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Abstract: We investigated landscape changes and their potential effects on woodland caribou-boreal ecotype (Rangifer 
tarandus caribou) within a portion of the Smoothstone-Wapaweka Woodland Caribou Management Unit (SW-WCMU). 
The SW-WCMU is one of eight areas delineated by the Province of Saskatchewan for potential recovery planning efforts 
for boreal caribou, and is one of four management units located on the Boreal Plain Ecozone. The Prince Albert Greater 
Ecosystem (PAGE) study area was selected within the SW-WCMU for intensive study from 2004 — 2008. Studies focused 
on quantifying a suite of landscape and population parameters. This paper presents a summary of study results to date 
and recommends land management strategies intended to contribute to the long-term viability of boreal caribou in the 
central boreal plain ecoregion of Saskatchewan. The PAGE study area has undergone structural changes from an area that 
historically presented a lesser amount but well connected mature coniferous forest, to a currently larger amount of mature 
coniferous stands fragmented by a highly developed network of roads and trails. Movement data pointed to highly clus¬
tered use of the landscape by small groups of caribou and smaller home ranges when compared to 15 years ago. Calving 
sites were located within each individual home range in treed peatland and distant from hardwood/mixedwood forest 
stands, roads and trails access. Adult annual survival rates were low, averaging 73% over the course of the study. In order 
to ensure a self-sustaining population level, study results clearly point to the need for landscape restoration to reduce 
the level of anthropogenic disturbances in some key parts of the study area. Key strategies include retention of mature 
softwood forest interior proximate to local areas of caribou activity, protection of calving habitat, improving structural 
connectivity, planning disturbances (forest harvesting, fire salvage, resource exploration, access development) in ways to 
minimize the anthropogenic footprint, and recovery action planning integrated with other land-use planning initiatives. 
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Introduction 

The approach to ecologically-based land management 
strategies for boreal caribou in Canada are outlined in 
the national recovery strategy (Environment Canada, 
2007). Specifically, each jurisdiction within Canada 
with boreal caribou agreed that recovery efforts 
should occur at the range level because caribou popu¬
lations have broad landscape-level habitat require¬
ments. The range of a given caribou population 
contains a variety of habitat components that are dif¬
ferentially used, as well as the intervening landscape 
matrix. Sorensen et al. (2008) demonstrated a strong 
relationship between population growth rates and the 
amount of natural and anthropogenic disturbance. 
They also identified landscape disturbance thresholds 
above which population growth rate would likely be 
declining. Numerous documents have been prepared 
at the provincial/territorial level detailing best man¬
agement practices, industrial operating guidelines, 
and landscape management planning processes that 
will serve as the basis for boreal caribou recovery 
action planning efforts across the country (Environ¬
ment Canada, 2007). 

Habitat strategies focus on defining the types and 
amounts of natural and anthropogenic activities that 
can occur on the landscape to ensure that populations 
are self-sustaining, or growth rates are either stable 
or increasing. This entails looking at the habitat 
quantity, quality and spatial configuration within a 
range (Environment Canada, 2008), the amount and 
configuration of selected habitat types in relation to 
burn areas, younger forests, and industrial develop¬
ment such as linear features which have the potential 
to reduce caribou population viability and lead to an 
increased abundance of other cervid species such as 
white-tailed deer (Odecoileus virginianus), elk (Cervus 
elaphus) and moose (Alces alces), as well as their asso¬
ciated predators such as grey wolf (Canis lupus) and 
black bear (Ursus americanus) thereby influencing 
predator-prey dynamics, resource selection functions, 
and boreal forest integrity (Cundiff & Gray, 2004; 
Environment Canada, 2007). 

