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Abstract

In central Saskatchewan, boreal woodland caribou population declines have been

documented. In order to contribute to the conservation efforts, historical changes in

caribou distribution, land cover, and habitat quality were documented in the Prince Albert

Greater Ecosystem (PAGE), Saskatchewan, for the period of 1950 to the present. To

examine changes in caribou distribution, survey observations, incidental sightings and

telemetry data were collated. To quantify landscape changes, land cover maps were

created for 1966 and2006 using current and historic forest resources inventories, fire,

logging, and roads data.

Results indicate that woodland caribou are still found throughout the study area

although their distribution has changed and their use of Prince Albert National Park is

greafly limited. Transition probabilities and landscape composition analyses point to an

ageing landscape for both the National Park and provincial crown land portions of the

PAGE. In addition, increased logging and the development of extensive road and trail

networks on provincial crown land has resulted in significant landscape fragmentation

and reduced functional attributes of caribou habitat.

To assess how these changes have affected the spatial arrangement of caribou

habitat, a resource selection function (RSF) using GPS telemetry data and generalized

estimating equations was developed. Results showed selection for treed muskeg and

mature jack pine dominated stands and avoidance of hardwood, young coniferous stands,

logging and linear features. The best model was applied to the 1966 and,2006vegetation

maps to produce a predictive habitat map. Results showed greater area covered by high

quality habitat in2006 however the high quality habitat was clustered. In 1966 there was



less high quality habitat but it was distributed throughout the landscape. To assess

changes in habitat connectivity between 1966 and 2006, spatial graph theory was used to

create minimum planar graphs. The results showed the 1966 landscape was connected at

much lower cost distance thresholds. Although there is presently a greater amount of

caribou habitat on the landscape, the high level of anthropogenic activities on the PAGE

area reduces the overall potential of this landscape for caribou.

To ensure the viability of boreal caribou on this landscape, habitat connectivity

should be maintained throughout the area with larger clusters of habitat present at all

times and adequate connectivity between these areas. To ensure caribou use of the range,

habitat connectivity within and beyond Park boundaries should be maintained.

Understanding historical landscape changes will assist with ongoing provincial and

federal recovery efforts for boreal caribou, forest management planning activities, and

landscape restoration efforts within and beyond the park boundaries.
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1. Introduction

l.l Background

Boreal caribou (Rangi/'er tarandus caribou) are one of frve populations of

woodland caribou in Canada (COSEWIC,2002). This boreal population of woodland

caribou was listed as threatened by the Committee on the Status of Endangered Wildlife

in Canada (COSEWIC) in 2000; this status was reevaluated and confirmedin2002.

COSEWIC (2002) defines threatened as "a species likely to become endangered if

limiting factors are not reversed". Boreal caribou have the largest range of all woodland

caribou ecotypes and, because they occur in southerly areas, human encroachment is a

problem (Thomas and Gray,2002). The listing of borealwoodland caribou was based on

habitat loss and increased predation thought to be facilitated by human activities

(cosEwIC,2002).

Although caribou have a varied diet, habitat rich in lichen is preferred because the

high carbohydrate composition of select lichen species provides energy benefits (Coxson

and Marsh, 2001; Thomas and Gray, 2002). Favourable lichen conditions make mature

forests and wetland complexes preferable for woodland caribou (Thomas and Gray,

2002). Many studies throughout Canada have shown that woodland caribou select for

treed muskeg, wetlands, and mature coniferous stands (Stuart-Smith et al., 1997;Hirai,

1998; Brown et al., 2000a; Brown et al., 2000b; Rettie and Messier, 2000; Schneider et

a1.,2000; Mahoney and Virgl, 2003; O'Brien et al., 2006). Habitat use is more variable in

summer, which corresponds to a more diverse diet (Chubbs et al., 1993).ln winter, snow

thickness, hardness, and density influence habitat selection, which leads to caribou

selecting sites with higher canopy cover (Schaefer and Pruitt, 1991; Schaefer, 1996).
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Anthropogenic disturbances such as logging and the construction of linear

features have a negative impact on caribou and their habitat (Cumming and Beange, 1993;

Ferguson et al., 1988; Rettie and Messier, 1998; Smith et a1.,2000; Rettie and Messier,

2000; Dyer et a1.,2002; Thomas and Gray, 2002; Cameron et al., 2005;Whittington et al.,

2005; Wittmer et al.,2005). These activities fragment and destroy habitat (Smith et al.,

2000) and may lead to increased predation, primarily by wolves (Canis lupus) (James et

a1.,2004).

Relative to other boreal ungulates, woodland caribou have greater daily and

seasonal movement rates (Johnson and Gilligham, 2002). Although some herds of boreal

caribou show seasonal migrations, others do not migrate (Cumming and Beange, 1987).

Often, studies delineate seasons, usually 5-8, based on movement rates (Bergman et al.,

2000; Brown et a1.,2003; Rettie and Messier,2007; Ferguson and Elkie,2004). In

general, boreal caribou have the highest movement rates in the aufumn, during the rut,

and the lowest movements in the spring, during calving (Bergman et al., 2000; Rettie and

Messier, 2001; Brown et al., 2003; Ferguson and Elkie, 2004). Various factors influence

home range size of boreal caribou. In general, individual annual home range sizes are

150km2 to 5900kmt 1B.o*n et al., 2000a; Poole et al., 2000; Rettie and Messier, 2001;

Brown et al., 2003).

Predation is the principal factor that limits the size of most boreal caribou

populations (Bergerud and Elliot, 1986; Bergerud, 1988; Post et a1.,2003; V/ittmer et al.,

2005). To decrease predation risk, boreal caribou are found at low densities, on large

tracts of mature coniferous forest, as an antipredator strategy (Cumming and Beange,

1993; Bergerud and Page, 1987). Disturbance leads to early successional forests that
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attract other ungulate species such as moose (Alces alces), elk(Cerws elaphus), and

white-tailed deer (Odocoileus virginianas) (Brown et al., 2000a; Thomas and Gray, 2002;

James et al., 2004). This increase in competitor populations is a concem as it decreases

their spatial separation from caribou, often leading to further increases in predator

populations, through reliance on these alternate prey species (Bergerud and Elliot, 1986;

James et al., 2004). Overlap with other ungulate species may also increase disease

transmission, particularly brainworm (Cumming and Beange, 1993; Pitt and Jordan, 1994;

Tlromas and Gray, 2002).

Caribou require habitat that is of suitable quality and quantity. The suitability of

the landscape, however, is not determined only by the amount of suitable habitat

available but also by the spatial configuration of areas of suitable habitat (Ferreras,200l;

Cook et a1.,2003; Haynes and Cronin,2004; O'Brien eta1.,2006). Connectivity affects

the ease with which an organism can move through the landscape (Taylor et al., 1993;

Tischendorf and Fahrig, 2000). The impact of a decrease in connectivity for a given

species depends on the hostility of habitat fypes in the matrix, the area surrounding the

high quality patches, and the ability of a particular organism to cross unfavourable habitat

types (With et al., 1999). Related to connectivity is fragmentation which is often caused

by human land use activities (Andrén, 1994). This leads to decreased patch size and

increased number of patches ultimately isolating populations from one another (Bélisle

and Desrochers, 2002). Patch size is important to caribou. O'Brien et al., (2006) found

that woodland caribou were associated with large clusters of high quality habitat patches

likely to allow for predator avoidance and adequate forage.
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1.2 Objectives

There are four objectives to this project

o Assess changes in caribou distribution in the Prince Albert Greater Ecosystem

over the past 50 years,

Quantify landscape changes between 1966 and 2006,

Assess changes in habitat quality, between 1966 and 2006 using predictive

mapping,

Assess changes in habitat quality, between 1966 and 2006 using connectivity

analyses.

1.3 General Methods

ln order to examine changes in caribou distribution over time, woodland caribou

occunence data and associated suruey efforts were collated for the period of 1950 to

present. Data were obtained from Parks Canada and Saskatchewan Ministry of

Environment and primarily consisted of survey observations, incidental sightings and

telemetry data.

Using current and historic forest resources inventories, fire, logging, and roads

data, the PAGE landscape was reconstructed for the period of 1966 to 2006. To quantify

landscape change throughout the study area, landscape metrics and connectivity analysis

were used. Landscape metrics were selected to describe patch size and shape, edge
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effects, fragmentation, and isolation. Statistical tests were used to assess changes in the

landscape throughout the study period based on tliese landscape metrics.

To develop predictive habitat maps for 1966 and2006, the influence of habitat

types on the habitat selection of caribou was modeled by assessing differences between

random and telemetry locations. A global model composed of biologically relevant

variables was created. Then Proc GENMOD in SAS 9.1 (SAS Institute Inc., 2003) was

used to develop generalized estimating equations (GEEs) for analysis. The distance layers

generated in SELES were combined to generate a predictive habitat maps for 1966 and

2006.

To demonstrate changes in the connectivity of the landscape, spatial graph theory

(as per Fall et a1.,2007) was used. After identifying high quality patches using a resource

selection function (RSF), an expected cluster size (ECS) was calculated and a

corresponding x-y graph was produced. From this x-y graph, thresholds were identified

and then used to assess minimum planar graphs (MPG) at a variety of thresholds.

Comparing threshold at MPGs enabled me to identify areas where changes in

connectivity have occurred.

Using this series of analyses, I assessed the changes occurring in this population

of boreal caribou in terms of distribution and habitat, and quantified changes to this

landscape.

1.4 Research Rationale

Any change in the use of protected areas by threatened species is conceming

(COSEWIC ,2002). With species at risk, protected areas such as national parks play a
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role in ensuring the long-term survival of the species. However, woodland caribou occur

on large landscapes and cannot be managed solely within parks and protected areas

(Armstrong et al., 2000). Park borders are not barriers to movement and, thus, habitat

surrounding protected areas is also of great significance (Mosnier et al., 2003). Overall, it

is critical to ensure that connectivity exists between the Park and the surrounding areas,

thereby allowing caribou to move throughout the landscape. To guide management

decisions by federal and provincial government and forestry companies, it is important to

quantify historical changes to the landscape and understand the reasons for some of these

changes.

In the future, it may be necessary to restore specif,rc areas of the landscape to

improve caribou habitat and ensure their survival. In conclusion, understanding changes

to the landscape over time can also help to identifz areas with potential for restoration.
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2. Literature Review

To understand this research, it is important to first provide background information on

woodland caribou and landscape changes. Thus, this chapter provides information on

woodland caribou, their physical characteristics, diet, habitat requirements, populations

throughout the country, their movements and home ranges and frnally limiting factors.

Next, I discuss the status of woodland caribou in Canada. Then, I review natural and

anthropogenic landscape disturbance including the effect these types of disturbance have

on caribou. I conclude this chapter with a review of landscape configuration including

landscape connectivity and fragmentation and its effect on woodland caribou.

2.1 Biologv of Woodland Caribou

2. 1. I General Characteristics

V/oodland caribou (Rangifer tarandtts caribou) are members of the deer family

(Cervidae) along with white-tailed deer (Odocoileus virginianus), elk (Cervus elephas)

and moose (Alces alces) (Thomas and Gray, 2002). Caribou have large crescent shaped

hooves and males average 600 pounds while females average 300 pounds (Burt and

Grossenheider, 1998). Caribou have unique antlers in that they have a flattened

appearance (Pattie and Hoffman,1999).In addition, they are the only cervids where both

sexes grow antlers (Pattie and Hoffman,1999). Woodland caribou breed in the fall and,

during the rut, males defend a harem of females (Burt and Grossenheider, 1998).

Woodland caribou have a gestation period of approximately eight months (Burt and

Grossenheider, 1998). They have a low reproductive rate as females generally have one
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calf per year and don't reproduce until three to four years of age (Burt and Grossenheider,

1998). For young of the year the survival rate is 30-50% and, for calves greater than one

year, the suruival rate is 5-15% (Thomas and Gray, 2002)

2.l.2Diet

Lichen is an important part of the diet of woodland caribou; however, their diet

varies throughout the year (Burt and Grossenheider, 1998). During the winter, their diet

consists primarily of terrestrial and arboreal lichen (Rominger and Oldemeyer, 1990;

Rettie et al., 1997; Johnson et a1.,2000; Johnson et al.,200la; Thomas and Gray, 2002;

Johnson et al., 2003). Temestrial lichen is located through the snow by smell (Kinley,

2003) and obtained by cratering - digging through the snow (Johnson et al., 2000;

Johnson et al., 200Ia; Johnson et al., 2003). When snow thickness is too great caribou

utilize arboreal lichen (Johnson et al., 2000; Johnson et al.,200la; Johnson et aI.,2003).

Lichen are low in protein but high in carbohydrates, which provides energy during the

winter months (Cumming and Beange,1993). During summer, woodland caribou diets

are variable and include sedges, grasses, forbs, shrubs, fungi, moss and lichen (Rettie et

a1.,1997; Thomas and Gray, 2002).

