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ABSTRACT

There is an expansive network of roads in Algonquin Provincial Park (APP) to
facilitate forestry resource extraction. This leaves a research need for examining how the
logging road network in APP affects the large mammals, and what local-level and
landscape-level variables influence that use. Local-level data was collected directly at
observation points, and landscape-level data was produced from ArcGIS for 40km?,
80km?, and 130km? buffer areas. The objective of my study was to look at the use of
primary and branch logging roads by five large mammal species in APP, and determine if
landscape-level variables had an influence on the level of movement and utilization. The
five species included moose, white-tailed deer, American black bear, eastern wolf and
coyote. My null hypothesis (Hy) states that there will be no difference in large mammal
use between the primary and branch logging roads within APP and that local- and
landscape-level variables will have no influence on them; my alternative hypothesis (H;)
states that there will be less large mammal activity on the primary logging roads, more
large mammal movement on the branch logging roads and local- and landscape-level
variables will influence this use. Tracking was done by vehicle on six transects across
the park for three repeated surveys where species identification and local-level variables
were recorded. Landscape-level variables were acquired through GIS analysis in the lab.
Based on the results from the local-level data, branch and primary logging road use
differed in composition, though no significance was found between the use by large
mammals for these two types of road. Through generalized linear models, specific
combinations of landscape-level variables did influence large mammal movement on the
primary and branch logging roads within three habitat range scales (130km”, 80km?, and
40km?). The most significance was seen at the buffer of 40km” on the branch logging
roads, with the variables road density (p < 0.01), percent forest cover (p = 0.04) and
topographic ruggedness (p < 0.01) all having a strong impact on large mammal
movement. The only significant findings for primary logging roads were also at the
40km” scale with percent forest cover (p = 0.03) and percent water cover (p = 0.02)
having an impact on large mammal movement. Overall, the landscape variables had
greater influence on branch logging roads that may be explained by the quality of the
surrounding habitat, as well as greater influence at smaller buffer scales. Further research
and monitoring of the large mammals in APP is recommended to expand on this
preliminary study. Greater understanding of the local- and landscape-level variables at
differing habitat ranges will assist in understanding these large mammal movements and
provide data to base logging road management on. As large mammals are wide-ranging
species, my study informs APP that their logging road network does not seem to hinder
the movements of this group of animals. Overall, the large mammals in APP did not
have any significant difference in their use of primary and branch logging roads of APP.
Further research has the potential to give greater understanding of the impacts of the
logging road network on the five large mammal species studied in APP. There is also the
potential for useful management strategies to emerge for large mammals in this park, and
how to incorporate human activities within their habitat while maintaining sustainable
populations.
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1.0 INTRODUCTION

As wildlife connectivity potentially decreases with the growing road network,
there is a greater need for habitat protection through parks and wildlife reserves. Many
protected areas are the only suitable habitat left for some species of wildlife, becoming an
important location for species preservation (Minor & Lookingbill, 2010; Naughton-
Treves et al., 2005). For Ontario Provincial Parks, the Provincial Park and Conservation
Reserves Act mandates that ecological integrity is the main value for their parks, and that
research, protection, education and recreation are the four main objectives of Ontario
provincial parks (Algonquin Provincial Park Management Plan, 1998; Provincial Parks
and Conservation Reserves Act, 2006) (Figure 1). The Acts first objective states:

“To permanently protect representative ecosystems, biodiversity and provincially
significant elements of Ontario’s natural and cultural heritage and to manage these
areas to ensure that ecological integrity is maintained.” (Provincial Parks and
Conservation Reserves Act, 2006, c. 12,s. 2 (1).)

Figure 1. The landscape of Algonquin Provincial Park. Photo credit Hillary Roulston.

Part of the issue with wildlife management on a global scale is the loss of habitat
connectivity, or increasing fragmentation of the natural landscape species rely on (Baggio
etal., 2011; Buchmann et al., 2013; Colchero et al., 2010; Kaphegyi et al., 2013; Morellet
etal., 2011). Connectivity is often key, especially for wide-ranging species such as large
mammals, whose metapopulations require movement between core areas of habitat for
survival (Alexander & Waters, 2000; Corlatti et al., 2009; Kindall & van Manen, 2007,
Lewis et al., 2011; Luque et al., 2012; Woodriffe & Ginsberg, 1998). The issue that is
being looked at in my research is whether APP can provide well-connected habitat for the



large mammals of the area, as the logging road network is extensive within this protected
area boundary (Algonquin Provincial Park Management Plan Amendment, 2013).

Logging roads can be examined within the framework of “road ecology”, and
how roads are playing a role in fragmenting habitat worldwide (Alexander & Waters,
2000; Beier et al. 2008; Clevenger et al., 2001a; Colchero et al., 2010; Ford et al., 2009;
Northrup et al., 2012; Shepard et al., 2007). Road ecology is the study of roads and their
interactions with the surrounding environment, from wildlife to vegetation, sedimentation
to chemical runoff (Forman et al., 2003). Roads have been around for millennia, but their
increase in density has emerged as a means for greater access for the growing human
population. From this expansion in the road network, road ecology developed as a way
to study the effects of roads on the surrounding environment, as they are now a prominent
and influential feature on the landscape (Corlatti et al., 2009; Forman et al., 2003; Glista
et al., 2009; Hochrein, 2008; Liviatis & Tash, 2008; Trombulak & Frissell, 2000).

Road ecology within APP is a point of interest since the park contains an
extensive logging road network (Algonquin Provincial Park Management Plan, 1998;
Roger et al., 2012; Selva et al., 2011). As the persistence of large mammals in this park
1s important to the overall ecosystem integrity, as well as the social and economic
components of APP, there is a desire to have a greater understanding of how the logging
roads in the park influence the movement and connectivity of these populations. Five
large mammals are studied in order to determine what local- and landscape-level
variables influence their use of both the primary and branch logging roads in APP.

1.1 Road Ecology and Fragmentation

Habitat fragmentation is increasing globally as human development, including the
road network, increases (Bissonette & Adair, 2008; Shepard et al., 2008). It is estimated
that one third to one half of the worlds landmass is already impacted by human activities
with little evidence of that slowing down or stopping (Bissonette & Adair, 2008). This
fragmentation can factor into species loss if it is severe enough and dissect critical
habitats into smaller patches (Alexander & Waters, 2000; Frair et al., 2008; Heilman et
al., 2002; Shepard et al., 2008). Fragmentation is also one of the most important factors
in native species loss and extinction (Corlatti et al., 2009). When trying to ensure the
persistence and existence of the charismatic mammals of APP, such as moose (4/ces
alces) and eastern wolves (Canis lupus lycaon), consideration needs to be taken of the
logging road network and its potential effects on those species (Grilo et al., 2008). Roads
have had increasing impacts on the ecosystems because of their increase in number,
density, and greater spread into previously untouched areas (Forman et al., 2003; Litvaitis
& Tash, 2008). In North America where the vast majority of land is within 1km of a
road, this is a pertinent issue as there are a wide range of ecological effects that roads
have on the ecosystems and species that live in them, well beyond the actual footprint the
roads cover (Bissonette & Adair, 2008; Litvaitis & Tash, 2008; Roger et al., 2011).

A mitigation measure for reducing this form of habitat fragmentation is to
construct wildlife-crossing structures such as over-passes or underpasses, in order to
provide some form of connectivity to the wildlife in a particular location (Corlatti et al.,



2009). It is difficult to determine the effectiveness of these structures, and
recommendations take the form of continued research to determine if populations are
being sustained at an indefinite survival rate. In the study by Olsson et al. (2008), the
authors looked at overpass use by moose and roe deer (Capreolus capreolus). Their
results found that use was different for the two species, that traffic volume affected their
use of the overpass, and that having fencing along the sides of the highway assisted in
filtering the wildlife to the overpass. There was also a noted time lag in overpass use as
the two ungulates became accustomed to its presence. Overall, habitat fragmentation
caused by roads is greater in areas with large highways with high volumes of traffic
compared to the logging roads of APP, but it is understood that density of the road
network plays a strong role in determining how fragmented a landscape truly is for a
group of species and not just the road width and traffic volume as the only influencing
variables (Forman et al., 2003).

Within APP, there is a vast network of roads. These roads exist for the purpose of
forestry resource extraction and to a much lesser extent, to facilitate recreation. Many
thousands of kilometers of logging roads are within the park that have the potential to
pose as a threat to the large mammals living there. This is the only exception for an
Ontario Provincial Park that allows logging to occur within the boundaries of a protected
area (Algonquin Provincial Park Management Plan, 1998). As logging is an on-going
practice within this park, the primary logging roads are active at all times, while branch
level logging roads are reopened during extraction and frequently blocked when complete
(Algonquin Provincial Park Management Plan Amendment, 2013). There is also year-to-
year movement of where the forest resource extraction takes place, in order to minimize
impact on the environment. This exception to the rule for Ontario Provincial Parks
creates a unique system to study how logging roads may affect large mammals.

With the logging roads creating fragmentation of APP forest, and the added
fragmentation of the logging itself, the large mammal community in APP may be
impacted in some way. When a native forest, such as APPs becomes increasingly
fragmented there is a change from an internally driven system to an externally driven one
(Heilman et al., 2002). There is also natural fragmentation in this system as the
landscape is covered with open water lakes, rivers and streams, as well as the natural
topography of the landscape (Algonquin Provincial Park Management Plan, 1998).
Consideration for both types of fragmentation will assist in our understanding of suitable
habitat for the large mammals in the park and if they utilize the logging roads for
movement.

Road networks have large impacts on the fragmentation of a landscape and the
wildlife populations (Frair et al., 2008; Grilo et al., 2008; Ritters & Wickham, 2003).
These impacts include both direct and indirect, and both positive and negative effects on
wildlife (Baggio et al., 2011; Lesmerises et al., 2012). These impacts include pollution of
sound, air, and light, wildlife-vehicle collisions, fragmentation, and alteration of
ecosystems functioning, such as water flow patterns, water quality and availability of
suitable habitat (Bissonette & Adair, 2008; Clevenger & Sawaya, 2010; Forman et al.,
2003). From research observing the effects of road networks on wildlife worldwide,



there are indications of correlations between species abundance and road density (Frair et
al., 2008). By focusing my study on the logging roads of APP, I have chosen to examine
a road ecology system that has been researched very little, in order to increase our
understanding of road ecology in many different ecosystems.

Looking into the direct negative impacts of roads would include the dangers they
pose for individuals trying to cross roads. Factors that play into wildlife-vehicle collision
rates are traffic volume, vehicle speed, driver awareness, animal speed, roadside
vegetation, time of day or year, habitat juxtaposition, landscape integrity, animal
abundance, and road width (Forman et al., 2003; Litvaitis & Tash, 2008; Olsson et al.,
2008). Within APP wildlife mortality is a greater concern on the highway 60 corridor
that runs 56km through the park, and less so on the logging roads where traffic volume is
low (Algonquin Provincial Park Management Plan, 1998). Ways to reduce wildlife-
vehicle collisions from occurring is to implement fencing along highways, which often
works best in conjunction with crossing structures, as well as the implementation of
driver cautionary signs, slower speed limits and other human or animal behaviour-
changing device (Forman et al., 2003). Previous research has found that large mammals
tend to be particularly vulnerable to roads as their home ranges tend to be large (Forman,
2010; Forman et al., 2003; Kusak et al., 2009; Nicholson & van Manen, 2009).

Roads also have negative consequences on many species of wildlife through noise
pollution, light disturbance and emissions pollution, potentially causing indirect harm to
the health and well being of animal and plant species living in affected areas (Forman et
al., 2003). Highways will have higher levels of these types of disturbances since the
traffic volume is generally higher and streetlights are placed more frequently on these
roads (Cserkesz et al., 2013; Leblond et al., 2013). On the other hand, the logging roads
in APP have almost no streetlights present (some at the entrances off Highway 60) and
the traffic volume tends to be low as the forest industry, park staff and other authorized
vehicles are the only permitted vehicles on these roads. Noise pollution may be a strong
deterrent for the large mammals of APP where forest extraction is currently taking place
due to the heavy machinery and trucking present in those areas. As APP is large, and the
area in which logging takes place is minimal, it is expected that these species have the
ability to move away from these areas of disturbance into other areas of suitable habitat
(Algonquin Provincial Park Management Plan, 1998; Clevenger et al., 2001b).

Conversely, road networks may have a positive influence on some species
(Forman et al, 2003). It may provide relief from predation for prey species when their
predators will not approach areas with roads, such as deer species that can escape
predation by wolves (Canis lupus), bears (Ursus sp.), or other predators by foraging there
(Bowman et al., 2010; Clevenger et al., 2001a). Roads may also provide easy passage
and access to new habitats and act as travelling corridors for large-ranging species, such
as those movements observed of wolves and moose (Bowman et al., 2010; Lebel et al.,
2012; Lesmerises et al., 2012). Highways, country roads and logging roads may also
provide the necessary edge habitat or forage material required for some niche species
(Beyer et al., 2013). Specifically one can look at the berry growth on the edges of roads
that attracts American black bears (Ursus americanus) and grizzly bears (Ursus arctos)



(Clevenger et al., 2002; Northrup et al., 2012). Greater deciduous growth is also found in
recently logged areas and along roadsides, providing an abundance of desirable forage for
herbivores, in turn attracting predators to those areas to hunt their prey with greater
probability of success. As moose and white-tailed deer (Odocoilieus virginianus) move
to these foraging locations, wolves also migrate to these areas as their prey are in higher
densities (Bowman et al., 2010; Nikula et al., 2004).

My research specifically examines the use and effects of primary and branch
logging roads on the large mammals of APP. Primary logging roads are wider than
branch logging roads, and tend to have higher maintenance, as they are kept functional at
all times (Algonquin Provincial Park Management Plan, 1998). Most research studying
mammals and roads examine the effects highways and areas with high road densities, or
logging roads within the boreal forest (Alexander & Waters, 2000; Ascensao et al., 2013;
Beckmann et al., 2010; Bowman et al., 2010; Clevenger et al., 2001b; Grilo et al., 2008;
Gurratxaga et al., 2010; Kusak et al., 2009; Olsson et al., 2008). The logging roads in
APP are unique as they are within the Great Lakes-St. Lawrence forest region within a
protected area (Algonquin Provincial Park Management Plan, 1998). This research hopes
to fill some gaps in logging road ecology in a more mixed forest, and by examining not
only a single species of large mammal, but by looking at both carnivore and herbivore
species. This is important because high priority in protected areas goes to conservation
and preservation of their wildlife and maintaining ecological integrity (Algonquin
Provincial Park Management Plan, 1998; Ontario Parks, 2013; Parks Canada, 2013).

Secondly, APP allows resource extraction in two ways, through logging and
hunting, which makes it a fairly unique protected area that still requires sustainable
populations of their large, charismatic animals. It should be noted that hunting is
permitted by the Algonquins of Ontario on the east side of the park and by the public in
the townships of Burton, Clyde, and Eyre, therefore restricting the impact to the large
mammals in the park (Hunting Regulations 2013-2014). This leaves the potential impact
of logging roads, so gaining greater knowledge of how their large mammals react to
primary and branch logging roads, park managers will have a better understanding of
their ecosystem and how to balance between habitat suitability, wildlife protection,
providing great visitor experience, and sustainable resource extraction.

1.2 Habitat Connectivity and Wildlife Ecology

Habitat connectivity is important for population survival, as genetic diversity is
important to any species of plant or animal (Corlatti et al., 2009; Luque et al., 2012).
This is particularly important for species that have large home-range requirements, longer
dispersal distances, and widespread populations that require new genetic input from time-
to-time. Connectivity is especially important in the world today, since habitat
fragmentation is a prevalent issue as discussed in the previous section (Caro et al., 2009;
Chetkiewicz and Boyce, 2009). By promoting and maintaining connectivity, there is a
better chance for higher biodiversity and resilience in a given ecosystem (Baggio et al.,
2011; Minor & Lookingbill, 2010). Accompanying this will be a higher tolerance and
elasticity to changing dynamics and disturbances, therefore allowing greater species
persistence over the long term, and perhaps a better chance at adaptation and survival



under the influences of current and future challenges (Molles & Cahill, 2008; Worboys et
al., 2010).

Many types of connectivity enhancements have been used and established all
around the world (Clevenger et al., 2002; Forman et al., 2003; Glista et al., 2009;
Kaphegyi et al., 2013; Mata et al., 2008). Some are large, expensive, dramatic
undertakings such as wildlife overpasses built over large highways to protect both
wildlife and humans from vehicle collisions. Underpasses are another method for
reducing road impacts on wildlife that tend to be less expensive and useful to a wide
range of species. They may also consist of culverts laid under the road or a bridged river
valley, leaving it open to wildlife movement. Another tool used to guide wildlife to
suitable crossing areas is fencing, which has been shown to provide greater safety to both
humans and large mammals along highways in North America and Europe (Ascensao et
al., 2013; Clevenger et al., 2001a; Leblond et al., 2007; McCollister & van Manen, 2010).
On a smaller scale, vegetation changes such as cutbacks or restoration can be used to
assist mammal crossing on smaller, less-used roads by providing areas of preferred
habitat, and encouraging crossing at those locations (Forman et al., 2003; Grilo et al.,
2008; Witt et al., 2012). One other tool that can assist in safer crossing for species is the
use of signs as warnings to drivers on the roads (Forman, 2010; Sherwood et al., 2002).
Most often it is suggested that signs be used in conjunction with other methods of road
connectivity. In fact, using multiple methods of providing connectivity for wildlife and
increasing safety for vehicle drivers may be the most beneficial in the long run for high-
use roads (Forman et al., 2003).