Currently in Saskatchewan there is limited inte¬
gration between caribou conservation planning and 
land management processes such as the area specific 
land-use planning process on sensitive landscapes, 
project specific environmental assessment, review and 
screening process (subject to The Environmental Assess¬
ment Act 1980, best management practices (SMEGAC, 
2007), set-back distance recommendations (SKCDC, 
2003; Arsenault, 2009), and forest management 
agreements governing commercial forest harvesting 
(subject to The Forest Resources Management Act, 1996). 
This is due in part because boreal caribou have not 

yet been formally listed in provincial legislation as a 
species at risk. Saskatchewan Ministry of Environ¬
ment (2009) is developing natural forest pattern 
standards and guidelines for the forest industry, 
which are intended to produce landscapes and har¬
vest areas that look and function like landscapes and 
disturbance patches created by natural disturbances 
such as fire. Ultimately, a recovery action plan for the 
Smoothstone-Wapaweka Woodland Caribou Man¬
agement Unit (SW-WCMU) must have direct link¬
age to an effective and integrated decision-making 
process for land management, subject to the appro¬
priate provincial and federal legislation. 

Prince Albert National Park (PANP) land man¬
agement focuses on maintaining ecological processes 
and functions within the park, as well as integra¬
tion of efforts with adjacent land-use activities that 
potentially impact the park's ecological integrity and 
native biological diversity. Boreal caribou still reside 
in the Prince Albert National Park Greater Ecosys¬
tem (PAGE), but there is concern that management 
activities within PANP, and in the adjacent forested 
landscape surrounding the park, are compromising 
the ecological integrity of the PAGE landscape and 
the ability for boreal caribou to persist as a viable 
component of this portion of the Boreal Plain Eco¬
system over the long-term. Consequently, in 2004, 
the Western and Northern Service Centre of Parks 
Canada, Prince Albert National Park, Saskatch¬
ewan Environment, University of Manitoba Natural 
Resources Institute, Prince Albert Grand Council, 
Prince Albert Model Forest, Weyerhaeuser Canada 
Ltd. and the National Resources D N A Profiling and 
Forensic Centre at Trent University formed a col¬
laborative research partnership to collect data needed 
to determine measures of landscape connectivity for 
appropriate land management planning that would 
ensure boreal caribou remain a viable component 
of the PAGE landscape. The PAGE study area is 
situated within the SW-WCMU. The study focused 
on obtaining population and landscape parameters. 
Population parameters were obtained through a 
collaring program and D N A analysis, and land¬
scape parameters were obtained through mapping 
and ground truthing activities, which were used to 
produce decadal landcover maps for the period of 
1947-2007, resource selection function models, and 
predictive habitat maps for both summer and winter. 
The models were structured around habitat quality 
attributes (including spatial and temporal anthropo¬
genic and natural disturbance), lichen productivity, 
optimal foraging strategies, and predator avoidance 
strategies. Time-series analyses were used to assess 
landscape changes over time. Spatial graph theory 
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Table 1. Summary of research projects, primary focus and research lead. 

Projects Authors 

Landscape changes and decadal landscape reconstruction. Arlt, 2009; Arlt & Manseau, 2011 

Delineate Saskatchewan caribou range by integrating Arsenault, 2003; Saskatchewan Environment, 2007 
information sources. 

Telemetry study of movement rate and seasonal habitat use Dyke, 2008; Koper & Manseau, 2009 
patterns. 

Quantification of range size and distribution changes over the Arlt & Manseau, 2011 
past decade. 

Changes in landscape connectivity. Fall et al., 2007; Arlt, 2009; Galpern et al., 2010 

Caribou calving site selection. Dyke, 2008 

Population genetic structure and gene flow. Ball, 2008; Ball et al., 2010 

Fecal-DNA based capture-mark — recapture population size Hettinga et al., 2010; Hettinga (unpubl. results) 
estimates. 

models (Fall & Fall, 2001; O'Brien et al., 2006; Fall 
et al., 2007; Galpern et al. 2010) were used to assess 
habitat connectivity and to project future scenarios 
based on changes to available habitat and landscape 
connectivity, including the implications to boreal 
caribou. 

A non-invasive D N A sampling technique was 
furthered by collecting winter caribou fecal samples 
in the PAGE study area. The purpose of this study 
was to determine relatedness of caribou populations 
across broad landscape scales (i.e. landscape con¬
nectivity at the SW-WCMU level), to assess genetic 
diversity at the population level, and to attempt 
estimation of population size through fecal-DNA 
based mark-recapture methods (Hettinga et al., 2010) 
within the PAGE study area. 