2.1.3 Habitat

Various studies involving woodland caribou habitat selection at different scales

and trends have occurred. At the fine scale, habitat with an abundance of lichen is

preferred by woodland caribou (Terry et al., 2000; Coxson and Marsh, 2001; Johnson et

al.,200Ia; Thomas and Gray, 2002; Mosnier etaL.,2003). Coarser scale habitat selection
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is based on presence of prefened lichen species and heavy lichen loads (Darby and Pruitt,

1984; Chubbs et al., 1993; Bradshaw et al., 1995). Favourable lichen conditions lead

caribou to select mature forests and wetland complexes (Thomas and Gray, 2002).

In Alberta, Brown et al. (2000b) and Sclineider et al. (2000) found caribou

preferred wetland habitat fypes. Brown et al. (2000b) looked at habitat preference of

woodland caribou over a two year period. They determined that wetlands with low tree

cover were selected over other types of wetlands. A preference for wetlands was also

observed when compared to uplands and anthropogenically altered areas. Schneider et al.

(2000) found caribou selected for peatlands. In addition, caribou utilized bogs more

frequently than fens throughout the study area. As the Schneider et al. study was

conducted at the regional scale, the authors could not discount the use of upland islands

within the wetland complexes.

In Manitoba, Brown et al. (2000a) and Hirai (1998) found that caribou utilized

wetlands or treed muskeg regularly. Mahoney and Virgl (2003) conducted a study in

Newfoundland that compared habitat preference between sexes and ages and found no

difference in habitat preference. Differences did occur in habitat preference during

different times of year. Mature conifer and scrubland were preferred throughout the year.

Use of bogs increased in summer and fall and use of unmanaged stands increased in

winter and spring.

In the Saskatchewan boreal plains ecozone, caribou show a preference for wetland

complexes and associated black spruce dominated stands (Rettie and Messier, 2000).

Rettie and Messier (2000) found differences in preferred habitat types between seasons.

They also found avoidance ofyoung coniferous stands and disturbed areas.
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Several studies have shown that other variables also affect habitat selection. In

winter, snow thickness, hardness, density and sinking depth influence habitat selection,

which leads to caribou selecting sites with higher canopy cover (Schaefer and Pruitt,

l99l; Schaefer, 1996; Mosnier et al., 2003). Habitat use is more variable in summer,

which corresponds to a more diverse diet (Chubbs et al., 1993) and when forage species

may be selected based on abundance or conspicuousness (Johnson et al., 2001a). In

addition, habitat selection is influenced by woodland caribou's anti-predator strategies,

which lead them to select open areas to minimize this predation risk (Bergerud and Page,

1987; Rettie and Messier, 2000).

2.1.4 Populations and Range

Woodland caribou (RangiJ'er tarandus caribou) in Canada occur in fìve

populations: Atlantic-Gaspésie, Southern Mountain, Northern Mountain, Boreal and

Newfoundland (COSEWIC, 2002). Boreal caribou occur across much of Canada in

seven provinces and one territory (Thomas and Gray, 2002).

2.1.5 Movements

Several factors influence animal movements including reproduction, predation

and habitat structure (Brown et a1.,2003). Compared to other boreal ungulates, such as

moose, elk and deer, woodland caribou have higher movement rates and seasonal

migrations (Johnson et a1.,2002). Although woodland caribou are not as gregarious as

barren-ground caribou, they do form groups of 3-10 animals (Thomas and Gray, 2002).

Adult bulls are solitary except during the breeding season (Pattie and Hoffman,1999).
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Some groups of woodland caribou show seasonal migrations while others remain in their

home ranges throughout the year (Cumming and Beange, 1987). During the winter,

movements are usually due to snow conditions (Brown et a1.,2003). Brown et al. (2003)

found that movement rates of a migratory woodland caribou group in northwestern

Ontario increased during the fall and late winter. Their results also showed that female

caribou migrated between summer and winter ranges with a mean distance between the

centers of these two areas of 54.3 km. Ferguson and Elkie (2004) also studied movement

rates in northwestern Ontario and delineated five seasons based on these rates; late winter,

spring, calving, post-calving and early winter. They found the greatest movement rates in

early winter (2.5kmlday) and spring (1.8 km/day), and attributed these increased

movement rates to migration between summer and winter ranges. They found distance

between the center of their winter and summer home ranges to be 15.7 km. Poole et al.

(2000) studied a migratory woodland caribou group in British Columbia and found the

greatest movement rates during the summer months and lowest movement rates in the

winter months. This study also determined the distance between summer and winter

ranges to be <15km. In Labrador, Bergman et al. (2000) found an average summer

movement rate to be 1.1km/day with increases in fall and spring resulting in an annual

travel rate of 2.lkm/day.

A non-migratory woodland caribou herd in Saskatchewan was studied by Rettie

and Messier (2001) and they delineated five seasons based on movement rates. They

observed highest movement rates during autumn, low movement rates in spring and their

data indicated that the population was non-migratory. They hypothesized that the

movements of this population are minimal as a predator avoidance technique. Using this
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same group of caribou, with a different set of telemetry data, Dyke (2008) identified 8

seasons based on movement rates- late winter, spring, calving, early summel, late

summer, fall, rut, early winter. They found the lowest travel rates during catving (2.04

km/day) and the highest travel rate in early winter (4.08 km/hr).

2.1.6 Home Ranges

The most commonly used definition of home range is that stated by Burt (1943)

"the area traversed by the individual in its normal activities of food gathering, mating and

caring for young". General factors influencing home range size include reproduction,

forage and habitat requirements (Brown etaL.,2003). Factors specif,rc to ungulate liome

range size include population size, temperature, insects, snow thickness, cover type

availability, predation and anthropogenic disturbance (Edge et al., 1985; Downes et al.,

1986; Sweaner and Sandegren, 1989; Kilpatrick and Lima, 1999; Kilpatrick et a1.,2001).

Various studies have been conducted regarding the size of woodland caribou

home rallges. Brown et al. (2000a) used r00% minimum convex polygons (MCP) and

showed a population near Wabowden, Manitoba had an overall population range of 4600

km2. In the winter and fall range size was 3200 km2, in the summer the range was 2500

km2 and in the spring a range of 1700 km2 was observed. Brown et al. (2000a) also found

average individual home range sizes in summer of 83 km2 and year round range of 521

km2. Brown et al. (2003) also used 100% MCP's and found an average annual home

range size 4026 km2 in nofthwestern Ontario. They found an individual annual home

range size of 593km2 to 5985kmt oue, a study period of 3 years. In British Columbia,

Poole et al. (2000) used 100% MCP's and found average annual home range sizes of 151
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km2. Arsenault and Manseau (2009) compared the curent range sizes of caribou in

Saskatchewan to Rettie and Messier's study (2000) which took place in the 1990's. Both

sfudies used 100% MCPs. Arsenault and Manseau (2009) found range sizes have

decreased signifìcantly in the past l0 years.

2.2 Limiting Factor

Although forage availability, snow conditions, insect harassment and disease have

been proposed as factors limiting woodland caribou populations (Rettie and Messier,

2000), predation is the currently accepted primary limiting factor (Bergerud and Elliot,

1986; Bergerud, 1988; Post et al., 2003; Wittmer eta1.,2005). Grizzly bears, black bears

and eagles are all reported to predate upon caribou adults and calves (Mahoney and Virgl,

2003, Valkenburg et al., 2004) but wolves are generally considered be the major predator

(Bergerud, 1988; Rettie and Messier,2000; Whittington et al., 2005; Wittmer et al.,

2005). To decrease predation risk, boreal caribou have adapted various anti-predator

strategies (Bergerud and Page, 1987). They occur at low densities on the landscape,

which leads to increases in predator search time thus decreasing the benefit to predators

(Cumming and Beange , 1993: Bergerud and Page, 1987). Caribou also actively avoid

areas where other ungulate densities are high (Bergerud and Page, 1987; James et al.,

2004; Whittington et al., 2005) as these areas have increased predator densities.

2.3 Status of Woodland Caribou

'Within Canada, the population of boreal caribou is estimated at 33,000 over 64

populations (Thomas and Gray, 2002). The boreal population of woodland caribou was
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listed as a threatened species by the Committee on the Status of Endangered Wildlife in

Canada (COSEWIC) in 2000 and Species at Risk Act in 2002. COSEWIC (2002) defines

threatened as "a species likely to become endangered if limiting factors are not reversed".

The listing of boreal woodland caribou was based primarily on range retraction and

overall population decline (COSEV/IC ,2002). Woodland caribou are not yet listed

provincially as a Species at Risk.

2.4 Disturbance

2.4.1Fire

In the boreal forest, fire is a source of natural disturbance and has long term

benefits to the landscape (Bergeron, 1991; Klein,1992; Johnson et al., 2001b). After a

forest reaches a certain level of maturation, its productivity decreases and fîre becomes

necessary to regenerate plant growth (Klein, 1992; Johnson et al., 2001b). The landscape

following fire is favourable for species with a preference for early successional forests,

such as moose and deer (Schaefer and Pruitt, l99l; Klein, 1992).Woodland caribou's

preference for mature forests means burned areas are avoided for 50 years or more

following a fire (Schaefer and Pruitt, 1991; Klein, 1992; Thomas and Gray, 2002).

Preventing frre (fìre suppression) can however be an issue as it may lead to large tracts of

old growth forest that, when burned, create huge areas of habitat inappropriate for

caribou use (Schaefer, 1988). Woodland caribou can co-exist with fire if suitable habitat

is available in adjacent areas (Schaefer, 1988; Schaefer and Pruitt, l99l).
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2.4.2 Anthropogenic

Anthropogenic disturbances such as logging activities (clear-cutting) and the

construction of linear features (e.g. roads and transmission lines) have significant

negative effects on caribou and their habitat (Ferguson et al., 1988; Cumming and

Beange, 1993; Rettie and Messier, 1998; Rettie and Messier,2000 Dyer et a1.,2002;

Thomas and Gray, 2002; Cameron et al., 2005; Whittington et al., 2005: V/ittmer et al.,

2005; Lander, 2006). Logging has direct consequences for woodland caribou. Lichen, an

important food source for caribou, depends on old growth forests (Mosnier et al., 2003).

Logging disturbs the forest floor and removes trees thus destroying terrestrial and

arboreal lichen (Johnson et al., 2003). In addition, herbicides are sometimes used as a

treatment following harvest which may destroy any remaining lichen (Cumming and

Beange,1993).

Logging affects the ability of caribou to access food resources (Johnson et al.,

2003). Decreased canopy cover leads to increases in snow depth which makes terrestrial

lichen more difficult to access (Brown and Theberge,1990; Johnson et al.,2000).

Woodland caribou are proficient at cratering (digging through the snow with hooves and

antlers) to reach lichens beneath the snow (Brown and Theberge,1990; Johnson et al.,

2001a) but there are thresholds at which snow depth is too great (Brown and Theberge,

1990). As logging removes canopy closure, snow depth increases which can be

detrimental to caribou (Brown and Theberge, 1990; Johnson et al.,200la).

In general, woodland caribou avoid areas recently logged (Chubbs et al., 1993;

Cumming and Beange, 1993; Johnson et a1.,2003; Smith et al., 2000; Lander, 2006). In

Newfoundland, Chubbs (1993) found that caribou abandoned habitat when logging
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occurred in proximity. The same situation occurred in Ontario as found by Cumming and

Beange (1993). Smith et al. (2000) found woodland caribou in Alberta to avoid recently

cut areas as did Lander (2006), in Manitoba. This avoidance may displace caribou into

marginal habitat, which will have consequences for their survival (Dyer et al., 2001).

Logging leads to early successional forests that attract other ungulate species such as

moose, elk, and white-tailed deer (Brown et al., 2000a; Thomas and Gray, 2002;' James et

a1.,2004). This increase in competitor populations is a concern as it decreases their

spatial separation from caribou often leading to further increases in predator populations

through reliance on these alternate prey species (Bergerud and Elliot, 1986; James et al.,

2004). Overlap with other ungulate species, particularly white-tailed deer, may also

increase disease transmission (Cumming and Beange, 1993; Pitt and Jordan,1994;

Thomas and Gray, 2002). Brainworm (Parelaphostrongylus tenuis) is a parasite carried

by white-tailed deer with little affect to their health, however, it is fatal to caribou (Pitt

and Jordan, 1994).

Although roads cover a small area, they have major consequences for caribou.

Caribou avoid roads (Nellemen and Cameron, 1996; Cameron et al., 2005) as they

increase human and predator access to isolated areas (Dyer et al., 2001). This can

increase mortality due to increased human activity, such as hunting, poaching, and

caribou-vehicle accidents (Cumming and Beange, 1993) and predation by wolves (Dyer

et al., 2001). McGarigal et al. (2001) suggested that the effects of roads may last longer

than clear cuts. The negative impacts of roads often lead to range retraction (Bradshaw et

al.,1997).
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2.5 Landscape configuration

Recent studies have shown that the suitability of the landscape is not determined

only by the amount of suitable habitat available but also the spatial configuration of areas

of suitable habitat, particularly in fragmented landscapes (Ferreras,2001;Cook et al.,

2003; Haynes and Cronin,2004; O'Brien et al., 2006). The landscape consists of patches,

relatively homogenous areas occurring on the landscape (Forman and Godron, 1986).