One initiative that has emerged in the last decade is the Algonquin to Adirondacks
connectivity plan (A to A, 2012). The goal of this endeavor is to provide connectivity
between these two core habitat areas to improve the conservation of North American
wildlife. This is a similar idea to the Yellowstone to Yukon Conservation Initiative that
strives to provide large, landscape-level connectivity by creating viable corridors between
two distant protected areas (Y2Y, 2013). It was due to our greater understanding of the
importance of habitat at a larger scale that these initiatives, and others on smaller scales
were initiated.

To examine APP at the landscape level, I specifically chose road density as a
landscape variable as many large mammals react to this measure of human impact (Beyer
et al., 2013; Bowman et al., 2010; Fahrig & Rytwinski, 2009; Forman et al., 2003; Lugo



& Gucinski, 2000). Besides road density my study will also look at how forest coverage
factors into the predictability of large mammal presence on the primary and branch
logging roads of APP. I would expect that areas with larger contiguous forest would
have more evidence of mammal presence, as many species prefer the safety and resources
heavy forest cover can provide (Bowman et al., 2010; Kaphegyi et al., 2013; Kindall &
van Manen, 2007; Lewis et al., 2011). Water cover is also examined, and may influence
the presence of species on the roads as it may increase access to water as a necessary
element of survival, including moose, which prefer aquatic habitats during the summer
(Puttock et al., 1996) (Figure 2). Topographic ruggedness index (TRI) is the last
landscape-level feature to be looked at, and as roads are constructed based on
topography, there may be a correlation between road location and topography, as well as
predicting that the wildlife may also utilize those areas as the topography allows for
easier movement (Acevedo et al., 2011; Lesmerises et al., 2012; Roger et al., 2012).

A Y
in Provincial Park. Photo credit Hillary Roulston.

Figure 3. Moose along highway 60 in Algonqu
To take the concept of ecology to a narrower scale then that of community

ecology or landscape-level ecology I focus into the concept of individual species ecology.
Specifically, my current study focuses on the presence of large mammals on APP primary
and branch logging roads. A total of five large mammal species were observed in the
study and included: American black bear (Ursus americanus), coyote (Canis latrans),
moose (Alces alces) pictured above in Figures 2 and 3, white-tailed deer (Odocoileus
virginianus), and eastern wolf (Canis lupus lycaon). By knowing habitat selection
characteristics for each species and a grasp on their movement behaviour an overall
understanding of why they use or would not use the primary and branch logging roads of
APP could be determined (Williams et al., 2011). A landscape-level approach to
conservation and restoration has become key to a better understanding of large mammal
ecology. Although my current study is working within the bounds of a protected area, it
is important to know that there are many different designated areas for different uses
within this park through park zoning as discussed in further detail in Section 3.1, making
landscape scale data important for this analysis (MacPherson & Bright, 2011).

Suitable habitat for these mammals generally involves the best forage available to
them while taking into consideration predation, anthropogenic disturbances and ease of
movement (Beyer et al., 2013; Boan et al., 2011; Bowman et al., 2010; Lebel et al., 2012;
Masse & Cote, 2012; Nikula et al., 2004; Puttock et al., 1996). Each species has



requirements for survival, which generally dictate movement and habitat use. The
following table (Table 1) summarizes key characteristics of the large mammals from this
research by describing how they are affected by different types of disturbances and
habitat features.

Table 1. Outline of the five studied mammals and the different variables that have some potential influence
on them, based on previous literature. (+) This symbol indicates a positive correlation, (-) this a negative
correlation, and (=) this indicates a neutral correlation. Note that road density is an issue of higher traffic
levels and human encounters, rather than causing hunting increases in these studies.

Species

Important Variables

Description

Sources

American Black
Bear (Ursus
americanus)

Coyote (Canis
latrans)

Eastern Wolf
(Canis lupus
lycaon)

Road density (-)

Road use levels (-)

Forest cover (+)

Marsh habitat (+)
Human development

(-/+)

Human disturbed
areas (=)
Wolf extirpation (+)

Logged landscapes
(+)

Road density (-/+)

Human development

¢)

Prey density (+)

Greater road cover, less likely to see bear
movement.

More traffic causes bears to stay further
away.

Greater forest cover promotes suitable bear
habitat.

Suitable bear habitat when marsh is
present.

Anthropogenic development causes bears
to move away from the area, though
campgrounds may have an opposite effect.

Areas with human disturbance may deter
use by coyotes.

When wolves are not present, coyotes can
move into that niche and find suitable
habitat and prey.

Recently logged areas promote young
herbaceous growth, which draws prey in, a
food source to the coyote.

Wolves will utilize roads for ease of
passage, but they may also avoid them,
especially if traffic levels are high.

Wolves tend to avoid areas with higher
human development.

Wolves will migrate towards areas where
their prey density is highest.

Cushman & Lewis,
2010; Trombulak &
Frissell, 2000
Cushman & Lewis,
2010

Cushman & Lewis,
2010; Frary et al.,
2011; Kindall & Van
Manen, 2007; Long
etal., 2011

Jones & Pelton, 2003

Cushman & Lewis,
2010; Long et al.,
2011; Government of
New Brunswick, n.d.
Boisjoly et al., 2010;
Kays et al., 2010
Boisjoly et al., 2010;
Kays et al., 2010

Boisjoly et al., 2010

Bowman et al., 2010;
Carroll et al., 2003;
Carroll et al., 2000;
Houle et al., 2010;
Mech, 1995;
Mladenoff et al.,
1995; Trombulak &
Frissell, 2000

Argue et al., 2008;
Carroll et al., 2000;
Musiani et al., 2010;
Oakleaf et al., 2006
Carroll et al., 2003;
Cook et al., 1999;
Forbes & Theberge,
1996; Laviviere et
al., 2000; Lesmerises
etal., 2012;
Mladenoff et al.,
1995; Musiani et al.,
2010; Oakleaf et al.,




Moose (Alces
alces)

White-Tailed
Deer (Odocoileus
virginianus)

Linear structures for
movement (+)

Forest percent cover
(+)

Deciduous forest (+)
Coniferous forest (+)
Mixed forest (+)
Logged landscapes
(+)

Steep terrain (-)
Early successional
species (+)

Deciduous forest (+)
Anthropogenic
disturbance (-)

Road density (-)

Logged landscapes
(+)

Roadside vegetation

)

Early successional
species (+)

Anthropogenic
development (=)
Road density (-)

Deciduous forests (+)

Logged landscapes
(+)

Wolves may utilize road and streams for
ease of movement while foraging.

Greater forest cover provides protection
and cover for wolves.
Attracts common wolf prey, such as deer.

Provides appropriate habitat for wolf dens
and rendezvous sites.

Mixed forest provides habitat for both
wolves and for their prey.

Opens the forest canopy to allow new
growth, which encourages deer and moose
to forage there, attracting wolves to the
area.

Difficult to move from place to place.
Provides great forage material.

Provides shelter, protection and forage
material.

Moose tend to avoid areas with higher
human disturbance.

Areas of high road density are generally
avoided by moose.

Recently logged areas provide great forage
from the new growth of vegetation.

Often young, herbaceous growth provide
moose with good forage.

A preferred foraging vegetation of deer.

Can provide both beneficial and
detrimental habitats.

High levels of roads in an area tend to be
avoided by deer.

Provides deer with appropriate habitat and
forage.

Recently logged areas encourages young
vegetation, a highly sought after vegetation
by deer.

2006; Vucetich et al.,
1997

Bowman et al., 2010;
Houle et al., 2010;
Latham et al., 2011;
Lebel et al., 2012;
Lesmerises et al.,
2012; McLoughlin et
al., 2011; Patterson
et al., 2004

Carroll et al., 2003;
Oakleaf et al., 2006
Bowman et al., 2010;
Musiani et al., 2010
Kolenesky &
Johnston, 2010
Kolenesky &
Johnston, 2010
Bowman et al., 2010

Carroll et al., 2006
Boan et al., 2011;
Bowman et al., 2010;
Puttock et al., 1996
Boan et al., 2011;
Bowman et al., 2010
Bowman et al., 2010

Bowman et al., 2010;
Houle et al., 2010
Boan et al., 2011;
Houle et al., 2010;
Latham et al., 2011;
Lesmerises et al.,
2012

Finnegan et al.,
2012; McLoughlin et
al., 2011

Boan et al., 2011;
Bowman et al., 2010;
Witt et al., 2012
Bowman et al., 2010

Houle et al., 2010

Boan et al., 2011;
Bowman et al., 2010
Boan et al., 2011;
Boisjoly et al., 2010;
Witt et al., 2012

Some animal species are more adaptable to situations and new scenarios than
others. White-tailed deer and coyotes are flexible and adaptive species that can live in



rural and urban areas across North America. On the other hand, American black bears,
eastern wolves and moose can live successfully in areas of moderate disturbance (Table
1). To further understand large mammal use of habitat, examination of home range size
can provide more insight into these species’ lives. The following table (Table 2) provides
a summary of approximate sizes of home ranges for the five large mammals of this study.
These data were collected from previous research, and potentially allow us to understand

large mammal use of habitat and how far they are willing to migrate to find suitable

habitat.

Table 2. Sources of reference for home-range sizes of the six large mammals studied in Algonquin
Provincial Park. *Average homeranges of each species: American Black Bear (88km?), Coyote (38km?),
Eastern Wolf (284km?), Moose (186km?), and White-Tailed Deer (3km?).

Species Home Range Size Description Sources
American Black Bear ~100km” Breeding areas in Algonquin Inglis et al., 1998
(Ursus americanus) Provincial Park, Ontario.

4 — 126km> Female bears in Ocala National Moyer et al., 2007
Forest, Florida.
28km’Female Male and female ranges from North- Wooding &
170km*Male Central, Florida. Hardisky, 2001
Coyote (Canis latrans) ~ Up to 26km’ Average of resident and transient Gehrt et al., 2009
coyotes from Chicago, Illinois.
Up to 57km? Coyote home-ranges from the Howard & DelFrate,

Average 30km?

Northern Chihuahuan Desert.
Eastern coyotes from an urbanized
area, Cape Cod, Mass.

1991
Way et al., 2002

Wolf (Canis lupus)

Up to 500km”
Average 201km?

Average 1 50km?

Based on a Ontario level of study.
From grey wolves in Poland.

Daily movement of wolves from
Dalmatia, Croatia.

SARA, 2013; SBAA,
2005

Jedrzejewski et al.,
2007

Kusak et al., 2005;
SBAA, 2005

Moose (Alces alces) 3.6 — 92km” Based on globally ranged studies of  De Bord, 2009
moose from the University of
Michigan.
13 — 26km? Male and female moose from Cederlund & Sand,
Sweden. 1994
40 — 942km? Female moose in the Northwest Stenhouse et al., 1995
Territories, Canada.
White-Tailed Deer ~1km® Fragmented urban habitat near Piccolo et al., 2000
(Odocoileus Chicago, Illinois.
virginianus) 3 — 7km’ Comparison between two protected  Sargent & Labisky,
areas in Florida. 1995

1.3 Land Management
Following from species-specific ecology is a move into land management as
another focus of this research. Understanding how ecosystems function and how the
mosaic of a landscape interacts is key to knowing how to manage it (Chetkiewicz &
Boyce, 2009; DeFries et al., 2007; Kindall & van Manen, 2007). There are different
areas of thought for land management and where they fit in; such as natural resource
extraction, conservation, and development. Over the last century greater concern for
protecting land emerged, and consideration for conservation of other species emerged as
well (Dearden & Rollins, 2009; Lockwood et al., 2006). At first the concept was in the
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form of game reserves and hunting forest for the wealthy, but as time moved forward,
conservation for the preservation of life and protection from human disturbance became
the main force in land management.

Land management is a tool used by humans to conserve, extract, and utilize
resources. Management of natural resources has been used as a reason to protect areas of
land, such as APP for forestry preservation and headwater protection (Algonquin
Provincial Park Management Plan, 1998). Land management is important in many of
areas, but management of the landscape within a protected area is especially of concern
as a variety of activities can take place within the borders of a single space.

1.4 Protected Areas

Since the late 1800’s, an understanding for protecting important and scenic pieces
of land was desirable (Dearden & Rollins, 2009; Lockwood et al., 2006). It began with
some of the world’s most renowned parks of today, such as Yellowstone National Park in
Wyoming, USA and Banff National Park in Alberta Canada. Since their inception, parks
were being formed all over the world, and have been increasing ever since. This
dramatic shift in land management was instigated because of our growing human
population and subsequent higher use of the world’s natural resources and a greater
appreciation for what natural areas can represent to us as humans (D’ Antonio et al., 2013;
DeFries et al., 2007; Minor & Lookingbill, 2010; Naughton-Treves et al., 2005; Roever et
al., 2008).

In recent years, there has been growing concern over the loss of key habitat and
wildlife. Due to this concern protected areas began to be established, frequently in
systematic ways, such as the National Parks Systems Plan of Canada, where at least one
park is to be established in each of the 39 defined eco-regions of the country (Parks
Canada, 2013). At the international level the International Union for Conservation of
Nature (IUCN) has brought together the protected areas from many countries by
establishing criteria for which a protected area can fit in to (IUCN, 2013; Lockwood et
al., 2006). The classifications that the [IUCN established include: 1a strict nature reserve,
1b wilderness area, 2 national park, 3 natural monument or feature, 4 habitat/species
management area, 5 protected landscape/seascape, and 6 protected areas with sustainable
use of natural resources. For Ontario Provincial Parks, they are also created to provide a
system of protection by including representative ecosystems in the province, both
naturally and culturally, in order to maintain biodiversity, and to provide recreation that is
sustainable, compatible and ecologically sound (Provincial Parks and Conservation
Reserves Act, 2006).

Protected areas have had a strong role in research that is trying to determine if
there is a connection between their existence and the sustainability and conservation of
the world’s biodiversity (Giam et al., 2011; Naughton-Treves, 2005). The size of a
protected area has an effect on the ability to conserve biodiversity, as it takes into account
edge effect and the size of the core area with less human disturbance (Molles & Cabhill,
2008; Smith & Smith, 2009). This is particularly key for large-ranging mammals that
require large, relatively undisturbed home ranges for survival (Fahrig & Rytwinski, 2009;
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Kusak et al., 2009). There is also the question of connectivity between protected areas,
and a move towards networks of protected areas with corridors between them (Minor and
Lookingbill, 2010).

There is an economic component with almost everything in today’s society, and
protected areas are no different (Dixon and Sherman, 1991). There is a large gap in
adequate funding for protected areas and it has been seen in the 2012 cutbacks at the
national and provincial level of parks in Canada and Ontario respectively (Ontario Parks,
2013; Parks Canada, 2013). Many parks around the world acquire a great deal of their
revenue from visitor user fees, which in turn has its ramifications for the potential
degradation of ecological integrity for these protected areas. For Canadian and Ontario
parks, both systems have stated that ecological integrity is of highest priority to their
parks, but with recreation and visitor use potentially driving the system, it may be put to
the side as the more financially benefitting socio-economic aspects of visitor revenue
takes the place as first priority in reality (Algonquin Provincial Park Management Plan,
1998; Dixon & Sherman, 1991).

As stated above, all aspects of protected areas are important to consider from the
ecological to the social and economic. It is up to each protected area to strike a balance
between these facets of park management and realize the benefits and consequences. For
APP specifically, balance for ecological integrity must be met with resource extraction,
recreation, and financial stability.

1.5 Land Management in Protected Areas

Land management is just as important inside protected areas as it is outside of
them. Surrounding land may be important for human survival by providing the essentials
for life, while protected areas provide their own set of important ecosystem services
(DeFries et al., 2007). Some of the human-based services fall into areas, such as
recreation, health benefits, spiritual sustenance, and a connection with nature (Gies,
2006). Algonquin Provincial Park has some of the highest visitor levels of any of the
parks in Ontario and Canada, and provides many of these services people desire
(Introduction to Algonquin Park, 2005). Since APP is such a large area of land with the
allowance of forestry resource extraction within its boundaries, and is the host to so many
visitors every year, there is a great deal of importance riding on suitable management
plans to ensure its ecological persistence into the foreseeable future.

Protected areas in many places around the world have key goals and management
practices in mind. Ecological integrity has become the key term for Ontario Parks with it
encompassing the primary mandate of management for these parks (Ontario Parks, 2013).
Connectivity, buffers around the parks and core areas protected from as much human
activity as possible are frequently the model used today to provide the greatest amount of
protection to these parcels of land, including APP with its zoning (Gurrutxaga et al.,
2010). Algonquin Provincial Park is made up of different zones to permit certain
activities in some areas and restrict them in others (Algonquin Provincial Park
Management Plan, 1998). There are seven zone types across the park consisting of
nature reserve, wilderness, natural environment, historical, development, access and
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recreation/utilization zones. Each has a purpose and a set of rules that control the use
throughout the park, creating a series of management tools to assist in overall land
management (Further detail within Section 3.1 Study Area, Table 4).