The PAGE project was multi-faceted, employing 
multiple methods in related studies with several 
project objectives. This paper integrates all avail¬
able information collected in the SW-WCMU, and 
presents a summary of key results. Table 1 provides a 
summary of the research projects, primary focus and 
lead authors. Based on study results, land manage¬
ment strategies are proposed to ensure that sufficient 
habitat is available for the long-term viability of 
boreal caribou in central Saskatchewan. 

Boreal caribou in Saskatchewan 

Arsenault (2003; 2005) compiled a comprehensive 
geospatial coverage of boreal woodland caribou loca¬
tion data for Saskatchewan dating back to 1950. Data 
sources included that from Arsenault (1984-present, 
unpubl. data), Saskatchewan Government histori-

cal survey data and incidental observations, PAGC 
(2002), Prince Albert National Park (unpubl. histori¬
cal data), Trottier (1988) and Rettie (1998). The cov¬
erage provides context for assessing historical caribou 
distribution, and was used to delineate local popula¬
tion occurrence (Fig. 1). The information used includ¬
ed documented observations of caribou from aerial 
surveys, incidental sightings, telemetry data, and 
local knowledge (Arsenault, 2003; 2005; Saskatch¬
ewan Environment, 2007) (Fig. 1). Eight WCMUs 
(Fig. 1) were then delineated by encompassing clus¬
ters of caribou location data and peatland distribution 
on ecologically similar areas, as defined by Acton et 
al. (1998). Four of the WCMUs occur on the Boreal 
Shield Ecozone and four occur on the Boreal Plain 
Ecozone. Each W C M U represents an ecologically 
delineated portion of the provincial caribou range for 
the purpose of monitoring and assessing caribou pop¬
ulations and managing land-use activities impacting 
them. WCMUs were used as a base for developing 
directed studies, for recovery and landscape planning 
in Saskatchewan (Saskatchewan Environment, 2007), 
and as part of the national recovery strategy develop¬
ment (Environment Canada, 2007). 

A local population has been defined as a group of 
potentially interbreeding individuals at a given local¬
ity (Mayr, 1963; Cronin, 2003). A local caribou popu¬
lation in Saskatchewan is defined as a geographically 
distinct association of potentially interacting and 
interbreeding individuals occupying a discrete area 
of suitable habitat, with recurring history of use as 
demonstrated through the historical location data 
(Arsenault, 2003; Saskatchewan Environment, 2007) 
(Fig.1). Environment Canada (2008) describe a local 
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population as distinguished spa¬
tially from areas occupied by other 
local populations, experience lim¬
ited exchange of individuals with 
other local populations such that 
population dynamics are primar¬
ily driven by local factors affect¬
ing birth and death rates, rather 
than immigration and emigration. 
At the landscape scale, the spa¬
tial extent and degree of isolation 
of local populations affects the 
W C M U population through the 
dynamics of its recruitment sys¬
tem, effects on population growth 
through immigration and emigra¬
tion, dispersal movement among 
local populations, influxes from 
other WCMUs, and distribution 
pattern on the landscape (Thomas 
& Kunin, 1999; Steen & Haydon, 
2000; Berryman, 2002; Camus & 

Lima, 2002; Baguette & Stevens, 
2003; Schaefer, 2006). As addi¬
tional work is done in the SW-
W C M U and detailed information 
on population structure becomes 
available, the current local pop¬
ulation boundaries (Fig. 1) may 
be altered. Environment Canada 
(2009) has identified potential 
criteria for subdividing contigu¬
ous caribou distribution into local 
population ranges based on animal 
movement data and where less than 
10% emigration and immigration 
occurs among groups of animals. 

Fig. 1. PAGE Study Area and woodland caribou management units (WCMU 
— red), indicating local population ranges and range contraction based 
on data compiled from 1900 (green), 1950 (purple) to present (red) 
(source: Arsenault, 2003; Saskatchewan Environment, 2007). 

