 
to estimate absolute abundance of the entire area (RISC 2002). Survey areas must be at least 200km2 to encompass 
discrete populations. In survey areas less than 200km2, total counts should be considered rather than sample-based 
counts (RISC 2002).  

In Alberta, commonly employed methods for monitoring moose population sizes and trends include stratified random 
block (Gasaway et al. 1986) and distance sampling (Buckland et al. 2001), which provide population estimates, 
densities, and composition. Block surveys observe moose for the entire block along evenly spaced transects, and are 
more appropriate for dense moose populations in small survey areas and open habitats (Peters et al. 2014), while 
distance sampling observes sightable moose along the transect and estimates the distance to the moose (Buckland et 
al. 2001). Distance sampling surveys are more efficient than block surveys as they reduce flight costs and time. 
Although for both approaches, even though sight correction increases flight time  correcting for sightability likely 
provides more accurate results (Peters et al. 2014). 
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Presently, at the forefront of innovating aerial-based methodologies is unmanned aerial vehicle (UAV) technology (e.g. 
Bushaw, Ringelman, and Rohwer 2019). UAVs have the potential to be more accurate than human observers (e.g. 
Hodgson et al. 2018) and to be combined with satellite imagery to survey populations over large areas (Wang, Shao, 
and Yue 2019). The opportunity to identify animals by observation and infrared technology simultaneously while 
operating UAVs remotely is a cost effective and attractive opportunity for monitoring in the future (Witczuk et al. 
2018).  

3.2.2 CAPTURE, MARKING, AND COLLARING 
The best capture approach for moose is helicopter darting during the winter, but moose may also be darted from a 
vehicle (e.g., ATV, truck) or on foot (Arnemo, Kreeger, and Soveri 2003). Heli-darting moose can also include net-
gunning, which requires experienced pilots and gunners (e.g. Peters 2010). Handling, capture, and/or immobilization of 
animals can result in adverse outcomes (e.g., capture myopathy, calf abandonment, internal hemorrhaging, hyoxemia) 
due to animal stress, improper dart placement, long chase times, poor animal health, drug-related complications, and 
more, so all captures should be carried out by experienced personnel, in collaboration with wildlife veterinarians, and 
in accordance with protocols outlined by the Canadian Council on Animal Care (CCAC 2003). 

Captures frequently involve collaring and marking animals (i.e. GPS and/or VHF radio transmitters and tags) to study 
movement, population biology, predation, mortality, and habitat use (e.g. Leblond, Dussault, and Ouellet 2010). 
However, biological samples (e.g., hair, blood, ticks, teeth) and biometrics (e.g., weight, body condition, sex, age) are 
also commonly collected to study animal health, genetics, and ecology (e.g. Kuzyk, Marshall, et al. 2018; Murray et al. 
2012). Studies that collar animals and collect biological samples and biometrics are likely to be the most informative 
moving forward as the interacting impacts of habitat disturbance and climate change shift the distribution of moose, 
and their pathogens.   
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Table 1. A Summary of Moose Monitoring Methods: Ground- and Aerial-Based Surveys. 
Survey Type Examples of Estimates & Data Sampling Methods 
Non-Invasive Ground-Based Surveys 
Pellet-Group 
Counts 

• Estimates: distribution, 
relative or absolute 
abundance, density. 

• Data: presence/absence 
 

Pros: 
• Standardized protocols 
• Low cost ($$)  
• Can survey secondary species. 

Cons: 
• Subject to misidentification and 

degradation.  
• Less appropriate for large areas (e.g. 

regions) 
Snow-
Tracking 

• Estimates: density 
• Data: presence/absence 
 

Pros: 
• Standardized protocols 
• Low cost ($$) 
• Can survey large areas 
• Can survey secondary species. 

Cons: 
• Labour intensive. 
• Subject to misidentification and 

degradation. 
• Not appropriate for small areas 

Camera Traps • Estimates: size, distribution, 
density, relative abundance.  

• Data: presence/absence  
 

Pros: 
• Easy to conduct 
• Low cost ($) 
• Can survey large areas 
• Less time/labour intensive 
• Can survey multiple species 
• Reduces misidentification 
• Similar density estimates to PGC 

Cons: 
• Protocols are not standardized 
• Subject to malfunction and theft 
• Large volumes of photos to interpret 
• Vegetation may require regular cutting 

Hunter 
Observation 
Surveys 

• Estimates: disease 
distribution, density. 

• Data: presence only 
 

Pros: 
• Easy to conduct 
• Very low cost (0.60$ per hunter 

surveyed) 
• Can survey large areas 

Cons: 
• Protocols are not standardized, and 

may not be similar. 
• Subject to lack of participation 
• Subject to misclassification 
 

Browse and 
Forage 
Surveys 

• Estimates (Forage): forage 
diversity, site productivity, 
forage consumption 

• Estimates (Browse): browse 
intensity or damage to 
forage 

• Estimates (Both): forage 
selectivity. 

• Data: presence/absence  

Pros: 
• Low cost ($) 
• Can survey large areas 
• Can be combined with pellet-group 

count surveys. 

Cons: 
• Can be labour intensive. 
• May require personnel trained to ID 

difficult species (e.g. grasses) 
• Misidentification can occur for bite 

protocols. 
• Not appropriate in areas where cattle 

and deer may forage significantly. 
• Protocols are not standardized. 

Scat and Hair 
Collection 

• Estimates: long-term stress, 
genetic structure and flow. 

• Data (Scat): 
presence/absence, DNA. 

• Data (Hair): presence only, 
hormones, DNA. 

Pros: 
• Scat collection is the only non-

invasive approach to sample DNA 
from moose. 

• Hair collected during capture is the 
only successful approach to survey 
long-term stress (i.e. hormones) in 
moose. 

Cons: 
• Subject to degradation in the field and 

in storage 
• Personnel can be exposed to disease  
• Costly ($$$ -e.g. DNA, hormones) 
• Hair collection is invasive or 

opportunistic (i.e. carcasses). 

Invasive Surveys 
Aerial Surveys • Estimates: Population 

density, calf:cow ratios, 
bull:cow ratios, composition.  

• Data: presence/absence 
 

Pros: 
• Standardized protocols 
• Practical for very large survey areas 

(e.g., regions, provinces) 
• Gold standard for population 

inventory 
• Can survey wildlife in difficult 

terrain (e.g. mountain goats). 

Cons: 
• Very costly ($60,000 per WMU) 
• May require lots of personnel  
• Requires trained wildlife pilots 
• Can take years to survey regions 
• Disruptive to wildlife and domestic 

animals (e.g., mountain goats, horses). 
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Capture, 
Marking, and 
Collaring by 
Helicopter 
Darting 

• Estimates: population size, 
distribution, density; 
movement corridors; 
biometrics; disease 
presence; and genetics. 

• Data: GPS-collar movement 
data, biometrics (e.g., 
weight, condition), and 
biological samples (e.g., 
ticks, blood). 

Pros: 
• Protocols reviewed by CCAC. 
• Provides biometrics and biological 

samples. 
• Collars provide movement data. 
• Markers allow future animal ID 
• Heli-darting during winter is the 

best approach. 

Cons: 
• Costly ($$$) 
• May require a veterinarian 
• Requires an experienced dart-gunner. 
• Negative animal welfare outcomes 

(e.g., drugs, chase times). 
• Collars can have physical impacts. 
• Can be dangerous for personnel (e.g., 

animal, drugs, flying, and disease 
exposure). 
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4. RESPONSE TO DISTURBANCE 
Moose evolved with natural disturbances including flood, disease, drought, and wildfire. In Alberta, wildfire and 
disease (mountain pine beetle) are currently the dominant natural disturbances changing forest mosaics, while forestry 
is the dominant anthropogenic disturbance (NRC 2019). Both natural and anthropogenic disturbances shape the 
structure and composition of forests resulting in a heterogeneous mosaic of habitats on the landscape. In response to 
climate change, wildfire is expected to be a stronger driver of future landscape disturbances (Stocks 1993; Weber and 
Flannigan 1997). 

Moose interact with various habitat types within a landscape mosaic (Snaith and Beazley 2004; Stewart, Komers, and 
Bender 2010). Moose populations are naturally maintained at low densities by forage availability and predation, and 
have evolved to opportunistically exploit landscape disturbances that generate early-seral stage habitat (Geist 1974 in 
Timmermann and McNicol 1988). This initially leads to a rapid increase in their population’s post-disturbance followed 
by a slow decline as forests mature (Geist 1974 in Timmermann and McNicol 1988). Both natural and anthropogenic 
disturbances can create population insurgence by providing “transient” habitats for moose in addition to more 
“permanent” habitats (Geist 1971). 

Moose, however, are also limited in their ability to optimally exploit changing landscapes. Although they are capable of 
dispersing large distances, they typically disperse distances less than 15km (Labonte et al. 1998). If moose do not shift 
their movement patterns and home ranges, they may not encounter and exploit new disturbances (e.g. Gasaway et al. 
1989). The focus of this section is on moose interactions with both natural (i.e., wildfire, insect epidemics) and 
anthropogenic ecosystem disturbances, specifically managed forests. 