A tool frequently utilized in protected areas management are signs to deter or
restrict access to key ecological areas in order to prevent disturbance and destruction of
that habitat (Hunt & Hosegood, 2008). In the study by Hunt and Hosegood (2008), the
authors examine how effective signs are in restricting the access of vehicle traffic on
seasonal forest roads, much like the road use in APP, which is seasonally accessible or
permanently restricted. This study found that signs were effective at reducing some
vehicle use, but not all, therefore not having the desired results that would be necessary to
protect critical habitat. As APP uses multiple strategies to prevent entry, such as locked
gates, signs, and berms they may have greater success in keeping unwanted access out of
their important habitats than other protected areas even though they contain this vast
network of logging roads, which may in turn decrease the fragmenting effects of the
logging roads to the large mammals there.

1.6 Logging in Protected Areas

Logging within protected areas is a controversial subject. The majority of
protected areas in Canada are not subject to logging practices and other forms of resource
extraction (Parks Canada, 2013; Provincial Parks and Conservation Reserves Act, 2006).
In Canada, APP is one of the very few protected areas that allows logging to occur
(Friends of Algonquin Park, 2013). Logging has historically been practiced in APP
before it was protected by the Ontario provincial government. Though this form of
resource extraction still occurs today, a great deal of change has occurred as to how it is
done. About 1% of the parks forest is currently extracted each year and the majority of it
is done through a selective harvest method in order to maintain a functioning ecosystem,
as its intention is to mimic natural disturbance (Guitete et al., 2012; Inglis et al., 1998;
Simard & Fryxell, 2003; Tozer et al., 2012).

In a study conducted in APP by Simard and Fryxell (2003), they discovered that
sugar maple (Acer saccharum) produced more seeds in areas that had not been logged
within the last 90 years. This indicates some change in forest structure, even where
selective harvest is the form of forestry used. In this case the sugar maple may prefer a
later successional forest than those soon after logging in an early successional state. The
logging practices within the park also affect the soil nutrients by disruption and
disturbance to the upper soil layers. The Simard and Fryxell (2003) study also found that
in undisturbed stands of sugar maples there were higher numbers of arthropods since
there was greater access to seeds for forage. In turn the deer mouse (Peromyscus
maniculatus) that fed off of the arthropods was also more abundant in these undisturbed
sites. On the other hand the eastern chipmunk (7amias striatus) seemed to prefer the
more recently disturbed sites as it provided them with high variation in ground vegetation
for forage. In this case, the effects of logging on species in the park were both positive
and negative in nature, depending on the species it affected. This can also be seen with
the large mammals of APP as logging can both deter species presence, such as with
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American black bears that prefer greater canopy cover, or it could create ideal habitat for
other species, such as white-tailed deer and moose that forage on the young, new growth.

One aspect of logging is the need for road access into the logging sites (Figure 4).
By introducing this disturbance, it does in fact fragment the landscape quite effectively
and quickly as the logging moves from one site to another (Lugo & Gucinski, 2000).
There is evidence in South America that as the roads are widened, it creates a barrier to
large carnivore movement and increased access for more anthropogenic disturbances
(Colchero et al., 2010). This may not be as pronounced in APP, since Ontario
Legislation (Provincial Parks and Conservation Reserves Act, 2006) has greater
enforcement over protecting the landscape than in some other countries, but the logging
roads into the park do provide potential access to the public who may wish to hunt,
extract resources or just visit the park in a manner that is not encouraged.

Figure 4. Primary logging road within Algonquin Provincial Park. Photo credit Hillary Roulston.

Overall, logging within a protected area, such as APP, is an uncommon practice
that brings along land management issues and benefits (Algonquin Provincial Park
Management Plan, 1998; Ontario Parks, 2013; Parks Canada, 2013). This research, with
its focus on large mammal movement and use of the primary and branch logging roads in
APP, will help to broaden the scope of understanding for road ecology at this scale and
location.

1.7 Road Monitoring Studies

As was gleaned from earlier details, road ecology is a recent field of study (Fahrig
& Rytwinski, 2009; Forman et al., 2003; van der Ree et a., 2011). The expanding human
population drives the demand for new development, and new development cannot be
achieved without the construction of roads. This is also the case when obtaining
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resources and having access to new resources, such as the logging practices in APP,
spreading the road network further. This is not always the case though, as many of the
logging roads can be reopened and utilized again every 20-30 years are forestry
extraction moves within the park.

To be specific toward this particular case study, APP is one of the only protected
areas in Canada to allow legal logging operations within its boarders (Friends of
Algonquin Park, 2013). Logging operations require extensive road building to have
access to the forests resources. In the case of this park there are the three types of
logging roads that are used (primary, branch and tertiary) in order to meet the needs of
forestry extraction processes (Algonquin Provincial Park Management Plan, 1998). It is
the primary and branch roads that are the focus of this study making road ecology a
primary point of view for observing the large mammal movement on these roads, much
like these following studies.

Foote and Keeping (2007) from the University of Alberta conducted a study in the
Kalahari ecosystem of Africa using mammalian tracking on 15 different transects that
were between the ranges of 5-20km in length. They conducted a survey of each of these
transects with a rake attached to the rear of the vehicle to erase the tracks already
recorded. Each transect would then be analyzed again after 24 hours time. During their
study period, 150km of road transect to a maximum of 600km was covered. They
tracked on sandy roads of variable lengths in order to have high track visibility. Their
vehicles were driven at approximately 10km/hour, and four trackers were within the
vehicle to each have assigned tasks to carry out. This study was part of an overarching
plan to enhance biodiversity monitoring in the Kalahari and gives a basis to
understanding viable road-tracking methods.

D’Eon et al. (2006) is a paper that gives guidelines for winter tracking of
ungulates, based in the mountainous regions of the west coast of North America. The
authors refer to small transects as being <1000m in length, and larger transects for
tracking ungulates as being >1000m in length. Using these standards that were created in
D’Eon et al. study, the research for this study has transects that are on the larger scale,
between 16 and 20 kilometers long, for monitoring the large mammals of APP.

Ward et al. (2004) gives multiple methods for tracking different groups of
animals, including large mammals as their own separate group. In general, the authors
give multiple reasons for why indirect tracking of these large mammals is better than
direct tracking, and they include: “(1) they can be difficult to see in forest habitat, (2)
aerial surveys are not suitable for all species, (3) misidentification can be common from
aerial surveys, and (4) indirect studies can be conducted at any time of day and are not
dependent on times when levels of animal activity is high.” A less invasive way to track
mammal presence is by using tracks and scat as evidence (See Figure 5). The types of
transects that Ward et al. (2004) used are 100m tracks laid out and walked in both
directions with markers every 20m. Each 20m section was looked at individually and
any tracks or scat within those points was recorded.
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Figure 5. Moose track Algonquin Provincial Park. Photo credit Hillary Roulston.

In a review paper by Fahrig and Rytwinski (2009) the authors go into a detailed
summary of road ecology literature that was available to date. Road ecology had become
an important topic by this time, and they were able to review 79 journal articles, record
30 species groups that were studied, and find a total of 131 individual species. They took
the main results from all of these studies to provide a useful tool to the scientific
community with the core concepts and findings from the library of literature on road
ecology. In most of the case studies, the research examined direct and indirect impacts of
roads on wildlife species, but many did not take the perspective of landscape ecology, or
approach animal and road encounters on logging roads.

Overall, road ecology is growing, and specifically looking into a logging road
network within a protected area is a gap in the research that needs to be addressed. For
this, my research will begin to fill this gap with the large mammals of APP and how they
relate to the primary and branch logging roads.

1.8 Hypotheses

My null hypothesis (Hy) states that there will be no difference in large mammal
use between the primary and branch logging roads within Algonquin Provincial Park and
that local- and landscape-level variables will have no influence on them. My alternative
hypothesis (H;) states that there will be less large mammal activity on the primary
logging roads in Algonquin Provincial Park, and more large mammal movement on the
branch logging roads and local- and landscape-level variables will influence this use.
The literature examining this or a similar question tend to lean towards the alternative
hypothesis, that lower-use roads see greater use and crossing frequencies than larger
highways do, so in this case it is expected that the primary logging roads will have less
wildlife use, as traffic levels are slightly higher (Beyer et al., 2013; Forman et al., 2003;
Leblond et al., 2013; Northrup et al., 2012).
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1.9 Purpose, Objectives and Relevance of This Study

The overall purpose of this study is to determine how large-sized mammals utilize
APP logging roads, and what variables may factor into these movements. There is also
further examination for distinction between two layers of logging roads within the park,
primary logging roads or branch logging roads and how local- and landscape-level
variables may influence large mammal presence. Primary logging roads are no wider
than 13.7m, tend to be well maintained, have gravel as their main aggregate, and have
regular grading of their surfaces (Algonquin Provincial Park Management Plan, 1998).
Branch logging roads are built no wider than 9.1m, overall tend to be smaller in width
than primary logging roads. Some maintenance does occur on active logging roads, that
includes grading and gravel input. The level of road use by large mammals is determined
by total number of individual evidence located on the two logging road types and if
difference in use is significant or not.

The two main objectives of this study are as follows: (1) to determine if there is a
difference between primary and branch logging road use by large mammals based on
their distinct features and surrounding habitat characteristics, and (2) to determine what
local-level features and landscape-level features influence logging road use by large
mammals in APP.

Connectivity of habitat for wildlife species, particularly those that have wide-
ranging territories, is important for their survival (Alexander & Waters, 2000; Bowman et
al., 2010; Colchero et al., 2010; Garcia-Rangel & Pettorelli, 2013; Grilo et al., 2011;
Kaphegyi et al., 2013; Kusak et al., 2009; Lesmerises et al., 2012; Lewis et al., 2011;
Long et al., 2011; Nicholson & van Manen, 2009; Woodroffe & Ginsberg, 1998). This
creates a relevant area of research to examine the connectivity of large mammals in APP,
and how the logging roads may or may not be hindering their movements and overall
population stability.

There is a strong need for studies to be conducted on logging roads that do not
focus within the boreal forest, with further intent to study how they effect mammalian
species movement and survival. A great deal of recent literature is available on highway
mitigation strategies for many groups of wildlife, including mammals, reptiles, birds,
amphibians and invertebrates (Acevedo et al., 2011; Buchmann et al., 2013; Fahrig &
Rytwinski, 2009; Forman et al., 2003). There has also been forest roads research, but
these studies tend to focus on the impacts of the roads on wildlife populations in the
boreal forest or in mountainous terrain (Lesmerises et al., 2012; Lewis et al., 2011;
Madej, 2001). This leaves a key gap in our knowledge on the effects of logging roads on
the mammals in the Great Lakes-St. Lawrence forest region, and how these logging roads
might effect their movement and use of habitat. Research in this area will be important
for filling this gap in logging road ecology for the mixed forests of APP and how
potential wildlife management strategies can be created if needed for a greater
understanding of their use or non-use of the primary and branch logging road network in
this park.

17



2.0 METHODS
2.1 Study Area

My research is based in Algonquin Provincial Park, Ontario, Canada (N 45°30°
W78°40’), which is a protected area 763,459 hectares in size in the central area of the
province and is classified as a natural environment park under the Ontario Parks class list
(Ontario Parks, 2013). This park is renowned for its vast forests and thousands of lakes
that are frequently canoed. Camping, recreational activities, forestry resource extraction
and hunting all take place within the park boundaries, and is thought of as a multi-use
park that fits all of these uses by time and space separation (Algonquin Provincial Park
Management Plan Amendment, 2013). It is the forestry activities that are of key interest
to this particular study, as this activity requires a vast network of roads in order to gain
access to the interior forests of the park. Many kilometers of logging road exist within
APP as a reminder that forestry is an ongoing practice within this renowned protected
area (Algonquin Provincial Park Management Plan, 1998) (See Figures 7-12).

The overall designation of this park by the IUCN is Category IV or a
Habitat/Species Management Area (IUCN, 2013; Ontario Parks, 2013). This park is also
further divided into seven zones at the provincial level, where differing activities are
permitted, and one zone that is unique to APP. These zones include nature reserve,
wilderness, natural environment, historical, development, access points, and
recreation/utilization zones where forestry resource extraction is permitted to take place
(Table 3) (Algonquin Provincial Park Management Plan Amendment, 2013).

Table 3. Proportions of zoning within Algonquin Provincial Park, showing direction of change in area
from previous management plan zoning (+ increase in size, - decrease in size). Adapted from the
Algonquin Provincial Park Management Plan Amendment, 2013.

Zone Type Area (ha) 2013  Area (%) 2013 Change from 1988
Nature Reserve 51,462 6.8 +
Wilderness 104,792 13.7 +
Natural Environment 83,470 10.9 +
Historical 1,624 0.2 -
Development 22,502 3.0 -

Access 824 0.1 +
Recreation/Utilization 498,785 65.3 -

Total 763,459 100

Each of these provincial park zones permits different levels of activities and
human disturbance. Directly from the park management plan a Nature Reserve zone is:
any significant earth and life science features that require management distinct from that
in adjacent zones. This zone does not permit camping, with the exception of some
interior camping, and temporary facilities for management or research may be permitted.
The Wilderness zone is described as: wilderness landscapes of appropriate size and
integrity that protect significant natural and cultural features and are suitable for
wilderness experiences. The goal of this zone is to protect ecological processes as they
encompass large areas of the landscape. No railways, logging, buildings or hydro lines
are permitted in these areas, and any disturbances that do occur are generally natural,
such as wildfire, disease, insects, windthrow and wildlife disturbance. Natural

18



Environment zones are: aesthetic, natural and cultural landscapes in which there is
minimum development required to support low-intensity back-country recreational
activities. These activities include horseback riding, hiking, bicycling, canoeing, fishing,
backpacking, skiing, and back-country camping. The next zone, Historical: include(s)
any significant historical resources that require management distinct from that in
adjacent zones. This zone permits the continued existence of archeological and historical
evidence of human cultural within the park. Development zones provide the main access
to the Park and facilities and services for a wide range of day use and camping activities.
These facilities include offices, outfitters, access points, parkway corridors, concessions,
and administrative offices, as well as opportunities for day-use facilities and overnight
camping. Zones in the Access area: serve as staging areas where minimum facilities
support use of Nature Reserve and Wilderness Zones and less-developed
Recreation/Utilization, Natural Environment, and Historical Zones. Last of all is the
Recreation/Utilization zone that is of the greatest relevance to my research. It: includes
aesthetic landscapes in which there is minimum development required to support low-
intensity recreational activities and which also provide for commercial forest
management. To the greatest extent possible, they will be planned, developed and
manged in accordance with the policies set out for the Natural Environment Zones. This
zone is unique to APP by allowing for forest resource extraction in low amounts. This is
also the zone where hunting and trapping is permitted during specific periods of time for
the Algonquins of Ontario on the east side of the park.

The forests of APP are mixed in nature and consist of species such as: sugar
maple (Acer saccharum) (the dominant species on the west side of the park), yellow birch
(Betula alleghaniensis), Eastern hemlock (Tsuga canadensis), Eastern white pine (Pinus
strobus), red pine (Pinus resinosa) (both pines are the dominant species in the sandier
soils of the east side of the park), American beech (Fagus grandifolia), and red oak
(Quercus rubra) (Introduction to Algonquin Park, 2005). In the northern portions of the
park there are spruce bogs, which consist mainly of black spruce (Picea mariana) and
tamarack (Larix laricina) trees (Kershaw, 2001).

The most common large mammal species that live in the park are being studied in
this project, including the American black bear, eastern wolf, moose, white-tailed deer,
and the coyote. As hybridization and similarity in size occur in eastern wolves and
coyotes, for the accuracy of this study both of these species will be placed together in a
group labeled canine. These are the species that are expected to leave visible prints in the
aggregate of the logging roads and perhaps scat or other forms of evidence of their
presence as well. Since they are all in the large range of mammal size, it is also expected
that their movements will be wider ranging as they generally have large home ranges and
dispersal needs (See Table 3 for sources). Because of these large ranges, it is likely that
they would encounter the logging roads within APP regularly. There will also be factors
influencing their movements, such as if the logging road is still frequently accessed by
loggers, parks employees, researchers, or the public, if it is a primary or branch logging
road, and whether other local- and landscape-level variables influence large mammal
presence and use of those logging roads.
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These five species were also chosen for the reason of providing key information
to APP for future reference and large mammal background. Many of the large mammals
of the park are present and desirable for visitor viewing (Algonquin Provincial Park
Management Plan, 1998). This in turn promotes park tourism and revenue for the park.
While this is a good reason to monitor their species of large mammals, there is also the
potential for data collection on how the species might be utilizing the park, especially
under such unique circumstances as forest resource extraction that takes place in the same
area. As ecological integrity and providing recreation for the public is main goals of
APP, Protection of our large mammals is just one point in this complex relationship, but
they are worth understanding as a stepping-stone in gathering information for this vast
protected area.