Study area 

The PAGE study area (Fig. 2) was 13 381 km 2 in size, 
located in the central part of the Boreal Plain Ecore-
gion within the SW-WCMU (Fig. 1). PANP is central 
to the PAGE study area and represents a transition 
zone between the aspen parkland and the boreal for¬
est. This is the only location in Canada where free¬
ranging plains bison occur within their natural range 
as part of the compliment of endemic cervid species 
(Arsenault, 2005). Within the SW-WCMU, elk, 
white-tailed deer and mule deer occur in the high¬
est densities at the interface of the aspen parkland¬
farmland and the provincial crown forest, diminish¬
ing northward. Moose are found at higher densities 
in proximity to regenerating clear-cuts throughout 

the area (Arsenault, 2009). This has implications for 
the number and distribution of natural predators and 
for caribou distribution. Within the SW-WCMU, 
the size and distribution of local caribou populations 
increases northward. 

Caribou populations within the SW-WCMU 
appear to have fluctuated during the last 60 years. 
Rock (1992) reported a decline in woodland caribou 
during the mid-1940s resulting in closure of the 
hunting season in 1946. This was followed by an 
increase in the late 1950s attributed to the hunting 
season closure and a wolf control program (Rock, 
1992). Regulated caribou hunting resumed in a 
portion of the north in 1961, but low harvest levels 
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resulted in closure of the hunting sea¬
son in 1987. In PANP, a 1939-1940 
census of caribou indicated an over¬
winter population of 600-700 (Soper, 
1951). Banfield later reviewed Soper's 
data and down-graded the estimate to 
200 animals, and estimated the 1951 
population to be 50 (Rock, 1992). 
Over the next 25 years, survey efforts 
reported 24 caribou in 1970-71, 37 in 
1977, and 26 in 1978 (Burles et al., 
1978). Very few sightings of caribou 
have been reported in the park since, 
despite significant survey and collaring 
efforts (Arlt & Manseau, 2011). 

Wildfires have occurred throughout 
much of the study area to varying 
degrees and sizes over recent decades 
along with fire suppression. Recent 
burns have occurred in the Bittern 
Lake area east of PANP and in the 
northeast section of PANP. Access has 
dramatically increased in relation to 
development and forestry, with result¬
ant increases in vehicular and off-road 
traffic for recreation (snow mobiles, 
all-terrain vehicle use, cross-country 
skiing, hiking, boating, cottages, etc.), 
hunting, fishing, trapping, resource 
extraction, and travel among com¬
munities. Weyakwin, Ramsay Bay on 
Weyakwin Lake, Timber Bay, reserve 
communities of Montreal Lake First Nation and Lac 
la Ronge Indian Band (Bittern Lake), Waskesiu and 
seasonal resorts east of PANP are settlements within 
the PAGE study area. Dore Lake and Sled Lake are 
additional small settlements adjacent to the PAGE 
study area. There is significant variation across the 
SW-WCMU in terms of habitat mosaic, anthropo¬
genic footprint, and species distribution. Therefore, 
application of landscape management strategies will 
vary spatially depending on the characteristics of the 
particular area. 

Results 

Landscape changes 
A land cover map consisting of 20 vegetation classes 
was developed for the PAGE study area using for¬
est resource inventory data obtained from PANP, 
Weyerhaeuser Canada Ltd. and the Saskatchewan 
Government. Using this land cover map, the PAGE 
landscape was reconstructed for each decade from 
1946 — 2006 to document changes in land cover 

Fig. 2. Map of the Prince Albert Greater Ecosystem highlighting anthro­
pogenic features and telemetry data from 28 female caribou 
between 2004-2008. 