Changes to patch sizes and distribution can have substantial effects on the connectivity of

a landscape, which affects the ease with which an organism can move through the

landscape (Taylor et al., 1993; Tischendorf and Fahrig, 2000; Van der Ree et al., 2003).

Structural connectivity refers to the linkages among adjacent habitat patches (Keitt et al.,

1997), while functional connectivity refers to the movements of animals among these

habitat patches (With eT al., 1997; Goodwin and Fahrig,2002; Brooks, 2003). Many

organisms see the areas sulrounding patches as varying in quality and the level of

impedance to movement (Gustaßon and Gardner, 1996; Ricketts,200l; Shriver et al.,

2004; Whittington et al., 2004). Therefore, the impact of a decrease in connectivity on a

species depends on the amount and distribution of habitat patches and the nature of the

area surrounding these habitat patches (the matrix) as well as the ability of a particular

organism to traverse these areas (With et al., 1999).

Habitat fragmentation is considered one of the greatest threats to wildlife diversity

making it an important conservation issue (Forman and Godron, 1986). Habitat

fragmentation is generally defined as "the breaking up of a large habitat into smaller,
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more isolated, patches" (Andrén, 1994;Fahrig,1997). Habitat fragmentation is highly

influenced by human land use and, therefore, leads to significant changes in the

landscape (Andrén, 1994). Human caused fragmentation as described by Forman and

Godron (1986) occurs in four stages. The f,irst stage, dissection, occurs through the

building of linear features, such as roads. The second stage, perforation, occurs when

holes in the landscape are created by landscape conversion, such as logging activities.

Thirdly, fragmentation occurs as these converted areas merge. Finally, as the natural

patches become smaller in size and further apart, the last stage, attrition, occurs.

In general, as habitat fragmentation increases, connectivity decreases (Forman

and Godron, 1986). In addition to causing a loss of native habitats, habitat fragmentation

leads to an increase in the number of patches and a decrease in patch size (Andrén, 1994;

Falrrig, 1997), which ultimately can isolate populations from one another (Bélisle and

Desrochers ,2002). Fall et al. (2007) used spatial graph theory to assess the connectivity

of the landscape for woodland caribou. O'Brien et al. (2006) investigated the importance

of the overall habitat mosaic (spatial distribution of habitat and non-habitat patches) and

found that woodland caribou were associated with large clusters of high quality habitat

likely to allow for predator avoidance and adequate forage. In conclusion, maintaining

the connectivity of a landscape by minimizing habitat fragmentation helps to maintain

biodiversity and prevent local extinction (Forman and Godron, 1986).

2.6 Summary of Literature Review

Woodland caribou are adapted to living in mature forests where they exist at low

densities to maintain spatial separation from other boreal ungulates and their primary
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predators, wolves. Boreal caribou are sensitive to disturbance both natural and

anthropogenic. Changes to the landscape may be detrimental to caribou as they prefer

connected areas with low fragmentation levels. The boreal ecotype of woodland caribou

is listed as a threatened species by the Species at Risk Act and their survival is important

to maintaining biodiversity throughout the country.

27



3. Historical changes in caribou distribution and land cover in and around
Prince Albert National Park: land manaqement implications

3.1 Introduction

Human land use through settlement, recreation or industrial development may cause

habitat fragmentation leading to significant changes in the landscape. Habitat

fragmentation is generally def,ured as "the breaking up of alarge habitat into smaller,

more isolated, patches" (Andrén, 1994;Fahrig,1997). Habitat patches are part of the

landscape and the use of a patch by wildlife is not only a function of the patch attributes

but also of the characteristics of neighboring patches (Andrén, 1994 Fahrig,1997).ln

highly fragmented landscapes, the decline of wildlife populations is greater than that

expected by habitat loss alone (Andrén, 1994) and ultimately, these changes to the

landscape can isolate groups of animals (Bélisle and Desrochers, 2002). Habitat

fragmentation is considered one of the greatest threats to biodiversity making it an

important conservation issue (Harris, 1984; Forman and Godron, 1986; Saunders et al.,

1991).

In the boreal forest, the main factors leading to habitat loss and habitat

fragmentation are: changes in natural and anthropogenic disturbance patterns, increased

commercial and industrial activities, increased road access to remote areas and

recreational activities (Harris, 1984; Forman and Godron, 1986). Fire is anafural

disturbance and has long-term ecological benefits (Klein, 1982; Bergeron, l99l; Johnson

et al., 2001b). In the boreal mixedwood forest of North America, the f,rre retum interval

ranges from 30 to 150 years (Johnson, 1992). Changes in fire frequency can be caused by
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shifts in climate, land use pattern and land management strategies (Clark, 1988; Bergeron,

1991; Johnson and Larsen, l99i; Larsen,1997). At the time of human settlement, fires

were frequent as deliberate bums were set to clear land for agricultural purposes

(Williams, 1989; Whitney,1994; Weir, 1996). After an area is settled, fire frequency

tends to decrease as forested areas become fragmented and cannot support the spread of

fire (Weir, 1996).

Following settlement of the boreal forest, roads were constructed to provide

access for industrial development, primarily forestry (Walker, 1999). Forest harvesting is

an important commercial activity across the boreal forest and usually targets coniferous

stands older than 50 years (Walker, 1999). To be sustainable, logging practices attempt to

maintain stands of a variety of ages within the forest management area (Walker, 1999). hi

Saskatchewan, fire is suppressed over areas of commercial forest tenures or in proximity

to communities; natural forest pattern standards and guidelines for the forest industry aim

to produce landscapes and harvest areas that emulate the patterns created by fire

(Saskatchewan Environment, 2009). Areas managed for logging are however still

affected by flre so it may be difficult to retain stand composition that is comparable to a

natural disturbance regime (V/alker, 1999). Occurrences of f,rre on a landscape where

logging activities are prevalent often lead to a young age structure (Reed and Errico,

l e86).

Landscape changes, natural or anthropogenic, have significant impacts on the

boreal population of woodland caribou (Rangifer tarandus caribou), a threatened species

under the Species at Risk Act (2004). Boreal caribou are habitat specialists, dependent on

old growth forests for survival (Rettie and Messier,2000; Smith et al., 2000; Mahoney
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and Virgl, 2003). Due to this habitat specialization, natural or anthropogenic disturbance

can be detrimental to caribou (Thomas and Gray, 2002). Due to increased abundance of

other ungulate species (moose, deer and elk) and associated predators in stands of

younger age classes, boreal caribou tend to avoid logged areas (Chubbs et al.,1993;

Cumming and Beange,1987; Smitli et al., 2000; Johnson and Gilligham,2002; Lander,

2006) and areas near roads and trails (Cameron et al., 2005; Nellemen and Cameron,

1996). Caribou also tend to avoid recent bums (Schaefer and Pruitt, 1991; Klein, 1992;

Thomas and Gray, 2002; Lander, 2006). Caribou have persisted in the boreal forest for

tliousands of years in the presence of fire, provided suitable habitat is available in

adjacent areas (Schaefer, 1996; Schaefer and Pruitt, l99l). Logging and road

development also often displace caribou (Chubbs et al., 1993; Dyer et al., 2001) and since

these activities lead to more permanent landscape changes, they can result in range

retraction (Bradshaw et al., 1997; Thomas and Gray, 2002).

The Prince Albert National Park (PANP) and Greater Ecosystem are located in

the boreal mixedwood forests of Canada, in the province of Saskatchewan and form a

part of the Smoothstone-Wapaweka Woodland Caribou Management Unit (SW-WCMU).

The fire frequency of this area has decreased following settlement (Johnson, 1992;Weir

et al., 2000) and, in the past 40 years, significant logging and road development

surrounding the Park has occurred. This ecosystem has traditionally been used by a

resident population of boreal caribou (Banfreld, 1961) but there are concerns over the

long-term viability of the population (Arsenault, 2003; Saskatchewan Environment,

2007).In central Saskatchewan, population declines have been documented in the 1940s

and again in the 1980s. The first decline led to a ban in sport hunting and an increase in
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caribou population in the 1950s was attributed to wolf control and hunting closure (Rock,

1 988; Rock , 1992). In 1987, another population decline was confirmed and sport hunting

was again banned (Rock, 1988; Rock , 1992). Subsistence harvesting still occurs,

although only opportunistically (Trottier, 1988). V/ork conducted by the Universiry of

Saskatchewan (Rettie and Messier, 1998) and more recently through a collaborative

effort between Parks Canada, Saskatchewan Environment, the Prince Albert Model

Forest, Weyerhaeuser Canada Ltd. and the University of Manitoba (Arsenault and

Manseau, 2009) suggests that the population may not be increasing. The Park and

sumoundin g area are managed separately and under different legislation. The

management of the National Park centres on the maintenance or restoration of ecological

integrity while also providing opportunities for public education and enjoyment (Parks

Canada,l986). Logging has not been permitted within the Park in the past 60 years and,

fire has been suppressed; however, a prescribed buming program has been put in place to

reinstate a natural fire cycle (Prince Albert National Park, 2008). The area outside of the

National Park is managed primarily for forestry purposes by Saskatchewan Ministry of

Environment (MoE) (Government of Saskatchewan, 2002). Waskesiu is a community

located on the east side of the National Park and Montreal Lake First Nation is situated to

the east of the National Park, at the southern tip of Montreal Lake.

Our main objectives were to assess changes in caribou distribution and landscape

composition over a period of 40 years, between 1966 and2006. We predicted an ageing

landscape for the Park area and significant habitat change due to commercial forestry

activities on the provincial crown land portion of the Prince Albert Greater Ecosystem.
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We hope that an historical representation of the landscape will assist in the recovery

efforts and guide cunent and future forestry management and land-use planning activities.

3.2 Methods

3.2.1 Study Area

The Prince Albert Greater Ecosystem (PAGE) is a 20,000 km2 area located in

central Saskatchewan, Canada (Figure 3-l). Prince Albert National Park was established

in 1927 to represent the southern boreal forest region of Canada. The portion of the Park

within the PAGE, is a 2,688 km2 area. The remaining part of the PAGE is provincial

crown land. This includes the communities of Weyakwin and Waskesiu, the reserve

community of Montreal Lake First Nation, Ramsey Bay Subdivision on Weyakwin Lake,

and a few private properties. The dominant tree species are white spruce (Picea glauca),

black spruce (Picea mariana), trembling aspen (Populus tremuloides), and jack pine

(Pinus banksiana) (Ecological Stratification Working Group, 1998) and the main

commercial activities are forestry, trapping and outfitting. A variety of recreational

pursuits also occur (snowmobiling, fishing, hunting, trapping, and cross-country skiing).

Historically, when fires started in the National Park they were extinguished before

much of the landscape burned. In recent years, controlled burns and clearing has been

initiated to create a fire barrier along the Park boundaries with the objective of letting

non-threatening fires bum in the Park and restoring the natural fire frequency (Prince

Albert National Park, 2008). Although there is no overall land use plan for the provincial

crown land area surrounding the National Park, the Saskatchewan Provincial Government

manages the area for various industrial activities such as mining and forestry
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(Government of Saskatchewan, 2002). Every fìve years a forest management plan is

produced for the area suffounding the Park (Government of Saskatchewan, 2002) and the

Park produces its own management plan, both with significant public consultation. The

Prince Albert Model Forest was established in 1992 and has conducted significant

research to guide land management and develop ideas and solutions for community

sustainability (Prince Albert Model Forest, 2008).
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3.2.2 Smoothstone-Wapaweka V/oodland Caribou Management Unit
Arsenault (2003,2005) has defined seven Woodland Caribou Management Units

(WCMUs) within the Province based on clusters of caribou observations, areas of similar

ecological characteristics (Acton et al., 1998) and peatland distribution. The PAGE is part

of the Smoothstone-Wapaweka WCMU that comprises an estimated 350 animals

(Arsenault, 2003). This herd is considered high risk due to anthropogenic activity

(logging and road development) and habitat loss (Arsenault, 2005).

3.2.3 Carlbou Past and Present Distribution
In order to examine changes in caribou distribution over time, woodland caribou

occurrence data and associated survey efforts were collated for the period of 1950 to

present. Data were obtained from Parks Canada and Saskatchewan Ministry of

Environment aud primarily consisted of survey observations, incidental sightings and

telemetry data.

3 .2.4 Landscape Reconstruction

Map layers for the National Park and provincial crown land portion of the PAGE

were created separately since the type and extent of data available for the two areas

differed. Although we tried to create seamless layers for the PAGE area, map resolution

issues could not be resolved and prevented us from directly comparing landscape changes

between the two areas. For both the Park and the provincial crown land portion of the

PAGE, we created map layers for 1966 and 2006 to assess historical landscape changes.