2.2 Variables Measured in My Study

When reviewing previous literature of mammal tracking studies, a number of
variables emerge that are useful for studying these animals presence and movement
(Acevedo et al., 2011; Alexander & Waters, 2000; Bowman et al., 2010; Brady et al.,
2011; Chetkiewicz & Boyce, 2009; Clevenger et al., 2001b; Cushman & Lewis, 2010;
Grilo et al., 2008; Kindall & van Manen, 2007; Long et al., 2011; Roger et al., 2012).
Two groups of variables were measured in this study from the local-level and the
landscape-level, as both can provide important information for determining large
mammal use of APP logging roads (Leblond et al., 2011; Morellet et al., 2011). Also
previous literature guided my choice of transects, their lengths and how frequent
observation points were made. When comparing to Ward et al. (2004), my transects were
considered large in size.

The response variable for my study is the total number of individuals for each
transect, calculated by examining primary and branch logging road for three repeated
surveys, in order to gather information on what local-level and landscape-level variables
influence movement of moose, white-tailed deer, eastern wolf, coyote, and American
black bear in APP (Cushman et al., 2011; Forman, 2010; Garcia-Rangel & Pettorelli,
2013). With this as the main focus, I hope to understand more about the influences
differing habitat variables can have on the large mammals of Ontario in the APP region.

Figure 6. Branch logging road in Algonquin Provincial Park. Photo credit Hillary Roulston
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Local-level measurements and identification were taken for vegetation
type/surrounding habitat type (coniferous forest, deciduous forest, mixed forest, meadow,
water, or marsh), road width, and road type (primary or branch). Primary roads tend to
be permanently in use within APP, whereas branch logging roads may be closed after
logging is completed in a particular location. Other variables included road aggregate
type, road grading presence, whether there was proximity to water, approximate
vegetation height, some note of the primary species composition of vegetation, canopy
cover presence or absence, if there were portage crossings nearby, whether hunting was
permitted (east vs. west sides of the park), and if there were ditches present and their
widths and depths (Figure 6). These variables were chosen from selected compilations of
previous studies on what was measured, in order to grasp a strong picture of what the
local habitat was like at each observation point (Alexander & Waters, 2000). Slope,
though common in other studies, was not included in my research as the APP is not a
mountainous area (Clevenger et al., 2002; Lesmerises et al., 2012; Roger et al., 2012).

On the landscape level of variables, measurements were taken for road density,
percent forest cover, percent water cover, and topographic ruggedness index (TRI) (See
Figures 7-12 for details). These four variables were chosen in order to better
understanding of the overall habitat within APP, and how it may influence the movement
of the five large mammals I studied. Road density has been known to influence habitat
use for many large species, such as wolves, moose, and American black bears (Beyer et
al., 2013; Bowman et al., 2010; Chetkiewicz & Boyce, 2009; Lewis et al., 2011).
Canopy cover and percentage forest cover can explain presence of some large species,
such as bear species who prefer cover as suitable habitat (Chetkiewicz & Boyce, 2009;
Kaphegyi et al., 2013; Kindall & van Manen, 2007; Lewis et al., 2011; Mitchell &
Powell, 2003). Water cover percentage is important to understand how much area it is
covering as it factors in to natural fragmentation of the landscape, and species such as the
moose use areas of water as an important habitat during the summer season, which may
in turn explain greater use on some road areas (McLoughlin et al., 2011; Nikula et al.,
2004; Puttock et al., 1996). Lastly, topographic ruggedness index (TRI) was utilized to
see how it might influence the movement patterns of the large species of APP. Asitisa
commonly recorded variable within previous studies to ascertain if channels of
movement exist, it was thought to be important as it may influence actual logging road
placement, and therefore correlate with the ease of movement of the wildlife as well
(Chetkiewicz & Boyce, 2009).
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Figure 7. Raw landscape-level data for largest habitat buffer on primary logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.
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Figure 8. Raw landscape-level data for mid-sized habitat buffer on primary logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.
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Figure 9. Raw landscape-level data for smallest habitat buffer on primary logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.
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Figure 10. Raw landscape-level data for largest habitat buffer on branch logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.
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Figure 11. Raw landscape-level data for mid-sized habitat buffer on branch logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.
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Figure 12. Raw landscape-level data for smallest habitat buffer on branch logging roads in APP. Road =
road density (km/km?), Forest = % forest cover, Water = % water cover, and Topography = mean
topographical ruggedness.

The importance of both the local-level and landscape-level habitat characteristics
is poorly understood, and this research hopes to provide insight into the APP habitat and
how these variables affect the presence and movement of the large mammals in my study
(Brady et al., 2011).
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2.3 Field Methods

IR-cameras were set up at both portage crossings and in areas where there were
no crossings, both on the west and east sides of APP in order to determine if there were
differences in movement on the two sides of the park. Portage crossings were chosen as
they are considered Areas of Concern by the park, and so have special requirements for
where they cross logging roads (Algonquin Provincial Park Management Plan, 1998).
Forestry resource extraction is not permitted within 60 meters of portage crossings, as a
way to separate recreation from the forestry industry. The logging roads are narrowed at
these locations as well with a maximum width of 6.7m (Algonquin Provincial Park
Management Plan Amendment, 2013). In total, four IR-cameras were attached to nearby
trees that had good visualization of the road or portage trail. This method allows data, in
the form of photographs, to be collected in real time and may provide additional data on
the large mammal movement characteristics in the park (Figure 13). If more crossings
are made at the portage trails, as hypothesized, this may indicate to the park that
narrower, canopy-covered areas may need to be provided in order to encourage more
connectivity for the mammals that live there. The use of trail cameras was shown to be
successful in the study by Moen (2009), where they were used to monitor large mammals
and vehicle interactions throughout the study period. IR-cameras have also been used in
tracking of wildlife crossing structures in recent years, and have been known to be
helpful in species identification when studying animal movement (Clevenger & Sawaya,
2010; Ford et al., 2009; Forman, 2010; Kusak et al., 2009; Long et al., 2011).

Figure 13. Canine caught in IR-camera in Algonquin Provincial Park. Photo credit Hillary Roulston.

The physical field methods of observation were carried out by driving transects of
the primary and branch logging roads within APP, looking for evidence of large-sized
mammals through identification of tracks, scat, or any other form of evidence (road-kill,
actual sightings). Six primary logging roads were picked, three on the west side where
hunting is not permitted, and three on the east side where hunting is permitted to the
Algonquins of Ontario. Branch logging roads were chosen off of the primary logging
roads in order to establish the total road transect. This breaks down to ~10km of primary
logging road being monitored for tracks, scat or other mammal evidence and ~10km of
branch logging road being monitored for the same types of evidence, for a total of 20km
per transect. The six transects were chosen in order to have large geographical distances
between them in order to have independent observations based on habitat ranges for these
species. Time and personal ability was a limiting factor to working in the field, and six
transects of both primary and branch logging road types for three repeated surveys each
was determined to be feasible. When comparing to other vehicle monitoring studies,
groups of four seemed to be the most common number of field workers out on their
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transects. For my research, I was the primary field worker and I had assistance from a
friend or family member on four out of six occasions.

To monitor these 20km road transects, the car was driven no more than
20km/hour in order to have time to detect scat or physical presence (Figure 14). Besides
stopping for evidence of that sort, regular stops were made every kilometer along each
transect to get out and look for evidence of large mammals using the road, crossing it, or
to indicate if there was no evidence there at all. It was hypothesized that there would be
differences in the counts of mammal evidence between these two types of logging roads,
with the most frequent use on the branch logging roads, and less movement on the
primary logging roads. This form of tracking has been used in previous studies, such as
Varman and Sukumar (1995), D’Eon et al. (2006) and Foote and Keeping (2007).

Figure 14. Canine print on a primary logging road. Photo credit Hillary Roulston.

At the regular kilometer stops, or when scat or some other type of evidence was
found along the road, local-level measurements and data were collected in order to
analyze potential correlations. To begin with, the date, time, location (using a Garmin
Oregon® 550 GPS), and transect number were recorded for future reference. The species
of mammal was then identified and what type of evidence was recorded (i.e. Tracks or
scat). To ensure accuracy in my tracking identification the length and width of tracks
were recorded for the west side transects on their first survey. As eastern wolves and
coyotes in APP are difficult to differentiate without genetic analysis, their tracks and scat
were placed into an overarching canine category. If prints were found, the length of road
they crossed was measured, to determine if the animal was crossing the road or using the
road for easier travel in a lengthwise direction. A compass was used to determine the
general direction of mammal movement on the logging roads, and weather conditions
were also recorded for future reference. Temperature high for the day was recorded and
rain and wind were also recorded as present or recent, as it may have influenced the
visibility of mammal evidence.

Road characteristics were noted at observation points. The width, road aggregate,
what type of logging road, and if the road was graded recently. Ditches were also
examined for their presence, width and depth, to determine if it influenced large mammal
movement. Vegetation characteristics were monitored at observation sites. The broad
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type of vegetation was recorded (i.e. Forest, meadow, marsh), the approximate height of
that vegetation in meters, the type of forest if present was recorded (i.e. Coniferous,
deciduous, or mixed), if canopy cover was present or not, and some of the main
vegetation species/groups were identified for those present along the logging roads (i.e.
Grasses, spruce, or maple). Vegetation can be a strong determinant in mammal presence
if it provides desirable forage for species, such as moose, deer or bears (Beyer et al.,
2013; Boan et al., 2011; Bowman et al., 2010; Clevenger et al., 2002; Kaphegyi et al.,
2013; Nikula et al., 2004; Roever et al., 2008).

Other attributes that were also measured at the time were proximity to water and
if there was water, what form it took (i.e. Lake, pond, river, stream), if there were trails or
portage crossings present in the area, and was hunting permitted according to the location
in the park (east or west side). Any further notes of interest were recorded and photos
were taken as needed.

Logging was seen on transect 3 and was not present for transects 1 and 2. Both
transects 1 and 2 had a full 20km of transect covered, but transect 3 was only 16km long,
and so had to be shortened as the road went no further in the branch type. The west side
of the park had far fewer logging roads to utilize compared to the east side, therefore
restricting available transects. Transects 4, 5, and 6 were all a full 20km and also differed

in their use levels. Transect 4 was a major public access point into the park and so had
logging and public use. Transect 5, on the other hand, was also an access point for the
public, but seemed to have very little use. No current logging activities were noted for
transect 5 and many of the branch roads were blocked by berms to restrict access. The
last transect, number 6, was a public access road to a point, but all of the data that was
collected was beyond the public access point, and so only logging operations and parks
people could access that area. Logging was currently underway in that area, though the
specific branch roads I monitored were not currently being utilized. Further details on
when the observations were done are found in the following Table 4.

Table 4. Details on field data collection.

Transect Date Time Temp C° Wind # Points
1 May 23, 2012 09:24am — 03:40pm 24 Little wind 29
1 August 8, 2012 10:00am — 01:15pm 28 Light breeze 28
1 August 22, 2012 08:00am — 10:50am 20 Windy 26
2 May 24, 2012 08:23am — 01:23pm 27 Light breeze 28
2 August 8, 2012 03:10pm — 05:35pm 28 Slight wind 39
2 August 22, 2012 12:25pm — 02:05pm 22 Windy 28
3 May 25, 2012 07:50am — 10:44am 25 Light wind 24
3 August 7, 2012 02:25pm — 04:15pm 23 Light breeze 21
3 August 21, 2012 02:15pm — 03:45pm 20 Windy 23
4 June 12, 2012 11:00am — 01:55pm 22 Breezy 26
4 August 14, 2012 09:20am — 12:55pm 21 No wind 26
4 August 31, 2012 09:05am — 11:55am 22 Light wind 23
5 June 12, 2012 06:30pm — 08:17pm 19 Breezy 35
5 August 14, 2012 03:15pm — 05:15pm 24 No wind 26
5 August 31, 2012 01:35pm — 03:10pm 27 Windy 25
6 June 13, 2012 11:06am — 01:30pm 19 Light breeze 28
6 August 15,2012 09:40am — 11:45am 16 No wind 33
6 September 1, 2012 10:00am — 12:10pm 20 Light wind 29
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2.4 Lab Methods and Statistics

In order to get the raw data into a useable and understandable form, some
preliminary tests were conducted based on eight steps laid out by Zuur et al. (2010).
With the realization that the sample size was fairly small for this research, it had
implications for the types of analysis that could be conducted, as well as an
understanding that the results would be stronger if more data was available or collected.

First the data was visually examined for outliers that would potentially indicate
human error while taking down the information, or transferring the information into
digital form. Since the data collected was based on measurements of roads and
categorical in nature, outliers would be included in the model analysis as they are
important in determining results.

The second step that was taken was to examine if there was normality of the
measured road widths. Since the rest of the data was categorical testing for normality
was not necessary. For the road widths a Shapiro-Wilk normality test was used in the
program R with a confidence level of 95% and a null hypothesis that the data would be
normally distributed (R Core Team, 2012). In all but one case the road widths were not
normally distributed based on the p-values that were below the 0.05 a value as can be
seen in Table 5 below. The only road width data that was found to be normally
distributed was the branch road from transect 3.

Table 5. Shapiro-Wilk test of normality for road width for 14 layouts of data. Using a confidence interval

0f 0.95.

Shapiro-Wilk p-value a Normal w
Primary <0.01 0.05 No 0.98
Branch <0.01 0.05 No 0.54

Primary1 <0.01 0.05 No 0.90
Branchl <0.01 0.05 No 0.78
Primary2 <0.01 0.05 No 0.88
Branch2 <0.01 0.05 No 0.40
Primary3 <0.01 0.05 No 0.90
Branch3 0.12 0.05 Yes 0.94
Primary4 <0.01 0.05 No 0.91
Branch4 <0.01 0.05 No 0.66
Primary5 0.03 0.05 No 0.94
Branch5 0.02 0.05 No 0.94
Primary6 <0.01 0.05 No 0.85
Branch6 <0.01 0.05 No 0.91

To also confirm whether the data was normally distributed or not, histograms
were created in Microsoft Excel 2011 to boost the legitimacy and confidence of my
results. These histograms did not refute the results from the Shapiro-Wilk normality test
(Figure 15).
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Figure 15. Histograms of road width for all six transects and primary and branch road widths.

Demonstrates that the road widths were not particularly normal in distribution and did not dispute the
results of the Shapiro-Wilk normality test from above. The x-axis is road width (meters), while the y-axis
is frequency of observations at that road width.

and branch logging roads and the numerical landscape-level data, as independence would

The next step involved an examination of the independence of observations for
the response variable (number of individuals on the logging roads). For the raw data
collected in this study, stops were made every kilometer along the 20km transect, unless
scat was observed and then an extra observation point was made. Considering
independence from point to point may be difficult as it was hard to determine if prints
found from a moose at one observation point was not going to be the same moose
walking on the road a kilometer further down. Due to these considerations, most data
used in the generalized linear models were total counts of evidence found on the primary

be greater at the transect level than at the individual species level.
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Both a paired t-Test and a Wilcoxon Signed-Rank Test were conducted on the
totals of mammal individuals for the primary and branch logging roads to determine if
there were significant differences for the use of the two road types in relation to large
mammal presence. The Wilcoxon Signed-Rank Test was done to determine if the data
was parametric or non-parametric. Both tests were conducted in Microsoft Excel 2011.
Results of the t-Test (p = 0.16) and Wilcoxon Signed-Rank Test (p = 0.46) showing that
the there is no significant difference in large mammal presence on the primary and branch
logging roads of Algonquin Provincial Park at a 95% confidence interval.

Collection of the landscape-level data was conducted through ArcGIS 10.1 at the
Geospatial Centre at University of Waterloo (ESRI, 2013). Three buffer scales were
established around a central point in each of each of the six primary and branch logging
road types consisting of areas of 130km”, 80km” and 40km”. Using databases, available
through the Ministry of Natural Resources and Ministry of Transportation, data were
collected for the 36 buffers on road density (km/km?), percent forest cover (%), percent
water cover (%), and topographic ruggedness index (m). Road density, percent forest
cover, and percent water cover was in vector format, and the topographic ruggedness data
was in raster form.

The data were analyzed using generalized linear models (GLM) to determine if
any statistical significance occurred between the large mammal movement on the primary
and branch logging roads in APP and the four landscape-level variables. The response
variable that was examined was the number of mammal individuals on the primary and
branch logging roads separately, in order to determine if there were significant
differences in use on these two types of roads based on the potential influence of the four
landscape-level variables (road density, forest cover, water cover, and topographic
ruggedness index). The GLM was chosen for its capabilities of working with non-
parametric data, as well as small sample sizes, while still providing valuable results
(StatSoft Electronic Statistical Textbook, 2013). The equation of the Poisson GLM is as
follows:

log(w) = Bo + Py

Where “u is the mean of the Poisson distributed response variable, (o is the intercept
(constant), B; is the regression coefficient and ; is the value of a single predictor variable
for observation i’ (Quinn & Keough, 2002). Fifteen models were run for the six sets of
primary and branch logging road buffers to determine best predictors of the landscape-
level variables on the large mammals of APP.
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3.0 RESULTS
The results of this research on the large mammal use of logging roads in APP fall
into the following sections on local-level results and landscape-level results.