types, the development of linear features, the occur­
rence of logging activities and wildfire (Arlt, 2009; 
Arlt & Manseau, 2011). Transition probabilities 
analyses showed that the PAGE landscape was his¬
torically characterized by a high wildfire frequency 
with a greater proportion of younger aged coniferous 
stands and marginal access development for forest 
harvesting activities. The current PAGE landscape 
has larger proportions of mature coniferous stands 
because of fire suppression and ecological succession. 
Many of these stands have been modified outside of 
PANP primarily by forest harvesting activities, wild¬
fires, wildfire suppression with salvage logging, and 
linear development (roads, trails, power corridors). 
The landscape has a high density of linear features 
with about 20% of the area logged or comprised of 
hardwood dominated forest stands (Arlt, 2009; Arlt 
& Manseau, 2011). The cumulative area logged in the 
PAGE increased from essentially nil between 1956 
and 1976 to 58 211 ha (4.4 ha/km2) by 2006. During 
this same period cumulative permanent road/trail 
development within the PAGE increased from about 
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342 km in 1956 to almost 4730 km (0.35 km/km2) 
by 2006 (Arlt & Manseau, 2011). The PAGE area was 
assessed using the landscape disturbance threshold 
equation presented in Sorensen et al. (2008), which 
calculates population rate of change (A) in relation to 
the amount of natural and human disturbance on the 
landscape. We obtained a A of 1.06 when the amount 
of disturbance was calculated as a proportion of the 
entire PAGE study area, 1.03 when based on a study 
area excluding PANP and 1.17 when based on the 
extent of caribou home ranges. This suggests that the 
PAGE population should be growing, but our study 
results do not support this. 

Caribou distribution 
Over the course of the PAGE study, a total of 28 adult 
female caribou were fitted with #4400 GPS teleme¬
try collars (Lotek Wireless Inc., Newmarket, Ontario) 
to monitor survival rates, movement and landscape 
use patterns at fine temporal and spatial scales (3 hr 
relocation frequency). Flights were conducted periodi¬
cally to upload location data, to adjust collar data col¬
lection schedules, and to monitor mortality. Collars 
from dead caribou and collars nearing the end of their 
battery life were retrieved and refurbished annually, 
and redeployed to attempt to maintain a minimum 
of 15 collars on females across the PAGE study area. 
The telemetry data was used to assess caribou dis¬
tribution, movement rate and seasonal habitat use 
patterns (Dyke, 2008; Koper & Manseau, 2009; Arlt 
& Manseau, 2011). Lastly, PAGE telemetry data was 
compared to that collected in an overlapping area by 

Rettie (1998) and Rettie & Messier (1998; 2001) in 
1992—1995, to quantify changes in range size and 
distribution over the last decade. 

In a previous study within SW-WCMU, Rettie & 
Messier (1998) reported a spatially disjunct distribu¬
tion which is consistent with range contraction and 
local boreal caribou occupancy data reported by 
Arsenault (2003) and with current telemetry data. 
Current telemetry data was used to determine mini¬
mum convex polygons (MCP) of individual ranges. 
The analysis revealed that the PAGE animals are 
sedentary, with individual summer and winter ranges 
overlapping, with range occupancy being comparable 
between the two studies, but with individual home 
range sizes being significantly smaller (t = —2.559, 
P = 0.013, df = 52) for the 2004-2008 telemetry data 
(MCP: x = 221 km 2 , s.d. = 145, n = 23), compared to 
the 1992-1995 telemetry data (MCP: x = 441 km 2, 

s.d. = 393, n = 31). 
Telemetry and genetic results from the PAGE study 

also confirmed that the boreal caribou population has 
a fragmented distribution with limited use of PANP. 

Multi-year GPS telemetry data (2004-2008) for the 
PAGE study demonstrated that animals have a clus¬
tered distribution (Fig. 2), small annual home ranges 
(x = 221 km 2 , s.d. = 145), low hourly movement rates 
(x = 122 m/hr, s.d. = 249) when compared to other 
caribou studies, no detected movement between 
groups, and with calving sites located throughout the 
landscape within each individual home range. This 
contrasts with other caribou studies where individual 
home ranges overlap and calving sites are clustered 

(Dyke, 2008). 

Caribou calving sites 
Dyke (2008) used fine scale telemetry movement 
data from the PAGE study to look at the spatial and 
temporal characteristics of animal movement during 
the calving period. Dyke (2008) identified calving 
caribou if they presented a reduction of adult cow 
movement rates to <50 m/hr for a minimum of a 
week, which corresponded to a highly defined loca¬
tion during the calving period (treated as a minimal 
number of animals calving). Dyke (2008) was able 
to determine a 29 April — 7 June calving season for 
PAGE caribou with almost 75% of calving completed 
by mid-May, which was similar to that reported 
elsewhere (Hirai, 1998; Schaefer et al., 2000; Lantin 
et al., 2003). Timing of calving is highly dependant 
on the presence of suitable forage species to ensure 
sufficient milk production (Rutberg, 1987; Post et 

al., 2003; Gustine et al., 2006). Dyke (2008) noted 
the occurrence of late calving could be attributed to 
fertilization in second estrous. 

