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ABSTRACT 

 

The influence of landscape features on the harvest of caribou (Rangifer tarandus) on the 

island of Newfoundland  

 

 

Jordan A. McNamara 

 

 

 Hunting represents the principal tool for managing populations of migratory 

caribou (Rangifer tarandus), but harvest may be affected by landscape features that 

govern animal distribution and hunter access. Such effects are unclear. I capitalized on an 

existing dataset of 21 355 caribou harvest records, 1980 – 2009, to determine the 

influence of landscape features on caribou harvest across the island of Newfoundland. 

Using a landcover map and spatial data for anthropogenic features, I modelled caribou 

harvest at the island scale for three phases of numerical change (growth in the 1980s, 

cessation of growth in the 1990s, decline in the 2000s) and harvest type (total harvest, 

resident harvest of males and females, resident harvest of males, resident harvest of 

females, and non-resident harvest of males) in relation to multiple putative predictor 

variables: proportion of lichen cover and distances to nearest forest cut, road, outfitter, 

transmission line, and town. I did the same analysis for seven individual Caribou 

Management Areas (CMAs).  

 At the island scale, the number of harvested caribou increased with proximity to 

the nearest forest cut and with greater proportions of lichen habitat. I attribute this to 

landscape features that provide forage for caribou, but also access and caribou visibility 

for hunters. Caribou harvest increased in proximity to transmission lines for the harvest 

of caribou by resident hunters in the 2000s, which could be a result of more risk-prone 
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foraging Newfoundland caribou. Non-resident hunters harvested greater numbers of male 

caribou further from towns, likely a result of the placement of outfitter camps and 

activities. At the management area scale, in most instances, more caribou harvest 

occurred in close proximity to transmission lines. Proximity to forest cuts and high 

proportions of lichen were still important landscape features leading to a greater harvest. I 

conclude that the caribou harvest was largely governed by hunter access and visibility of 

their prey, augmented by open habitats preferred by caribou.  
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CHAPTER 1 GENERAL INTRODUCTION 

 

 

INTRODUCTION 

 

Caribou (Rangifer tarandus), a highly mobile ungulate, have inhabited the 

circumpolar North for millennia (Hummel and Ray 2008). Caribou have long been of 

vital importance to indigenous cultures as a form of sustenance and as a central 

component of their cultural beliefs (Kofinas et al. 2000, Abdallah and Lasserre 2012). 

This species is characterized by its ability to move large distances across the landscape, 

while individual herds can be distinguished by their seasonal range use and site fidelity at 

calving (Bergerud 1988, Hummel and Ray 2008). In Newfoundland, female caribou show 

substantial seasonal variation in their distribution and many large herds aggregate on 

specific calving grounds in spring. However, some smaller herds may use a dispersed 

strategy at calving where females simply “space out” from one another, which is typical 

of the sedentary caribou or boreal forest ecotype. Caribou are located throughout most of 

the island of Newfoundland and select mature conifer stands for most of the year (Hébert 

and Weladji 2013), but will also use barrens and wetlands (Weir et al. 2014).  

Once occupying much of North America’s boreal forest, caribou populations have 

undergone dramatic declines in numbers during the last 20 years (Vors et al. 2007, 

Bastille-Rousseau et al. 2013). In the first decade of the 21st century, 34 out of 43 major 

herds exhibited decline (Vors and Boyce 2009). This global trend is also occurring in 

Newfoundland. On the island of Newfoundland, the caribou population reached a peak of 

approximately 94,0000 animals in 1996, followed by a rapid decline to 32,000 animals by 

2013 (Figure 2.1) –  a 66% decline in 17 years (Schaefer and Mahoney 2013, Weir et al. 
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2014). The reasons for such declines may be cumulative, although much evidence in 

Newfoundland points to the depletion of food (Schaefer et al. 2016) and swings in 

climate (Mahoney et al. 2011, Bastille-Rousseau et al. 2013). 

Throughout much of their range, caribou habitat is being encroached upon by a 

myriad of industries. The pressure on habitat from these industries is only expected to 

increase. Industrial development has contributed to the loss, alteration, and fragmentation 

of important caribou habitat as developments such as roads (James and Stuart-Smith 

2000, Dyer et al. 2001), mining (Weir et al. 2007, Boulanger et al. 2012), forestry 

(Chubbs et al. 1993, Hébert and Weladji 2013), and transmission lines (Mahoney and 

Schaefer 2002) have intruded into caribou habitat. Along with proximate causes of 

predation, limited forage availability, and overharvest, these factors may be contributing 

to the decline of caribou.  (Festa-Bianchet et al. 2011, Weir et al. 2014). 

 

Caribou and Wildlife Harvest  

Several ungulate species are experiencing dramatic population declines as hunting 

pressure increases both for commercial trade (Laurance et al. 2006, McNamara et al. 

2015) and sport (Gordon et al. 2004). Of all cervids in North America, caribou are the 

most vulnerable to hunting (Bergerud 1974). Hunting of caribou has limited population 

growth and reduced populations worldwide (Klein 1991, Vors and Boyce 2009). In North 

America excessive hunting has been cited as one of the main reasons behind reductions 

of the Nelchina, Western Arctic, and Fortymile herds in Alaska and the Bathurst and 

Beverly herds in Canada (Klein 1991).  
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In Newfoundland and Labrador, caribou have been part of social, cultural, and 

economic life for thousands of years. To this day, caribou are still an important food for 

Newfoundland’s Aboriginal people and the long-time settler communities. Hunting is a 

valued activity in Newfoundland, providing recreational opportunities for residents and 

non-residents who, in turn, contribute to the province’s wildlife management programs 

(Newfoundland and Labrador Tourism 2018). Caribou also continue to bolster the 

economy through the outfitting industry (Wells et al. 2011). At the same time, hunting 

often represents the most effective tool for managing migratory caribou populations 

(Bergerud et al. 2008).   