3.1 Tracking Results Showed No Difference in Primary and Branch Use

A total of 497 data points were collected throughout the field study period and
were split fairly evenly between the west side and the east side of Algonquin Provincial
Park; with the west side having 246 observation points (49.50%) and the east side having
251 observation points (50.50%). The number of points each transect had for their
primary and branch road sections over the three repeated measures are listed out in the
table below (Table 6).

Table 6. The number of data points collected for each pass of the six transects primary and branch road
sections.

Primary Transect Observations Branch Transect Observations
Transect 1 14,11, 11 Transect 1 15,17, 15
Transect 2 12,11, 11 Transect 2 16, 28, 17
Transect 3 13,12, 11 Transect 3 11,9,9
Transect 4 12,12, 11 Transect 4 14, 14, 12
Transect 5 17, 14, 12 Transect 5 18,12, 13
Transect 6 14,12, 13 Transect 6 14,21, 16

The results from the t-Test and Wilcoxon Signed-Rank Test both showed that
there was no significant difference in use by large mammals of these two types of logging
roads in APP. For the t-Test p =0.15 and for the Wilcoxon signed-rank test p = 0.46.
Both cases were not significant at the 95% confidence interval.

The most important result of the local-level fieldwork was the summaries of large
mammal use on the primary and branch logging roads (Figure 16). The large mammals
that were found throughout the field study period were moose, white-tailed deer, canine,
and American black bear. Specific data on the numbers collected for these five species
can be found in Table 1 in the Appendices. Results from the local-level data for
individual observation points consisted of descriptive percentages in order to gain a better
understanding of the characteristics the primary and branch road transects have. IR-
cameras had little evidence on them and did not permit use of their data except as proof
of logging road use by the few mammals caught on the camera.

32



The types of evidence that were collected were in categories of tracks, scat, other
(actual sightings in person), or no evidence at all (Table 7). For the primary logging
road, evidence was found for the observations points as tracks (62.37%), scat (5.75%),
other (0.88%), and none (30.97%). The branch road observations consisted overall of
tracks (48.71%), scat (28.41%), other (0.74%) and none (22.14%). In both cases the
majority of observations found were tracks and scat was found in greater frequencies on
the branch logging roads.

Whether ditches were present or absent on the two types of logging road is the
next local-level variable. Ditches were present on the primary logging roads 34.51% of
the time and on branch logging roads 26.20% of the time. The majority of points of
observation for both primary and branch logging roads had no ditches present.

Observations were also examined for canopy cover in the categories of total
cover, slight cover (~50%), and no cover. For the primary logging roads 7.96% had total
canopy cover, 18.58% had slight cover, and 73.45% had no canopy cover. The branch
logging roads had 9.59% of their observations with total canopy cover, 22.14% slight
cover, and 68.27% with no canopy cover. There was slightly higher canopy cover
presence on the branch roads than on the primary roads, perhaps because overall the
branch logging roads were narrower.

Further descriptive results from the combined observations of primary and branch
road data looked at the most prominent vegetation. Forest was the most common
vegetation for both primary (76.99%) and branch (67.53%) road types, followed by
forest/lake habitat combination with primary at 7.52% and forest/open for branch at
9.59%. Overall APP is mostly made up of forest and bodies of water dispersed relatively
frequently throughout the observation points and transects.

Primary and branch road proximity to water (within sight) was also determined
for the observation points. Primary roads had 23.89% of its observations within
proximity to water, whether that was a creek, river, lake, or other form of water, and
76.11% not within water proximity. For branch logging roads, 22.14% had proximity to
water with 77.86% of the observations not in proximity to water. For both layers of
logging roads, the majority of observations were not sight of water.

Table 7 shows the differences between primary and branch logging roads and the
proximity of hiking trails at observation points. For both road types, most of the
observations did not have trails in close proximity (85.40% primary and 87.45% branch).
The second category was “other” representing things such as driveways and laneways or
tertiary logging roads (9.29% primary and 10.70% branch). Last were the observations
where hiking trails were present, with primary roads having 5.31% and branch roads
having 1.85% of their observations with this evidence. Portage trails may also factor into
the use of logging roads by large mammals in APP. Almost all observations had no
portage trails present with primary having 96.44% and the branch roads having 98.52%;
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leaving 3.56% of primary road observations with portage trails present and 1.48% on the
branch logging roads.

Road aggregate was another consideration taken into account for the primary and
branch logging roads of APP. The most common road aggregate for both the primary
and branch roads were a gravel and sand mixture, with 88.50% for the primary logging
roads and 65.68% for the branch logging roads. Second was gravel with 8.41%
observations on the primary locations and 15.87% for the branch. In both road types
sand came in as the third most common aggregate type with 2.65% on the primary
logging roads, and 6.64% on the branch logging roads. The other types of aggregate that
were occasionally seen were gravel pits, gravel/grass mixtures, woodchip, dirt/woodchip
combinations, soil, and a rocky/compact mixture.

Table 7. The categorical results in percentages of the local-level data from the three repeated measures of
the primary and branch logging roads summed together for all six transects.

Variable Mammal Evidence (%) Ditches (%) Canopy Cover (%)
Tracks Scat Other None | Present Absent Total Slight None
Primary 62.39 5.75 0.88 30.97 34.51 65.49 7.96 18.58 73.45
Branch 48.71 28.41 0.74 22.14 26.20 73.80 9.59 22.14 68.27
Variable Vegetation (%)
Forest Marsh F/M F/O F/L L/M F/R F/Ro Lake Open
Primary 76.99 2.21 4.87 3.10 7.52 0.88 0.88 1.33 0.88 1.33
Branch 67.53 1.48 6.64 9.59 4.43 2.58 0.00 0.00 0.00 7.75
Variable Water (%) Trails (%) Portage Crossings (%)
Present Absent Present Absent Other Present Absent
Primary 23.89 76.11 5.31 85.40 9.29 3.56 96.44
Branch 22.14 77.86 1.85 87.45 10.70 1.48 98.52
Variable Road Aggregate (%)
Gravel Sand GPit  G/Grass G/S Wchip  Dirt/Wc Soil Rocky
Primary 8.41 2.65 0.00 0.00 88.50 0.00 0.44 0.00 0.00
Branch 15.87 6.64 0.74 2.21 65.68 4.80 1.11 1.11 1.85

Road width was also another important measurement taken at the local level of
field analysis. The mean, median and mode were calculated for the combined data of the
three repeated surveys for each transects’ primary and branch roads (Table 8). Overall,
the primary roads had greater widths than the branch logging roads. The ranges of road
width averages were 3.87m to 8.53m across and overall averages for primary and branch
widths respectively were 6.69m and 5.48m, well below maximum widths allowed by
park regulations.

Table 8. The mean, median and mode of all the combined road width data for each primary and branch
logging road (P = Primary logging road and B = Branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Road Type P B P B P B P B P B P B
Mean 5.05 387 541 544 849 6.12 853 747 6.12 592 6.51 4.08
Median 525 333 442 383 833 600 842 442 6.08 583 650 4.00
Mode 475 400 400 383 833 6.17 833 417 588 588 6.50 3.83
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On initial inspection of the photos from the IR-cameras, both of the regular,
primary road positions seemed to work normally. The two IR-cameras positioned on the
portage trails seemed to be slightly abnormal and inconsistent, making comparison
between the results difficult. Information from these cameras was therefore considered
inappropriate for use, with only the potential use to boost sightings from the local-level
data and give physical proof of use for four out of the five large mammal species
observed. One moose was detected in the photographs on the Transect 1 road, and there
were a fair number of white-tailed deer and wolf caught on that camera as well. One
black bear was found on Transect 6 along with most of the wolf movement. White-tailed
deer were found on both of the cameras along Transect 1 and Transect 6. In conclusion,
four out of the five large mammal species observed through tracks and scat were also
photographed using the logging roads in APP.

3.2 Model Results Show Greater Landscape Influence on Branch Logging Roads

The sums of individuals for each primary and branch transect sections on the
three repeated observations are as follows in Table 9. Overall, 66.67% of the branch
transects had greater large mammal presence than the primary transects. The total
numbers of individuals was 156 for primary logging roads and 210 for branch logging
roads making them 42.64% and 57.38% of the data respectively.

Table 9. Sum of individuals found for each primary and branch logging road sections of the six transects in
Algonquin Provincial Park (P = primary logging road and B = branch logging road)

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
# Individuals P B P B P B P B P B P B
1 14 15 12 16 13 11 9 13 16 18 10 12
2 10 13 4 26 4 4 5 6 11 6 7 18
3 5 11 6 14 10 5 4 6 7 7 9 9
Total 29 39 22 56 27 20 18 25 34 31 26 39

The following figures are maps of the six transects for each repeated measure for
large mammal presence and absence at the observation points (Figures 17-22).
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Figure 17. Transect 1 of large mammal presence and absence (a = first survey, b = second survey, ¢ = third
survey). The green dots indicate presences and the red dots indicate absence.
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Figure 18. Three repeated measures of Transect 2 for presence and absence (a = first survey, b = second
survey, ¢ = third survey). The green dots indicate presences and the red dots indicate absence.

b)
Figure 19. Transect 3 of three repeated measures (a = first survey, b = second survey, ¢ = third survey).
The green dots indicate presences and the red dots indicate absence.

36



a) b) <)
Figure 20. Transect 4 large mammal observations (a = first survey, b = second survey, ¢ = third survey).
The green dots indicate presences and the red dots indicate absence.

<)
Figure 21. Transect 5 large mammal presence and absence (a = first survey, b = second survey, ¢ = third
survey). The green dots indicate presences and the red dots indicate absence.
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Figure 22. Transect 6 presence and absence maps (a = first survey, b = second survey, ¢ = third survey).
The green dots indicate presences and the red dots indicate absence.

Previous studies have examined the effects of logging roads on large mammals,
though they again tend to focus on the boreal forest with species such as caribou
(Rangifer tarandus). For the findings of this study, overall use was fairly high and
consistent across the six transects for large mammal use for each species, with an
increase in use on the branch logging roads by moose, canines and American black bear
(Figure 23-24). A decrease was seen moving from primary to branch observations for
white-tailed deer and points where no evidence was found.

Observations by Proportion on Primary

Logging Roads
Moose
31% 37% EDeer
Canine
. K Bear
0
2 :% 24%, y None

Figure 23. All three repeated observations combined for the four mammal species and those without any
evidence of large mammals for the primary logging roads of Algonquin Provincial Park
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Observations by Proportion on Branch

Logging Roads
23% Moose
38% E Deer
Canine
19% K Bear
None

V 8% [La%R
_—

Figure 24. All three repeated observations combined for the four mammal species and those without any
evidence of large mammals for the branch logging roads of Algonquin Provincial Park

The main statistical test that was conducted was looking at outputs from
generalized linear models (GLMs) on landscape-level variables that were obtained
through GIS data layers (See Appendix Tables 17-28). The following six tables (Tables
10-15) outline the main results retrieved from these model runs. In each case one of three
buffer zones was chosen for either the primary or branch logging roads, totaling six
different model sets to represent each of these parameters. The first table (Table 10)
shows the results from the 130km” buffer zone on the primary logging roads, the next
model set is primary roads at the 80km? buffer (Table 11), and the third model set is
primary roads at the 40km” buffer (Table 12). The branch logging roads were also
examined at these three buffer areas, making up Tables 13, 14, and 15.

For each of the six sets, 15 models were run in order to determine which model
predicted the best indicators of presence for individuals of both the branch and primary
logging roads in APP, and at what buffer home range. The models consisted of
combinations of the four landscape-level variables from all four together, down to each of
the variables modeled individually. These models can be seen in the first column of all
the following GLM output tables. The four landscape variables are labeled as Road (road
density), Forest (percent forest cover), Water (percent water cover), and Topography
(topographic ruggedness index).

Table 10 shows the outputs for the 130km” buffer area on the primary logging
roads. No variables in the model combinations turned out to be significant in this set of
models at a 95% confidence interval. The model with the best fit is shown to have the
lowest Akaike information criterion (AIC) value, which was model 1.9 with the variables
Forest (p =0.13) and Water (p = 0.14). The model that had the worst fit for the largest
buffer on the primary roads was model 1.4 with the variables Road (p = 0.76), Water (p =
0.23), and Topography (p = 0.43). Overall, the AIC values were all very similar between
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the models with the greatest AAIC being 3.06, representing the difference between the
highest and lowest model fit. No significant values were found in this model set.

Table 10. Generalized linear model results for a 130km? buffer on the primary logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score p-Value AIC AAIC Rank
1.9
Forest -0.08 0.05 -1.50 0.13 40.02 0.00 1
Water -0.07 0.05 -1.48 0.14
1.13
Forest -0.02 0.03 -0.54 0.59 40.23 0.21 2
1.14
Water -0.01 0.03 -0.49 0.62 40.28 0.26 3
1.12
Road -0.03 0.22 -0.15 0.89 40.50 0.48 4
1.15
Topography 0.00 0.01 0.07 0.95 40.52 0.50 5
1.10
Forest -0.10 0.08 -1.19 0.23 41.10 1.08 6
Topography -0.03 0.03 -1.07 0.29
1.11
Water -0.07 0.06 -1.15 0.25 41.18 1.16 7
Topography 0.03 0.03 1.06 0.29
1.2
Road -0.24 0.31 -0.79 0.43 41.41 1.39 8
Forest -0.08 0.06 -1.51 0.13
Water -0.10 0.06 -1.67 0.09
1.7
Road -0.25 0.32 -0.77 0.44 41.70 1.68 8
Water -0.04 0.04 -0.89 0.37
1.5
Forest -0.09 0.08 -1.08 0.28 42.01 1.99 10
Water -0.07 0.06 -1.05 0.30
Topography -0.00 0.04 -0.12 0.91
1.3
Road -0.46 0.44 -1.04 0.30 42.02 2.00 11
Forest -0.16 0.10 -1.57 0.12
Topography -0.07 0.05 -1.48 0.14
1.6
Road 0.05 0.27 0.20 0.85 42.19 2.17 12
Forest -0.02 0.04 -0.57 0.57
1.8
Road -0.05 0.36 -0.15 0.88 42.50 2.48 13
Topography -0.00 0.02 -0.07 0.94
1.1
Road -0.53 0.44 -1.19 0.23
Forest -0.17 0.11 -1.58 0.11 42.56 2.54 14
Water -0.07 0.06 -1.21 0.23
Topography -0.05 0.05 -0.93 0.35
1.4
Road -0.11 0.35 -0.31 0.76 43.08 3.06 15
Water -0.07 0.06 -1.19 0.23
Topography 0.02 0.03 0.79 0.43
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The 15 series model run for the 80km? buffer on the primary logging roads are
shown in the following table. The model with the best fit in this set was model 2.14 with
the only variable as Water (p = 0.65). Model 2.1, which contained all four variable was
the model with the worst fit. It had a AAIC value of 5.41, and variables of Road (p =
0.59), Forest (p = 0.76), Water (p = 0.55), and Topography (p = 0.73). This level of
buffer zone also had very little difference between the model’s fits, making little
variability in determining what landscape variables were most important for predicting
mammal presence on these six primary logging roads. There was also no significant
influence of any of the landscape variables on large mammal movement on the primary
logging roads at 80km”.

Table 11. Generalized linear model results for an 80km? buffer on the primary logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score  p-Value AIC AAIC Rank
2.14
Water -0.01 0.02 -0.46 0.65 40.31 0 1
2.12
Road -0.04 0.22 -0.20 0.84 40.48 0.17 2
2.13
Forest 0.00 0.02 0.20 0.84 40.48 0.17 2
2.15
Topography -0.00 0.01 -0.03 0.98 40.52 0.21 4
2.7
Road -0.20 0.29 -0.69 0.49 41.84 1.53 5
Water -0.03 0.03 -0.80 0.42
2.9
Forest -0.03 0.05 -0.50 0.61 42.06 1.75 6
Water -0.04 0.06 -0.65 0.52
2.6
Road -0.24 0.37 -0.63 0.53 42.09 1.78 7
Forest 0.02 0.04 0.62 0.53
2.11
Water -0.02 0.03 -0.56 0.58 42.20 1.89 8
Topography 0.01 0.02 0.33 0.74
2.8
Road -0.14 0.37 -0.37 0.71 42.38 2.07 9
Topography -0.01 0.02 -0.31 0.75
2.10
Forest 0.01 0.04 0.33 0.74 42.41 2.1 10
Topography 0.01 0.02 0.27 0.79
2.4
Road -0.24 0.391883 -0.62 0.53 43.81 3.50 11
Water -0.03 0.033748 -0.75 0.45
Topography -0.00 0.020934 -0.17 0.87
2.2
Road -0.18 0.38465 -0.47 0.64 43.84 3.53 12
Forest -0.00 0.06828 -0.07 0.94
Water -0.03 0.05976 -0.51 0.61
2.5
Forest -0.05 0.104919 -0.43 0.67 44.01 3.70 13
Water -0.05 0.078899 -0.62 0.53
Topography -0.01 0.030968 -0.21 0.83
2.3
Road -0.23 0.40453 -0.56 0.57 44.09 3.78 14
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Forest 0.03 0.04672 0.53 0.59

Topography 0.00 0.02516 0.05 0.96
2.1
Road -0.22 0.40041 -0.54 0.59
Forest -0.03272 0.10654 -0.31 0.76 45.72 5.41 15
Water -0.04682 0.07772 -0.60 0.55
Topography -0.01097 0.03207 -0.34 0.73

For the smallest buffer area on the primary roads the model with the best fit was
model 3.5, with variables Forest (p = 0.03), Water (p = 0.02), and Topography (p = 0.10).
In this case, both the Forest and Water variables showed significance in their influence of
determining mammal presence on the primary logging roads at a 40km® buffer. The
model with the worst fit was 3.3 (Road (p = 0.82), Forest (p = 0.52), and Topography (p
=0.80) and had a AAIC value of 5.27, again showing little overall difference between
this set of models. There was also one other model that showed some significant p-
values, which was model 3.1 that includes all four variables, with Forest (p = 0.03) and
Water (p = 0.02) again being the two variables with significant values.