Animals that presented the calving behavior 
showed a high degree of spatial separation from 
conspecifics, which is consistent with that reported 
elsewhere (Bergerud et al., 1984; Gustine et al., 2006). 
The spatial clustering of areas used for pre-calving, 
calving and post-calving in the PAGE area was dif¬
ferent from other caribou studies (Dyke, 2008), sug¬
gesting that calving site selection may be influenced 
by disturbances in the surrounding area (Gustine et 
al., 2006; Dyke, 2008) and predation risk (Post et 

al., 2003). 
Boreal caribou generally show strong selection 

for black spruce stands within large treed peatlands 
(Hirai, 1998; Rettie & Messier, 2001; Lantin et al., 
2003), which is supported by Dyke's (2008) results. 
Calving females in the PAGE area demonstrated 
strong selection for treed peatlands, (particularly 
those further from mixed hardwood stands), and 
avoidance of mature jackpine stands, mixed hard¬
wood stands, and roads during the calving period 
and in the spring — summer seasonal range (Dyke, 
2008). However, when habitat was treated as a cat-
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egorical variable in the analysis, both treed peatland 
and jackpine were selected. Habitat selection and 
avoidance patterns for PAGE caribou were similar 
to that reported in other boreal caribou populations 
(Ferguson et al., 1988; Johnson et al., 2003; Mahoney 
& Virgil, 2003; Brown et al., 2007; Dyke, 2008), 
and for an earlier study of the PAGE area (Rettie & 
Messier, 2000). Dyke (2008) attributed the weaker 
selection of jackpine by PAGE caribou to the highly 
fragmented nature of jackpine stands and their prox­
imity to hardwood mixedwood stands, young stands 
and roads. 

Genetic structure and gene flow 
Genetic diversity allows species to adapt to chang¬
ing environmental conditions (Reed et al., 1986). 
Isolation increases the probability of local extinction, 
reduction of population size, reduction in gene flow, 
and ultimately a decline in genetic health (loss of 
rare alleles, reduced heterozygosity, and inbreeding) 
(Reed et al., 1986; Loew, 2000), which may affect 
the recovery of small meta-populations (Lacy, 1997; 
Lande, 2002; Arsenault, 2003). 

The inbreeding coefficient (F is value) ranges 
between -1.000 (outbreeding / heterozygote excess) 
and 1.000 (inbreeding / heterozygote deficiency). 
Based on a sample size of 78, the F i s was calculated 
to be 0.061 with an expected heterozygosity (Fst EXP) 
of 0.76±0 . 02 and observed heterozygosity (Fst OBS) of 
0.71±0.02 for the PAGE population (Ball, 2008; Ball 
et al., 2010). The genetic diversity of PAGE caribou 
within the SW-WCMU was similar to that reported 
in other populations (Côté et al., 2002; McLoughlin et 
al., 2004), with no apparent inbreeding or outbreed-
ing issues. Isolation can result in disparate levels of 
genetic diversity that put populations at risk of local 
extinction if movement of adaptive alleles is not 
maintained by gene flow (Reed et al., 1986; Lacy, 
1997; Ray, 2001; Lande, 2002; McLoughlin et al., 

2004). 

Population size and mortality rate 
The minimum PAGE population based on identi¬
fication of unique genotypes was 93 caribou, with 
preliminary results pointing to an estimate of 128 
(95% 116, 145) animals (Hettinga, unpubl. results, 
Hettinga et al., 2010). This yields a population den¬
sity of 0.009 caribou/km2 when calculated over the 
entire PAGE study area, and 0.11 caribou/km2 when 
based on MCPs of annual home ranges. 