 

Wildlife Harvest and Landscapes  

In North America, wildlife agencies are responsible for managing the hunting of 

wildlife by establishing hunting zones and seasons, setting quotas and bag limits, 

administering hunting licence sales, and enforcing hunting laws and regulations 

(Mahoney 2009). Traditionally, harvest quotas have been based on population models 

and census information such as harvest statistics, designed to assess how harvest regimes 

are likely to influence future population sizes (Weisberg et al. 2002, Gordon et al. 2004). 

An essential component of any ungulate management program is monitoring population 

structure and size (Festa-Bianchet et al. 2003, Weir et al. 2014), but simply determining 

harvest quotas based on population size risks overharvesting declining populations 

(Gordon et al. 2004). Early management efforts were largely focused on recovering 

populations and preventing overharvest, but as populations of game species recovered, 

concerns shifted towards the impact of wildlife species on their habitats (Connelly et al. 
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2012). Features on the landscape, both natural and anthropogenic, may influence harvest, 

although few studies have examined the influence of habitat characteristics on harvest 

(McNamara et al. 2015, Plante et al. 2017).  

The role of landscape features on the outcome of wildlife harvest is of particular 

importance from a wildlife management perspective. Understanding that landscapes are 

shaped by factors such as human demography, urbanization, and land-use are important 

for designing effective conservation and land management strategies (McNamara et al. 

2015). Recent literature suggests that landscape features such as habitat type, distance to 

roads and towns (Ling and Milner-Gulland 2008), habitat disturbance (Chubbs et al. 

1993), as well as the spatial structure and dispersal of species (Sirén et al. 2004), should 

be considered when implementing harvest quotas.  

Few studies have examined the influence of landscape features on harvest through 

both space and time. The impacts of hunting and habitat features on species abundance 

have been thoroughly investigated independently, but rarely have been considered 

interactively (Rist et al. 2009). It is only recently that studies have begun to investigate 

the effects of both landscape features and hunting on the harvest of animals (Rist et al. 

2009, McNamara et al. 2015, Plante et al. 2017). The severity of the bushmeat crisis in 

the Central and West African rainforests, for example, prompted scientists to explore how 

changes in the spatial characteristics of the landscape influence bushmeat harvest over 

time (Fa et al. 2004, 2015, Ling and Milner-Gulland 2008, McNamara et al. 2015). 

Characteristics of the landscape that were most likely to influence the dynamics of 

bushmeat harvest were habitat disturbance (e.g., deforestation and roads), hunting 

pressure, and distance to towns (Fa et al. 2004, McNamara et al. 2015). Habitat loss – as 
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a result of timber harvesting, fragmentation from roads and transmission lines – can 

significantly reduce the capacity of the landscape to supply food and provide cover for 

caribou, increase access to the land for hunting, and present barriers to caribou movement 

(Wells et al. 2011). The distribution of harvest is also an important consideration since 

hunting effort is often spatially uneven (Broseth and Pedersen 2000). 

Human disturbances have negative and cumulative effects on wildlife and have 

been suggested as one of the main reasons for the decline of caribou (Vors and Boyce 

2009). Although most human disturbances do not cause direct mortality in animals, 

hunting is a particular case of human disturbance where an animal’s movement and 

activity may be influenced by a ‘landscape of fear’ affecting its decision-making and 

behaviour (Bonnot et al. 2013, Lone et al. 2014, Norum et al. 2015, Plante et al. 2017).  

Caribou and humans use the landscape differently; caribou typically avoid 

anthropogenic features and habitat types such as forest cuts that could put them at risk 

from predators (James and Stuart-Smith 2000, Dyer et al. 2001), whereas humans utilize 

these landscape types to their advantage (e.g., access to areas otherwise inaccessible; 

Gratson and Whitman 2000b, Lebel et al. 2012, Plante et al. 2017). Quantifying the ways 

in which the landscape influences these two species in different ways— and that harvest 

reflects the times and spaces where they intersect— will provide a better understanding of 

landscape features on harvest.  

 

Caribou Response to Landscape Features 

Research has indicated that relationships between caribou and anthropogenic 

features are strong and negative (Vors et al. 2007). Caribou move away from sources of 
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disturbance (Mahoney and Schaefer 2002, Nellemann et al. 2003) and they may increase 

activity and energy expenditure near disturbances (Wolfe et al. 2000, Mahoney et al. 

2016). In response to human activity, caribou may alter their behaviour by changing their 

movements and shifting resource selection (Little et al. 2014). Caribou are often faced 

with the decision to choose between open habitats with good foraging opportunities, but 

where they are visible to predators, and habitats that provide increased cover from 

predators, but may offer poorer quality forage (Lone et al. 2015). Caribou must balance 

the trade-off associated with predation avoidance and disturbances, while ensuring 

biological requirements are still met (Beauchesne et al. 2013).  

Habitat is vital to caribou (Hébert and Weladji 2013, Schaefer et al. 2016) and 

alterations to the landscape have the potential to impede fitness and survival (Lone et al. 

2015). Caribou habitat selection is driven primarily by nutritional requirements and 

optimal cover to avoid predators (Hébert and Weladji 2013). Generally, caribou shift 

away from environments that are perceived to be associated with risk of predation 

(Vistnes and Nellemann 2001, James et al. 2004); however, when limited by food, 

caribou may make riskier decisions related to forage, mating, or caring for young 

(Vistnes and Nellemann 2008, Hébert and Weladji 2013, Bastille-Rousseau et al. 2016).  

Caribou prefer coniferous forests for their protection from predators and foraging 

opportunities, but may also use forest cuts for easier travel (e.g., forestry roads) or for 

access to forage (Hébert and Weladji 2013). Caribou movements are often oriented 

toward increased access to forage, but also to reduced risk of encountering predators 

(Bastille-Rousseau et al. 2015). During the hunting season, white-tailed deer modify their 

behaviour to avoid encounters with hunters through changes in movement or use of 
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selected landscape features (e.g., vegetation cover and roads; Little et al. 2014). 