Table 12. Generalized linear model results for a 40km? buffer on the primary logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score p-Value AIC AAIC Rank
3.5
Forest -0.06 0.03 -2.23 0.03 38.80 0 1
Water -0.09 0.04 -2.29 0.02
Topography -0.02 0.01 -1.65 0.10
3.9
Forest -0.03 0.02 -1.60 0.11 39.42 0.62 2
Water -0.05 0.03 -1.70 0.09
3.14
Water -0.01 0.02 -0.63 0.53 40.12 1.32 3
3.13
Forest -0.01 0.01 -0.47 0.64 40.30 1.5 4
3.15
Topography -0.00 0.01 -0.11 0.91 40.51 1.71 5
3.1
Road -0.33 0.63 -0.53 0.60
Forest -0.06 0.03 -2.22 0.03 40.52 1.72 6
Water -0.10 0.04 -2.33 0.02
Topography -0.03 0.02 -1.63 0.10
3.12
Road -0.01 0.40 -0.02 0.99 40.52 1.72 6
32
Road 0.26 0.54 0.48 0.63 41.19 2.39 8
Forest -0.04 0.02 -1.63 0.10
Water -0.05 0.03 -1.72 0.09
3.7
Road -0.18 0.46 -0.40 0.69 41.96 3.16 9
Water -0.02 0.02 -0.75 0.46
3.10
Forest -0.01 0.01 -0.62 0.53 42.12 3.32 10
Topography -0.01 0.01 -0.42 0.67
3.11
Water -0.01 0.02 -0.62 0.53 42.12 3.32 10
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Topography -0.00 0.01 -0.01 0.99

3.6
Road 0.23 0.56 0.41 0.69 42.14 3.34 12
Forest -0.01 0.02 -0.62 0.54

3.8
Road -0.06 0.54 -0.12 0.90 42.50 3.7 13
Topography -0.00 0.01 -0.16 0.87

34
Road -0.36 0.63 -0.57 0.57 43.80 5 14
Water -0.02 0.02 -0.83 0.41
Topography -0.01 0.02 -0.40 0.69

33
Road 0.15 0.64 0.23 0.82 44.07 5.27 15
Forest -0.01 0.02 -0.65 0.52
Topography -0.00 0.01 -0.25 0.80

For Table 13, the model with the best fit for determining mammal presence on the
branch logging roads in APP at the 130km” buffer was model 4.4. This model contained
the variables Road (p = 0.05), Water (p = 0.01), and Topography (p = 0.16), which found
the first two to be significant. There was a great deal of significance in many of the
models for this buffer area on the branch roads, as can be seen in the table below. Model
4.15 had the worst fit in this case, with Topography (p = 0.88) being its only variable and
a AAIC value of 18.52.

Table 13. Generalized linear model results for a 130km? buffer on the branch logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score p-Value AIC AAIC Rank
4.4
Road -0.72 0.36 -1.98 0.05 40.31 0 1
Water 0.09 0.03 2.73 0.01
Topography -0.02 0.02 -1.42 0.16
4.7
Road -0.90 0.33 -2.72 0.01 40.35 0.04 2
Water 0.06 0.02 2.34 0.02
4.2
Road -1.02 0.46 -2.24 0.03 42.20 1.89 3
Forest 0.01 0.03 0.38 0.71
Water 0.07 0.04 1.74 0.08
4.11
Water 0.12 0.03 4.34 0.00 42.24 1.93 4
Topography -0.03 0.01 -2.34 0.02
4.5
Forest -0.03 0.02 -1.40 0.16 42.26 1.95 5
Water 0.07 0.04 1.75 0.08
Topography -0.03 0.01 -2.16 0.03
4.1
Road -0.70 0.50 -1.39 0.16
Forest -0.00 0.03 -0.05 0.96 42.30 1.99 6
Water 0.08 0.04 2.03 0.04
Topography -0.02 0.02 -1.37 0.17
4.6
Road -0.71 0.42 -1.69 0.09 43.17 2.86 7
Forest -0.03 0.02 -1.69 0.09
4.10
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Forest -0.07 0.02 -4.00 0.00 43.31 3 8

Topography -0.02 0.02 -1.60 0.11
4.13
Forest -0.06 0.01 -3.79 0.00 44.03 3.72 9
4.12
Road -1.16 0.31 -3.70 0.00 44.10 3.79 10
43
Road -0.48 0.48 -0.99 0.32 4432 4.01 11
Forest -0.05 0.03 -1.90 0.06
Topography -0.01 0.02 -0.92 0.36
4.9
Forest -0.04 0.02 -1.69 0.09 45.20 4.89 12
Water 0.04 0.04 0.91 0.36
4.8
Road -1.17 0.31 -3.75 0.00 45.91 5.6 13
Topography 0.01 0.01 0.43 0.67
4.14
Water 0.09 0.02 3.52 0.00 46.09 5.78 14
4.15
Topography -0.00 0.01 -0.15 0.88 58.83 18.52 15

For the model set with a buffer area of 80km” on the branch roads, the following
table outlines the rankings of those models of those near the top with better fit than those
closer to the bottom. The model with the best fit was 5.10 and contained the variables
Forest (p <0.01) and Topography (p <0.01). Again, like the previous set of models,
many of the p-values were significant for many of the models. The model with the worst
fit was model 5.15, with a similar result as the previous table with the p-value for the
variable Topography being 0.94 and the AAIC value of 18.04.

Table 14. Generalized linear model results for a 80km? buffer on the branch logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score p-Value AIC AAIC Rank
5.10
Forest -0.13 0.03 -4.28 0.00 40.80 0 1
Topography -0.06 0.02 -3.10 0.00
5.5
Forest -0.10 0.05 -1.96 0.05 42.37 1.57 2
Water 0.04 0.06 0.66 0.51
Topography -0.06 0.02 -2.81 0.00
53
Road 0.11 0.61 0.18 0.86 42.77 1.97 3
Forest -0.14 0.05 -2.61 0.01
Topography -0.07 0.03 -2.06 0.04
5.1
Road 0.33 0.69 0.48 0.63
Forest -0.12 0.06 -1.95 0.05 44.13 3.33 4
Water 0.05 0.06 0.80 0.42
Topography -0.07 0.03 -2.15 0.03
5.11
Water 0.13 0.03 4.15 0.00 44.22 3.42 5
Topography -0.03 0.01 -2.27 0.02
5.7
Road -0.82 0.38 -2.13 0.03 45.02 4.22 6
Water 0.06 0.03 1.89 0.06
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5.6

Road -0.94 0.36 -2.64 0.01 45.09 4.29 7
Forest -0.04 0.02 -1.86 0.06
54
Road -0.35 0.58 -0.61 0.54 45.84 5.04 8
Water 0.10 0.05 1.96 0.05
Topography -0.02 0.02 -1.09 0.28
5.12
Road -1.16 0.34 -3.39 0.00 46.69 5.89 9
52
Road -0.85 0.39 -2.18 0.03 46.83 6.03 10
Forest -0.02 0.04 -0.44 0.66
Water 0.03 0.06 0.52 0.61
5.8
Road -1.24 0.35 -3.58 0.00 47.68 6.88 11
Topography 0.01 0.01 1.00 0.32
5.14
Water 0.09 0.03 3.36 0.00 47.71 6.91 12
59
Forest 0.00 0.04 0.05 0.96 49.71 8.91 13
Water 0.09 0.05 1.65 0.10
5.13
Forest -0.05 0.02 -2.85 0.00 50.42 9.62 14
5.15
Topography -0.00 0.01 -0.07 0.94 58.84 18.04 15

For the smallest buffer area on the branch roads the model set was best
represented by model 6.3 with the variables Road (p < 0.01), Forest (p = 0.04), and
Topography (p < 0.01) represented. Again the model demonstrating the worst fit was a
model with only Topography (p = 0.93) represented (model 6.15). The difference
between the lowest and highest AIC values in this set was AAIC 15.28 showing a slight
drop from sets 4 and 5. A high amount of significance is seen in this GLM set with over
50% (21/32) of the results showing significant values, much like the previous two sets all
on the branch logging roads.

Table 15. Generalized linear model results for a 40km? buffer on the branch logging roads with a
confidence interval of 0.95.

Model/Variable  Estimate SE z-Score p-Value AIC AAIC Rank
6.3
Road -2.05 0.58 -3.52 0.00 43.56 0 1
Forest 0.08 0.04 2.06 0.04
Topography 0.07 0.02 3.34 0.00
6.1
Road -2.38 0.94 -2.53 0.01
Forest 0.08 0.04 1.86 0.06 45.35 1.79 2
Water -0.03 0.06 -0.46 0.65
Topography 0.08 0.03 2.84 0.00
6.8
Road -2.17 0.57 -3.81 0.00 45.88 232 3
Topography 0.04 0.01 2.84 0.00
6.4
Road -2.86 0.92 -3.12 0.00 46.92 3.36 4
Water -0.06 0.06 -0.99 0.32
Topography 0.06 0.03 2.22 0.03
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6.7

Road -1.07 0.42 -2.55 0.01 50.06 6.5 5
Water 0.06 0.03 2.01 0.05
6.5
Forest 0.11 0.04 2.64 0.01 50.12 6.56 6
Water 0.09 0.04 2.47 0.01
Topography 0.03 0.02 1.52 0.13
6.9
Forest 0.06 0.02 2.50 0.01 50.44 6.88 7
Water 0.11 0.04 3.03 0.00
6.2
Road -0.67 0.65 -1.04 0.30 51.38 7.82 8
Forest 0.03 0.04 0.82 0.41
Water 0.08 0.04 1.98 0.05
6.12
Road -1.05 0.42 -2.49 0.01 52.08 8.52 9
6.6
Road -1.32 0.53 -2.47 0.01 53.42 9.86 10
Forest -0.02 0.03 -0.81 0.42
6.10
Forest 0.09 0.04 2.52 0.01 54.33 10.77 11
Topography 0.05 0.02 2.24 0.03
6.14
Water 0.06 0.03 1.90 0.06 55.22 11.66 12
6.11
Water 0.09 0.04 2.31 0.02 55.39 11.83 13
Topography -0.02 0.01 -1.34 0.18
6.13
Forest 0.02 0.02 1.11 0.27 57.59 14.03 14
6.15
Topography 0.00 0.01 0.09 0.93 58.84 15.28 15

Table 16 outlines the six models with the best fit for each primary and branch
logging road buffer area. For the primary logging roads, significant findings were found
only for the model focused on a buffer area of 40km”. Both percent forest cover and
percent water cover were found to influence large mammal movement at that buffer. All
three buffer layers on the branch logging roads had significant findings for their models
of best fit. At 130km?, road density and percent water cover were influential, at 80km®
percent forest cover and topographic ruggedness had strong influence, and for the 40km®
buffer, road density, percent forest cover and topographic ruggedness all had significant
effects on the large mammal movement on APP branch roads (Figure 25 shows the
surroundings of a primary logging road).

46



Table 16. Best-fit GLM models for all scenarios.

Buffer Area Model p-Value AIC AAIC
Primary 130km’ 7.9
Forest 0.13 40.02 0
Water 0.14
Primary 80km® 8.14
Water 0.65 40.31 0
Primary 40km? 9.5
Forest 0.03 38.80 0
Water 0.02

Topography 0.10
Branch 130km®  10.4

Road 0.05 40.31 0
Water 0.01
Topography 0.16

Branch 80km® 11.10
Forest 0.00 40.80 0
Topography 0.00

Branch 40km? 12.3
Road 0.00 43.56 0
Forest 0.04

Topography 0.00

Figure 25. Prints down a primary logging road. Photo credit Hillary Roulston.
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4.0 DISCUSSION

Road ecology based on logging roads within protected areas has had very little
research at this time (Forman et al., 2003). This makes my current research, an analysis
of movement of large mammals on APP logging roads, a preliminary examination of this
ecosystem in this way.

Many studies look into the ecology and behaviour around roads at the individual
species level (Clevenger et al., 2002; Kaczensky et al., 2011; Kaphegyi et al., 2013;
Kindall & van Manen, 2007; Koh et al., 2010; Schrecengost et al., 2009; Way et al.,
2004). There is also literature on the broader ecosystems and group of species approach,
much like my study, but it has not been done within APP with consideration of logging
roads (Alexander & Waters, 2000; Boan et al., 2011; Bowman et al., 2010; Kusak et al.,
2009; Lebel et al., 2012; Lesmerises et al., 2012; Shepard et al., 2007; Trombulak &
Frissell, 2000). North American studies that have examined logging roads tend to focus
within the Canadian boreal forest where moose, deer, caribou, wolves, coyotes and
wolverines (Gulo gulo) are of interest (Boan et al., 2011; Boisjoly et al., 2010; Bowman
et al., 2010; Simard & Fryxell, 2003; Thompson et al., 1989). Generally past studies
were conducted using methods of greater expense to monitor wildlife movement, such as
aerial survey, GPS collars, and radio collars (Aebischer et al., 1993). The methods
utilized in my research may be more cost effective for monitoring large mammals within
a large study area.

Road ecology is a recent field of study that has large gaps in its information as we
slowly gather more data and relevant research. Consideration of logging roads is a rare
topic that has seen little research and reflection at this time. There are also few studies
that examine affects of roads within protected areas and how they might relate to species
within that area and surrounding landscape features (Alexander & Waters, 2000;
Ascensao et al., 2013; Beckmann et al., 2010; Bowman et al., 2010; Clevenger et al.,
2001b; Grilo et al., 2008; Gurratxaga et al., 2010; Kusak et al., 2009; Olsson et al., 2008).
My study tries to address this gap by opening up a discourse on the potential impacts and
use of the primary and branch logging roads in APP. Finding that the large mammals
were using the roads, to what degree is unknown, helps us determine that there is road
use at low levels of traffic and human disturbance. Other data mostly focuses on
highways with high traffic speeds and volumes, that do not help us determine how
logging roads, side roads and laneways may influence large mammal use in these areas.

The gap in literature focusing on large mammals leaves an opening in the
knowledge we have about landscape-level and local-level effects on these animals when
considering logging roads in the Great Lakes-St. Lawrence forest region and protected
areas. Large mammals have been tracked and studied in relation to roads, though they
generally focus on road crossing structures and monitoring connectivity across large
highways (Acevedo et al., 2011; Buchmann et al., 2013; Fahrig & Rytwinski, 2009;
Forman et al., 2003). The authors of these studies have found many differing results to
mammal road-use and differences tend to show up based on the species, time of year,
traffic volumes, road density, and surrounding vegetation and cover (Chetkiewicz &
Boyce, 2009; Clevenger et al., 2001b; Clevenger et al., 2002; Cushman & Lewis, 2010;

48



Forman & Alexander, 1998; Grilo et al., 2008; Kindall & van Manen, 2007; Long et al.,
2011; Mitchell & Powell, 2003; Roger et al., 2012).

Though the actions of logging are important to consider, the main driver of this
study is the network of logging roads within APP, consisting of primary, branch and
tertiary types. For my research alone, I examined only the movement of large mammals
on the primary and branch logging road types, leaving room for future research to look
deeper into the tertiary logging road type and possibly Highway 60 that runs through the
southern portion of the park.

The species that I focus my research on are important to the APP ecosystem.
Moose, white-tailed deer, black bear, eastern wolf, and coyote all play roles within this
environment from social, economic, and of course environmental aspects (Algonquin
Provincial Park Management Plan, 1998). Socially, these animals are charismatic and
draw the attention and admiration of many people from all around the world. They
encourage conservation practices and lend to the understanding of how humans can
impact the wildlife of the world, due to their large presences and large ranges of
movement. There is also a strong relationship between hunters and many large mammal
species. Hunting is a seasonally permitted activity for the Algonquins of Ontario on the
east side of the park and in the specific townships of Bruton, Clyde and Eyre for the
public (Algonquin Provincial Park Management Plan, 1998; Hunting Regulations 2013-
2014, 2013).

Large mammals are also important from an economic standpoint, especially
within a protected areas setting, as they bring visitors into these parks (Acevedo et al.,
2011; Dixon & Sherman, 1991; Quinn et al., 2013). For APP, many people come to visit
with hopes of encountering moose, wolves, American black bears, and other species of
wildlife (Friends of Algonquin Park, 2013). Wolf howls have become a regular activity
that the public can participate in, and highway sightings of moose are frequent and often
sought after by tourists, giving the park a wilderness appeal that many people desire.