Even minor increases in adult and/or calf mortality 
can cause a trend in population decline (Arsenault, 
2003). This is because boreal caribou have a low 
reproductive rate (twinning is rare; cows commonly 

do not produce a calf annually) and they breed at rela¬
tively older ages compared to other cervids (McDon¬
ald & Martell, 1981; Godkin, 1986; Lavigueur & 
Barrette, 1992). Average annual adult survival rates 
of boreal caribou have been reported by Rettie & 
Messier (1998) in Saskatchewan (84%), McLoughlin 
et al. (2003) in northeast Alberta (83-93%), Brown 
et al. (2000) in Manitoba (90%), with mortality 
most common in summer (Rettie & Messier, 1998). 
Annual adult survival rates of collared PAGE caribou 
was 71% (2005, n=17), 71% (2006, n=17), 83% (2007, 
n=12), and 69% (2008, n=13), with a mean of 73% for 
all years pooled. The majority of mortalities occurred 
in summer, in June and August. Mortality features 
would have been more identifiable if the collars were 
retrieved immediately following receipt of the mor¬
tality signal. The high adult mortality rate suggests 
the population may be declining. 

Calf survival to one year is usually low and var¬
ies temporally and spatially (Fuller & Keith, 1981; 
Edmunds, 1988; Adams et al., 1995). Typically 
only 30-50% of calves survive their first year of life 
(Thomas & Gray, 2001). We were not able to esti¬
mate calf survival. A non-spatial population viability 
analysis conducted by Arsenault (2007, unpubl. data) 
for Saskatchewan indicated a minimum recruitment 
of 31.4 calves/100 adult females (yearlings excluded) 
was required for a stable population based on mean 
annual adult female survival of 85% (Saskatchewan 
Environment, 2007). A n independent critical habitat 
science review led by Environment Canada performed 
a similar analysis, concluding that a minimum 
recruitment rate of 28.9 calves/100 females was 
required (Environment Canada, 2008). 

Discussion 

Ecological considerations 
The boreal forest landscape is naturally dynamic 
with specific habitat components having a functional 
role at different spatial and temporal scales which 
are necessary to assure persistence of local boreal 
caribou populations (Racey & Arsenault, 2007). In 
most impacted landscapes, the number, location and 
size of habitat patches, as well as the demographic 
parameters of the wildlife populations inhabiting 
them change temporally and spatially (Schaffer, 1981; 
Lande, 1988; Akcakaya, 2001; Mitchell, 2005). The 
influences of natural and anthropogenic landscape 
alteration and disturbance on caribou range use 
and occupancy includes documented range shifts 
following wildfire (Schaefer & Pruit, 1991), log¬
ging (Rettie & Messier, 1998; Smith et al., 2000; 
Lander, 2006; Schaefer & Mahoney, 2007; Vors et 
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al., 2007), and industrial development (Dyer et al., 
2001; Nellemann et al., 2003; Weir et al., 2007), 
barrier and displacement effects of linear features 
(Rettie & Messier, 1998; Dyer et al., 2002; Schindler 
et al., 2007), increased predation risk (James, 1999; 
James & Stuart-Smith, 2000; James et al., 2004), and 
potentially increased energetic costs (Bradshaw et al., 
1998). The degree of response to disturbance depends 
on the type, magnitude, frequency, and duration of 
the disturbance (Bradshaw et al., 1998; Arsenault, 
2009). The impact of non-lethal human disturbance 
on the behaviour and reproductive success of animals 
can have a similar trade-off to predation, resulting in 
avoidance of perceived risk and other fitness enhanc¬
ing activities such as feeding, parental care, or mating 

(Frid & Dil l , 2002). 
Assessing habitat use in relation to availability 

determines habitat selection (Bradshaw et al., 1995; 
Manly et al., 2002; Arsenault, 2003; Koper & Man-
seau, 2009). Habitat selection occurs at several scales, 
is variable, and reflects the strategies used by an 
animal to meet habitat requirements through selec¬
tion of different environmental features at each level 
of spatial and temporal scale to optimize biological 
fitness (Johnson, 1980; Orians & Wittenberger, 1991; 