For the National Park area, the map layers consisted of a vegetation layer based

on aerial photos taken in the 1960's (Parks Canada, 1986), a road layer and a bum

polygon layer produced by Parks Canada, and a time since fire map produced by V/eir

(1996). Since the time since fire map was based on data collected in the 1990's, we
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subtracted 30 years from each forest stand to obtain a stand age for the 1966layer. For

the 2006 layer, we used the same vegetation type as for the 1966layer (we did not

account for forest succession) and added 10 years to the stand ages obtained from Weir

(1996) and the time since fire map. To account for natural disturbances that occurred in

the past l0 years, after the creation of the time since fire map, we overlaid the burn

polygon layer and assigned a recent bum class to all forest stands that fell under those

polygons.

For the provincial crown land portion of the PAGE, we used the most recent

forest resource inventory (FRI), a road and a cut block layer developed by Weyerhaeuser

Canada Ltd. and a bum layer from the Province. The FRI was based on aerial photos

from2004 and for each forest stand, it contains alarge number of attributes including

cover types (species, height and density), soil types, topography, history of disturbance

and stand age. For the current layer, we used the data layers provided by Weyerhaeuser

Canada Ltd. Since a burn class was not available in the FRI, we overlaid the burn

polygon layer and assigned a recent burn class to all forest stands that fell under those

polygons if the year of origin corresponded to the year of the fire + 5 years. The cut block

layer lacked a harvest year or a stand age for a number of polygons. To determine those

stand ages, we sampled l0% (142 polygons) of the cut block polygons lacking a harvest

year and estimated age by using ring counts on increment cores (Cook, 1990). Cut block

polygons that were not sampled were assigned an age based on proximity to sampled cut

block polygons, on the assumption that stands in a general area were harvested at

approximately the same time. For the 1966layer, we subtracted 40 years from the stand

age. Since the FRI was culTent, stand composition and stand age prior to fire was not
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available. To obtain this information, we used older provincial FRI and hard copy maps

from the 1960s. We digitized and georeferenced the maps and manually entered the

composition and age of forest stands that burned over the 40 years.

To prepare the map layers for analyses, we reclassified the vegetation layers using

a simplified classification scheme often used in the production of woodland caribou

lrabitat maps (Rettie et al., 1997). Vegetation classes of sirnilar composition were

combined to produce 7 habitat classes (Table 3-1). Each map layer was rasterized at a

100 m grid and filtered using Spatially Explicit Landscape Event Simulator (SELES; Fall

and Fall, 2001) to remove patches of less than2 ha. Patches of this size are smaller than

the minimum mapping unit and are often artifacts from the vector to raster conversion.
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and National Park portion

used in the mapping and analyses of the provincial crown land
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Resource Inventory maps from the 1960s were used in the analysis and7451

systematically distributed points were generated in ATcGIS 9.2 (Environmental Systems

Research lnstitute, 2006) using the Hawth's tools extension (Beyer, 2004). Stand

attributes were derived for each point and compared. The results indicated that more than

l\Yo of the points on the 1960 generated map corresponded to the classes extracted from

the 1960 hard copy maps. This overall accuracy level is above the accepted standard of

70o/o (Burnside et a1.,2003). Accuracy levels of 72o/o were obtained for coniferous mature

and 84o/o for coniferous young and recent bums. Some of the differences may be

attributed to different classification schemes, differences in map resolution or differences

in the boundaries drawn (limits of the polygons) for each forest stand.

3.2.5 Transition Probabilities Analyses

Transition probabilities measure the likelihood of one habitat type transitioning

into another within a given time period (Burnside ef a1.,2003). We calculated the

transition probability of each habitat class between 1966 and2006 by quantifying

changes of each pixel in the two layers using SELES (Program written by A. Fall).

3 .2.6 Landscape Compositi on and Confi guration

Landscape metrics are commonly used when assessing fragmentation (e.g. Hargis

et al., 1998; Southworth et al., 2002; Burnside eta1.,2003; and Jackson et aI.,2005).

Total area, patch number, area-weighted mean patch size, mean nearest neighbor, mean

shape index and amount of linear features \ /ere computed for each habitat type on the

1966 and 2006 map layers for the National Park and provincial crown land portions of

the PAGE using Fragstats (McGarigal and Marks, i995). Differences in landscape
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metrics between 1966 and 2006 were tested for statistical signifìcance using t-tests in

SAS 9.1 (SAS lnstitute Inc.,2003).

To further assess changes in landscape configuration, we used results from

resource selection analyses presented in Dyke (2008) that pointed to the importance of

neighboring habitat types in the selection of a given habitat patch. Dyke (2008)

documented a greater selection of mafure coniferous and treed muskegs away from

avoided habitat types such as hardwood/mixedwood. We used ArcGlS 9.2 to measure

distances from a source patch, either coniferous mature or treed muskeg, to the nearest

hardwood/mixedwood patch. We tested for statistical differences of these distance

metrics using t-tests in SAS (SAS Institute Inc. 2003).

3.3 Results

3.3.1 Caribou Past and Present Distribution
Although the survey efforts varied greatly between decades (particularly on

provincial crown land), our results indicate that the extent of caribou use of the National

Park portion of the PAGE has changed over the last 50 years, with very limited use

detected since the 1980s (Figure 3-2). Despite multiple surveys conducted throughout the

Park in recent years and large radio-collaring programs, only one observation was made

over tlre last 14 years, in 2007 . Caribou are still present over most of the provincial crown

land portion of the PAGE despite their low density and clustered distribution (see below).
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3.3.2 Transition Probabilities

Transition probabilities showed similar trends in the National Park and provincial

crown land portion of the PAGE. The most notable changes were with forest stands in the

coniferous mature and coniferous young/burn classes (Figure 3-3 A and B). Less than

27%o of the coniferous young/burn class remained in that class. A large portion of these

stands aged to coniferous mature or to hardwood/mixedwood; the transition to a

hardwood/mixedwood class was higher for the National Park area. Fifty four percent of

National Park land and 68Yo of provincial crown land remained in the coniferous mature

class. A substantial portion of land within the PAGE as a whole also transitioned to

coniferous young/recent burn class. Of all habitat types, hardwood mixedwood and treed

muskeg had the highest probability of remaining as the same habitat type (Figure 3-3 C

and D). For hardwood/mixedwood,84%o on provincial crown land and 98o/o on National

Park land remained in the same class between 1966 and2006. Similarly, 86% of treed

muskegs on provincial crown land and 99o/o in the Park area remained treed muskegs.
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Figure 3-3. Habitat transition probabilities between 1966 and2006 for the Provincial

crown land (normal font) and National Park portions (bold font) of the Prince Albert

Greater Ecosystem. The main habitat types consisted of coniferous mature (A),

coniferous young and burn (B), hardwood mixedwood (C) and treed muskeg (D).
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3.3.3 Landscape Changes

The predominant change to older aged stands suggests an ageing forest over the

PAGE landscape as a whole. However, the transitioning of large tracts of crown land in

the PAGE to coniferous young/burn stands is coincident with a noticeable increase in the

number of cut blocks and the development of road and trails network (Figure 3-4,3-5 and

3-6). The first mill was built in 1966 and the amount of area logged increased from 0 ha

logged in 1966 to 5821I ha logged in 2006. The road network remained the same in the

National Park but increased 14-fold on the provincial crown land portion of the PAGE,

from342 km to 4730km over the same 4O-year period. A majority of changes to roads

resulted from building of logging roads to access cut blocks. Seventy fîve percent of the

roads on the landscape in the present were constructed primarily for logging purposes.

Major highways were also constructed to improve access to the communities of La

Ronge, Montreal Lake First Nation, Sled Lake, and Dore Lake. In addition, highways and

logging roads were built as travel corridors to the pulp mills at Prince Albert, to the south,

and saw mills at Big River and Nipawin, to the southwest and southeast, respectively.

Finally, land was converted from forest to commercial/residential with the moving of

Molanosa residents from the east side to the west side of Montreal Lake and formation of

a new community, Weyakwin. This change was further augmented with expansion of

residential areas on reserve lands of Montreal Lake First Nation and the Lac La Ronge

Indian Band, and with development of the Ramsey Bay subdivision at Weyakwin Lake.
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Figure 3-4. Landcover, natural and anthropogenic disturbances in the Prince Albert

Greater Ecosystem 1n 1966 and 2006.
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Landscape metrics include various measures of the distribution, spacing, types,

sizes and shapes of forest stands. These metrics charucterized an increase in mature

coniferous stands over the study timeframe, both in the National Park and on the

provincial crown land portions of the PAGE (Table 3-2 and 3-3). The increased number

of mature coniferous patches, from 436 to 544 (Park) and 4874 to 5398 (Province), is

probably also a reflection of an overall increase in the amount of mature coniferous forest

in2006 (Figure 3-4 and 3-5). Area-weighted mean patch size increased significantly and

mean nearest neighbor distance decreased significantly indicating larger patches

occurring closer together. Mean shape index describes patch shape and complexity. A

significant decrease in the mean shape index only occurred outside the Park, indicating a

drop in shape complexity, which often occurs following logging activities.
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Change in coniferous young/bum stands between 1966 and 2006 also followed a

similar trend in both portions of the PAGE, witli the exception of area-weighted mean

patch size (Table 3-2 and 3-3). Again, the decreased number of patches between 1966

and2006 was likely a reflection of changes in the amount of young coniferous/burn

forest on the landscape. The change in area-weighted mean patch size of coniferous

young/burn differs between the Park and provincial crown land; the observed increase in

the National Park and decrease on crown land is likely due to natural disturbance iri the

Park and a combination of natural and anthropogenic disturbance on crown land. An

increased mean nearest neighbor distance was also detected for both areas indicating

patches of the same cover type occurred farther from one another.

Table 3-2. Changes in habitat patch metrics ( i * s.e.) between 1966 and2006 for the
National Park portion of Prince Albert Greater Ecosystem.
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Treed muskeg was the habitat type exhibiting the least overall change throughout

the study area. Area covered and number of patches remained static in the Park and on

crown land and there were no significant changes in mean nearest neighbor or mean

shape index (Table 3-2 and 3-3). The only noticeable change in treed muskeg stands was

a significant decrease in area-weighted mean patch size, both in the Park and on the

provincial crown land.

Similar to treed muskeg, limited changes were observed for

hardwood/mixedwood stands between 1966 and2006. The only changes detected were: a

decrease in area covered by hardwood/mixedwood stands (174643 ha to 108063 ha): an

increase in number of patclres (Table 3-2) and a decrease in area-weighted mean patch

size, all on the crown land portion of the PAGE. These changes were coincident with a

history of logging that accelerated over the study period along with fragmentation of the

landscape.
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Table 3-3. Changes in habitat patch metrics ( x + s.e.) between 1966 and 2006 for the
provincial crown land portion of Prince Albert Greater Ecosystem.
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Finally, changes in landscape configuration measured through distance metrics

were only significant on the provincial crown land portion of the PAGE. Distances

befween habitat classes selected by boreal caribou (mature coniferous and treed muskeg)

and those avoided (hardwood/mixedwood) were significantly less on provincial crown

land in 2006 when compared to 1966 (Table 3-4). The juxtaposition of selected and

avoided habitat types and the recently constructed roads and trails network clearly point

to a reduction in the functional attributes of selected habitat types for caribou.
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Table 3-4. Landscape configuration changes: Distances ( x + r."., (rnax)) between key
habitat types in 1966 and 2006 for the provincial crown land and Prince Albert National
Park portions of the Prince Albert Greater Ecosystem
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3.4 Discussion

The historical compilation of caribou observations demonstrated that the southem

boundary of caribou distribution (in central Saskatchewan) has not changed over the last

50 years, although range retraction has occurred in other parts of the Province (Arsenault,

2003 ; Arsenault, 200 5 ; S askatchewan Environment, 2007). Also, very few observati ons

have been made in the National Park since the 1980s despite significant survey and

collaring efforts. Ln2007, a group of caribou was observed in the northeast region of the

Park, north of Crean Lake, fecal pellets were collected and 3 unique genotypes profiled

(Manseau, unpublished results). Other observations have occurred east of the Park along

Highway 2, near the Crean River. This suggests that the animals likely used the Park area
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as part oftheir larger range and recent landscape changes are affecting this sporadic or

seasonal range use pattern. Overall their distribution is also more confined and compared

to telemetry work done between 1992-1995 (Rettie and Messier,2001), the current home

ranges of caribou are signifrcantly smaller (Arsenault and Manseau, 2009).