Environmentally the large mammals of APP provide key ecosystem processes.
Ungulates, as herbivores, maintain vegetation stands and structure, though as their
populations increase dramatically, particularly with white-tailed deer, this foraging may
cause dramatic changes in the vegetative structure (Koh et al., 2010). The large
carnivores of the park are important for maintaining healthy ungulate populations and
proportionate trophic levels in order to have an overall balanced ecosystem (Aspi et al.,
2009; Chavez & Gese, 2006; Cook et al., 1999; Forbes & Theberge, 1996; Kunkel et al.,
2004). Ecosystems where wolves have been extirpated (which has been much of North
America) have shown imbalances between species, with very high numbers of
herbivores, causing perhaps unwanted changes in that ecosystem due to their strong
influences as a species (Carroll et al., 2006; Licht et al., 2010). This all factors back in to
the mammals of APP, and how their populations can help maintain an ecosystem with
ecological integrity and overall habitat health, since this is an important factor in Ontario
Parks legislation (Ontario Parks, 2013).
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When reflecting back on Table 1 (Page 11), we were able to determine that the
American black bear did seem to avoid the primary roads more than the branch, and this
may have been mostly due to the presence of desirable forage material along those roads.
There was also higher forest cover on the branch roads and they were further from human
development and the populated area surrounding the park. Coyotes and eastern wolves
seemed to travel the two types of logging roads fairly similarly, and were potentially
using them as travel corridors, though that cannot be confirmed with this data. As use of
all types of forest are beneficial to the canines of the park, they had ample habitat of all
types within this protected area. Both moose and white-tailed deer would find forage
vegetation in abundance between the deciduous growth, roadside vegetation, and in
newly logged areas. Overall, these mammals may be relatively accustomed to the human
presence in APP and may feel little fear from utilizing the logging roads in the park,
though data is insufficient at the moment to determine that as a fact.

Trying to understand how local-level and landscape-level variables are important
to the large mammals of this park, along with how logging roads, as a specific
anthropogenic impact, affect these animals is poorly understood, and so becomes the
main point of my research (Brady et al., 2011). Many studies covered different sets of
variables to what my current research handled (Acevedo et al., 2011; Bowman et al.,
2010; Brady et al., 2011; Chetkiewicz & Boyce, 2009; Clevenger et al., 2002; Cushman
& Lewis, 2010). Some included variables such as food resources, more encompassing
land cover, and the overarching impact of human presence, whereas my study only
observed road density as a form of human impact, and some landscape variables
including topographic ruggedness, percent forest cover and percent water cover
(Chetkiewicz & Boyce, 2009). For the fieldwork, results were of greater importance in a
general descriptive manner. Tracks were by far the most common type of indicator for
mammal presence and scat was more common on branch logging roads, perhaps
indicating greater presence there, or indicating that evidence of mammals lasts longer on
these less human-traveled corridors.

Besides the direct impacts and influences of the logging roads themselves, we
must also examine what the variables are telling us from both the local- and landscape-
level. One of the key elements of my research was the utilization of both local-level
variables from the field and landscape-level variables from ArcGIS lab work. Using
geospatial analysis has become an increasingly popular method for analyzing wildlife
movement and modeling with landscape variables over large scales (Alexander &
Waters, 2000; Boan et al., 2011; Clevenger et al., 2002; Kaphegyi et al., 2013; Shanley et
al., 2013). This has also become a prevalent method within the context of road ecology
since this tool can calculate and utilize data of our vast road networks. For this study [
used ArcGIS 10.1 to calculate statistics on road density, percent forest cover, percent
water cover, and topographic ruggedness. From the landscape data outputs I was able to
use generalized linear models (GLMs) to determine if there was significant influence for
predicting large mammal presence on APP logging roads. Previous research used
variables similar to mine, as well as others to help predict crossing patterns with
surrounding landscape features, which may further determine the placement of wildlife
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crossing structures (Acevedo et al., 2011; Chetkiewicz & Boyce, 2009; Cserkesz et al.,
2013; Cushman & Lewis, 2010; Grilo et al., 2008; Long et al., 2011; Roger et al., 2012).

For four out of six GLM sets percent water cover was one of the more important
landscape variables to predict large mammal presence on the primary and branch logging
roads (Table 16). All three buffer perimeters on the primary logging roads had percent
water cover as a part of their models of best fit, as well as percent forest cover for the
130km? and 40km? buffers and topographic ruggedness for the 40km” primary road
buffer. For the branch logging roads the most common landscape variable playing an
important role in determining presence was topographic ruggedness as it showed up in all
three buffer layer models of best fit. Percent forest cover showed up in the 80km? and
40km” models, the road density variable was found to be influential in the 130km” and
40km” buffer zones, and percent water cover was important to the 130km” model of best
fit. These results seem to show that differences in buffer area, or home range, play
different roles on what landscape-level variables are important to large mammal
movement on the logging roads of APP. There also seems to be a distinction between the
models for the primary and branch logging roads, perhaps indicating that there is a
difference between the use of these logging roads that could be explained by these
landscape features. It is also important to note that significant results were found in the
models of all the branch buffer areas, but only in the 40km? buffer for the primary
logging roads. It must also be taken into consideration that local-level variables may also
play a part in the habitat selection by these species, though it is difficult to determine this
from the data that were collected in this study, as they are mostly categorical in nature.
Some of this has been answered in the literature, though not for all large mammals at this
point.

Figure 26. Vegetation surrounding a primary logging road. Photo credit Hillary Roulston.
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The landscape variables all have implications for APP, and may be important for
future management changes in logging road construction or decommissioning. The
percent water cover variable may indicate the need of these large mammals for this life-
giving resource, and their position relative to logging roads may be important. With the
data I have collected at this point I am uncertain whether having logging road access
close to water is beneficial or detrimental to large mammals, other than they seem to be
more likely to use roads where water is fairly close. Percentage of forest cover may be
beneficial to many species that prefer this habitat, such as bears and wolves, and may also
determine foraging material for ungulates. This may also determine where logging
practices may move to next to remove their next timber source. Road density is often a
limiting factor to large mammals at certain thresholds, so it would be beneficial for the
logging roads to remain below the lowest possible road density threshold that would
produce negative affects on any of these species. Lastly topography is important to
consider as roads are generally built on land that has easily accessible topography, and
large mammals may do the same when they travel, leaving these areas as potential travel
corridors for both humans and wildlife that need to be taken into consideration when
building them.

The findings from my research conclude that logging roads may have some
influence on the large mammal movement within the park, though it is still uncertain to
what extent, and if there is a greater difference between primary and branch logging road
use than what can be observed at this point in time (Figure 26). There is evidence to
suggest that many of the large mammal species find little hindrance in utilizing the
logging roads as tracks and scat were found regularly on both types of logging roads,
though no comparison has been made with the interior of the park. Branch logging roads
did tend to show more evidence of use than the primary logging roads. This may be due
to confounding factors such as higher road use by vehicles and compaction from this use
making mammal evidence harder to see. The results from the t-Test and Wilcoxon
Signed-Rank Test both showed that there was no significant difference in use by large
mammals of these two types of logging roads with the data that have been collected.

Other studies have found that the vegetation near logging roads can be highly
desirable to herbivores as forage, and roads can also permit the ease of movement for
predators (Alexander & Waters, 2000; Boan et al., 2011; Bowman et al., 2010; Forman,
2003; Lebel et al., 2012; Lesmerises et al., 2012). From this research, it is not surprising
to see that within a protected area, such as APP where quality habitat is abundant
(Algonquin Provincial Park Management Plan, 1998), that these mammals are using the
logging roads to move around in order to optimize their survival.

Over the years of research on road ecology, large mammals, particularly
carnivores, have been thought to be especially vulnerable to the growing road network
around the world (Alexander & Waters, 2000; Fahrig & Rytwinski, 2009; Forman et al.,
2003; Kusak et al., 2009; Nicholson & van Manen, 2009). Some of this is due to their
large size, and therefore large habitat requirements that are necessary for their foraging
behaviour and dispersal movements. For this study, | examined the use on primary and
branch logging roads, to see if the logging road network was causing a barrier to the large
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mammal populations of the park. As evidence of logging road use was relatively
consistent over the three repeated measures on both types of road, I determined that these
roads may not cause a barrier for moose, white-tailed deer, black bear, eastern wolf and
coyote with the data on hand. Further research would be necessary to determine if this is
actually the case by radio-collaring individuals, or testing genetic samples, in order to
determine if connectivity is currently being upheld in APP on the logging roads and
within the interior of the park.

From the results collected and the maps of presence and absence at observation
points (Figures 17-22), it can be noted that there seems to be no strong indication of any
particular area where the logging roads are creating a barrier to the large mammals of
APP. Though this is only a small preliminary study to try to understand a dynamic and
complex ecosystem. All transects, even transect 3, which was just outside the boundary
of the park, showed presence of many of the five species that I observed on both their
primary and branch logging roads. There may be some difference between these two
types of logging road use, but no significance was found at this point. As I recommend
below, more data should be collected in order to have a greater sample size in order to be
more confident in this result that there is no significant difference between primary and
branch logging road use.

Most studies focus on the fragmentation effects of highways, and higher used
paved roads, and found that they acted as barriers or dangers to wildlife populations in
many cases (Forman et al., 2003; Kusak et al., 2009; Lewis et al., 2011; Nicholson & van
Manen, 2009). Comparison with these studies is difficult because of these basic
differences between road types and location. Even if studies of road ecology took place
within a protected area, they tended to focus on a highways that run through them and not
potential logging roads, such as in Banff National Park, British Columbia, Canada;
Olympic National Park in Washington, USA; Parc de la Gaspesie in Quebec, Canada;
and Great Smokey Mountain National Park in Tennessee, USA (Clevenger et al., 2002;
Forman et al., 2003). These studies also tend to look for features that may explain higher
use areas as tools for placing mitigation measures from road fragmentation (Clevenger et
al., 2002; Corlatti et al., 2009; Olsson et al., 2008). These authors hope to find areas
where crossing is highest in order to give easily understood and conclusive results to
transportation departments and governments so underpasses, overpasses, or other
crossing structures can be constructed and retrofitted into key wildlife corridors.

Algonquin Provincial Park connectivity for large mammals did not seem hindered
based on the results from this preliminary study of their movement. Logging roads
within the park are narrow, unpaved, and with low vehicle use levels, perhaps posing as a
non-threatening source to wildlife movement compared to highways and other public-use
roads (Algonquin Provincial Park Management Plan, 1998). Tracks and scat were
regularly seen on both types of road, and there was no significant difference in use
between the two for movement use, based on the t-Test and the Wilcoxon Signed-Rank
Test. Habitat fragmentation and connectivity are related, and the fragmentation caused
by the logging road network within this particular protected area does not seem to cause
issues for connectivity at the landscape level for the five large mammals observed, as
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their use of these logging roads for their movement was frequent and consistent across
the summer season (Forman et al., 2003). It is the protected areas around the world that
are holding reserves of these populations, and so with connectivity still strong for large
mammals in APP, there is a hopeful future for the species that reside there (Kaczensky et
al., 2011; Minor & Lookingbill, 2010; Naughton-Treves et al., 2005).

Logging roads can have effects on their surrounding habitat just like any other
type of road, though the effects may be different and the negative effects may not be seen
to the extent that they are on large, paved highways (Forman et al., 2003). When logging
occurs, there tends to be a surge of deciduous growth, even if the originally logged forest
had greater coniferous species to begin with (Bowman et al., 2010; Jones et al., 2011;
Lesmerises et al., 2012; Masse & Cote, 2012). The young, new growth promoted by the
canopy openings at logging sites and the roads attract large herbivores to these areas of
preferred forage material (Inglis et al., 1998). The roadsides along many of the logging
roads, predominantly the branch roads, were highly populated with raspberry and/or
blackberry bushes, making those areas a strong attraction to the American black bears of
the park, as can be seen in other studies of black bear, grizzly bear, and the European
brown bear where berries were a strong influence of road use (Clevenger et al., 2002;
Roever et al., 2008). When this type of vegetation draws these species in to those areas,
the predators of those species often follow, in this case potential prey for the American
black bear, eastern wolf and coyote (Boan et al., 2011; Bowman et al., 2010; Lebel et al.,
2012). There may also be a relationship between the canopy cover and greater branch
road movement, as generally canopy cover was greater on those logging roads compared
to the primary roads. Road width is perhaps another strong factor in determining large
mammal movement. Branch roads were narrower than their primary counterparts
overall, with the mean values of road width being 6.7m for primary and 5.5m for branch.

The positive influence of forestry roads mentioned in previous research was also
evident in this case study. Tracks and scat indicate use of these roads as travel corridors,
and surrounding vegetation as potential forage material, especially with the American
black bears and the berries growing there during the month of June. Strong presence of
deciduous vegetation and herbaceous undergrowth had the potential to be highly utilized
by moose and white-tailed deer, perhaps explaining their high frequencies of tracks and
scat on both the primary and branch logging roads in APP.

Though there are positive influences of logging roads on large mammal habitat
within protected areas, there are also negative influences. One of the main issues with
having a road network within a protected area is greater access to remote regions by
humans (Forman, 2010; Forman et al., 2003; Lebel et al., 2012; Roever et al., 2008;
Shanley et al., 2013; Sherwood et al., 2002). With the extent of the logging road network
in APP, it creates difficulty for limiting access to humans. This may have its implications
on the protection of sensitive habitats and values within the park. Where logging is
currently taking place, the noise impact may deter the large mammals from those areas
for a time (Forman et al., 2003). At this time there were a few areas where logging was
currently taking place in the vicinity of my research, though no data was specifically
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collected with this in mind. As this is the case I would recommend that future research
would examine this potential impact in greater detail.

Through observation on site, it was noted that the majority of tracks were running
parallel with the roads and fewer crossed perpendicular. There could be a strong
systemic bias in this, in that it is easier to spot tracks running with the logging roads than
the smaller chance of stopping in areas where the mammals are crossing the road
perpendicularly. Since there were fairly high levels of movement parallel to the road, it
makes for an interesting claim that the mammals were utilizing the roads as a way to ease
their movements, though my data is insufficient for actually determining this.

Using GIS data analysis within my work, I feel that there is a better grasp of
understanding the movement of the large mammals in this protected area through the
generalized linear models (GLMs). By seeking out these variables and identifying their
potential significance at different scales of habitat it will hopefully be simpler in the
future to add or subtract other landscape variables to these models. Future studies should
take this research as a preliminary start to describing movement on primary and branch
logging roads by large mammals in APP, and use the results to direct what steps should
be taken next in the world of wildlife ecology and protection.

4.1 Recommendations and Further Research

An understanding at a group of species level may be very informative, but it may
also be wise to consider the movement of large mammals on the primary and branch
logging roads within APP at the individual species level. Their individual requirements
and how they interact on with the local- and landscape-level variables may be beneficial
for finding models that are more precise for each species. While individual analysis of a
species could be overall more ecologically informative, it may not be as economically
beneficial.

A second recommendation would be to add more transects and/or lengthen the
current transects to incorporate more road length. This could be done to gain a better
grasp on answering the research questions of how the large mammals utilize either type
of logging road, and how those differ according to the different local- and landscape-level
variables.

Another interesting way to extend this research would be to conduct field research
at other times of the year, and not just from late spring to the end of summer
(McLoughlin et al., 2011). Extension into the autumn and winter seasons could be very
useful in determining if primary and branch logging road use differs depending on the
time of year. This may factor in the rut in the autumn for the ungulates, the migration of
white-tailed deer into their winter-feeding grounds, and how the predators move in
accordance to the movements of their prey. Wildlife movement may also be influenced
by the hunting season and by seasonality in the forest resource extraction industry as
well.
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A fourth recommendation I would suggest is the continuation of this study of
tracking the large mammals within APP at least at the minimum, which I consider to be
the methods of this current study. Preferably, more of the recommendations brought up
in this section could be added to the study in order to provide useful data in the future.
Year-to-year comparison would also be ideal, if this research could maintain a long-term
presence within the APP so that not only spatial data could be collected, but temporal
data could be as well. That data could then be analyzed for changes in logging road use
and help determine other influencing habitat affects (Thompson et al., 1989).

Adaptations to the variables of this study are also a recommendation I would
make. Perhaps the inclusion of more landscape-level data would be helpful, such a
distance to nearest road, where current logging practices are taking place, or distance to
nearest human development structure. This could add to the complexity, and perhaps our
overall understanding of how these landscape-level variables play a role in explaining
large mammal movement in APP. If more researchers were available, there could also be
better coverage of the local-level data, and more accuracy in those measurements.
Greater species identification of the vegetation and their heights would be useful as a
better indicator of ungulate forage material. And as stated above, more time and distance
could be added to the transects in order to collect more observations, therefore increasing
the accuracy of the results obtained.