4.1 NATURAL DISTURBANCES 
Natural ecosystems exist within a natural disturbance regime that forms an equilibrium transitioning between multiple 
stable states; generating a spatial mosaic of habitats whose diversity creates ecosystem resiliency (Lewontin 1969; 
Holling 2017; Briske, Illius, and Anderies 2017; Falk, Watts, and Thode 2019). Forested ecosystems have a mosaic of 
stands with different stand ages and dominant tree species (Stockdale, Flannigan, and Macdonald 2016). In the early- 
to mid-1900s natural disturbances were once viewed as a deviation away from a stable ecosystem, and were 
historically suppressed or eradicated to sustain a “climax” forest (Stockdale, Flannigan, and Macdonald 2016). The 
history of this management approach is part of the pattern of forest mosaics seen today. However, more recently 
forestry has shifted to emulate natural disturbance (Stockdale, Flannigan, and Macdonald 2016). 

4.1.1 INSECT EPIDEMICS 
Wildlife and forests have evolved for centuries with periodic outbreaks of insect epidemics, which shape forest 
composition and structure (Ritchie 2008; Ivan et al. 2018). In Alberta, prominent defoliators of conifers are the 
mountain pine beetle (MPB; Dendroctonus ponderosae; 993,908 Ha in 2016; AFPA 2019), while defoliators of 
deciduous (1,645, 030 Ha in 2015) include the forest tent caterpillar (Malacosoma disstria), large aspen tortrix 
(Choristoneura), and Bruce spanworm (Operophtera bruceata; AAF 2017a). Since fire suppression began in the early 
20th century, MPB has been an important driver of forest mosaics (Axelson, Alfaro, and Hawkes 2010). However, 
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favourable climatic conditions have more recently increased the extent and severity of MPB outbreaks compared to 
historical trends (Ivan et al. 2018). The spruce beetle (Dendroctonus rufipennis) is another notable bark beetle, which 
targets spruce and occurs infrequently in small, scattered infestations in Alberta (AAF 2017b). However, in adjacent 
regions near Prince George, British Columbia, infestations have been more significant (251,000 Ha in 2017; GoBC 
2019c). 

The current epidemic  of MPB started in western Canada with an initial outbreak in British Columbia in the 1990s, 
which then spread east into Alberta’s Boreal forests at a rate of 80km/year (Cooke and Carroll 2017). Since the initial 
outbreak in the 1990s, MPB has caused 20 million Ha of tree mortality in western Canada (Westfall and Ebata 2014). 
MPB targets all pines (Furniss and Carolin 1977), but its primary host is mature lodgepole pine (Pinus contorta) 
(Safranyik and Carroll 2006). Deciduous trees and vegetation, and small diameter pines are unaffected by MPB 
(Safranyik and Carroll 2006). Depending on the intensity of the outbreak, small gaps to large stand replacements are 
created by MPB infestation (Axelson, Alfaro, and Hawkes 2010). This reduction in tree canopy cover increases sunlight 
and soil moisture into the understory layer releasing existing understory trees and vegetation from competition, 
resulting in complex uneven-aged stand structures (Williston and Cichowski 2006; Axelson, Alfaro, and Hawkes 2010; 
NRC 2019). This forest then transitions into an early successional stage with increased productivity of shrubs and forbs, 
which may benefit moose through an increase in forage (Williston and Cichowski 2006; Ritchie 2008).  

Both outbreak severity, resulting in a differing degree of defoliation and tree mortality, and time since outbreak, 
resulting in differing forest successional stages, influences moose habitat use over time (Ivan et al. 2018). Moose are 
likely to benefit from MPB infestations over the short-term (3-5 years; Williston and Cichowski 2006), as beetle-caused 
tree mortality  results in more open canopy cover and creates edge habitat (Stone, Spolc, and Urquhart 1995; Chan-
McLeod 2006; Ivan et al. 2018). In the southern Rocky Mountains of Colorado, moose use of forested stands adjacent 
to preferred willow habitat peaked at 3-7 years post-outbreak, but only at high outbreak severity (Ivan et al. 2018). In a 
simulation of MPB-attack, sites with increasing severity had greater understory vegetation richness and diversity 
(Steinke 2019b). Moose can benefit from beetle-caused tree mortality (Stone, Spolc, and Urquhart 1995; Ivan et al. 
2018), but in some cases the benefits are inconclusive (Munro, McLellan, and Apps 2008).  

Over the mid- to long-term moose may decline in response to MPB infestations (Ritchie 2008), as MPB infestations 
occur at very large scales and may magnify habitat changes associated with natural recovery and reforestation (Chan-
McLeod 2006; Ritchie 2008). Also salvage logging occurs at larger scales than traditional harvest practices (Ritchie 
2008), associated linear infrastructure and resulting landscape homogeneity may negatively impact moose (Klenner 
2006; Ritchie 2008). 30-40 years post-outbreak, once forests have regenerated with large diameter trees, the cycle of 
MPB disturbance and salvage logging may re-occur (Alfaro, Campbell, and Hawkes 2010; Alfaro, van Akker, and Hawkes 
2015).  

Large-scale salvage logging associated with MPB can result in even-aged stands (Wall, Belisle, and Luke 2011), which 
could impact moose. Tree species that were present in the understory prior to an outbreak are likely to dominate the 
canopy in the future (Steinke 2019a). In west-central Alberta, sites left to regenerate naturally after MPB-outbreaks 
had 70% broadleaf and 90% spruce regeneration, with slower lodgepole pine regeneration (Steinke 2019a). Practices 
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associated with salvage logging (e.g., mechanical site preparation, partial harvesting) accelerate the transition of the 
stand into lodgepole pine dominance (Steinke 2019a). Forestry practices that increase landscape heterogeneity and 
wildlife biodiversity, and that provide an interspersion of open and closed forest cover could benefit moose over the 
long-term (Chan-McLeod 2006) . These management practices could include limiting salvage of i) uneven-aged stands, 
that can regenerate quickly into mature stands that intercept snow and provide cover; ii) stands with mature residual 
live trees, that provide thermal and security cover in defoliated areas; and iii) stands with a well-established shrub 
layer, that provide forage. Moreover, moose movement and access in these areas may be more difficult (e.g. elk; 
(Lamont et al. 2019) as dead pines blow over (Cichowski 2007), thermal and security cover is reduced (Chan-McLeod 
2006), and potential for severe fires increases due to high fuel loads (Ritchie 2008). 

Future work is required to investigate the response of moose to MPB infestation, as only three studies have directly 
assessed this relationship (i.e., (Ivan et al. 2018; Stone, Spolc, and Urquhart 1995; Munro, McLellan, and Apps 2008)). It 
would be beneficial to assess moose associations with MPB outbreak severity, time since outbreak, and/or degree of 
tree mortality. It is likely that moose response to MPB disturbance will be similar to other disturbances that change 
stand age, structure, and composition. Moreover, in order to aid future work, an effort should be made to ensure pre-
outbreak information is available to help interpret post-outbreak studies (Bunnell, Kremsater, and Houde 2011). 

4.1.2 WILDFIRE 
Nationwide fire regimes are changing and can greatly alter landscapes – creating a mosaic of burned and unburned 
patches (Hanes et al. 2018). Over the last 57 years, large fires (≥200 Ha) have doubled in size and are more frequent. 
Fire seasons have also been getting longer – starting one week earlier and ending one week later (Hanes et al. 2018). 
The Albertan and Saskatchewan Boreal Plain forests are predicted to experience the greatest annual increase (35-
400%) in fire spread days by 2050 compared to any other ecozone, but also have great fire suppression capacity (Wang 
et al. 2014). 

In western Canada, lightning-caused fires are increasing, and their more recent increase (1984-2015) has been directly 
linked to anthropogenic climate change (Abatzoglou and Williams 2016). In Alberta, most wildfires are human-caused 
(65%), but lightning-caused fires (35%) typically burn more area (AW 2017). Historically (1902-2008) long-term fire 
trends have followed multidecadal climate oscillations (Higuera et al. 2015). 

Alberta’s Boreal is projected to experience a 75-120% increase in area burned by 2100 (Flannigan et al. 2005). Drier 
conditions are also expected to decrease forest stand health and increase fuel availability, fire intensity, and fire 
severity (Flannigan et al. 2005). 

Burns are generally positively associated with moose forage availability by shifting coniferous dominant forests into 
deciduous dominant and early successional stage forests (Lord and Kielland 2015). Moose may sometimes not even be 
displaced by fire (e.g. Gasaway and Dubois 1985). 

The composition of the pre-fire plant community strongly influences browse regrowth, which can be abundant within 
two months after a fire. Moose generally browse more where there is more biomass production (MacCracken and 
Viereck 1990). Aspen sites produce the most browse followed by white spruce, birch, and black spruce, and browse 
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species like aspen, paper birch, and willow can all regrow from root and stump sprouting (MacCracken and Viereck 
1990). However, moose may not always use burned areas, for example if burned areas lack forage (e.g. burned 
peatlands; DeMars et al. 2019), or if burned areas are associated with increased predation risk (Courtois et al. 2002). 