Similarly, the risk of roe deer being harvested was related to specific habitat 

characteristics (Norum et al. 2015). 

Caribou herds typically avoid linear corridors; however, they may be attracted to 

these features because of high quality forage and ease of travel (James and Stuart-Smith 

2000). Linear features in caribou ranges, such as roads and transmission lines, could 

increase encounter rates with predators (Whittington et al. 2011); a caribou’s risk of 

predation increases with proximity to linear corridors (James and Stuart-Smith 2000). 

Newfoundland caribou herds have been disrupted by hydroelectric developments, for 

example, leading to changes in abundance, distribution and migration patterns (Weir et al. 

2007), but may still be found at lower abundance within 3-5 km of transmission corridors 

(Mahoney and Schaefer 2002, Brinkmann 2016). Transmission developments are also 

associated with hunting, and avoidance to reduce exposure to stress or hunting pressure 

occurs if alternative habitat is available even if inferior (Nellemann et al. 2003). 

Typically, these anthropogenic features are avoided by caribou up to 3 km for at least two 

years following construction (Weir et al. 2014); caribou may be more sensitive to the 

activities associated with construction, than the infrastructure itself (Mahoney and 

Schaefer 2002).  

 

Hunters Response to Landscape Features 

An interesting relation exists between natural predators and hunters, allowing 

researchers to identify factors likely to influence hunter success. For natural predators, 

the likelihood of successfully attacking prey depends on habitat features affecting prey 
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vulnerability, similar to the situation associated with hunting (Lebel et al. 2012). 

Increasing access can lead to dramatic increases in hunting pressure (Gratson and 

Whitman 2000b). There is often a correlation between the distance to the closest access 

point and prey densities; the probability of occurrence and the relative densities of 

exploited species increase with distance from access points (Yackulic et al. 2011, 

McNamara et al. 2015).  

Hunting pressure in remote forested areas is largely determined by the locations 

and number of access points, which are generally found near settlements and roads 

(Laurance et al. 2006, Blake et al. 2007, Yackulic et al. 2011). Several studies have 

demonstrated the influence of roads on the distribution of hunters (Broseth and Pedersen 

2000, Diefenbach et al. 2005, Lebel et al. 2012). There is substantial evidence indicating 

that harvest near roads is high due to increased access and hunting pressure (Gratson and 

Whitman 2000b, Laurance et al. 2006, Lebel et al. 2012, Plante et al. 2017). For white-

tailed deer, for example, greater than 85% of hunters hunted within 100 - 500 m of a road 

or trail (Diefenbach et al. 2005, Lebel et al. 2012). 

Hunters are adaptable, and may change hunting tactics to increase success if prey 

respond by seeking refuge (Norum et al. 2015). In general, hunters are often predictable, 

typically hunting in more open habitats (Lebel et al. 2012, Lone et al. 2014) and within 

close proximity to roads (Gratson and Whitman 2000a, 2000b, Yackulic et al. 2011, 

Proffitt et al. 2013). A growing number of studies on hunter access concluded that 

hunting mortality of game species, including deer and elk, has been greater along roads 

and where roads provide access to more habitat (Unsworth et al. 1993, Gratson and 

Whitman 2000b, Laurance et al. 2006, Yackulic et al. 2011). In Newfoundland, hunter 
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access is often limited to forestry road networks (Schaefer and Mahoney 2007) and 

transmission lines that traverse caribou ranges (Mahoney and Schaefer 2002, Brinkmann 

2016). Transmission lines also provide increased access for hunters to remote areas 

(Scurrah and Schindler 2012) as well as improved visibility; such features can increase 

predation pressure on and harvest of caribou (James and Stuart-Smith 2000). Outfitter 

camps are also a point of access for hunters, often deliberately located in close proximity 

to traditional caribou grounds (Plante et al. 2017).   
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Objectives and Predictions  

 

The objective of my thesis was to determine how landscape characteristics 

influence caribou harvest across the island of Newfoundland using a long-term dataset 

(1980 – 2009) of harvest records and habitat features. My specific objective was to 

develop models quantifying the effects of landcover characteristics on the distribution of 

the caribou harvest – both males and females, by both residents and non-residents—

during the phases of caribou population growth (1980s), cessation of growth (1990s), and 

decline (2000s).  

I hypothesized that Newfoundland caribou harvest would be influenced by 

landscape characteristics and anticipated that:  

i. Hunters concentrate their efforts in locations that favour access and prey 

visibility, and therefore, I would find increased harvest in open habitat 

types, and nearer to roads, linear corridors, outfitter camps, and forest cuts. 

ii. Conversely, caribou perceive anthropogenic features as places of increased 

predation risk and as a result of their avoidance, I would find decreased 

harvest near these areas. 

To test these ideas, I used a rare dataset of remarkable spatial and temporal scope—

annual records of the harvest of individual caribou, in 10 x10-km cells, distributed across 

most of Newfoundland, and compiled for nearly 40 years. 
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CHAPTER 2 THE INFLUENCE OF LANDSCAPE CHARACTERISTICS ON 

THE HARVEST OF NEWFOUNDLAND CARIBOU 

 

INTRODUCTION 

Wildlife populations are declining globally from a myriad of factors while, at the 

same time, resource development is increasing at unprecedented rates (Vors and Boyce 

2009, Festa-Bianchet et al. 2011). Loss of habitat, linear transportation and infrastructure 

corridors can fragment and degrade habitat for wildlife, as well as increase hunting 

pressure. An ungulate in decline across most of the global North including 

Newfoundland, Canada, is the caribou (Rangifer tarandus; Vors and Boyce 2009, Weir et 

al. 2014).  