To ensure a more pronounced independence between observations, it may be in
the better interest of this study to recommend having set observation points that are
checked regularly (Long et al., 2011). Independence when tracking on roads may be
difficult to determine since many of these large mammals can move along these corridors
for long distances (Burdett et al., 2007; Fahrig & Rytwinski, 2009; Howard & DelFrate,
1991; Inglis et al., 1998; Kusak et al., 2005; Sargent & Labisky, 1995; Stenhouse et al.,
1995; Wooding & Hardisky, 2001). If observation points were given at specific locations
at set distances from each other down a road corridor, the resulting data may be more
accurate in telling the researcher how the wildlife are actually utilizing the branch and
primary logging roads in APP without potentially repeating counts.

Overall monitoring could be enhanced with the addition of more IR-cameras or
video cameras set up in distinct locations. This could allow for better coverage and
consistency between observation points, regardless of time of day, weather, or other
factors that may influence human monitoring and tracking. More cameras could benefit
the overall research collection by providing more data.

Another interesting point that could not be covered well in this study was looking
at the impacts of hunting on the large mammal populations in the park (Sargent and
Labisky, 1995). Hunting is only permitted seasonally on the east side of the park by the
Algonquins of Ontario as well as in Clyde, Bruton and Eyre by the public, therefore
potentially influencing different behaviour from those mammals, compared to those on
the west side of the park (Hunting Regulations 2013-2014, 2013). To look at this, data
collection would need to be extended into the hunting season (autumn) and look at the
use of logging roads at that time and contrast it to the logging road movement at other
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times of the year. This would be a recommendation that could be of interest to APP for
monitoring their wildlife and the hunting agreement within their protected area.

Further examination into the effects of ditches on logging road movement is
something that may also interest the park. This recommendation is made as a means to
look at how ditches, as a ubiquitous road planning structure, may affect the wildlife in the
park, and if there is a threshold of depth and width that may deter wildlife from crossing
the roads (Forman et al., 2003). Again, not a whole lot is known about this, and there
may in fact be little to no effect, since many of the mammals seem to use the length of the
primary and branch logging roads, instead of just crossing perpendicular to it. There is
also a majority of observations without ditches, perhaps mitigating any effects ditches
would have elsewhere along the length of logging road (Table 7).

There is also always the potential to examine other groups of species and their use
of logging roads in APP, as well as adding more specific vegetation data. This might
include things like hemlock (7suga sp.) that were a very common tree in the past in APP,
and have since been extracted from the park (Algonquin Provincial Park Management
Plan, 1998). Replanting of this species has been difficult as the seedlings are excellent
forage for the ungulates in the park, and are stunted in their growth. Expansion of the
research question to include more species might increase our understanding of the APP
ecosystem, and more of its complex workings.

Comparison may also be possible between data on the logging roads in APP and
outside of this particular protected area. Some of the roads surrounding the park are
highway, county roads and lower-use local roads (Ministry of Transportation, 2013). If
monitoring could also consider this larger scale, greater understanding of APP large
mammals may occur. This might mean a threshold for traffic volume could be
established for these populations, or understanding of how they utilize the protected area
compared to outside the park may be beneficial to species management.

4.2 Management Strategies

The results from my research, on the large mammal movement in APP with
regards to the primary and branch logging roads, found that they do utilize the logging
roads, though to what extent is uncertain with the data at hand. Due to this result, current
large mammal management practices could be sustained, which is to say no active
management at this time, as their populations could be utilizing the logging roads to their
benefit.

Currently, wildlife-crossing structures, such as overpasses and underpasses, are
not necessary for the persistence of the large mammals of APP on logging roads.
Fencing is also not required to prevent logging road use, as traffic volumes are low
enough to not be a threat. As the logging roads have lower speed limits the traffic that is
on these roads is slower than what is seen on Highway 60, again reducing the chance and
impact of a collision. No road kill was observed during the duration of my study, so I do
not believe the primary and branch logging roads are causing high levels of wildlife
mortality for the large mammals of the park.
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As my monitoring was not conducted during the hunting season, I do not have
management strategies for large mammal management at that time. As recommended in
the previous section, future research should track during this season to see if there is less
use of the logging roads at that time. Forest resource extraction may also influence the
movement and use of logging roads by these species, but perhaps only where it is
currently being practiced (Algonquin Provincial Park Management Plan, 1998; Inglis et
al., 1998). This may only cause temporary disturbances at small spatial scales.

We must remember how specific this study is within the topic of road ecology.
Road ecology is the study of roads and their affects on the environment (Forman, 2003).
This can look at water sedimentation to invasive species movement, from wildlife
crossing structures to songbird survival. And within this topic my research delves into
large mammals in APP, related to logging road movement, to determine what form of
relationship is there. As forestry is important to this subject of logging roads, my
research has hopefully informed towards some useful future management practices, such
as continued monitoring, watching road densities and where water is present in relation to
those roads. Generally, continued research and monitoring should occur to determine if
there is change in logging road use by the moose, white-tailed deer, eastern wolf, coyote,
and American black bear in APP, and from that determine if greater changes need to be
made for the management of these species as this is only one aspect of a much larger
ecological picture.
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4.3 Final Words

My research has shown that large mammals in APP do use primary and branch
logging roads, though the difference between road use and interior use cannot be
determined at this time (Figure 27). Local-level variables assisted in describing the
observation points and providing greater information on what APP is comprised of along
its logging roads. On the other hand, the landscape-level variables were very useful in
helping predict what influences they have on primary and branch logging road use by the
large mammal species of this protected area through generalized linear models. From the
information that was gathered, further research is the highest recommendation I would
make, as more data on the movements of these species can only boost the confidence of
how best to allow large mammal persistence into the foreseeable future.
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Figure 27. White-tailed deer and fawn caught in IR-camera. Photo credit Hillary Roulston.
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6.0 APPENDICES

Table 17. Landscape level data on three different buffer scales on the six primary transects in Algonquin
Provincial Park.

Primary/ Road Density  Forest (%) Water (%)  Mean Ruggedness

Buffer (km/km?) (m)

130km”
1 0.57 79.32 9.44 46.91
2 0.72 78.53 12.82 45.75
3 1.14 76.48 11.56 49.42
4 1.54 83.83 6.27 32.89
5 1.46 81.79 5.60 32.81
6 0.85 80.64 11.43 43.16

80km®
1 0.59 79.67 7.62 46.58
2 0.73 78.35 12.70 46.07
3 1.09 78.23 9.53 49.73
4 1.57 85.25 5.26 33.39
5 1.46 85.90 5.25 32.45
6 0.88 76.49 12.27 41.78

40km*
1 0.73 83.19 6.75 45.69
2 0.91 76.57 12.96 46.08
3 1.05 82.45 4.90 52.62
4 1.25 95.55 5.59 33.40
5 1.29 87.12 4.79 31.44
6 0.90 73.46 15.39 40.63

Table 18. Landscape level data on three different buffer scales on the six branch transects in Algonquin
Provincial Park.

Branch/ Road Density  Forest (%) Water (%)  Mean Ruggedness

Buffer (km/km?) (m)

130km”
1 0.59 78.50 10.37 47.49
2 0.59 80.79 13.07 43.05
3 1.22 89.50 8.77 52.84
4 1.04 90.88 5.62 33.59
5 0.64 88.49 437 36.17
6 0.86 81.16 10.12 41.26

80km®
1 0.64 82.07 9.53 47.93
2 0.61 83.59 10.95 44.08
3 1.19 86.30 6.94 53.96
4 0.96 92.73 4.35 34.34
5 0.64 91.00 4.18 35.68
6 0.96 86.23 5.45 42.79

40km*
1 0.70 84.00 9.21 47.34
2 0.68 85.86 9.11 44.96
3 1.16 78.11 7.40 54.91
4 0.73 90.74 5.13 33.73
5 0.58 87.34 428 33.34
6 0.84 88.52 3.46 42.78
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Table 19. Total individuals count by species on three repeated observations of the six transects in
Algonquin Provincial Park (P = primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Species P B P B P B P B P B P B
Moose 9 12 8 12 7 7 4 4 7 9 6 9
Deer 3 2 3 2 4 4 3 6 8 5 4 0
Canine 0 1 1 2 2 0 2 1 1 1 0 0
Bear 2 0 0 0 0 0 0 1 0 3 0 3
Total 14 15 12 16 13 11 9 13 16 18 10 12
Moose 8 7 3 9 2 1 3 1 3 1 2 5
Deer 2 0 0 0 2 1 1 3 6 3 1 0
Canine 0 0 0 5 0 1 1 1 1 0 3 6
Bear 0 6 1 12 0 1 0 1 1 2 0 7
Total 10 13 4 26 4 4 5 6 11 6 7 18
Moose 4 5 5 8 5 4 2 2 1 2 4 5
Deer 1 0 1 1 4 0 2 3 4 3 4 0
Canine 0 0 0 0 1 1 0 1 1 2 1 1
Bear 0 6 0 5 0 0 0 0 0 0 0 3
Total 5 11 6 14 10 5 4 6 7 7 9 9

Table 20. Counts of the types of evidence collected on the six transects with three repeats (P = primary
logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6

Evidence P B P B P B P B P B P B
Tracks 10 12 12 16 13 11 8 8 15 14 11 8
Scat 4 3 0 0 0 0 1 4 1 4 0 4
Other 0 0 0 0 0 0 0 1 0 0 0 0
None 0 0 0 0 0 0 3 1 1 0 3 2
Total 14 15 12 16 13 11 12 14 17 18 14 14
Tracks 9 7 3 10 4 3 4 3 9 5 4 3
Scat 0 7 1 16 0 1 1 3 2 1 1 15
Other 0 0 0 0 0 0 0 0 0 0 2 0
None 2 3 7 2 8 5 7 8 3 6 5 3
Total 11 17 11 28 12 9 12 14 14 12 12 21
Tracks 5 5 6 9 9 4 4 5 6 5 9 4
Scat 0 6 0 5 1 1 0 1 1 2 0 4
Other 0 0 0 0 0 0 0 0 0 0 0 1
None 6 4 5 3 4 4 7 6 5 6 4 7
Total 11 15 11 17 14 9 11 12 12 13 13 16

Table 21. Counts of observations with ditches present or not over the three repeated surveys of six transects
(P = primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Ditches P B P B P B P B P B P B
Yes 7 9 3 7 6 3 8 3 2 4 3 6
No 7 6 9 9 7 8 4 11 15 14 11 8
Total 14 15 12 16 13 11 12 14 17 18 14 14
Yes 4 3 3 5 8 4 7 1 1 4 5 5
No 7 14 8 23 4 5 5 13 13 8 7 16
Total 11 17 11 28 12 9 12 14 14 12 12 21
Yes 2 1 2 0 4 6 4 0 2 5 7 5
No 9 14 9 17 10 3 7 12 10 8 6 11
Total 11 15 11 17 14 9 11 12 12 13 13 16
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Table 22. Counts of the different types of vegetation observed on the six transects with the three repeats (P
= primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6

Vege Type P P B P B
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Table 23. Counts of observations of the presence, partial presence, and absence of canopy cover on the six
transects on the three repeated surveys (P = primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Canopy P B P B P B P B P B P B
Cover
Yes 1 0 0 1 0 0 0 1 0 1 2 4
Slight 5 1 3 4 0 1 1 7 6 7 5 5
No 8 14 9 11 13 10 11 6 11 10 7 5
Total 14 15 12 16 13 11 12 14 17 18 14 14
Yes 4 1 0 4 0 0 0 2 0 0 2 1
Slight 5 4 4 5 0 0 2 2 0 1 1 0
No 2 12 7 19 12 9 10 10 14 11 9 20
Total 11 17 11 28 12 9 12 14 14 12 12 21
Yes 5 4 1 1 0 0 0 3 1 0 2 3
Slight 0 5 5 1 3 1 2 0 1 3 7
No 6 6 5 11 13 6 10 7 11 12 8 6
Total 11 15 11 17 14 9 11 12 12 13 13 16
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Table 24. Counts of observations in close proximity to water on three repeated surveys of the six transects

(P = primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Water P B P B P B P B P B P B
Yes 3 2 9 6 2 0 2 0 9 9 1 0
No 11 13 3 10 11 11 10 14 8 9 13 14
Total 14 15 12 16 13 11 12 14 17 18 14 14
Yes 1 1 5 14 2 1 4 1 1 5 3 2
No 10 16 6 14 10 8 8 13 13 7 9 19
Total 11 17 11 28 12 9 12 14 14 12 12 21
Yes 1 2 3 7 4 3 1 1 2 5 1 1
No 10 13 8 10 10 6 10 11 10 8 12 15
Total 11 15 11 17 14 9 11 12 12 13 13 16

Table 25. Counts of observations in proximity to trails and branching roads (P = primary logging road and
B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Trails P B P B P B P B P B P B
Yes 2 0 2 2 0 1 1 0 0 0 0 0
No 12 15 9 13 12 10 11 12 17 18 13 12
Other 0 0 1 1 1 0 0 2 0 0 1 2
Total 14 15 12 16 13 11 12 14 17 18 14 14
Yes 0 0 0 0 1 0 0 0 0 0 0 2
No 10 14 10 26 10 7 11 7 12 12 11 17
Other 1 3 1 2 1 2 1 7 2 0 1 2
Total 11 17 11 28 12 9 12 14 14 12 12 21
Yes 0 0 1 0 2 0 0 0 2 0 1 0
No 9 15 7 14 10 7 8 11 10 12 11 15
Other 2 0 3 3 2 2 3 1 0 1 1 1
Total 11 15 11 17 14 9 11 12 12 13 13 16

Table 26. Total counts of the aggregate types found on the branch and primary roads over the three
repeated surveys (P = primary logging road and B = branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Aggregate P B P B P B P B P B P B
Gravel 14 9 4 1 0 7 0 5 0 0 0 1
Sand 0 0 6 13 0 2 0 0 0 0 0 0
Gravel Pit 0 0 0 2 0 0 0 0 0 0 0 0
Gravel/Grass 0 6 0 0 0 0 0 0 0 0 0 0
Gravel/Sand 0 0 2 0 13 0 12 5 17 18 14 12
Woodchip 0 0 0 0 0 2 0 0 0 0 0 0
Dirt/Woodchip 0 0 0 0 0 0 0 1 0 0 0 0
Soil 0 0 0 0 0 0 0 3 0 0 0 0
Rocky/Compact 0 0 0 0 0 0 0 0 0 0 0 1
Total 14 15 12 16 13 11 12 14 17 18 14 14
Gravel 0 7 0 2 0 3 0 0 0 0 0 0
Sand 0 0 0 2 0 0 0 1 0 0 0 0
Gravel Pit 0 0 0 0 0 0 0 0 0 0 0 0
Gravel/Grass 0 0 0 0 0 0 0 0 0 0 0 0
Gravel/Sand 11 10 11 24 12 4 12 7 14 12 12 21
Woodchip 0 0 0 0 0 2 0 5 0 0 0 0
Dirt/Woodchip 0 0 0 0 0 0 0 0 0 0 0 0
Soil 0 0 0 0 0 0 0 0 0 0 0 0
Rocky/Compact 0 0 0 0 0 0 0 1 0 0 0 0
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Total 11 17 11 28 12 9 12 14 14 12 12 21
Gravel 0 0 0 0 0 1 0 4 1 0 0 3
Sand 0 0 0 0 0 0 0 0 0 0 0 0
Gravel Pit 0 0 0 0 0 0 0 0 0 0 0 0
Gravel/Grass 0 0 0 0 0 0 0 0 0 0 0 0
Gravel/Sand 11 12 10 17 14 7 11 3 11 13 13 13
Woodchip 0 0 0 0 0 1 0 3 0 0 0 0
Dirt/Woodchip 0 0 1 0 0 0 0 2 0 0 0 0
Soil 0 0 0 0 0 0 0 0 0 0 0 0
Rocky/Compact 0 3 0 0 0 0 0 0 0 0 0 0
Total 11 15 11 17 14 9 11 12 12 13 13 16
Table 27. The mean, median and mode of road widths of the primary and branch logging roads in
Algonquin Provincial Park over the three surveys of observations (P = primary logging road and B =
branch logging road).

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6
Measurements P B P B P B P B P B P B
Mean 625 45 596 884 923 641 954 7.14 721 644 7 4.64
Median 6.75 4 5.25 5 9 6 9.25 5 7 6.5 7 4.5
Mode 7 4,6 45 5 9 4, 9 5 7 6, 7 4.5

4.5, 6.5
6,9
Mean 4 347 541 3.36 8 6.17 7.87 9.11 539 554 6.08 3.52
Median 4 3 4 3 8 6 8 425 55 55 6 3.5
Mode 4 3 4 3 8 6 8 3.5 5 5.5 6 3.5
Mean 491 3.63 486 4.12 825 578 818 6.17 575 577 646 4.09
Median 5 3 4 3.5 8 6 8 4 575 55 6.5 4
Mode 3,5 3 3.5 3.5 8 7.5 8 4 55, 55 6.5 3.5
6

Table 28. The proportions of evidence found across the total primary and branch logging roads in
Algonquin Provincial Park.

Scat Presence Primary Branch
90 Total 13 77
14.44% 85.56%
Track Presence Primary Branch
273 Total 141 132
51.65% 48.35%
Other Presence Primary Branch
4 Total 2 2
50.00% 50.00%
None Primary Branch
130 Total 70 60
53.85% 46.15%
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