Mixed-severity fires can influence the longevity of habitat and forage availability for moose (Brown et al. 2018). The 
productive life of a burn can be 35 years or longer (Eastman 1974), but varies with burn location (Courtois et al. 2002), 
regenerated species (DeMars et al. 2019), and severity (Lord and Kielland 2015). In Alaska, moose were positively 
associated with 11-30 year old burns, but negatively associated with burns of ≤ 10 years or > 30 years (Maier et al. 
2005). Fire severity impacts vegetation and soils, influencing tree species composition, age structure, and patch size 
decades post-disturbance (e.g. Shenoy et al. 2011; Brown et al. 2017). High-severity fires can even shift coniferous 
stands into deciduous dominant stands (Shenoy et al. 2011; Johnstone et al. 2010; Lord and Kielland 2015). During 
winter, moose in Alaska selected low-severity burns with higher availability of willow biomass more than high-severity 
burns with more woody browse biomass and higher plant mortality (Brown et al. 2017). During summer, moose can 
select high-severity burns due to a higher availability of forage biomass, and deciduous tree and shrub cover in those 
burns (Lord and Kielland 2015; Brown et al. 2017). Forage biomass production, however, can last longer in low-severity 
burns compared to high-severity burns, with high-severity burns in some cases reaching peak production seven years 
prior to 20 year old low-severity burns (Brown et al. 2017). 

4.2 FORESTRY PRACTICES 
Landscape disturbance associated with forestry include polygonal features (e.g. harvest blocks), and associated linear 
infrastructure (e.g. roads) that fragment the landscape. The presence and configuration of these features on the 
landscape can alter or influence habitat use, movement, and species’ ecological relationships at different scales. 
Generally, practices that shift mixed forests into single-species coniferous stands and increase access into the 
landscape do not favour moose (Snaith and Beazley 2004; NCASI 2006). While linear infrastructure with high density 
and/or activity can be associated with increased moose mortality risk (Beazley et al. 2004) 

4.2.1 FOREST PLANNING 
Management practices that affect forage distribution and availability impact moose spatial distribution and abundance 
(NCASI 2009). At the landscape scale, the spatial harvest sequence is often designed to emulate the pattern – size, 
frequency, and severity – of fire regimes to maintain ecosystem processes and conditions (Stockdale, Flannigan, and 
Macdonald 2016). At the patch scale, stand structure, age, and composition is also designed to emulate natural 
patterns of disturbance. In order to simultaneously maintain forest ecosystem resiliency and optimize yield, forest 
planning aims to retain the full range of cover types and seral stages including areas of old, mature, and young forest 
by cover class. The targets for each-seral stage are set over a 200 year planning period (ASRD 2006).  

Alberta, like many other governments and state agencies in North America, primarily manages moose populations by 
regulating hunter harvest and predators across the province, and to a lesser extent manage moose via their habitat 
(Timmermann and Rodgers 2017). Although forestry does not alter landscapes with the intention of changing moose 
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population dynamics, it is the dominant anthropogenic landscape driver changing habitats and forest stand age 
structure in Alberta’s boreal forests. 

Prior to harvest, forest planners select and design the harvest system (e.g. clear-cut, clear-cut with patch retention, 
clear-cut with dispersed retention, shelterwood, etc.)) based on stand characteristics (e.g., stand structure and age, 
tree species composition, wetness). Post-harvest strategic reforestation may include several steps: site preparation, 
seeding and planting, tending (including chemical tending using herbicide), and subsequent or repeated tending to 
achieve government regulated reforestation standards. 

4.3 HARVESTING 
At the landscape scale, forest planners can design age class distributions, harvest intervals, and spatial configurations 
of stands. At the stand scale, planners can modify the number of residual trees, the frequency distribution of patch 
sizes, and within-stand spatial arrangements, which are designed to mimic wildfire (Serrouya et al. 2004) and optimize 
yield (ASRD 2006). With the historical and ongoing suppression of fire in the boreal, forestry is an alternative to 
maintaining early seral diversity for moose (e.g. Telfer 1974). Harvest block sizes and harvest frequency can 
approximate fire size and frequency (Lee et al. 2002). 

4.3.1 SILVICULTURAL SYSTEMS 
In Alberta, clearcutting with retention is the primary method for timber harvesting (97%) followed by partial-
cuts/shelterwood/seed tree (2%), and commercial thinning (<1% in 2016; AAF 2017a). Large-scale harvesting that 
leaves few interspersed mature stands and cultivates even-aged, single-species stands, reduces and fragments moose 
habitat, and results in higher stand homogeneity (Snaith and Beazley 2004). On the other hand, retention practices, 
selective harvesting or partial cut systems may create browse areas while retaining adequate supply of shelter for 
moose (Snaith and Beazley 2004). 

Generally, moose prefer partially harvested stands of 11-20 years, over clearcuts (Eastman 1974), although research 
assessing moose response to more recent harvest approaches is needed. Partial-harvesting creates a more 
heterogeneous stand with a mosaic of habitats providing cover and forage that resembles highly productive natural 
range (Eastman 1974). Although there are numerous known benefits for wildlife including moose, selective harvest is 
not often applied in forestry in Alberta, in some areas this is because of the increased risk of windthrow, or because it 
is difficult to bring these stands to a free-to-grow state (Ritchie pers. comm. In Triton 2005), but in other areas where 
the expected disturbance regime is high severity fire, selective harvest may be inappropriate as it does not emulate 
natural disturbance (Trout pers. comm). However, moose also use clearcuts, and depending on stand age, harvest 
blocks can be used to the same extent as natural forests (Eastman 1974). Clearcutting increases the availability of 
ungulate forage and use in regenerating stands compared to mature forests (Newbury, Simon, and Chubbs 2007), and 
partial harvesting or thinning (Lykke and Cowan 1968). Clearcutting also allows more sunlight to reach shade-intolerant 
browse species, increasing forage production (Murphy and Ehrenreich 1965; Lautenschlager et al. 1997). Although 
moose generally use clearcuts with a higher amount of browse, moose may not use clearcuts that lack cover (Telfer 
1978). In addition, during winter, snow depth is a major limiting factor to moose movement and browsing, and reduces 
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winter forage availability (Telfer 1978). When there is less snow, browse in clearcuts can be used more than uncut 
vegetation, but when snow accumulates this browse can become inaccessible (Eastman 1974). In areas with more 
deep snow, protecting moose winter range from disturbance and leaving some cover is likely beneficial for ungulates 
(Telfer 1978). 

In addition, cut spacing can also influence snow interception ability (Todesco, Cumming, and McNicol 1985) and 
thermal cover for moose (Renecker and Hudson 1986; Schwab and Pitt 1991). When moose habitat is a priority, 
spacing and sizing of clearcuts can be optimized to enhance moose habitat – for example a study in Ontario found that 
moose select clear cuts over strip cuts, but female moose preferred strip cuts over clear cuts, and strip cuts were less 
used by predators (Todesco, Cumming, and McNicol 1985).  

4.3.2 STAND STRUCTURE AND AGE 
Changes in habitat generated by forestry, can have variable impacts on moose depending on the resulting stand age 
and stand structure. Recent clearcuts are used least (Eastman 1974) or not selected at all by moose, since young 
stands of < 10 years may not have enough shrub production (Poole and Stuart-Smith 2004). Favourable browse 
regenerates at higher densities in young stands between 5 and 40 years post-disturbance (e.g. Bjørneraas et al. 2011; 
Lynch 1979), and moose prefer clearcuts with early-seral (Serrouya et al. 2011) and intermediate-aged vegetation 
(Toews 2016). However, as some moose may not select clearcuts until forest cover has also returned (e.g. 10-15 years; 
Dodds 1960; Monthey 1984; Potvin, Courtois, and Bélanger 1999), peak suitability of clearcuts for moose can fall 
within the age range of 7-20 years post-disturbance (Dodds 1960; Lynch 1979). As young forests age over 20 years, 
much of the available browse grows out of reach for moose (Lynch 1979), leaving a lower density of accessible browse 
(Bjørneraas et al. 2011), and resulting in moose avoiding older clearcuts. Seasonally, young stands are selected more 
between spring and autumn, while transitioning into winter, older stands are selected more due to higher forage 
availability, higher snow interception, and potentially as moose select for cover as the hunting season starts 
(Bjørneraas et al. 2011).  

Moose stand structure and age preferences are also reflected in browse intensity patterns. In northern New 
Hampshire, the most damage by moose to commercial species occurred in 11-15 year old stands, but even in an area 
with the highest moose density (range: 0.26-0.83km2) the damage was not considered to impact regeneration of 
commercial species and stocking rates (Bergeron et al. 2011). In cases where forest regeneration is impaired as a result 
of hyper-abundant moose, moose delay vertical growth of preferred browse species, preventing browse species from 
growing beyond browsing height (Gray 2012).  

4.3.3 TREE SPECIES COMPOSITION 
The stocking standard defines the tree species heterogeneity of cutblocks by natural subregion (e.g., Upper Foothills, 
Upper Boreal; ASRD 2006), with a goal of having sufficient trees to maintain timber productivity.  