For both the National Park and the provincial crown land portions of the PAGE,

our results suggest an ageing landscape; this has also been reported in other regions of the

boreal forest (Johnson et al., 1998; Walker, 1999;Hawey eta1.,2002.) and is most often

attributed to changes in fire incidence and frre management strategies (Walker, 1999). As

observed in otherregions of the boreal forest, anthropogenic activities also increased over

the last 40 years and particularly over the last 20 years. As expected, the changes

primarily occurred on the provincial crown land portion of the PAGE and are the direct

response of commercial forestry activities and the associated roads and trails network.

Interestingly, both the results from the 1992-1995 and the 2004-2009 collaring work

showed that animals north Montreal Lake, west of Bittern Lake and near Weyakwin Lake

never crossed Highway 2. Animals west of Lawrence Lake never crossed Highway 922.

In both locales, the animals moved within a few meters of the road but did not cross the

road.

Changes in the PAGE included the creation of a national park in 1927 , the

establishment of commercial forestry and overall increased human activities that have

lead to significant shifts in land use management policies. The presence of commercial

timber, the development of roads, cottaging areas and settlements has all contributed to

the current fire suppression efforts (Arsenault and Manseau, 2009). In the early 1940's,

many fires burned unsuppressed in both the Park and surroundin g area (Weir, 1996) as
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fire prevention and f,rre suppression were not practiced (R. Davies, pers. comm.).

Changes in fire interval following settlement ar-rd industrial development have been

observed in other regions including Ontario and Quebec (Bergeron, l99l), Minnesota

(Clark, 1988), British Columbia (Johnson and Larsen, 1991) and Alberta (Larsen, 1997).

In the Park, fire suppression still occurs to protect residences, neighboring

communities, park facilities and adjacent provincial forests (Prince Albert National Park,

2008). Research on fire interval in Prince Albert National Park conducted by Weir (1996,

2000) demonstrated a shorter fire interval in 1890 to 1950. At that time, fires were set to

clear land and often fell out of control and bumed forested areas. Weir also showed that

from 1950 to the present, the fire interval was longer, and likely due to fire suppression.

Extending fire intervals beyond long-term norrns is detrimental in the boreal forest

because fire is a natural disturbance and essential to maintaining lichen rich coniferous

stands by regenerating plant growth (Klein, 1992; Johnson et al., 2001b). Recently, the

Park has initiated controlled burns to create a fire barrier along the Park boundaries with

the goal of reestablishing the natural fire frequency of the area (Prince Albert National

Park, 2008). Our results clearly showed that habitat fragmentation primarily occurred on

the provincial crown land portion of the PAGE. Fragmentation is characterized by an

increased number of patches and mean nearest neighbor distances, a decreased patch size

and mean shape index (Forman and Godron, 1986; Heggem et al., 2000; Tumer et al.,

2001). A decrease in mean shape index suggests a drop in complexity of patch shape that

is often associated with fragmentation (McGarigal and Marks, 1995). Our results

demonstrated all four of these indicators of fragmentation.
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Boreal woodland caribou are sensitive to landscape change and the long-term

persistence of local populations is essential for the conseruation of this species (Thomas

and Gray, 2002; Environment Canada, 2007). The ageing landscape and associated

increase in mature coniferous habitat, in both the Park and the provincial crown land,

should be favorable for woodland caribou as these are habitat types selected by the

animals (Hirai, 1998; Brown et al., 2000a; Brown et a1.,2000b; Rettie and Messier,2000;

Schneider et al., 2000; Thomas and Gray, 2002; Mahoney and Virgl, 2003; Lander, 2006;

O'Brien et al., 2006). The increased anthropogenic disturbance and resulting patchwork

of selected and avoided habitat types on provincial crown land may however be

counteracting those benefits and reducing the functional attributes of the coniferous

mature habitat patches. O'Brien (2006) found that woodland caribou selected large

clusters of high quality habitat patches over the high quality habitat patches themselves.

These large clusters of well-connected habitat patches or the resulting habitat mosaic

were important in providing both food and cover. This translates into separation from

higher densities, both of other ungulate species and associated predators.

Short-term effects of fire are detrimental to caribou as it creates significant

amount of deadfall and affects the overall quality of those stands (Schaefer and Pruitt,

1991; Klein , 1992). Disturbance due to fire has however decreased in both the National

Park and provincial crown land through increased fire suppression efforts (Prince Albert

National Park, 2008). In general, fire is not a concern to caribou if suitable habitat is

available in adjacent areas (Klein,1992). However, if the trend toward decreasing levels

of natural disturbance continues, it may lead to abnormally large tracts of old growth
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forest. When bumed, they may result in huge areas of habitat unsuitable for caribou use

(Klein, 1992; Johnson et al.,200la).

Anthropogenic disturbance, such as logging and access development, have a

variety of detrimental impacts ou caribou populations (Cumming and Beange, 1987;

Rettie and Messier, 1998). Increased number of patches of recently logged areas may

attract greater number of other ungulate species such as moose, elk and white-tailed deer

(Brown et al., 2000a; James et al.,2004) and subsequently, higher concentrations of

predators such as wolves (Bergerud and Elliot, 1986; Rettie and Messier, 1998).

Ultimately, increased area logged can lead to range retraction (Bradshaw et al., 1997) as

caribou actively avoid disturbance (Cumming and Beange,1987; Chubbs eT al.,1993;

Smith et al., 2000; Johnson and Gilligham,2002). A developed roads and trails network

may also facilitate access to formerly isolated areas increasing mortality, from hunting

and predation (Dyer et aI.,2001; Whittington et al., 2005) and from caribou-vehicle

accidents (Cumming and Beange, 1987).

3.5 Conclusion

Both the National Park and provincial crown land portions of the PAGE can be

characterized as an older forest when compared to the 1960s. The two areas are managed

differently; the provincial crown land being accessible to forestry, offering transport

coridors among communities and diverse recreational activities. This is a working

landscape with significant levels of fragmentation. Restoring the natural fire process to

the Park and surrounding area and limiting future anthropogenic activities outside the

Park will ensure critical habitat is available for boreal woodland caribou in the future.
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Protected areas such as national parks are important to ensure long-term survival of

boreal caribou; however, they very rarely encompass an entire range and their

conservation requires more integrated, landscape level management strategies

(Armstrong et al., 2000). Park boundaries do not present movement barriers to caribou as

it is a long ranging species and thus, habitat surrounding protected areas is integral to

their survival (Mosnier et al., 2003). Overall, it is critical to ensure that sufficient habitat

and adequate connectivity within and between clusters of habitat exist, thereby allowing

caribou to move freely throughout their range.

57



4. Using predictive habitat modeling to assess changes in winter caribou
habitat and landscape connectivity in the Prince Albert Greater Ecosystem

4.1 Introduction

Many studies throughout Canada have shown that woodland caribou (Rangi/'er

tarandtts caribou) select for treed muskeg, wetlands, and mature coniferous stands

(Stuart-Smith et al., T997;Hirai, 1998; Brown et al., 2000a; Brown et a1.,2000b; Rettie

and Messier,2000; Schneider et a1.,2000; Mahoney and Virgl, 2003; O'Brien et al.,

2006). The suitability of the landscape, however, is not determined only by the presence

or amount of suitable habitat but also by the spatial configuration of areas of suitable

habitat (Ferreras, 2001; Cook et a1.,2003; Haynes and Cronin,2004; O'Brien et al.,

2006). Connectivity affects the ease with which an organism can move through the

landscape (Taylor et al.,1993; Tischendorf and Fahrig, 2000). The impact of a decrease

in connectivity on a species depends on the hostility of habitat types in the matrix and the

ability of a particular organism to cross unfavourable habitat types (With et al., 1999).

The inverse of connectivity is fragmentation which is often caused by human land use

activities (Andrén, 1994).

Habitat fragmentation is considered one of the greatest threats to biodiversity

making it an important conservation issue (Harris, 1984; Forman and Godron, i986;

Saunders et al., l99l). In highly fragmented landscapes, the decline of wildlife

populations is greater than that expected by habitat loss alone (Andrén, 1994) and

ultimately, these changes to the landscape can isolate groups of animals (Bélisle and
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Desrochers.2002). Woodland caribou are sensitive to fragmentation; O'Brien et al (2006)

found that woodland caribou were associated with large connected habitat patches.

In tlie boreal forest, the main factors leading to habitat loss and habitat

fragmentation are: changes in natural and anthropogenic disturbance patterns, increased

commercial and industrial activities, increased road access to remote areas and

recreational activities (Harris, 1984; Forman and Godron, 1986). Fire is anatural

disturbance and has long-term ecological benefits (Bergeron, l99l; Klein, 1992; Johnson

et al.,200lb). In the boreal mixedwood forest of North America, the fire retum interval

ranges from 30 to 150 years (Johnson, I 992). Changes in fire frequency can be caused by

shifts in climate, land use pattem and land management strategies (Clark, 1988; Bergeron,

1 99 1 ; Johnson and Larsen, I 99 I ; Larsen, 1997). At the time of human settlement, fires

were frequent as deliberate burns were set to clear land for agricultural purposes

(Williams, 1989; Whitney,1994; Weir, 1996). After an area is settled, fire frequency

tends to decrease as forested areas become fragmented and cannot support the spread of

fire ('Weir, 1996).

Following settlement of the boreal forest, roads were constructed to provide

access for industrial development, primarily forestry (Walker, 1999). Forest harvesting is

an important commercial activity across the boreal forest and usually targets coniferous

stands older than 50 years (Walker, 1999). To be sustainable, logging practices attempt to

maintain stands of a variety of ages within the forest management area (Walker, 1999). In

Saskatchewan, fire is suppressed over areas of commercial forest tenures or in proximity

to communities; natural forest pattem standards and guidelines for the forest industry aim

to produce landscapes and harvest areas that emulate the patterns created by fire
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(Saskatchewan Environment, 2009). Areas managed for logging are however still

affected by fire so it may be difficult to retain stand composition that is comparable to a

natural disturbance regime (Walker, 1999). Occumences of fire on a landscape where

logging activities are prevalent often lead to a young age stmcture (Reed and Errico,

l 986).

Landscape changes, natural or anthropogenic, negatively affect boreal caribou,

which, as habitat specialists, are dependent on old growth forests for survival (Rettie and

Messier, 2000; Smith et al., 2000; Mahoney and Virgl, 2003). Due to increased

abundance of other ungulate species (moose, deer and elk) and associated predators in

stands ofyounger age classes, boreal caribou tend to avoid recently logged areas (Chubbs

et al., 1993; Cumming and Beange, 1987; Smith et al., 2000; Johnson and Gilligham,

2002: Lander, 2006) and areas near roads and trails (Cameron et a1.,2005; Nellemen and

Catneron, 1996). Caribou also tend to avoid recent bums (Schaefer and Pruitt, l99l ;

Klein, 1992;Thomas and Gray,2002; Lander, 2006). Caribou have persisted in the

boreal forest for thousands of years in the presence of fire, provided suitable habitat is

available in adjacent areas (Schaefer,1996; Schaefer and Pruitt, 1991). Logging and road

development often displace caribou (Chubbs et al., 1993; Dyer et al.,2001) and since

these activities lead to more permanent landscape changes, they can result in range

retraction (Bradshaw et al., 1997; Thomas and Gray, 2002).

The Prince Albert National Park (PANP) and Greater Ecosystem are located in

the boreal mixedwood forests of Canada, in the province of Saskatchewan and form a

part of the Smoothstone-Wapaweka Woodland Caribou Management Unit (SW-WCMU).

The fire frequency of this area has decreased following settlement (Johnson, 1992;Weir
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et al.,2000) and, in the past 40 years, significant logging and road development

surrounding the Park has occurred. This ecosystem has traditionally been used by a

resident population of boreal caribou (Banfield, 1961) but there are concerns over the

lotrg-term viability of the population (Arsenault, 2003 ; Saskatchewan Environment,

2007).ln central Saskatchewan, boreal caribou population declines have been

documented in the 1940s and agairi in the 1980s. The first decline led to a ban in sport

hunting and an increase in caribou population in the 1950s was attributed to wolf control

and lrunting closure (Rock, 1988; Rock,1992).In 1987, another population decline was

confirmed and sport hunting was again banned (Rock, 1988; Rock, 1992). Subsistence

harvesting still occurs, although only opportunistically (Trottier, 1988). Work conducted

by the University of Saskatchewan (Rettie and Messier, 1998) and more recently through

a collaborative effort between Parks Canada, Saskatchewan Environment, the Prince

Albert Model Forest, Weyerhaeuser Canada Ltd. and the University of Manitoba

(Arsenault and Manseau, 2009) suggests that the population may not be increasing. The

distribution of this herd is more confined now than 40 years ago (Arlt and Manseau, 2009)

andthe individual home range sizes of these animals has decreased significantly in the

past decade (Arsenault and Manseau, 2009).

Logging has not been permitted within the Park in the past 60 years and, fire has

been suppressed; however, a prescribed buming program has been put in place to

reinstate a natural fire cycle (Prince Albert National Park, 2008). The area outside of the

National Park is managed primarily for forestry purposes by Saskatchewan Ministry of

Environment (MoE) (Government of Saskatchewan, 2002). Waskesiu is a community
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located on the east side of the National Park and Montreal Lake FirstNation is situated to

the east of the National Park, at the southem tip of Montreal Lake.