Landscapes are continually being altered as industrial development continues to 

increase in the boreal forest (Vors and Boyce 2009, Abdallah and Lasserre 2012); 

industrial development may increase accessibility to remote regions and increase 

vulnerability of wildlife populations to predation and disease (Dyer et al. 2001, Festa-

Bianchet et al. 2011, Plante et al. 2017). Human disturbance and infrastructure may alter 

predator-prey dynamics (Bonnot et al. 2013, Leblond et al. 2013), particularly those 

associated with sport hunting (McLoughlin et al. 2003, Proffitt et al. 2009, Plante et al. 

2017). Caribou mortality associated with hunting has accounted for the limitation of 

growth and the reduction of populations worldwide (Klein 1991). Newfoundland is no 

exception, where rates of harvest exacerbated the most recent population decline (Weir et 

al. 2014).  

On the island of Newfoundland, caribou experienced both a dramatic population 

increase and decline over the last three decades (Schaefer and Mahoney 2013, Weir et al. 

2014). Caribou abundance increased significantly between 1975 and 1996 to an estimated 



 

 

12 

peak of 95 810 animals, followed by a rapid decline to approximately 32 170 in 2013 

(Mahoney and Weir 2009, Schaefer and Mahoney 2013, Weir et al. 2014). Hunting 

licence sales increased steadily until 2004, a full eight years after the population peak. 

This resulted in the highest rates of harvest during the period of rapid population decline 

(Figure 2.1; Weir et al. 2014).  

Annually, approximately two percent of the Newfoundland caribou population 

has been harvested; most harvested caribou are male (Weir et al. 2014). Hunter success 

rates decreased from 80-85% in the late 1990s, to 60% in 2005 which prompted harvest 

restrictions (Figure 2.2; Weir et al. 2014). All Caribou Management Areas (CMAs) have 

seen reductions in quotas since the decline. In addition, five CMAs are currently closed to 

hunting; Northern Peninsula (CMA 69) is also slated to close for the 2019 hunting season 

(Government of Newfoundland and Labrador 2018). Newfoundland represents a rare 

opportunity to study the influence of landscape characteristics on harvest, as caribou 

harvests have been recorded almost continually since 1980, amidst changes to the 

landscape throughout the province, as well as coinciding with the dramatic change in 

caribou numbers.  

Habitat is recognized as key for caribou, and selection for increased abundance of 

forage, especially lichen, is well documented (Schaefer et al. 2016). Lichens are 

important food for caribou, but their relatively slow growth rates make them vulnerable 

to overgrazing (Dahle et al. 2008, Lesmerises et al. 2011). The decline of Newfoundland 

caribou – coincident with a decline in body size, poorer diets, and accelerated tooth 

wear—is consistent with density-dependent food limitation (Mahoney et al. 2011, 

Schaefer et al. 2016). For example, this is manifest in a reduced use of closed and open 
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coniferous forests and increased use of barrens by females, presumably due to the greater 

abundance of vascular plants in these areas (Schaefer et al. 2016).  

Forestry has been one of the primary alterations to the landscape in 

Newfoundland (Gagnon and Morin 2001). Industrial timber harvesting has occurred in 

Newfoundland since the 1920s. Forestry operations have focused on coniferous forest 

(Mahoney and Virgl 2003) and regeneration requires at least 40 years post-harvest 

(Hébert and Weladji 2013). Old-growth coniferous forests have been considered refuges 

for caribou, allowing for optimal foraging while permitting avoidance of predators 

(Schaefer and Mahoney 2007, Hébert and Weladji 2013).  

Linear corridors are a common component of industrial operations and can put 

caribou at increased risk of predation (James and Stuart-Smith 2000). Existing 

transmission lines span approximately 8,900 km across Newfoundland with additional 

projects underway (Brinkmann 2016). These anthropogenic features traverse several 

caribou population ranges, resulting in lower animal abundance several kilometres away 

(Mahoney and Schaefer 2002, Nellemann et al. 2003, Brinkmann 2016).  

As industrial development continues to alter the landscape in Newfoundland, 

there is a growing need to evaluate the impact of human disturbance on caribou, 

especially hunting which causes direct mortality. Newfoundland caribou have been 

studied extensively, with particular emphasis on population abundance, distribution, 

mortality, and habitat (Mahoney and Virgl 2003, Bastille-Rousseau et al. 2013, Weir et 

al. 2014, Schaefer et al. 2016). However, the effects of landscape characteristics on 

harvest have yet to be investigated. Most studies have assessed the impact of landscape 

features on harvest across relatively small areas and over just a few years (Gratson and 
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Whitman 2000a, Cleveland et al. 2012, Lebel et al. 2012). Long-time series are rare, with 

ungulate datasets (i.e., abundance, age structure, morphology, and other demographic 

parameters) usually not exceeding 50 years (Imperio et al. 2010). Long-term studies are 

necessary, especially for ungulates like caribou since they may exhibit cycles with 

periods of several decades (Bastille-Rousseau et al. 2013). Few studies exist at this scope. 

Because caribou abundance and distribution are linked (Bergerud et al. 2008, Schaefer 

and Mahoney 2013), we might also expect the distribution of the harvest to be influenced 

by population size (i.e., density dependence). This has not been investigated.  

I capitalized on an existing dataset of caribou harvest records between 1980 and 

2009 to determine the influence of landscape features on harvest across the island of 

Newfoundland. I analyzed the influence of landscape features on caribou harvest using 

harvest density for each licence type (resident and non-resident), proportion of landcover 

and distance to nearest landscape feature for seven Caribou Management Areas (CMAs). 