During summer, moose prefer cutblocks with more deciduous trees, more deciduous shrubs, and fewer pine or spruce 
trees within browsing height (Pigeon, McKay, and Finnegan 2019). Possibly because cutblocks with low densities of 
trees are likely to have more browse year-round (Réhaume Courtois, Ouellet, and Gagné 1998; Garrett Street et al. 
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2015; Pigeon, McKay, and Finnegan 2019). Since moose density is correlated to browse damage (e.g. Bergeron et al. 
2011), cutblocks in areas with more moose may have fewer trees in the canopy layer and a well-developed shrub and 
herb understory (e.g. (McInnes et al. 1992). However, when moose are abundant they can severely browse preferred 
deciduous forage, causing shifts in tree species composition from deciduous to coniferous dominance in cut stands 
(Andreozzi, Pekins, and Langlais 2014). By browsing deciduous shrubs, moose can release conifers from competition 
and increase conifer density (e.g. Snyder and Janke 1976; Heikkilä et al. 2003; McInnes et al. 1992; Abaturov and 
Smirnov 2002; Bergeron et al. 2011), resulting in commercially valuable stands for conifer operators (Andreozzi, Pekins, 
and Langlais 2014). Therefore, providing sufficient forage for moose need not be exclusive from producing 
commercially valuable timber (Milner, van Beest, and Storaas 2013). Understanding tree species composition shifts or 
stability under differing intensities of moose browse pressure in different silvicultural systems could provide a better 
understanding to aid in wildlife-forest co-management planning. Moreover additional challenges associated with 
climate change will require preparation and planning for the future of these forests (e.g. drought tolerance, aspen die-
back) as tree species shift (Cerezke 2009). 

4.3.4 RETENTION PATCHES 
Live tree legacies are important for ecosystem disturbance resilience (Seidl, Rammer, and Spies 2014); these residual 
trees are what is naturally left behind after a fire (Serrouya et al. 2004). In an effort to mimic the patterns and 
structures resulting from natural disturbances, forestry practices and planning often emulate the fire disturbance 
pattern using retention harvesting to promote continued species persistence on the landscape (Bergeron et al. 2002). 
Retention harvesting retains mature trees in harvest blocks, increasing mature habitat connectivity, enhancing 
structural complexity, and facilitating recovery of species within harvested areas (Franklin, Macdonald, and Nielsen 
2019). These residual patches are more beneficial to biodiversity than traditional harvesting, particularly clearcutting 
(Fedrowitz et al. 2014; Franklin, Macdonald, and Nielsen 2019). 

The amount of residual trees increases with fire size (e.g. Perera et al. 2009), and therefore the size of the retention 
patch should also increase with harvest block size (Lee et al. 2002). A lack of residual trees can isolate animals and 
greatly reduce their potential range (MWLAP 2005). Clearcuts improve sightlines for predators (Welsh et al. 1980) and 
reduce moose thermal and escape cover (Snaith and Beazley 2004). Harvest blocks can alter moose foraging 
behaviour, since they will only venture a maximum of < 60m to 200m from the forest into a harvest block (OMNR 1990 
in Chikoski 2003). During spring and summer, moose forage in young stands at night, and in older stands during the 
day to mitigate heat stress and predation risk (Bjørneraas et al. 2011). Suitable thermal cover throughout a clearcuts 
may not return until 30 years after disturbance (Telfer 1970). Therefore, selective or partial cutting can enhance moose 
habitat in the short-term by providing an interspersion of forage with available cover (Telfer 1984; Cederlund and Sand 
1992; Snaith and Beazley 2004). In Alberta’s Boreal, although moose use of harvest blocks was not linked to retention 
patch size in 15-18 year old harvests; retention patches of late successional forests may be more important for moose 
immediately after a clearcut, when they provide thermal and escape cover, and during the winter, when canopy cover 
can intercept snow and improve movement (Franklin, Macdonald, and Nielsen 2019). Generally for moose, 55-70% of 
the forest should provide mature cover distributed in patches of ≥ 8 Ha, and should have some retention patches of up 
to 100 Ha so that there is never > 200m to cover from any point (Snaith and Beazley 2004). If harvest blocks do not 
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provide adequate cover, like in clearcuts, moose will browse at the edges of the harvest blocks to reduce predation 
risk, resulting in uneven regeneration (e.g. mixedwood at the edges and aspen at the centre; (Schmitz 2005)). In 
Saskatchewan, when there were  10-20 residual patches (1 Ha in size) in harvest blocks (50-100 Ha in size), moose 
browsed uniformly at a similar activity level to unharvested areas (Schmitz 2005). In west-central Alberta, moose 
preferred clearcuts (41-80 Ha in size) with a minimum distance of 101m between neighbouring harvest blocks (Tomm, 
Beck Jr., and Hudson 1981). 

Although numerous studies provided recommendations for retention patch design criteria, based on moose use of 
clearcuts, few studies directly studied moose use of retention patches. In order to better understand how moose use 
retention patches of differing designs, future work could study this directly. 

4.3.5 ECOLOGICALLY SENSITIVE SITES 
Aquatic moose feeding areas (preferred water bodies with abundant aquatic macrophytic plants and minerals – usually 
cool, shallow lakes or rivers with slow-moving (but not stagnant) water (Ranta 1998)) are critical sources of nutrients 
during spring and summer (Chikoski 2003). The quality of habitat surrounding these feeding areas influences their use 
(Chikoski 2003). A ‘no harvest’ reserve around aquatic feeding areas and mineral licks is typically recommended, but 
the size and shape of this reserve depends on the best approach to ensure habitat connectivity to the resource for 
moose (OMNR 1988). It is recommended that aquatic feeding areas have a 120m reserve, that adjacent clearcuts are 
limited to 80-130 Ha (OMNR 1988), and that aquatic feeding areas are not within 200m of access roads (KWR 2006). 
Lemke (2001) also recommends habitat connectivity among aquatic feeding areas via mature forest corridors be at 
least 100m wide and include 5m tall cover. Moose use of aquatic feeding areas can be influenced by reserve width, 
time since last cut, and the silvicultural system employed (Chikoski 2003). For example, in Ontario in areas harvested by 
selective cutting, moose use was greatest adjacent to old cuts (> 20 years) and large reserve widths (> 120m reserves), 
in areas harvested by shelterwood cutting, moose use was greatest adjacent to recent cuts (120m reserves); and in 
areas harvested by clearcutting, moose use was greatest adjacent to harvest blocks >10 years (>120m reserves; 
Chikoski 2003). 

There is a wealth of information on management of moose aquatic feeding areas (e.g. KWR 2006) and criteria to 
identify moose aquatic feeding areas (e.g. Ranta 1998). The goal or these criteria are to i) provide adequate forest 
cover for moose, ii) reduce or avoid impacts to the aquatic feeding area, iii) ensure habitat connectivity, and iv) prevent 
moose-vehicular collisions. 

4.4 FORESTRY ACCESS AND OTHER ANTHROPOGENIC LINEAR DISTURBANCES 
Harvesting removes cover and creates accessibility (Crete 1988). Linear features associated with industrial 
development like seismic lines, pipelines, roads, power lines, and trails, fragment continuous forests – facilitating 
movement, visibility, and access for hunters and predators into remote areas (Dickie et al. 2017; Mumma et al. 2018; 
Finnegan, Pigeon, and MacNearney 2019). These linear features are prevalent in Boreal Alberta , and can result in 
overharvesting (e.g. Ontario; Timmermann and Gollat 1983) and increased predation rates of some ungulates (e.g. 
caribou; McNay et al. 2016). For moose, access roads should avoid areas of special concern (e.g., aquatic feeding areas, 
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mineral licks, calving sites, winter concentration areas), since they can destroy habitat or potentially cause vehicular 
collision hotspots (OMNR 1988). 

Since the late 1960s recreational hunting and public access have increased alongside technology, facilitating hunting 
and transport through rugged terrain (e.g., ATVs, snowmobiles; Lynch 1979; Rippin 2001). Exacerbating the issue are 
predators, like wolves, that use man-made linear features as travel corridors, facilitating their introduction into new 
habitats and increasing their encounter rates with ungulates like moose (Mumma et al. 2018). Moose experience 
increased predation rates and risk in highly accessible landscapes (Rippin 2001). If access and moose recreational 
harvest are left unmanaged, increased access can dampen or nullify the benefits of favourable moose habitat and 
forage resulting from disturbances that typically support high moose densities (Serrouya et al. 2011). In Ontario and 
British Columbia, when hunter access increased with road density favourable clearcut and forestry practices had no 
beneficial effect on moose ((Rempel et al. 1997; Serrouya et al. 2011)). In order to reduce mortality risk from hunters 
and predators, moose change their behaviours and do not fully exploit young forests with open habitat (Bjørneraas et 
al. 2011). Moreover, as young forests age, moose populations naturally decline (Lynch 1979), which can be problematic 
for populations that are already experiencing low recruitment rates (Bjørneraas et al. 2011). Declining moose 
populations may also create cascading effects on other species, since there is a time lag when predators may seek 
alternative prey prior to declining in response to declining moose populations; wolves, however, experience a strong 
effect from moose declines (e.g. Serrouya et al. 2017).  