Creating an historical representation of the landscape will assist in the recovery

efforts and guide current and future forestry management and land-use planning activities.

The main objectives were to develop a predictive habitat model for boreal caribou using

GPS telemetry data and assess changes in the amount of spatial confìguration of habitat

quality for 1966 and 2006. In the first chapter, an ageing landscape and signifìcant

landscape changes were demonstrated due to commercial forestry activities on the

provincial crown land portion of the PAGE. We predicted an ageing landscape and

significant habitat change due to commercial forestry activities on the provincial crown

land portion of the PAGE.

4.2 Methods

4.2.1 Study Area

For study area details and map refer to previous chapter 3.2.1.

4.2.2 Smoothstone-Wapaweka Woodland Caribou Management Unit
Arsenault (2009) has defined eight Woodland Caribou Management Units

(WCMUs) within the Province based on clusters of caribou observations, areas of similar

ecological characteristics (Acton et al., 1998) and peatland distribution. The PAGE is parl

of the Smoothstone-Wapaweka WCMU that comprises an estimated 350 animals

(Arsenault, 2003). This herd is considered high risk due to anthropogenic activity

(logging and road development) and habitat loss (Saskatchewan Environment,2007).
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4.2.3 Data description

Adult female caribou were fitted with GPS collars (Lotek Wireless Inc., 115 Pony

Drive, Newmarket, Ontario) following capture by net gun in winter. Eighteen animals

were collared in 2005 and 2006 and collars were set with a 4-hour location frequency.

The analyses focused on the late winter season (January 16 to March 28) defined based

on changes in movement rates for this herd (Dyke, 2008). This season was selected

because during this period habitat selection by caribou is strongest and resources are most

scarce (Brown et a1.,2001). Using one year of data per caribou resulted in i 88 to 610

telemetry points per animal following Koper and Manseau (2009).

To calculate the home range of this herd, the location data was split into two

groups - one group occupying the area north of PANP and another group occupying the

Bittern Lake area east of PANP. This technique was used to avoid including the northeast

portion of PANP in the home range as no location points occurred in this area. The home

range for this herd was generated separately for both groups of location points by

calculating I00% minimum convex polygons and resulted in a total home range size of

200,501 ha.

4.2.4Habitat Maps

Map layers for the National Park and provincial crown land portion of the PAGE

were created separately since the type and extent of data available for the two areas

differed. Although we tried to create seamless layers for the PAGE area, map resolution

issues could not be resolved and prevented us from directly comparing habitat quality
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between the two areas. For both the Park and the provincial crown land portion of the

PAGE, we created map layers for 1966 and 2006 to assess changes in habitat quality

through predictive mapping and connectivity analyses.

For details on creation of the habitat maps refer to the previous chapter 3.2.4.

To prepare the map layers for analyses, we reclassified the vegetation layers using

a simplifìed classification scheme often used in the production of woodland caribou

habitat maps (e.g. O'Brien et al., 1996; Rettie et al., 1 997). Yegetation classes of similar

composition were combined to produce 13 habitat classes (Table 4-1). Each map layer

was rasterized at a 100 m grid and filtered using Spatially Explicit Landscape Event

Simulator (SELES; Fall and Fall, 2001) to remove patches of less than 10 ha which are

below the minimum mapping unit and are likely artifacts from the raster conversion

process.
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Table 4-1. Habitat class composition and definitions used in creating map layers

Vegetation
Subclass

Description
FRI Land Cover
Classification

Age (years)

SprM

JpM

JpBsM

ci

BSL

TMsk

Mw

Hw

OpMsk

RbCy

Logged

Road

Water

Mature black and white spruce
dominated stands

Mature jack pine dominated
stands

Mature jack pine black spruce
dominated stands

Coniferous intermediate
dominated stands

Mature black spruce larch
dominated stands

Closed or open treed muskeg

Mixedwood dominated stands

Hardwood dominated stands

Open muskeg or meadow or
fen

Recently burned or coniferous
young stands

Recently logged

Roads
Water

Black Spruce Mature

White Spruce Mature

Jack Pine Mature

Jack Pine/Black Spruce
Mature

White Spruce
lntermediate
Black Spruce
lntermediate

Jack Pine lntermediate

Jack Pine/Black Spruce
lntermediate

Black Spruce Larch
Mature

>61

>61

>61

>61

41-60

41-60

41-60

41-60

>61

Closed Treed Muskeg nla

Open Treed Muskeg nla

Coniferous Mixedwood 
>61

Mature

ConiferousMixedwood 
41_60

lntermediate

Hardwood Mixedwood nla

Hardwood nla

Open Muskeg n/a

Brushland nla
Meadow nla

Fen nla

Recent Burn s40

Coniferous Young

Recent Logged

Roads and Trails
Water

=40

s40

nla
nla
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For the 1960 map produced for the provincial crown land portion of the PAGE,

we perfotmed a validation of the resulting habitat types to assess accuracy. Forest

Resource Inventory maps from the 1960s were used in the analysis and745l

systematically distributed points were generated in ATcGIS 9.2 (Environmental Systems

Research Institute, 2006) using the Hawth's tools extension (Beyer, 2004). Stand

attributes were derived for each point and compared. The results indicated that more than

70%o of the points on the 1966 generated map corresponded to the classes extracted from

the 1960 hard copy maps. This overall accuracy level is above the accepted standard of

70o/o (Bumside et al., 2003). Accuracy levels of 72o/o were obtained for coniferous mature

and84o/o for coniferous young and recent bums. Some of the differences may be

attributed to different classification schemes, differences in map resolution or differences

in the boundaries drawn (limits of the polygons) for each forest stand.

4.2.5 Predictive Habitat Maps

The influence of habitat types on the habitat selection of caribou was modeled

(Brown et al.,2007) by assessing differences between random and telemetry locations.

SELES (Fall and Fall,2001) was used to generate 8,991 random points on the herd home

range, equivalent in number to the telemetry points. Distances from telemetry and

random points to each habitat type was calculated. Distance metrics were selected

because they capture how the proximity of certain stand types influences the selection of

an individual while located in a given patch (Johnson and Gilligham, 2005).
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Mean distances to habitat types and correlations between distance variables were

calculated. We created a global model composed of biologically relevant variables. The

model included distance to variables and interaction terms.

Global model : Habitat use:intercept+SprM+JpM+JpBsM+B sL+TMsk+Hw+RbCy+

Logged+WaterrJpM *Tmsk+JpM *Hw*Tmsk* Hw

We used Proc GENMOD in SAS 9.1 (SAS Institute Inc., 2003) to develop generalized

estimating equations (GEEs) for analysis. Comelation structure for GEEs cannot be

correctly specified in this case because random and telemetry points have differing

structures (Koper and Manseau,2009) so, we used an empirical variance estimator which

is robust to misspecification of correlation structure (Hardin and Hilbe, 2003; Fitzmaurice

et aL.,2004; Overall and Tonidandel, 2004). We used an independent correlation

structure as recommended by Koper and Manseau (2009) when dealing with random and

telemetry locations.

Following the assessment of the global model using GEEs, with all animal data

included, another model was constructed using only significant variables, based on

empirical standard errors, from the global model. This second model was analyzed using

a GEE to obtain parameter estimates for each of the retained variables. Positive parameter

estimates indicate avoidance while negative parameter estimates indicate selection by

animals. These parameter estimates were used to construct a predictive habitat map

(Mladenoff et al., 1995) for the late winter season using the 2006 habitat layer. The

distance layers generated in SELES were combined in ArcGis as per the models created

by the GEEs to generate a predictive habitat map for 2006.
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A k-fold cross validation (Boyce et al., 2002) was used to validate this model.

GEEs predict habitat selection of a population so for each run of the k-fold validation

data points from 3 animals were withheld and the model constructed using the remaining

I 5 animals (or 83%o of the data) then the fit of the model was tested using the withheld

data. Ten RSF bins with equal observations in each bin were created and a Spearïnann

Rank correlation analysis was performed on the area adjusted frequencies of the bins

(Koper and Manse au, 2009).

The model used to develop the 2006 predictive map was applied to the 1966

habitat layer to create another predictive habitat map. To assess changes in habitat quality

between 1966 and 2006 transition probabilities were used. Transition probabilities

measure the likelihood of one habitat type transitioning to another within a given time

period (Burnside et al., 2003). We calculated transition probabilities of each habitat

quality level (low, medium-low, medium, medium-high, high) between 1966 and 2006 by

quantifying changes of each pixel in the two layers using SELES.

4.2.6 Connectivity

Georeferenced mathematical graphs were used to assess the connectivity of the

landscape (Harary, 1969; Marcot and Chin, 1982; Keitt et al., l9g7). These graphs

consisted of nodes to represent high quality habitat patches and a series of links which

connect patches to one another (O'Brien et a1.,2006). A minimum planar graph (MPG)

was used to provide a visual interpretation of landscape connectivity. MPGs use a

Delauney triangulation (Okabe et al., 2000) to create a spatial graph of the patches (nodes)

and paths (links) between patches (Manseau et a1.,2002; O'Brien et al. 2006; Fall et al.

2007). At a given distance threshold, movement is assumed to be restricted and links
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longer than this distance no longer exist (Keitt elal.,2007). lncreasing the threshold adds

links and at each threshold, patches that are connected by links are called clusters.

Expected cluster stze, a landscape level metric, (ECS; O'Brien et al., 2006) was

computed at several distance thresholds on the 1966 and 2006 rnap layers.

There are two types of links between habitatpatches - euclidian (straight line) or

least cost (O'Brien et a1.,2006). To calculate a least cost path, cost must be assigned to

each habitat type based on the likelihood of caribou using that patch relative to a high

quality patch. We used Proc GENMOD in SAS 9.1 (SAS Institute Inc., 2003) to develop

generalized estimating equations (GEEs) for analysis to calculate probability of

occurrence relative to a high quality habitat type (Hosmer and Lemeshow, 2000; Manley

et al., 2002) in this case mature jack pine dominated stands. The same set of random

points used in the predictive mapping was used for this analysis. Buffers of 150 meters

were added to telemetry and random points and points were classifred based on mode

habitat type within each buffer. Cost values were computed for all habitat types as the

inverse of the odds ratio (O'Brien et a1.,2006). SELES (Fall and Fall, 2001) was used to

create minimum planar graphs and to calculate ECS. The ECS was plotted over a variety

of distance thresholds for both the 1966 and2006 map layers.

4.3 Results

4.3.1 Predictive mapping

A total of 8991 telemetry points were used in developing the model and an equal

number of random points were generated. Telemetry points occurred in most habitat

classes except recently logged areas and roads. Random points occurred in each habitat

class including one point each for recent logged and roads. Recent logged and roads
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cover the least area of any habitat type which may account for lack of points. Treed

muskeg contained the greatest proportion of telemetry and random points, 610/o and28o/o

respectively. Seventeen percent of the telemetry points and 18o/o of the random points fell

in the black and white spruce mature habitat class. The greatest difference between mean

distances of telemetry and random points occurred in the logged, road and treed muskeg

lrabitat classes (Table 4-2).Telemetry points occured closer to treed muskeg and farther

from recent logged and roads. There were correlations between roads and recent logged

and between mixedwood and liardwood (r >0.6). Due to this mixedwood and roads were

not included in the global model.

Table 4-2.Mean distance (m) of woodland caribou telemetry points and random points to
various habitat types in the Prince Albert Greater Ecosystem during the late winter season
(n:17982)

Telemetry (m) Random (m)
Variable Mean (sd) Mean (sd)

SprM 307.2 (264.9)

JpM 637.9 (571.9)

JpBsM 1400.7 (131 1 .9)

ci 2948.4 (1996.9)

BSL 852.6 (688.2)

TMsk 60.16 (106.7)

Mw 1763.2 (1172.3)

Hw 1611.4 (1096.7)

OpMsk 1162.7 (738.5)

RbCy 2626.8 (1289.5)

Logged 4434.6 (1736.4)

Road 3593.8 (1725.2)

381.6 (405.3)

977.4 (917.3)

1429.0 (1239.2)

2519.9 (2034.1)

eee.3 (8e4.6)

338.4 (471.4)

1267.0 (992.7)

1206.2 (1080.8)

1170.9 (952.0)

2031.8 (1477.8)

2762.4 (r 988.8)

2358.8 (1981 .5)

Within the Prince Albert Greater Ecosystem, during the late winter season,

caribou showed a signifTcant response for distance to treed muskeg, recent

burn/coniferous young, cutblocks and the interaction term ofjack pine*hardwood and
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treed muskegthardwood (Table 4-3). The interaction terms were included in the model

due to the documented influence of liardwood stands on habitat selection (Thomas and

Gray, 2002).lndividuals on this home range showed selection for distance to jack pine

(B:-0.1864) and distance to treed muskeg (þ:-6.9334) and avoidance for distance to

recent bum/coniferous young (þ:0.2897), recent logged (B:0.3711) and hardwood

(þ:0.2554). The interaction terms, jack pine*hardwood and treed muskeg*hardwood had

B values of -0.2456 and 1.3149, respectively.