I generated predictive models of harvest at two scales of analysis: the island scale (seven 

management areas) and each of the seven management areas separately, the management 

area scale. Based on the hypothesis that landscape features favourable to hunter success 

(e.g., access and visibility) would influence caribou harvest in Newfoundland, I 

anticipated that there would be increased harvest in the vicinity of open habitats and 

linear features. As landscape features do not occur in the landscape independently of one 

another, I first examined the spatial association of all landscape features and landcover 

types using Principal Components Analysis (PCA). Furthermore, recognizing that harvest 

locations may not be independent of one another, I determined if spatial autocorrelation 
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was present by calculating Moran’s I and using a residuals autocovariate (RAC) approach 

to account for spatial autocorrelation.    
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METHODS 

Study Area 

Located in eastern Canada, the island of Newfoundland experiences a temperate 

marine climate with abundant year-round precipitation. The climate is characterized by 

long and cold winters with short and warm summers. The dominant landscape consists of 

coniferous and mixed forests of balsam fir (Abies balsamea), black spruce (Picea 

mariana), and white birch (Betula papyrifera), in addition to bogs, lakes, and barrens 

(Bastille-Rousseau et al. 2013). Also common are extensive rock and heath barrens 

consisting primarily of shrubs and lichen. Caribou Management Areas (CMAs) are legal 

hunting district boundaries based on the distribution of each caribou herd. In my analysis, 

I included seven Caribou Management Areas: La Poile (CMA 61), Buchans Plateau 

(CMA 62), Grey River (CMA 63), Middle Ridge (CMA 64), Gaff Topsails (CMA 66), 

Pot Hill (CMA 67), and Northern Peninsula (CMA 69; Figure 2.3). These seven CMAs 

comprised 84% of the total harvest 1980-2009; they represented the most extensively 

studied herds (Table 2.1; Government of Newfoundland and Labrador, 2015; Weir et al. 

2014). Together, these management areas covered 51% of the 111 508-km2 island (Table 

2.2).  

The city of St. John’s, located on the Avalon Peninsula, is home to more than half 

of the island’s human population. Central regions are sparsely populated and isolated 

with limited human access to caribou ranges. Forestry road networks, transmission lines, 

and main transportation roads provide the primary access routes for hunters. Natural 

predators of caribou on the island include black bears (Ursus americanus) and lynx (Lynx 

canadensis), as well as coyotes (Canis latrans; Weir et al. 2014).   
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Data Collection and Preparation 

Caribou Harvest 

The Newfoundland and Labrador Wildlife Division regulates and monitors the 

harvest of caribou in the province. The provincial government issues a limited number of 

permits to residents through a big game licence draw (Government of Newfoundland and 

Labrador 2017). Non-resident big game licences are available only through licenced 

outfitters and hunters must be accompanied by licenced guides supplied by accredited 

outfitters. Each Caribou Management Area has specific targets for abundance and adult 

sex ratio (Government of Newfoundland and Labrador 2017).  

Maps of all Caribou Management Areas were provided by the Newfoundland and 

Labrador Department of Environment and Conservation. These maps provided detailed 

geographic information concerning boundaries and notable landscape features (Figures 

A1.1 – A1.7, Appendix 1). There are 19 CMAs across the island; seven were included in 

my study; five were closed at the time of my study; and the remaining seven had limited 

data.  

I georeferenced the CMA maps in ArcGIS. As part of the data collection, each 

management area was subdivided into a grid of 10 x 10-km cells. Each cell was identified 

by a unique alphanumeric code for recording the location of each caribou harvested 

(Figures A1.1 – A1.7, Appendix 1).   

The recording of the caribou harvest began in the 1960s but at that time hunter 

questionnaire returns were limited. During the 1970s, licence returns from both resident 

and non-resident hunters began to be used to manage big game populations; the return 

rate for caribou licences since that time has been approximately 60%. Data collected from 



 

 

18 

the licence returns provide information regarding location of harvest (in one of the 10 x 

10-km cells) and animal age and sex. Information provided from the licence returns is 

used to estimate hunter success rates, inform population models, and establish harvest 

quotas for the following year.  

I used harvest data, 1980-2009 (apart from missing data, 1995-1999), from the 

seven best-studied management areas (Figure 2.3). From these records, I included in my 

analysis the harvest data pertinent to this study: licence type (resident or non-resident 

hunter), sex of the caribou, and location. I categorized harvest into five non-exclusive 

harvest types: (1) total harvest, all caribou harvested by resident and non-resident 

hunters; (2) resident harvest of males and females, all male and female caribou harvested 

by hunters with a resident licence; (3) resident harvest of males, male caribou harvested 

by resident hunters with a male-only or either-sex licence; (4) resident harvest of females, 

female caribou harvested by resident hunters with an either-sex licence; (5) non-resident 

harvest of males, all male caribou harvested by non-resident hunters. Harvest data was 

not standardized by effort (e.g., to incorporate return rate or number of days hunted). I 

included 21 355 harvest records in my analysis (Table 2.1). Because some harvest cells 

were less than 100 km2, I analyzed the density of the caribou harvest in each cell (i.e., the 

number harvested/per square kilometre). 