Seismic lines in particular, have increased predation risk for moose, since wolves and other predators use these 
features as travel corridors and increase their encounter rates with prey species by doing so (Latham et al. 2011). In 
addition, linear features, like seismic lines, provide access to early-seral stage browse (e.g. Finnegan, Pigeon, and 
MacNearney 2019), which exposes moose to increased predation risk while feeding in these areas, since they are 
willing to compromise availability of cover to do so (Wasser et al. 2011). Further research is warranted to determine if 
seismic lines may be acting as ecological traps for moose and how this may be affecting moose populations, especially 
in areas of high seismic line density (e.g. Dickie et al. 2019). Similar to seismic lines, moose do not avoid crossing power 
lines, and may also be using them for browse (Bartzke et al. 2015). In Alberta, moose avoided increased human-caused 
disturbance and predation risk at the landscape scale, but selected human caused disturbance at the home range scale 
in order to meet forage requirements (Peters 2010b).  However, impacts may be different between seasons and by 
region. During winter, when forage is limited, moose do not avoid roads and select harvest blocks for forage, exposing 
themselves to higher risk compared to during summer when they avoid these disturbances (Peters 2010b). 
Geographically, moose in the Foothills have also used more disturbed landscapes with double the linear feature 
density (summer: 1.67km/km2 winter: 1.86km/km2) compared to moose in the mountains (summer: 0.49km2 winter: 
0.64km/km2; Peters 2010b). Peters (2010b) suggests that since available habitat composition was similar in these 
landscapes that these differences are more due to different habitat configurations between the Foothills and the 
mountains. It is likely that increasing risk exposure to disturbances as a strategy to best exploit available habitat 
composition and configuration in the landscape has its limits; therefore, it would be beneficial to determine total linear 
disturbance density thresholds for moose to aid in co-management. Given the high density of total linear disturbance 
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in Alberta, compared to the rest of Canada , the impacts of linear features on moose may be cumulative from local to 
regional scales.  

4.5 MOVEMENT AND CONNECTIVITY 
Moose are negatively associated with roads and increasing road density, and avoid areas near linear features (Laurian 
et al. 2010; Wasser et al. 2011; Wattles, Zeller, and DeStefano 2018; Dickie et al. 2019). In Alberta, moose have been 
seen to avoid roads and linear features more than caribou (Peters 2010b). Although moose are not known to use 
anthropogenic linear features as travel corridors, moose can travel along linear features when looking for crossing 
opportunities (Dussault et al. 2007; Bartzke et al. 2015) or to exploit forage (Laurian et al. 2008, 2010). Roads can act 
as complete or partial barriers to moose movement depending on their size, traffic volume, and design (e.g. Shanley 
and Pyare 2011; Laurian et al. 2012). At the landscape scale, roads not only increase access-related mortalities, but 
also negatively affect moose by increasing human activity and increasing vehicular collisions (Laurian et al. 2010; Toews 
2016). At a more local scale, roads can be beneficial over the short-term as roadsides provide deciduous browse 
(Rempel et al. 1997) and salt deposits (Laurian et al. 2010; Toews 2016), but over the long-term roads can be 
detrimental as they increase moose vehicular collision risk. Other movement barriers for moose include mountain 
ranges dividing drainages (White et al. 2012), fencing (Olsson and Widen 2008), and rivers (Bartzke et al. 2015). Roads 
and power lines, and roads and rivers occurring together can also cause increased barrier effects for moose (Bartzke et 
al. 2015).  

Roads with high traffic volumes can act as a movement barrier for moose, and high road densities can inhibit moose 
movement (Seiler 2005) and overall roads have a negative effect on moose (Wattles, Zeller, and DeStefano 2018). In 
Québec, moose that stay longer within habitat patches surrounded by a high amount of harvest blocks and roads in 
comparison to habitat patches with higher connectivity (Courbin et al. 2014). In Sweden, increased road density has 
been linked to an increase in non-migratory movements of moose (Singh et al. 2012), and roads can also have 
disproportionate impacts on movements of female versus male moose (Finnegan et al. 2012). The impacts of roads can 
also vary by season. For example, during periods of deep snow (>50-70 cm) during winter, moose can move into areas 
of lower elevation with less snow that are also closer to rail lines and roads, and if the roads have tall snowbanks 
moose may run down and not across the road to escape collision, resulting in increased vehicular collisions (Rolandsen 
et al. 2011). In BC, forestry truck drivers did not report collisions due to a lack of damage to their trucks (i.e. 1969-
1997; BCFSC 2005). It is important to encourage reporting of these collisions, and to appropriately sign and speed 
control mortality hotspots to mitigate wildlife and human mortality.  

In moose populations that are already experiencing declines, mitigating vehicular mortality may be especially 
important. On roads where salt is applied, removal of salt pools or use of a de-icing salt that is not sodium chloride can 
reduce roadside attractiveness (Laurian et al. 2010). Management of roadside vegetation and adjacent habitats (e.g. 
regenerating cubtlocks) can also reduce foraging opportunities and vehicular collision risk for moose (Danks and Porter 
2010). 

Considering other linear features, although moose use natural linear features like rivers as travel corridors, moose are 
not known to use anthropogenic linear features to redistribute themselves into new habitats (Dickie et al. 2019), 
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instead they track suitable habitat types through the landscape. Moose do, however, use riparian corridors as travel 
corridors to facilitate their movements (Dickie et al. 2019). Moose may potentially use seismic lines for travel or forage 
(Pigeon, McKay, and Finnegan 2019; Finnegan, Pigeon, and MacNearney 2019); in north east Alberta moose do not 
seem to use seismic lines for travel (Dickie et al. 2019), but it is unclear whether this pattern is consistent across 
Alberta and during winter. Further research is warranted to clearly determine whether moose use seismic lines as 
travel corridors during different seasons, and how and if individuals are avoiding predation risk (e.g., sex, family status, 
travel speed) while traveling or foraging in these areas to better understand the use and impact of these features for 
moose. 

4.6 POST-HARVEST MANAGEMENT 
Post-harvest silvicultural techniques can enhance or reduce 
moose habitat quality depending on the timing, harvest 
method use, and post-harvest site preparation (Collins and 
Schwartz 1998), and should take into consideration the 
potential impact on the quantity and quality of moose 
habitat surrounding the harvest block (OMNR 1988).  

Post-harvest activities typically occur within two years after 
harvest (AAF 2017c), but may be completed within 14 
years of harvest to meet reforestation requirements and 
achieve a ‘free to grow’ status. In Alberta, when sites have 
good soil conditions for seedling establishment (warm, well 
drained) with little competing vegetation, or when 
vegetative reproduction can be successful for deciduous 
tree regeneration, “Leave-for-Natural” (LFN) reforestation can be employed where natural regeneration establishes 
seedlings (AAF 2017c). 

Typically site preparation accompanies “artificial reforestation” (AR), where direct planting, and sowing seedlings or 
seeds regenerate the forest (AAF 2017a). Direct planting (61,273 Ha per year) is more prevalent in Alberta than LFN 
(18,687 Ha per year; ESRD 2012, 2013, 2014, 2016; AAF 2017b, 2017c). 

Moose browse can be more abundant in post-harvest naturally regenerating stands (e.g. LFN) when compared to fire 
origin or AR stands 10 to 30 years post-disturbance (Boan, McLaren, and Malcolm 2011). In Ontario, post-harvest 
naturally regenerating stands were not directly associated with higher moose use, however at the landscape scale 
areas with more naturally regenerating stands were more likely to be used by moose (Boan, McLaren, and Malcolm 
2011). The intensity of post-harvest silviculture activity influences moose habitat suitability (Boan, McLaren, and 
Malcolm 2011). 
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Figure 4.1. Total area of different post-harvest silvicultural 
techniques used in Albertan forestry from 2010-2016 (AAF 
2017). 
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4.6.1 SITE PREPARATION 
Site preparation in Boreal Alberta is the primary approach used 
to regenerate trees (Ehrentraut and Branter 1990). Site 
preparation occurs in more than half of all harvested sites prior 
to planting seedlings, and includes mechanical (19,507 Ha per 
year) preparation methods, but also infrequently includes 
prescribed fire (AAF 2017c). 

By removing competing vegetation, improving soil conditions, 
and facilitating tree growth, site preparation prepares the site 
and soil for successful seed germination and seedling growth 
(AAF 2017c). Site preparation also variably results in improved 
or reduced wildlife forage and/or cover (e.g. Enns et al. 1994).  

 
4.6.1.1 MECHANICAL SITE PREPARATION 
Mechanical site preparation can produce a range of soil conditions that affect seedling establishment (Löf et al. 2012). 
Moose response to mechanical site preparation varies based on the resulting tree and browse species available for 
forage, which can vary by technique, but also by location and season (Pigeon, McKay, and Finnegan 2019). Mechanical 
site preparation includes techniques like mounding and ploughing, dragging (chain scarification), disc trenching, 
scalping, and mixing (e.g. Fraser, Landhäusser, and Lieffers 2003). 