In predicting habitat selection of the animals the k-fold cross validation revealed

that the model had an average r of 0.762 (SE:.092).

Table 4-3. Identification of significant variables based on generalized estimating
equations for the late winter season. Values in bold were used in the corresponding
selection model

Variable P

SprM

JpM

JpBsM

BSL

TMsk

Hw

RbCy

Logged

JPM*TMsk

JPM*Hw

TMsk*Hw

0.1264

0.6574

0.6946

0.5563

<0.0001

0.1454

0.0205

<0.0001

0.0995

0.0205

0.0336
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The predictive habitat map produced for 2006 shows isolated clusters of high

quality habitat throughout the study area (Figure 4-1). In 2006, the largest cluster of high

quality habitat was north, northeast, and east of Montreal Lake. High quality habitat also

occurred west and south of Bittem Lake, north of the park near Weyakwin Lake and also

along the north-northwest border of the Park. Additionally, there was a cluster of high

quality habitat west of Clark Lake. The predictive map for 1966 showed high quality

habitat distributed more evenly across the landscape (Figure 4-1). ln general, high quality

habitat occurred east and northwest of Bittem Lake, northwest of Weyakwin Lake, south

and north of Clark Lake and along the north and northwest borders of the study area.
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The transition probability analysis showed areas where habitat quality changed

(increased or decreased) between 1966 and2006. Areas on the landscape that increased

in habitat quality in the past 40 years included north and northeast of Montreal Lake,

nortli of Weyakwin Lake, and northeast and west of Clark Lakes (Figure 4-2). Areas on

the landscape that decreased in habitat quality include areas west of Bittern and Montreal

Lakes, a large area west, east and southeast of Smoothstone Lake. The majority, 88% of

Iow quality habitat, stayed low quality habitat between 1966 and 2006 (Table 4-4). Only

6% of high quality habitat in 1966 remained high quality habitat in 2006. Most of the

higlr quality habitat in 1966 changed to medium or medium-low habitat levels, 29o/o and

27o/o, respectively. Eighteen percent of medium low habitat in 1966 changed to high

quality habitat in 2006.
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Figure 4-2. Transition probability map for changes in habitat quality between 1966 and

2006 on the Prince Albert Greater Ecosystem in the late winter season.
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Table 4-4. Transition probabilities for caribou habitat quality between 1966 and 2006 on
the Prince Albert Greater Ecosystem, Saskatchewan.

'1966

Low 0.8801 0.0253 0.0477 0.0946 0.'1789
Medium-Low 0.0124 0.1082 0.3072 0.3614 0.2743

Medium 0.0220 0.2725 0.3069 0.343'1 0.3000
Medium-High 0.0394 0.4079 0.2379 0.1496 0.'1841

Hiqh 0.0461 0.1861 0.1002 0.0513 0.0627

4.3.2 Connectivity

Based on the results of the GEEs from the predictive nrodel, there was significant

selection for distance to treed muskeg and the interaction terms ofjack pine*hardwood

and treed muskeg*hardwood. Althougli, distance to jack pine was not significant the

interaction term involving jack pine was significant. Expert opinion on boreal caribou

habitat selection in this ecozone, the jack pine*hardwood interaction term, and

comparative results of random and telemetry point distance to jack pine led us to believe

jack pine is a driving factor in habitat selection. Therefore, we choose to use jack pine as

a reference category when using GEEs to develop cost surface values.

The results of the GEE indicated caribou select treed muskeg over all other

habitat types (Table 4-5). In comparison to jack pine mature stands caribou are one

eighths as likely to use recent burn/coniferous young, one sixteenth as likely to use water,

one third as likely to use coniferous intermediate, mixedwood, open muskeg or hardwood,

two thirds as likely to use black spmce larch or spruce mature, and hve sixths as likely to

use jack pine/black spruce mature. Cost values for each habitat type range from 1.13 for

jack pine/black spruce mature to 10.38 for recent bum/coniferous young. A cost value of
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100 was assigned to water. There was no use of roads or recently logged areas by caribou

so cost values could not be derived from the telemetry data. The maximum cost value of

100 was assigned to roads and logged because of documented caribou avoidance of

logged areas (Chubbs et al., 1993; Cumming and Beange , 1987; Smith et al., 2000;

Johnson and Gilligham,2002; Lander, 2006) and roads (Cameron et al., 2005;Nellemen

and Cameron, 1996) and based on the results of the predictive habitat model presented

earlier in this document.

Table 4-5. Results of generalized estimating equations used to evaluate habitat selection
within the winter home range and with jack pine mature as the reference category

Variable B SE P OR 95% Cl for OR Cost OR(-1)
Lower Upper

JPM
JpBsM -0.12747 0.4056
SprM -0.3244 0.3843
ci -1.447 0.7206

BSL -0.4327 0.4168
TMsk 0 0.4057
Mw -1.0494 0.6759

OpMsk -1.5243 0.3273
Hw -1 .60'15 0.7658

RbCy -2.3408 0.6926
Water -5.2946 0.674
Roads
Logged

Constant 0.0851 03224

0.0017
0.3985
0.0446
0.2992
0.0549
0.1205

<0.0001

0.0365
0.0007

<0.0001

0.094

0.88032
0.722961
0.235275
0.648755

1

0.350148
0.217773
0.201594
0.096251
0.0050'19

-z.oogo -0.;ea r.rsslsozg
-1.0076 0.4287 1.38320048
-2.8594 -0.0396 4.25034434
-1.2497 0.3842 1.54141373
-0.0164 1 .5738 1

-2.3742 0.2754 2.85593704
-2j659 -0.8827 4.59192809
-3.1025 -0.1004 4.96046755
-3.6982 -0.9833 10.3895449
-6.6086 -3 e806 
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The ECS values and MPGs differ for the 2006 and 1966 landscapes. On the 2006

landscape, high quality patches connected gradually over low cost distances from 0 to

4000. There were large increases in ECS at cost distances of 5200, 10600 and 13600

(Figure 4-3). In comparison, the ECS increased faster on the l966landscape up to 5000

with large increases in ECS at cost distances of 7000, 8800 and 106000 (Figure 4-3). Ata
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cost distance of 21200, all clusters on the 2006 landscape are connected. In comparison,

the 1966 landscape is fully connected at much lower cost distance threshold of 13600.

G'40000 r

:u7jc¡
I ur 30000 i

2006

+ 1966

50000

Cost Distance

Figure 4-3. Expected cluster size computed for increasing cost distances for 1966 and

2006 on the Prince Albert Greater Ecosystem

The threshold of MPGs for the 2006 landscape show clusters of well-connected

habitat northeast of Montreal Lake, east of Bittern Lake, north of the Park and the

northwest corner of the Park (Figure 4-4,4-5). At a cost value of 5200 the east side of

Montreal Lake is connected as is the northwest corner of the Park with an area north of

the Park. Increasing the cost distance to 10600 connects the north and east side of

Montreal Lake and a large cluster forms on the far west side of the study area west of

Clark Lakes. At a cost distance of 13600 east of Smoothstone Lake and north of the Park

both connect with the area near Montreal Lake. In comparison on the lg66landscape
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clusters of connected habitat occur directly north and west of Montreal Lake, northwest

of Weyakwin Lake (Figure 4-4, 4-5). Although there are fewer high quality patches on

the 1966landscape these patches are spread more evenly throughout the landscape

resulting in a fully comected landscape at a lower cost distance.
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Figure 4-4. Minimum planar graph links for the Prince Albert Greater Ecosystem

landscape for a) 1966 threshold of 5200,b) 2006 threshold of 5200, c) 1966 threshold of

8800 and d)2006 threshold of8800.
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4.4 Discussion

Between 1966 and 2006 many changes occurred in the PAGE. Recent research in

this area showed an ageing landscape and increased anthropogenic activities in the past

40 years (Arlt and Manseau, 2009). Maturing landscapes and anthropogenic activities are

common in the boreal forest, particularly in recent decades (Johnson et al., 1998; Walker,

1999;Hawey et al., 2002.). The PAGE landscape in 1966 was young due to extensive

fires. Generally, these fires bumed unsuppressed in both the Park and surroundin g area

(Weir, 1996) as fire prevention and fire suppression were not practiced (R. Davies, pers.

comm.). ln 1966 a very small anthropogenic footprint was observed. There were few

roads and, at this point, commercial logging was not yet established. In comparison, in

2006, fire suppression was common throughout the study area and there was a substantial

increase in roads and logging. Commercial forestry began in the early 1970's and was

well established by 1980 leading to significant landscape clranges. This increase in

commercial forestry, the development of roads, cottaging areas and settlements led to

extensive fire suppression efforts (Arsenault and Manseau, 2009). The change in f,rre

suppression efforts following settlement and industrial development are not unique to this

area and have been observed in other regions including Ontario and Quebec (Bergeron,

1991), Minnesota (Clark, 1988), British Columbia (Johnson and Larsen, l99l) and

Alberta (Larsen, 1997). The change in fire interval and industrial development over the

past 40 years has produced a landscape dominated by mature forests, cutblocks and roads

(previous chapter; Arlt and Manseau, 2009).

Caribou in the PAGE showed similar selection and avoidance patterns to other

boreal caribou herds. The PAGE animals selected mature jack pine and treed muskeg
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similar to caribou in British Columbia (Johnson et al., 2000; Johnson et al., 2003),

Newfoundland (Mahoney and Virgil, 2003), Alberta (Brown et al., 2000b; Schneider,

2000) and Manitoba (Hirai, 1998; Brown et al, 2000a; O'Brien et al., 2006). Mature

conifers such as jack pine are selected to minimize predation risk (Bergerud, 1988; Seip,

1992) and provide forage (Brown and Theberge, 1990; Schaefer and Pruitt, l99l

Sclraefer, 1996). The PAGE individuals showed avoidance for disturbance (burned and

logged areas) and hardwood stands. This trend in habitat avoidance also occurs in the

previously cited studies (Cumming and Beange, 1987; Schaefer and Pruitt, l99l ; Chubbs

etal,1993; Smith et al., 2000; Dyer etal,2002; Johnson and Gilligham,2002; Lander,

2006).

Other studies have used predictive modeling to evaluate habitat of caribou (Dyke,

2008) and other species (Pereira and Itami, 1991 ; Clark et al., 1993; Carey et al., 1992;

Lelrmkuhl and Raphael,1993; Mladenoff et al., 1995). The model produced in this study

was validated and when overlaying the telemetry data onto the predictive map it is

evident that caribou are utilizing the predicted high quality areas. Applying this model to

a historical landscape may help to see ways in which the habitat quality of an area has

changed. The maps and transition probabilities showed less area covered by high quality

habitat in 1966 than in 2006. Although there are fewer high quality patches on the 1966

landscape, these patches occur throughout the entire landscape whereas, on the 2006

landscape, high quality patches occur in a few isolated areas. This suggests a lesser

amount of high quality habitat in 1966 but an overall better connected landscape. In 2006,

the animals are confined to certain areas of the landscape as roads and cutblocks transect

their range.
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Transition probabilities provide information on areas that changed between 1966

and2006. From the transition probabilities, it can be noted that between 1966 and2006

ninety-four percent of the high quality habitat decreased in quality while only twelve

percent of low quality habitat increased in quality. If this trend continues, high quality

habitat will continue to decrease in area providing less high quality areas for caribou to

range. In fact, Arsenault and Manseau, (2009) showed that individual range sizes have

decreased significantly over the past 10 years.

Predictive maps are useful in determining areas of high quality habitat but one can

only speculate about movement corridors and movement throughout the landscape. The

use of minimum planar graphs helps us assess the likelihood an animal will travel a given

path between high quality patches or groups of high quality patches (O'Brien et al., 2006).

O'Brien et al (2006) states that the matrix surrounding these high quality patches may not

all be equally unsuitable so the use of MPG's help provide a more functional

representation of landscape connectivity for caribou (With etal.,1997). This technique

allows us to identify various thresholds at which parts of the landscape become

functionally isolated from one another.

The ECS of the 1966 landscape increased faster, resulting in a connected

landscape at a much lower cost distance thresholds, when compared to the 2006

landscape. This means that from the animal's perspective, it would be easier to move

throughout the 1966 landscape than the 2006 landscape. Although there are fewer high

quality patches on the 1966 landscape, similar to what we see in the predictive maps,

these patches are spread more evenly throughout the landscape resulting in a fully

connected landscape at a lower cost distance. O'Brien (2006) found that woodland
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caribou selected large clusters of high quality habitat patches over the high quality habitat

patches themselves. It is expected that on the 1966 landscapqa connected landscape with

less overall high quality habitat, there would have been a higher survival rate than on a

less comected landscape with more overall high quality patches, as in the 2006 landscape.