 

Landscape Features 

I assembled landscape attributes hypothesized to govern the harvest of 

Newfoundland caribou. This information was gleaned from remote-sensing files, 

government maps, and a thematic Ecological Landcover Classification (ELC) map of the 



 

 

19 

island created by Newfoundland and Labrador Department of Environment and 

Conservation. The Landsat satellite imagery from the year 2000 was classified into 10 

distinct habitat classes. I reclassified the ELC into nine distinct habitat classes (Table 

2.3): (1) wetlands, predominantly composed of fens, bogs, and saturated soils; (2) 

broadleaf forest, dominated by white birch; (3) conifer forest, typically dominated by 

balsam fir or black spruce with numerous shrub species; (4) open conifer forest, 

composed of similar but stunted tree species in the conifer forest, and a combination of 

broadleaf and conifer species; (5) forest cuts, clearcuts generally less than 20 years old 

where habitat type was generally in transition and vegetation is variable, sometimes 

dominated by shrubs; (6) barrens, composed of bedrock, exposed soil, and is typically 

covered in lichens and mosses; (7) water, which included lakes, rivers, and salt water; (8) 

lichen and heathland, a non-forested and shrub-dominated habitat, abundant in ground 

lichen and reindeer lichen; (9) anthropogenic and natural disturbance, non-vegetated 

habitats of exposed earth including human settlements, major transportation routes, and 

fire (Hébert and Weladji 2013, Bastille-Rousseau et al. 2015, Brinkmann 2016; Figure 

2.4; Table 2.3). I used the zonal histogram tool in ArcMap to determine the proportions 

of landcover type within the 10 x 10-km harvest cells from the ELC maps, 1980-2009 

(ESRI 2015; Table 2.4).  

To deal with a dynamic landscape and provide an accurate representation of the 

landscape, annual forest harvest (forest cuts), forest fires, and hydroelectric corridors 

were superimposed each year onto the ELC (Brinkmann 2016; Figure 2.5). Each forest 

cut or fire was considered to occur January 1 (Brinkmann 2016). Since the composition 

of forest cuts prior to 2000 was unknown, it was provisionally represented as null habitat 
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in the ELC, 1980-1999. To estimate the composition of this null habitat, I assumed that 

the pre-cut composition resembled the composition of cuts after 2000. Therefore, I 

identified the composition of forest cuts post-2000 using the average forest cut 

composition from 2000-2009. I calculated the landcover proportions of forest cut 

composition from the 2000s to reclassify the null habitat as the likely landcover 

composition present prior to forest harvesting. Based on the average forest cut 

composition of forest cuts from the 2000s, I assigned the determined proportion of forest 

type (e.g., mixed forest, broadleaf, conifer, etc.) to forest stands prior to the 2000s. 

Other digital information was obtained from a multiplicity of sources and 

compiled in ArcMap. GIS shapefiles for forest cuts and transmission lines, 1980-2009, 

were provided by the Sustainable Development and Strategic Science Division (SDSS) of 

the Newfoundland and Labrador Department of Environment and Conservation and by 

Nalcor Energy (Figures A2.1 and A2.2, Appendix 2). I obtained a digital database of 

Newfoundland communities from the Toporama Web Map Service (Toporama WMS) at 

Natural Resources Canada (NRCan), available through the GeoGratis portal (Natural 

Resources Canada 2017; Figure A2.3, Appendix 2).  

Spatial data for roads and for outfitter camps were obtained from the 

Newfoundland and Labrador Department of Environment and Conservation, and 

Department of Business, Tourism, Culture and Rural Development, respectively (Tables 

A2.4 and A2.5, Appendix 2). The data for roads and outfitter camps had been 

continuously updated to the time of my study but did not provide any information on the 

year of construction of these features.  

 

  



 

 

21 

Data Analysis 

 

I used a combination of densities, proportions, and distances to describe the 

environmental context of the caribou harvest. I calculated the UTM coordinates of the 

centroid of each 10 x 10-km harvest cell. In this thesis, I defined the distance to nearest 

features as the shortest separation between the centroid of a cell and the nearest 

representative of each feature. Using the spatial analyst extension in ArcMap (ESRI 

2015), I calculated the distance to nearest forest cut, road, outfitter camp, transmission 

line, and town. In the 2000s, a fuller dataset allowed for the inclusion of roads and 

outfitters for a more in-depth harvest analysis. Due to the lack of observations through 

time (the 3-decade extent of my analysis), I performed two separate analyses at the 

island-wide scale; one analyses that included roads and outfitters, the second excluding 

these features. Using the same set of variables across decades allowed for the models to 

be directly comparable. All geographic computations were done in ArcGIS 10.  

 

Statistical Analysis 

I used linear mixed effects models with CMA as a random factor to build 

predictive models of caribou harvest based on the influence of habitat composition. I did 

this separately for each of the three decades (1980s, 1990s, 2000s). Based on the spatial 

association among landscape features (see below), I modeled harvest type (total, resident, 

resident male, resident female, and non-resident) with proportion of lichen and the 

distance to the nearest forest cut, transmission line, and town. I performed an island-wide 

analysis by modeling harvest based on several putative predictor variables from each 

harvest cell from all seven management areas. Two analyses were performed at the island 
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scale: (i) a contemporary analysis for the 2000s using temporally appropriate data and (ii) 

an analysis using a subset of variables (without roads and outfitter camps) across each 

decade (Table 2.5). I also conducted separate analyses for the seven CMAs, again by 

decade and using only a subset of variables. Decade has been a common unit of analysis 

of the dynamics of Newfoundland caribou, coinciding with the growth, cessation of 

growth, and decline of this population (Mahoney et al. 2011, Schaefer et al. 2016). 

I computed distance to nearest forest cut, transmission line, and town for each 

harvest cell and year; distances were averaged by decade. To reveal associations among 

the landscape features, I used a Principal Components Analysis (PCA). A PCA was used 

to build my models; the PCA and correlation matrices were used to select a reduced set of 

variables to reduce the risk of multi-collinearity. 

I tested all variables for normality and used: a logit transformation for landcover, 

and square root transformation for distance and harvest density (Quinn and Keough 2002, 

Warton and Hui 2011). For each model, I initially constructed a linear mixed effects 

model without taking into account spatial autocorrelation (SAC), then I constructed 

models that included an autocovariate. (See below). Following model construction, I 

identified the most parsimonious model with Bayesian Information Criterion (BIC). The 

model with the greatest weight was interpreted as having the most support (Quinn and 

Keough 2002).  