Mechanical site preparation techniques penetrate into the soil and can have varying effects on moose browse. For 
example, scalping, can severely damage root systems and shrub growth, mounding maintains the vegetation 
community, while mixing stimulates suckering (Triton 2005). Mechanical site preparation techniques initially reduce 
shrub production, but can suppress forest succession at mid-seral stages (Triton 2005). If penetration into the soil is 
too shallow, does not expose mineral soil, or is too deep exposing subsoil, seedlings may not establish well or at all 
(Densmore 1988 in Collins 1996). For some mechanical site preparation techniques, birch and willow seedlings can be 
almost absent, while others like scarification using a clearing blade (root rake) produces high birch seedling density and 
growth rates (Densmore 1988 in Collins 1996). 

Mounding and ploughing raises the planting spot, creating a site of warm, drained soil that promotes good root growth 
and increases seedling survival at wetter sites (AAF 2017c). Dragging, on the other hand, only exposes or mixes mineral 
soil enhancing root and seedling growth (AAF 2017c). Heavy soil scarification, such as mounding and ploughing, 
increases mineral nutrients in the shoots of regenerating species (similar to fertilization), and results in a mixture of 
deciduous and pine species preferred for browsing by moose (Nikula et al. 2008). However during winter, grasses and 
herbs can mat under the snow smothering hardwood seedlings or reducing their competitive ability for the next 
growing season (Collins and Schwartz 1998). In Alberta, preliminary analysis found that during summer, moose in the 
lower and upper Foothills preferred sites that were mechanically prepared during summer (Pigeon, McKay, and 

0

10,000

20,000

30,000

Ar
ea

 (H
a)

Year of Activity

Mechanical Herbicide Other

Figure 4.2. Total of area of different site preparation 
techniques used in Albertan forestry from 2009-2016 
(AAF 2017). 



Moose Habitat and Populations in Alberta: Boreal and Foothill Regions 
   
 

37 
 

Finnegan 2019). Therefore, further research is warranted to determine if, and which, current mechanical site 
preparation techniques may be most beneficial to winter browse in moose winter ranges and to what extent.  

Properly regenerated clearcuts can produce moose browse for approximately 20 years post-harvest (Collins and 
Schwartz 1998). Conversely, poor harvest practices with no scarification rarely exceed carrying capacities of mature 
forest (0.2 moose/km2 Alaska). With soil scarification and good seedling establishment, forage supply can increase 
moose carrying capacity by 20-45 times (4-9 moose/km2) over mature forest (Collins and Schwartz 1998). A detailed 
assessment of moose response to site preparation in west-central Alberta is underway, but studies in other areas and 
subregions would provide additional insights into moose response to site preparation (pers. comm. L. Finnegan 2019). 

4.6.2 HERBICIDES 
Herbicides release conifers from competition (McCormack 1994). They are applied either after seedling establishment; 
most commonly by aerial application due to its cost effectiveness in relation to the size of the area and the difficulty of 
access (Thompson and Pitt 2011). Herbicides improve tree survival and seedling establishment by reducing 
competition from grass and shrubs for one to two years post-treatment (AAF 2017c). 

There are five herbicides registered for use in Canadian forestry (i.e., hexazinone; simazine; triclopyr; glyphosate; 2,4-
D), with glyphosate being the most commonly and widely used in Canada (Thompson and Pitt 2011; NFD 2019). In 
Alberta, over the last 20 years (2000-2017), glyphosate has been applied to 29,052 Ha of forest on average per year ( 
NFD 2019).  

In British Columbia, glyphosate is being reduced to promote growth of moose winter browse to bolster declining 
populations (Fletcher 2018). However in Alberta, glyphosate use has increased over time due to “free-to-grow” 
standards and  sustainability objectives (Thompson and Pitt 2011). 

4.6.2.1 FORAGE AND HABITAT USE 
Herbicides affect overall moose forage biomass production, habitat use and selection, and cumulatively affect regional 
habitat suitability and capability. Glyphosate suppresses the initial growth of deciduous species, reducing shrub 
biomass and shifting young forests to coniferous dominance reducing moose forage availability (Raymond et al. 1996). 
In combination with other limiting factors (e.g., hunter harvest, predation rates), herbicides can limit the carrying 
capacity of the landscape for moose (Milner, van Beest, and Storaas 2013). 

After treatment with herbicides, overall biomass and consequently moose forage and habitat use in harvest blocks is 
lowered compared to untreated sites, but can still be higher than in uncut older forests (Olav Hjeljord and Grønvold 
1988; Raymond et al. 1996; Sullivan and Sullivan 2003; Strong and Gates 2006; Milner, van Beest, and Storaas 2013). 
This reduction in moose forage generally persists for 1-5 years after treatment (Kennedy and Jordan 1985; Sullivan and 
Sullivan 2003; Strong and Gates 2006; Milner, van Beest, and Storaas 2013), but this time period differs depending on 
the herbicide used, its concentration, and the affected browse species at the site. In Maine, within 1-2 years post-
treatment, moose were more than 50% less abundant, but by 7-11 years post-treatment conifers were twice as 
abundant, and moose forage and use was higher compared to untreated harvest blocks (Eschholz et al. 1996). Similarly 
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in Norway, in an area where moose had been in decline, 4 years after herbicide application ceased, both the area of 
regenerating forest and the moose population increased (Milner, van Beest, and Storaas 2013).  

Although, herbicides generally affect moose over the short-term, they can have effects over the long-term as well. 
Hexazinone, for example, affected Boreal vegetation for at least 17 years after application (Strong and Gates 2006; 
Sullivan and Sullivan 2003). Long-term presence of these chemicals in soils may reduce the quality and palatability of 
vegetation (Corbould pers. comm. In Triton 2005). Benefits from forest re-initiation to increase browse production can 
be shorter-lived than in untreated harvest blocks. In Alberta, treated harvest blocks stopped producing increased 
browse at 26 years, several years before untreated cutblocks (Strong and Gates 2006). 

The duration of herbicide effect varies and depends on site characteristics, herbicide type, and application rate, as well 
as plant species (Raymond et al. 1996). For example, rowan is more sensitive to herbicides than birch (Olav Hjeljord 
and Grønvold 1988). Consequently, over the long- term (7–30 years) browse biomass on treated sites may be lower 
(Hjeljord 1994; Boan, McLaren, and Malcolm 2011), similar (Raymond et al. 1996), or higher (Newton et al. 1989) than 
on untreated sites, and can also vary by season (Strong and Gates 2006). 

Herbicides have a stronger effect on reducing browse species important for moose during winter (Strong and Gates 
2006; Milner, van Beest, and Storaas 2013). During winter when moose movement and forage is limited, moose prefer 
areas of high browse production (Telfer 1978). Low availability of winter browse can affect reproduction and survival 
through declines in calving rates (Milner, van Beest, and Storaas 2013), fat reserves, fetal development, birth weights, 
and calf growth rates (Mech et al. 1987).  

Herbicides are applied in forests at small spatial-scales, and by using alternative habitats moose can reduce their use of 
treated sites (Olav Hjeljord and Grønvold 1988; Eschholz et al. 1996; Milner, van Beest, and Storaas 2013) or avoid 
these treated sites (Pigeon, McKay, and Finnegan 2019). However, cumulatively at the regional scale reduced forage 
production over the long-term can cause regional habitat degradation. Moreover, the sites where herbicides are 
applied are those that are highly competitive sites, which may be targeting sites with the highest potential for moose 
forage production (Wagner et al. 2004; Strong and Gates 2006). 

Biologists advise against broad-scale application of herbicides (Poole and Stuart-Smith 2004) on high value moose 
forage species, including willow (Salix spp.), red-osier dogwood (Cornus stolifera), high-bush cranberry (Vibernum 
edule; (Wall, Belisle, and Luke 2011). If herbicides are used, especially in areas where local moose populations are 
declining (e.g., poor body condition, starvation, low pregnancy rates), sufficient regeneration of moose shrubs should 
be allowed (Poole and Stuart-Smith 2005). Decision-support tools and beneficial management practices may assist 
foresters in determining the best use of herbicides in areas where important moose forage is found. 

4.6.2.2 WILDLIFE HEALTH AND HERBICIDES 
Glyphosate use is controversial, since it is considered a probable carcinogen by the International Agency for Research 
on Cancer (IARC 2016; Tarazona et al. 2017), but not by Health Canada, and therefore meets Canadian health and 
safety standards (Canada 2019). In Québec, glyphosate has been banned since 2001 (Thompson and Pitt 2011), in 
Austria glyphosate will be banned by 2020 (FSA 2019) and in Germany by 2023 (BMU 2019) due to public health 
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concerns. A lack of research and ongoing use of glyphosate in forestry has generated concern amongst First Nations, 
stakeholders, and members of the public in Alberta (pers. comm. L. Trout 2019).  

Glyphosate is currently not recognized as affecting wildlife or human health (Canada 2017). Its wide application across 
Canada operates under the understanding that it is excreted rapidly in urine and feces over the short-term, and over 
the long-term does not accumulate in organs or muscle tissues (Thompson and Pitt 2011). Some studies administering 
glyphosate at low chronic doses to animals have seen effects including reduction in male fertility (Cai et al. 2017), 
difficulty with embryo implantation (Ingaramo et al. 2017), neurological disorders  (Coullery, Ferrari, and Rosso 2015; 
Ait Bali et al. 2019), modifying the gut microbiome (Mao et al. 2018), liver and kidney damage, and development of 
tumors (van Bruggen et al. 2018).  