Large clusters of well-connected habitat patches and the resulting habitat mosaic are

important in providing both food and cover.

Results from both the predictive map and connectivity analysis point to a less

connected landscape with isolated habitat patches in 2006. The reason these clusters

occur on the landscape is related to changes in fire frequency and anthropogenic

disturbance in the past 40 years. The change in f,rre frequency since the 1960s is common

in the boreal forest (Johnson et al., 1998; walker, 1999; Harvey et a1.,2002.) and fire

suppression efforts have created a mature landscape that generally is preferred by

woodland caribou. However, in addition to a mature landscape, a fourteen fold increase

in road coverage coupled with drastic increases in cutblocks (Arlt and Manseau,2009)

act to transect these clusters of high quality habitat. Boreal caribou tend to avoid logged

areas (Chubbs et a1.,1993; Cumming and Beange,1987; Smith et al., 2000; Johnson and

Gilligham, 2002; Lander, 2006) and areas near roads and trails (Cameron et al., 2005;

Nellemen and Cameron, 1996). Often, logging and road development displace caribou

(Chubbs et al., 1993; Dyer et al.,2001) and since these activities lead to more permanent

landscape changes, they can result in range retraction (Bradshaw et al., 1997; Thomas

and Gray, 2002) as habitat clusters become isolated. Range retraction is already occurring

on the PAGE landscape (Arsenault and Manseau,2009) and will continue unless changes

occur in the management of this landscape.
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The boreal ecotype of woodland caribou occur at low densities on the landscape

making laridscape connectivity crucial for the survival of the species. The thresholds

identified represent distances animals are willing to travel. The least-cost paths or links

may be used to represent movement corridors throughout their range. The landscape in

2006 is highly fragmented mostly due to roads and cutblocks, the use of the MPG's may

suggest areas for restoration of the landscape in order to ensure the animals can move

throughout the area. These MPG's could suggest specific roads that could be

decommissioned and specific areas of the landscape where forestry should be restricted.

There are many differences between the I 966 and 2006 landscape. Much of these

differences can be attributed to forestry related disturbance. Connectivity measures may

be used in the future to work with industry to choose areas where harvesting will have the

least affect on animals and areas where restoration may be necessary to ensure the

animals can move throughout their range with ease.

Boreal woodland caribou are sensitive to landscape change and the long-term

persistence of local populations is essential for the conservation of the species (Thomas

and Gray, 2002; Environment Canada 2007). The ageing landscape and associated

increase in mature forests throughout the PAGE should be favorable for woodland

caribou as these are habitat types selected by the animals (Hirai, 1998; Brown et a1.,

2000a; Brown et al., 2000b; Rettie and Messier, 2000; Schneider et al., 2000; Thomas

and Gray, 2002; Mahoney and Virgl, 2003; Lander, 2006; O'Brien et a1.,2006). This is a

working landscape with significant levels of fragmentation. Restoring the natural fire

process and limiting future anthropogenic activities will ensure critical habitat is

available for boreal woodland caribou in the future. Overall, it is critical to ensure that
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sufficient habitat and adequate connectivity within and between clusters of habitat exist,

thereby allowing caribou to move freely throughout their range.
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5. Summarv. Implications and Recommendations

5.1 Summary of Results

Caribou, being habitat specialists, are sensitive to landscape change. As woodland

caribou are listed as a threatened species by the Species at Risk Act, identifying changes

to habitat within their home ranges is critical to guide management and conservatio¡

efforts. Understanding historical changes to the landscape may help to identify areas with

potential for restoration to ensure the persistence of the species.

5.1.1 Changes in caribou distribution

The extent of caribou use of the National Park portion of the PAGE has changed

over the last 50 years, with very limited use detected since the 1980s.There have been

multiple surveys conducted throughout the Park in recent years and only one observation

was made over the last l4 years, in 2007 . Caribou are still present over most of the

provincial crown land portion of the PAGE although their dishibution is clustered and

their movements limited resulting in smaller home ranges when compared to l0 years

ago (Arsenault and Manseau 2009).

5.1.2 Landscape changes

Transition probabilities showed similar trends in the National Park and provincial

crown land portion of the PAGE. Less than 27o/o of the coniferous young/burn class

remained in that class. A large portion of these stands aged to coniferous mafure or to

hardwood/mixedwood. Fifty four percent of National Park land and 68% of provincial

crown land remained in the coniferous mature class. A substantial portion of land within
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the PAGE as a whole also transitioned to coniferous young/recent bum class. These

results indicated an ageing landscape.

Tlre predominant change to older aged stands suggests an ageing forest over the

PAGE landscape as a whole. However, the transitioning of large tracts of crown land in

the PAGE to coniferous young/burn stands is coincident with a noticeable increase in the

number of cut blocks and the development of road and trails network. The amount of area

logged increased from 0 ha logged in 1966 to 5821 I ha logge d in 2006. The road network

increased 14-fold on the provincial crown land portion of the PAGE, from 342km to

4730 km over the same 4O-year period.

Changes in landscape metrics indicated an increase in mature coniferous stands

over the study timeframe, both in the National Park and on tlre provincial crown land

portions of the PAGE. There was an increased number of mature coniferous patches,

ftom 436 to 544 (Park) and.4874 to 5398 (Province). A significant decrease in the mean

shape index only occurred outside the Park, indicating a drop in shape complexity, which

often occurs following logging activities.

change in coniferous young/burn stands between 1966 and,2006 also followed a

similar trend in both portions of the PAGE. There were a decreased number of patches

between 1966 and2006. The change in area-weighted mean patch size of coniferous

young/bum differs between the Park and provincial crown land; the observed increase in

the National Park and decrease on crown land is likely due to natural disturbance in the

Park and a combination of natural and anthropogenic disturbance on crown land. An

increased mean nearest neighbor distance was also detected for both areas indicating

patches of the same cover type occurred farther from one another.
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Treed muskeg and hardwood/mixedwood both exhibited the least overall change

throughout the study area. The only noticeable change in treed muskeg stands was a

significant decrease in area-weighted mean patch size, botli in the park and on the

provincial crown land. These changes were coincident with a history of logging that

accelerated over the study period arong with fragmentation of the landscape.

Finally, changes in landscape configuration measured through distance metrics

were only significant on the provincial crown land portion of the pAGE. Distances

between habitat classes selected by boreal caribou (mature coniferous and treed muskeg)

and those avoided (hardwood/mixedwood) were significantly less on provincial crown

land in 2006 when compared to 1966. The juxtaposition of selected and avoided habitat

types and the recently constructed roads and trails nefwork clearly point to a reduction in

the functional attributes of selected habitat types for caribou.

5. 1.3 Predictive mapping

A total of 8991 telemetry points were used in developing the model and an equal

number of random points were generated. The greatest difference between mean

distances of telemetry and random points occurred in the logged, road and treed muskeg

habitat classes. Telemetry points occurred closer to treed muskeg and farther from recent

logged and roads. Due to correlations between the distance variables roads and recent

logged and between mixedwood and hardwood, mixedwood and roads \ryere not included

in the global model.

Within the Prince Albert Greater Ecosystem, during the late winter season,

caribou showed a significant response to treed muskeg, recent burn/coniferous young,
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cutblocks and the interaction term ofjack pine*hardwood and treed muskegxhardwood.

The interaction terms were included in the model due to the documented influence of

lrardwood stands on habitat selection (Thomas and Gray, 2002).

The predictive habitat map produced for 2006 shows large but isolated clusters of

high quality habitat throughout the study area. In 2006, the largest cluster of high quality

habitat was north, northeast, and east of Montreal Lake. The predictive map for 1966

showed high quality habitat distributed more evenly across the landscape.

The transition probability analysis showed areas where habitat quality changed

(increased or decreased) behveen 1966 and2006. Areas on the landscape that increased

in llabitat quality in the past 40 years included north and northeast of Montreal Lake,

north of Weyakwin Lake, and northeast and west of Clark Lakes. Areas on the landscape

that decreased in habitat quality include areas west of Bittern and Montreal Lakes, a large

area west, east and southeast of Smoothstone Lake. The majority,SSo/o of low quality

habitat, stayed low quality habitat between 1966 and2006. Only 60/o of high quality

habitat in 1966 remained high qualiry habitat in 2006.

5. 1.4 Connectivity changes

Based on the results of the generalized estimating equations (GEEs), distance to

treed muskeg and the interaction terms ofjack pine*hardwood and treed

muskeg*hardwood were significant. Although, distance to jack pine was not significant

the interaction term involving jack pine was significant. Expert opinion on boreal caribou

habitat selection in this ecozone, the jack pine*hardwood interaction term, and

comparative results of random and telemetry point distance to jack pine led us to believe
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jack pine is a driving factor in habitat selection. Therefore, we choose to use mature jack

pine as nodes and as a reference category when using GEEs to develop cost surface

values.

The ECS values and MPGs differ for the 2006 and 1966 landscapes. On the 2006

landscape, high qualiry patches connected gradually over low cost distances from 0 to

4000. At a cost distance of 21200, all clusters on the 2006 landscape were connected. In

comparison, the 1966 landscape is fully connected at much lower cost distance threshold

of 1 3600.

The MPGs for the 2006 landscape showed clusters of well-connected habitat

northeast of Montreal Lake, east of Bittem Lake, north of the Park and the northwest

comer of the Park. At a cost value of 5200 the east side of Montreal Lake is connected as

is the northwest corner of the Park with an area north of the Park. lncreasing the cost

distance to 10600 connects the north and east side of Montreal Lake and alarge cluster

forms on the far west side of the sfudy area west of Clark Lakes. At a cost distance of

13600 east of Smoothstone Lake and north of the Park both connect with the area near

Montreal Lake. In comparison on the 1966landscape clusters of connected habitat occur

directly north and west of Montreal Lake, northwest of Weyakwin Lake. Although there

are fewer high quality patches on the 1966 landscape, these patches are spread more

evenly throughout the landscape resulting in a fully connected landscape at a lower cost

distance.

92



5.2 Management lmplications

The results of this study have the following implications for the Smoothstone-Wapaweka

management unjt:

L Understanding historical changes to the landscape can help us determine changes

in caribou range. Due to the irregular survey effort, particularly on provincial

crown land, it was diffrcult to ascertain whether changes in caribou distribution

were due to changes in survey effort over time or if they were actual changes in

areas of use. It would be easier to determine changes in distribution if there was a

consistent survey effort using the same methods.

2. Creating a seamless vegetation layer was challenging. The provincial crown land

is surveyed regularly by forestry companies as part of their harvesting agreement.

Due to tliese regular forest inventories the vegetation maps created were very

accurate. The national park is not surveyed regularly and the surveys conducted as

not as detailed. This made it difficult to compare the areas due to the different

scales and frequency of the surveys and also made creating a comparable

vegetation classification diffi cult.

3. The Prince Albert Greater Ecosystem landscape currently has fourteen times the

amount of linear features than in 1966 and the area covered by cutblocks

increased five fold in the past 20 years. For caribou to persist on this landscape

and to ensure this long-ranging species can move throughout their home range the

reduction or restoration of linear features should be prioritized.

4. Based on the connectivity analyses the areas north of Montreal Lake, northeast of

the park and the area south of Clark Lake need to be restored. Connectivity should
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be restored between the Bittern Lake area and Montreal Lake area. Connectivity

sliould also be restored between the national park and the rest of the range.

5. It is recommended that the telemetry data, predictive maps and connectivity

analysis be used in future decision making with respect to forestry operations and

human development. Continued monitoring of these animals is essential and the

development of a monitoring plan should be developed.

5.3 Future Research

1. Regular aerial surveys need to continue with an effort towards the same

methodology throughout the entire range. Using the same methodology for each

survey would enable identification of changes in distribution.

2. Levels of fragmentation should be monitored to ensure fragmentation levels in

this range do not increase. Opening the peatlands for industrial access should not

be permitted. This would affect the core caribou habitat and would lead to further

fragmentation.

3. The study area should be expanded to the east and north. There are caribou herds

in these areas and connectivity analysis could help to determine the ability of

these herds to interact, which would ensure persistence of the species in central

Saskatchewan.

4. The predictive modeling method used in this study should be used and validated

on other herds in the province. In addition, this method should be used on this
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herd in different seasons because areas ofuse differ depending on the season and

important areas might be missed if only the winter predictive map is used.

The main purpose of this research was to gain a better understanding of how the Prince

Albert Greater Ecosystem has changed in the past 40 years and how this has impacted

woodland caribou distribution and habitat. This study met the objectives by assessing

changes in caribou distribution, quantifying landscape changes and assessing changes in

habitat quality using predictive mapping and connectivity analyses. The knowledge

gained from this research can hopefully be used to guide future management decisions by

provincial and federal governments with the ultimate goal of the persistence of this herd

into the future.
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