Spatial autocorrelation is a common concern for ecologists and must be accounted 

for in a model or its predictions may be unreliable (Dale and Fortin 2002). To determine 

if spatial autocorrelation was present in the caribou harvest, I used the Spatial Analysis in 

Macroecology application (SAM; Rangel et al. 2010). Using SAM, I measured spatial 
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autocorrelation by calculating Moran’s I and plotting these values as correlograms to 

determine if the harvest displayed positive autocorrelation.   

I checked for spatial autocorrelation in all top models (BIC < 2) using model 

residuals, and then re-ran the models using a residuals autocovariate (RAC) approach. 

The autologistic approach is widely applied and accounts for spatial autocorrelation 

(SAC) by including an additional variable in the model, the autocovariate, to represent 

the influence of neighbouring observations (Augustin et al. 1996, Dormann et al. 2007, 

Crase et al. 2012). I fit the models with a RAC in three steps: (1) I fit a linear mixed 

effects model describing the influence of landscape variables on caribou harvest with 

CMA as a random effect; (2) I calculated residuals from the model for each harvest block 

using a mean focal operation to calculate the autocovariate and plotted them as a raster; 

(3) I re-ran the model with the landscape variables, CMAs, and the RAC (Crase et al. 

2012). A focal operation calculates an output value of each cell, in this case the mean, 

using the values of neighbouring cells (Crase et al. 2012). The RAC approach is attractive 

in that it further reduces SAC in model residuals and improves model predictive 

performance (Dormann et al. 2007, Crase et al. 2012).  

Lastly, to explain the percentage of variability in the candidate models, I 

calculated the coefficient of determination, R2. Typically, reporting R2 for mixed-effects 

models is rare; however, Nakagawa and Schielzeth (2012) recommend calculating the 

marginal and conditional R2.Marginal R2 values reflect the proportion of variability 

explained by fixed effects, whereas conditional R2 values reflect the proportion of 

variance explained by both fixed and random factors. I conducted all statistical and 

graphical analyses using R software (R Core Team 2017).  
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RESULTS 

 

General Harvest Patterns  

Caribou harvest nearly doubled from the 1980s to the 2000s, from 5393 animals 

to 10 431; over three decades, 21 355 caribou harvest records were used (Table 2.1). 

Average annual harvest per decade was calculated. In the 1980s, an average of 539 

caribou were harvested, 1106 caribou were harvested in the 1990s, and 1043 in the 2000s. 

Between 1980-2009, resident and non-resident hunters harvested 17 242 male caribou 

and resident hunters harvested 4113 female caribou (Table 2.6).  

Across all management areas and decades, the number of resident either-sex 

licences and non-resident licences increased considerably (based on the number of 

caribou harvested), while resident male-only licences decreased with the exception of 

Middle Ridge (Table 2.7). Resident hunters with an either-sex licence harvested more 

male caribou than female caribou. Although more males were harvested with an either-

sex licence, the total number of female caribou harvested increased significantly for some 

management areas (Table 2.7).  

Harvest patterns by residents differed little with respect to male and female 

caribou. Strong positive relationships existed among decades for distribution of resident 

harvest of males and females, resident harvest of males, and resident harvest of females. 

Correlation matrices indicated a moderate correlation between resident harvest of males 

and females, and non-resident harvest of males in the 1980s, and weak correlations in the 

1990s and 2000s (Tables A3.1 – A3.3, Appendix 3).  

The distribution of harvest was not equal across the management areas; distinct 

clusters of harvest locations were present. Locations with high harvest density existed for 
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both residents and non-residents, independent of one another. There was some evidence 

that the distribution of harvest locations shifted over time (Figure 2.6). Harvest was also 

spatially autocorrelated. The results for Moran’s I correlogram computed for harvest 

density of the entire dataset demonstrated that positive spatial autocorrelation was present 

in each decade. In the 1990s and 2000s, positive SAC was within approximately 35 km, 

and was present up to 70 km in the 1980s (Figures A3.1 – A3.3 and Tables A3.4 – A3.6, 

Appendix 3). 

 

Landscape Features 

A Principal Components Analysis (PCA) showed two fairly distinct gradients 

(Figure 2.7, Tables A3.7 – A3.9). One gradient was composed largely of anthropogenic 

features or proximity to these features, while the second gradient was composed largely 

of the landcover proportions or distance to towns. In the first two axes, much of the 

variance was explained by the cover of lichen habitat (LICH), proximity to forest cuts 

(CUTD) and towns (TWND) for the 1980s and 1990s, while in the 2000s, some of the 

variance was also explained by roads (RODD) and outfitters (OTFD), when these 

variables were available for the analysis (Figure 2.7).  

Natural and anthropogenic features were not distributed randomly on the 

landscape. To avoid the risk of multi-collinearity among the predictor variables, I looked 

at correlation matrices of the landscape variables (Tables 2.8 – 2.10). In the 2000s, when 

all anthropogenic features were available for mapping, distance to forest cuts was 

positively correlated with distance to roads (r = 0.61; Table 2.8). Therefore, distance to 

forest cuts might serve as a reasonable surrogate for roads in my analysis.  
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I also explored the relationship between distance to towns (TWND) and distance 

to outfitter camps (OTFD) to potentially explain non-resident harvest. The negative 

correlation, albeit weak, between outfitter camps and towns might reflect that non-

residents hunters are using outfitter camps away from communities (r = -0.02; Table 2.8). 

Overall, the relationship between landscape features was comparable across 

decades. Dormann et al. (2013) considered |r| > 0.7 to be an appropriate threshold when 

collinearity begins to change model estimation. Based on the overall patterns, I selected 

lichen (LICH), proximity to forest cuts (CUTD), proximity to transmission lines (TRND), 

and proximity to towns (TWND) as independent variables in the set of candidate 

predictive models of caribou harvest across decades. For the 2000s, I also performed a 

separate contemporary analysis including distance to roads (RODD) and distance to 

outfitters (OTFD) in addition to the previously mentioned variables, with distance to 

forest cuts (CUTD) in competing models. 