There is also concern that glyphosate and its derivatives (e.g. AMPA) may be accumulating in the environment (e.g., 
soil, water; Battaglin et al. 2014; van Bruggen et al. 2018). AMPA is mildly toxic to plants and its potential accumulation 
in soil may not only cause issues for plants, but also invertebrates and soil bacteria (van Bruggen et al. 2018). The long-
term effects of glyphosate and its derivative compounds consumed by animals at low chronic doses (similar to 
managed forests), and its accumulation in the environment should be made a research priority; there is currently not 
enough information to clearly state that glyphosate does not persist in Canadian forest ecosystems. Moreover, in the 
Boreal, potential accumulation of glyphosate may be particularly detrimental, since the region experiences long 
biologically inactive winters and short growing seasons (Helander, Saloniemi, and Saikkonen 2012). The study of 
species with increased vulnerability, can be especially valuable, since they may also act as biosentinels for not only 
wildlife, but also human health (Kissane and Shephard 2017). 

4.6.3 PLANTING , SEEDING, AND STAND TENDING 
Stand tending activities increase timber production and can be both mechanical (e.g., spacing, thinning, brushing, 
pruning) and chemical (e.g., fertilization, herbicides). In order to benefit moose, stand tending practices should allow 
some shrubs to persist (Poole and Stuart-Smith 2004). 

Native seed mixes can increase ungulate forage availability for moose. Mixedwood and broadleaf species provide a 
good mix for areas in important moose winter and summer habitats (Wall, Belisle, and Luke 2011). In Alberta, 
commercially available standard seed mixes have been developed for different physiographic regions to manage elk 
(Triton 2005). Moose could also be managed in a similar way to regenerate stands for declining populations. 

Moose benefit from planting seedlings, since it increases available forage in the cut. Moose prefer deciduous seedlings, 
but will also browse on conifer seedlings (Andreozzi, Pekins, and Langlais 2014; Mathisen, Milner, and Skarpe 2017; 
also see Section 4.3.3 Tree Species Composition). Stocking densities and spacing of adjacent cutblocks can also improve 
moose winter habitat, forage production, and habitats of special concern (e.g., mineral licks, rutting sites, wetlands, 
riparian areas; Wall, Belisle, and Luke 2011). 

4.6.3.1 THINNING 
Thinning includes pre-commercial thinning, which designs the spacing of juvenile trees, and commercial thinning, 
which removes older trees to increase timber yield in younger trees (Greenough and Kurz 1996). These methods 
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reduce competition between trees, resulting in reduced tree mortality and increased growth rates. Thinning is 
beneficial for shrub production, since shrub cover decreases with increasing canopy cover; this includes both shade-
tolerant and intolerant shrubs (Greenough and Kurz 1996). Thinning can provide increased moose forage (Härkönen 
and Heikkilä 2000), although depending on the intensity of the thinning, benefits may be limited. In British Columbia, 
12-15 years after heavy thinning (<=1,000 stems/Ha), moose benefited from increased herbs and shrubs, and greater 
species and structural diversity of conifers, compared to unthinned, old-growth stands or stands thinned to > 1,000 
stems/Ha (Sullivan et al. 2006). Thinning has the potential to improve moose forage (Sullivan et al. 2006). However, if 
both shade-intolerant and shade-tolerant shrubs are not present for more than 10 years, shrub cover will not 
regenerate by thinning because the bud bank dies. Debris loading during stand tending can also impede understory 
recovery (Greenough and Kurz 1996). 

4.6.3.2 FERTILIZATION 
Nitrogen-based fertilizers are usually applied immediately after thinning to increase plant growth rates and seed 
production by reducing competition for nutrients without reducing stand density (Greenough and Kurz 1996; Triton 
2005). Fertilizers increase biomass production of commercial species, but also increases moose forage biomass, 
nutritional value (Triton 2005), and potentially productivity (Sullivan 2018). The effects of fertilizers are typically limited 
to the first year after treatment (Triton 2005). Although in south-central British Columbia, biomass production of 
grasses increased within 5 years after the first application of fertilizer, whereas shrubs (e.g., Saskatoon berry, willow) 
herbs and forbs (e.g. Fireweed (Epilobium angustifolium) only increased after a second application of fertilizer 5-10 
years after the initial treatment (Sullivan 2018). However, repeated applications reduced the biomass of some dwarf 
shrubs, mosses, and lichens (Sullivan 2018).  
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5. FUTURE DIRECTIONS 
Alberta’s Boreal forests are dynamic, with insect infestations, wildfires, climate, and human disturbance constantly 
changing the landscape. The climate and habitat disturbances impacting the Boreal forest today are different from 
historical records and are expected to change even further in the future, especially with the increasing effects of 
climate change (e.g. Schneider et al. 2009; Hanes et al. 2018). As the impacts of these changes are better understood, 
it is important to incorporate this new knowledge into proactive and adaptive management strategies to improve best 
management practices and long-term planning for forestry and moose across the Boreal forest. The Key Gaps and 
recommended Future Directions are discussed in the following section. 

5.1 NINE KEY KNOWLEDGE GAPS AND RECOMMENDATIONS 
Forestry is the dominant anthropogenic landscape driver changing habitats by design in Alberta’s Boreal forests, these 
recommendations aim to improve forest planning and management practices to better support moose-forestry co-
management. These ten key recommendations with forestry professionals in mind have been identified through their 
relationship to key issues for moose regionally across the Boreal. Specific forestry tenures may have their own suite of 
ecologically, culturally, and economically distinctive considerations (e.g., highly suitable winter tick habitat, high risk of 
wildfire). 

 

Table 2. Nine Key Knowledge Gaps and Recommendations. 

FUTURE DIRECTIONS 

1. Research Moose Population Sizes and Trends. 
2. Participate in Winter Tick Surveillance. 
3. Develop Industrial Access Management Plans.  
4. Plan for Climate Resilient and Connected Habitats. 
5. Herbicides and Moose Health and Forage Availability. 
6. Advances in Moose Monitoring Methods 
7. Improve Forest Planning Design and BMPs for Moose. 
8. Mountain Pine Beetle Effects on Available Moose Habitat and Forage.  
9. Landscape Scale Criteria for Moose Cumulative Effects Assessments. 

Future 
Direction Key Gaps and Recommendations 

1 Research Moose Population Sizes and Trends. 
Gap: There is a lack of published information on moose population sizes and trends from 2015-2019.  
 
Parkland and grasslands populations have been increasing significantly over time (i.e. Bjorge et al. 
2018), but the overall provincial population is declining (i.e. Timmermann and Rodgers 2017). For this 
review we gathered data from available aerial inventory reports between 1980 and 2020. A preliminary 
mapping comparison of these data and data collected between 2010 and 2020, suggests that in the 
Boreal the greatest amount of change in moose population estimates have occurred over the last 
decade. A statistical comparison may confirm these trends.  
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• Synthesize Moose Population Size and Trends by Region for the Boreal and Foothills  
Synthesize and evaluate publicly available population data for moose from WMU ungulate aerial survey 
reports from 1980-2020 to statistically evaluate whether moose populations in the Foothills and Boreal 
regions have declined from 2000-2020. As a deliverable from this work to aid in future research, ensure 
that a shared geodatabase is provided that includes WMU shapefiles (i.e. WMU polygon shapes change 
over time) and spatially referenced population data by WMU from 1980-2020. 
• Determine Causal Factors of Local Moose Population Declines 
Identify forestry tenures, if any, where local moose populations have experienced continued or 
significant decline over the long- and/or short-term. Prioritize these areas for future research to 
determine the causal factors of declines in the area of interest (e.g. Kuzyk, Marshall, et al. 2018; Kuzyk, 
Dehn, and Farnell 1999). 

2 Liaise with the Government to Participate in Winter Tick Surveillance in Managed Forests. 
Gap: There is a lack of published information on moose winter tick outbreaks from 2000-2019. 
 
Significant winter tick outbreaks are a cyclical population limiting factor for moose. In tenures that have 
more suitable winter tick habitat, monitoring of winter tick is especially important. Moreover, as climate 
change makes new areas more favourable for winter tick survival, baseline monitoring in forest tenures 
will be important to support managing forests in moose habitat sustainably to ensure moose 
persistence. As a management intervention, forestry could target cutblocks in areas that are more 
abundant for ticks to decrease their abundance. 
• Develop a Forestry Surveillance of Ticks on Wildlife program. 
Develop a partner program with the provincial government of a similar structure to British Columbia’s 
Provincial Moose Winter Tick Surveillance Program to collect information from hunters, trappers, and 
personnel reporting opportunistic hair loss observations for moose in forest tenures. Identify specific 
tenures, such as Blue Ridge, that have reported significant winter tick infestations and moose 
population declines in the past to begin pilot programs. This information can also be valuable for other 
ungulates (e.g., caribou, elk). 
• Synthesize Winter Tick Prevalence and Trends by Region for the Boreal and Foothills. 
Partner with the government to acquire any existing reports or datasets that can aid in creating a 
timeline of winter tick outbreaks from 2000 to 2019. Identify gaps in this information and spatial 
hotspots over time of outbreaks in forest tenures. Prioritize these areas of historically high infestation 
and areas of interest for pilot programs.  
• Develop Research Partnerships in Tenures with High Winter Tick Infestation History 
Conduct winter tick surveys investigating disease occurrence and host availability and host contact 
rates. Camera trapping is a novel approach that can non-invasively record presence/absence records of 
moose hair loss sightings and host contact rates of other ungulates (e.g., elk, caribou, deer). Target 
highly infested areas for cutblocks in areas where moose populations have been experiencing 
continued decline. 