Holling, 1992; Bradshaw et al., 1995; Rettie & Messi¬
er, 2000; Arsenault, 2003; Johnson et al., 2004; Dus-
sault et al., 2005; Lander, 2006; Dyke, 2008). Distri¬
bution and abundance of species-at-risk are adversely 
affected by changes in the land-use activities that 
cause habitat loss, habitat fragmentation, and other 
disturbances (Akcakaya, 2001). Small isolated local 
populations are subject to sudden extirpation by 
a stochastic event, or slow extinction due to accu¬
mulation of deleterious alleles through inbreeding 
(Reed et al., 1986). Local extinctions of fragmented 
populations are common; therefore, recolonization 
of local extinctions is critical for regional survival of 
fragmented populations (Fahrig & Merriam, 2002). 

Understanding landscape connectivity in terms of 
habitat configuration and intervening covertypes in 
determining the degree to which a landscape facili¬
tate or impedes movement among habitat patches 
is critical for determining ecological integrity, for 
effective landscape management, and for conserva¬
tion of species-at-risk (Taylor et al., 1993; Foreman, 
1995; Tischendorf & Fahrig, 2000; Fahrig & Mer-
riam, 2002; O'Brien et al., 2006). An animal's ability 
to utilize a resource patch is dependent on its ability 
to get there. O'Brien et al. (2006) have shown the 
importance of landscape connectivity for woodland 
caribou and a strong selection for larger clusters of 
high quality habitat patches over the selection of a 
given high quality habitat patch. Habitat fragmenta-

tion isolates habitat patches and reduces patch size, 
thereby increasing the vulnerability of local popu¬
lations to environmental and demographic threats 
(Shaffer, 1981; Lande, 1988). Boreal caribou are 
wide-ranging with natural occurrence at low popula¬
tion densities typically between 0.03 — 0.05 caribou/ 
km2, and have protracted time lag responses to 
habitat changes (Tilman et al., 1994; Arsenault, 2003; 
Schaeffer, 2003; Environment Canada, 2007; Vors et 
al., 2007; Wilkinson, 2008). Therefore, studies that 
focus on landscape pattern analysis, as well as struc¬
tural and functional habitat connectivity, are neces¬
sary to determine impact development thresholds, 
critical habitat, and movement corridors (Manseau et 
al., 2002; O'Brien et al., 2006; Fall et al., 2007; Racey 
& Arsenault, 2007; Galpern et al., 2010). Boreal cari¬
bou population declines are characterized by a loss of 
landscape connectivity accompanied by declines in 
population size and constrictions in local range occu¬
pancy, followed by a period of persistence of isolated 
populations exhibiting a slow decline culminating in 
local extirpation and range recession (Schaefer, 2003; 
Wilkinson, 2008). 

Predation is the main factor limiting boreal cari¬
bou populations. Caribou have historically coexisted 
with wolves and other predators for thousands of 
years in a boreal forest ecosystem driven by natural 
disturbances such as wildfire. Boreal caribou sparsely 
distribute themselves and spatially separate from 
other prey species (commonly moose) into areas com¬
posed of habitats with very low densities of other prey 
species, as a predation-limiting strategy (Bergerud et 

al., 1984; Bergerud, 1992; Seip, 1992). 
In the Boreal Plain Ecozone caribou commonly 

select upland mature and old-growth jackpine and 
lichen-rich treed peatland complexes interspersed in 
mature and old growth black spruce forest (Brown 
et al., 2000b; Rettie & Messier, 2000; Schneider et 
al., 2000; Arsenault, 2003; Lander, 2006; O'Brien 
et al., 2006; Dyke, 2008; Koper & Manseau, 2009). 
These are conifer dominated habitats (>60 yrs old) 
that generally are not selected by other prey species 
because they lack sufficient quality and quantity of 
browse, and therefore typically have lower associated 
predation risk. Caribou tend to avoid early-succession 
hardwood-dominated covertypes with high quanti¬
ties of regenerating browse that are preferred by other 
prey species and have a higher associated predation 
risk. However, anthropogenic disturbances tend to 
occur in mature and old-growth upland forest habi¬
tat, including those adjacent to treed peatlands. This 
has the effect of increasing the population density of 
other prey species as well as predator numbers and 
predator access efficiency, which compromises the 
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