3 Liaise with the Government to Develop Industrial Access Management Plans. 
Gap: There is a lack of provincial Regional Access Management Plans and guidelines to support 
industrial access management planning for moose. 
 
• Determine if Seismic Lines are Acting as Ecological Traps for Moose 
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Assess relationships of total linear disturbance, but focus specifically on roads, seismic lines, and power 
lines. Determine how seismic and power lines are influencing moose behaviour and if they are acting as 
ecological traps.  
• Encourage Reporting of Moose-Vehicle Collisions in Forest Management Areas. 
Assess whether there is a lack of wildlife collision reporting. If so, incorporate mandatory reporting of 
species such as moose and caribou into protocols. Map road mortality hotspots to mitigate human and 
moose mortalities and support access management planning. 
• Reduce Hunter and Predator Landscape Accessibility.  
Consider using movement connectivity maps of wolves and hunters to manage accessibility and inform 
decisions for road optimization and linear feature reclamation. Linear features that contribute most to 
network connectivity overall can strategically be chosen and reclaimed or managed to reduce access for 
predators and hunters. Engage in consultations with First Nations, stakeholders, and other 
organizations to assure removed access does not generate public conflict. 
 

4 Climate Resilient and Connected Habitats.  
Gap: There are a lack of guidelines and plans providing direction on how to prepare habitats in managed 
forests for climate change and forecasted habitat shifts. 
 
• Identify Potentially Climate Resilient Moose Habitats. 
Project the shift of suitable moose habitats northwards into the Boreal and determine the importance 
of the present Boreal and Foothills habitats in this range. Identify climate resilient habitats that are 
currently important for moose and that will continue to be important under most or all climate change 
scenarios. Minimize the risk of impairing the functionality of these areas and prioritize BMP efforts 
there.  
Moose are also susceptible to heat stress. Design (e.g., cover, density) the retention of natural features 
(e.g. low-lying areas) to provide thermal shelter. Prioritize and develop guidelines for provision of 
thermal shelter within or adjacent to highly suitable natural habitat and/or within cutblocks that are in 
areas with the highest probability of warming trends. 
• Climate Sensitive Wetlands. 
Moose specialize on aquatic vegetation from mid-June to July. These areas are considered areas of 
special concern for moose in many management guidelines and are buffered from roads and cutblocks. 
Identify wetlands, specifically potential or known aquatic feeding areas, which are the most vulnerable 
to climate change and prioritize the protection of the habitat and hydrological connectivity of these 
wetlands to support their climate resiliency. 
• Identify Core Areas and Connectivity for Northwestern Alberta Boreal and Foothills Regions. 
Identify core areas and connectivity for moose in western Alberta, where the highest total linear 
disturbance and moose densities exist for the entire province (e.g. Apps et al. 2007). 
 

5 Herbicides Cumulative and Long-Term Effects on Moose Health and Forage Availability. 
Gap: There is a lack of clarity on the long-term and cumulative effects of herbicides on moose health and 
forage availability. 
 
Given the extent and timeframe over which herbicides are applied in Alberta and that the their 
application has only been increasing over time in response to “free-to-grow” standards, if herbicides do 
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persist in the environment or wildlife, any effects will occur at large spatial scales on both habitats and 
wildlife populations.  
• Clarify the Relationship Between Glyphosate and Wildlife Health.  
Determine if long-term application of herbicides at low chronic doses impacts to moose health. This 
could be achieved via a literature review on the effect of herbicides on mammalian health applied at 
low chronic doses combined with new research if necessary.  
• Determine Persistence and Accumulation of Glyphosate in the Environment. 
Determine if glyphosate and/or its derivatives (e.g. AMPA) persist and accumulate in the environment. 
Determine whether there are any relationships between these compounds persisting in the 
environment and water quality, soil quality, vegetation growth, and overall ecosystem functioning and 
disturbance resiliency.  
• Determine the Additive Effects of Herbicides on Forage Availability. 
Herbicides are known to reduce overall forage biomass for moose through shrub reduction over the 
short- and long-term. They have been applied annually in the Boreal for over 30 years. It is possible that 
local stand scale reductions in forage biomass may be clustered at the landscape scale and cumulatively 
exerting pressure on local moose populations over time. Moreover, reduction in forage biomass and 
consequently habitat suitability for moose may be causing short- or long-term redistribution of 
individuals. Assess how moose forage biomass has potentially been reduced at the stand and landscape 
scale over time. Use this information to improve forest planning and best management practices, if 
required. 

6 Support Advances in Monitoring Methods to Improve Moose Surveillance. 
Gap: A lack of standardized approaches and technology for modern surveillance methods.  
 
• Determine baselines for monitoring programs 
Determine the most appropriate approach to determine baseline population vital rates – e.g., 
abundance, occupancy, habitat use, or distribution. 
• Trans boundary Standardization of Aerial Surveys 
In Alberta, aerial surveys apply distance sampling more so than stratified random block, which is the 
approach commonly taken in British Columbia. Aerial surveys in the past in Alberta did not apply 
sightability correction factors, but its application would likely improve the accuracy of estimates (Peters 
et al. 2014), and comparability to estimates in adjacent jurisdictions.  
• Pilot Project - Unmanned Aerial Vehicles for Monitoring Moose. 
This technology to survey wildlife has only recently been employed. It may be more accurate as an 
application for moose, compared to other ungulates present in herds, since it will be easier to eliminate 
the possibility of double counting. Moreover, infrared technology might make moose more easily 
detectable to cameras compared to observers. However, testing will be required to see how difficult it 
may be to sex moose outside of seasons where they retain their antlers, especially in dense vegetation, 
deep snow, and/or steep terrain, where drones may have difficulty photographing moose vulva 
patches. 
• Develop Standardized Camera Trapping Protocols. 
Camera trapping is currently widely applied and its use and applications are only increasing. Given the 
lack of standardized protocol, as is available for other well-established inventory methods (e.g., aerial 
inventory, snow-tracking), it would greatly advance the quality and reliability of camera trapping 
methods, if best practices were consolidated into a standard protocol. This need has been recognized 
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elsewhere and is currently being conducted by the Government of Alberta (Laura Finnegan pers. comm. 
2019). 

7 Improve Forest Planning Design and BMPs for Moose. 
Gap: Moose response to some commonly employed best management practices is not clear.  
 
Consider using this review and other publications and documents as a starting point to update forest 
planning design and best management practices for moose. 
• Evaluate Effectiveness of Retention Patches for Moose. 
Assess whether existing retention patches function for moose by providing habitat connectivity, forage, 
or thermal cover. 
• Compartment-scale planning for thermal cover 
Determine links between forest stand characteristics, patch size and connectivity to maintain thermal 
cover for moose. 
• Shifting Tree species Composition into Commercially Viable Stands. 
Investigate co-management strategies and scenarios wherein moose browsing and suppression of 
deciduous species can be employed to produce commercially viable stands.  
• Impact of Mechanical Site Preparation on Browse Species. 
Determine the scale at which mechanical site preparation techniques are most detrimental to the 
establishment of moose browse species within home ranges, especially on winter ranges. This 
information can potentially be assembled via a literature review. 

8 Mountain Pine Beetle Effects on Available Moose Habitat and Forage.  
Gap: There is a lack of literature on moose response to mountain pine beetle. 
 
• Moose Response to MPB. 
Determine the effect of MPB infestation on moose forage availability and use of habitats, e.g. increased 
predation risk. Assess the relationships between moose and MPB disturbance over time at the 
landscape scale in both naturally regenerated (control) and managed forests (i.e. salvage logging). 

9 Landscape Scale Criteria for Moose Cumulative Effects Assessments. 
 
When conducting cumulative effects assessments for moose, consider the following criteria in addition 
to guidelines for special areas of concern (e.g. calving sites, aquatic feeding areas, winter range) that 
characterize the following landscape scale effects on moose habitat:  
• Reduction of forage biomass on herbicide treated cutblocks. 
• Linear infrastructure associated with logging, especially salvage logging, increasing access to 

habitats for predators and hunters. 
• Reduced cover due to disturbances reducing winter movement ability and escape and thermal 

cover. 
• Disturbances increasing forage availability (i.e., fire, cutblocks, potentially MPB). 
• Climate change in areas that are at the maximum tolerance of moose to heat (>27˚C) during the 

summer. 
• Landscape level forest age class distribution relative to expected (i.e., NRV), with special 

consideration to the negative relationship homogeneous landscapes (mature forests lacking species 
diversity) have on moose population growth. 

• Landscape scale barriers to movement (e.g., major highways, mountain ranges). 
• Migratory routes. 
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