 

Caribou Harvest  

I used BIC to identify the most parsimonious model and identified the top models 

for each harvest type by decade (Tables A4.1 – A4.3, Appendix 4). Models with 

reasonable support (BIC < 2) were re-run using the residuals autocovariate approach 

(RAC; Tables 2.11 – 2.13). By using this approach, I was able to reduce the 

autocorrelation in the model residuals, thereby meeting the modelling assumption of 

independence of the regression error terms. Overall, the extent of SAC in the residuals of 

the RAC models was reduced to approximately 20 km in all models.  
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Predictors of Harvest  

Island Scale  

Contemporary Analysis 

 The contemporary analysis yielded results consistent with expectation—harvest 

by residents was higher in areas with greater proportions of lichen and close to roads 

(Figure 2.8); greater distance from towns led to greater harvest by non-residents (Table 

2.11 and Table A4.1, Appendix 4). The predictive models that included forest cuts and 

outfitters revealed that same patterns—resident harvest was higher in landscapes with 

greater proportions of lichen habitat and in proximity to forest cuts; distance from towns 

indicated greater harvest by non-residents (Table 2.12 and Table A4.2, Appendix 4).  

 Harvest patterns revealed associations between lichen and anthropogenic features, 

likely characteristics of caribou and hunter preferences; some patterns were consistent 

across harvest type and among the competing models (Tables 2.11 and 2.12, Tables A4.1 

and A4.2, Appendix 4): 

i) Increased proportion of lichen and lower distances to roads were the top 

predictors of all resident harvest types (resident male and female, resident 

male, and resident female harvest); competing models illustrated the same 

results (increased lichen and lower distances to forest cuts).  

ii) Greater proportions of lichen, and lesser distances to forest cuts and 

transmission lines were associated with greater harvest of male caribou by 

residents. 

iii) Proximity from towns was associated with greater harvest of male caribou 

by non-resident hunters.     
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Decades Analysis 

Overall, my analysis indicated that harvest by residents was high in landscapes with 

a greater proportion of lichen habitat and lower distances to forest cuts; greater distance 

from towns led to harvest by non-residents (Table 2.13). Harvest patterns revealed 

landscape influences likely characteristic of caribou and hunter preferences, across 

decades and harvest types; some differences across decades and licence types were 

evident (Table 2.13, Tables A4.4 – A4.18, Appendix 4):  

i) In the 1990s and 2000s, lichen landcover and proximity to forest cuts were 

the top predictors of harvest for nearly all harvest types. 

ii) In the 2000s, proximity to transmission lines was associated with greater 

harvest of male and female caribou by residents.  

iii) In the 1980s, greater distances from towns was a strong predictor of 

increased harvest for all harvest types.  

iv) Regardless of decade, for non-residents, greater distances from towns were 

associated with greater harvest. 

Similar patterns were observed in each of the analyses performed separately for the 

Caribou Management Areas (Tables A4.19 – A4.25, Appendix 4).  

 

Total Harvest— The 1990s and 2000s indicated a change in the features influencing 

harvest success compared to the 1980s (Table 2.13). The proportion of lichen and lower 

distance to forest cuts were the best predictors of harvest in the 1990s and 2000s, while 

lichen, lower distances to forest cuts, and greater proximity from towns were the best 

supported models of harvest in the 1980s (Figure 2.6). The top models for all decades 
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show strong model support (BIC weight ≥ 0.866; Table A4.3, Appendix 4).  

 

Resident Harvest— Resident harvest displayed the most differences in associated 

landscape features across harvest types and decades (Figure 2.9). In early decades, 

harvest was greater when further from towns; by the 2000s, it was greater when closer to 

transmission lines. The 1980s revealed harvest to be greatest in areas with larger 

proportions of lichen, closer to forest cuts, and further from towns (Table A4.7, Appendix 

4). In the 1990s, larger proportions of lichen and proximity to forest cuts indicated greater 

harvest (Table A4.8, Appendix 4). By the 2000s, transmission lines were playing a more 

significant role in the harvest of caribou (Table A4.9, Appendix 4).  

 

Resident Harvest of Males— The landscape variables influencing the density of residents’ 

harvest of male caribou changed over the decades (Figure 2.10). In the 1980s, increased 

lichen habitat, lesser distances to forest cuts and proximity from towns were the main 

factors influencing harvest (Table A4.10, Appendix 4). In the 1990s, the model with the 

greatest support was high proportion of lichen and lower distances to forest cuts (Table 

A4.11, Appendix 4). In the 2000s, the two models with the most support were higher 

proportions of lichen and closer to forest cuts, and greater proportions of lichen, nearer to 

forest cuts, and nearer to transmission lines (Table A4.12, Appendix 4). 

 

Resident Harvest of Females— In the 1980s, many female caribou were harvested in 

areas with greater proportions of lichen and further from towns (Table A4.13, Appendix 

4). In the 1990s, the influence of forest cuts was strongest on harvest; an increased 
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number of female caribou were being harvested closer to forest cuts (Table A4.14, 

Appendix 4). In the 2000s, I found less stark patterns in the landscape variables that 

predicted harvest (Table A4.15, Appendix 4). The candidate models with the greatest 

support for a caribou to be harvested were those with a greater proportion of lichen and 

nearer to forest cuts; however, distance to forest cuts and transmission lines also showed 

some model support (Figure 2.11 and Table A4.15, Appendix 4).  

 

Non-Resident Harvest of Males— The influence of landscape features on non-resident 

harvest remained largely consistent across decades; the probability of harvest increased 

with increasing distance from town (Figure 2.12). In the 1990s and 2000s, increased 

harvest occurred further from a town (Table A4.17 and A4.18, Appendix 4). The 1980s 

indicated that distance from town was a significant predictor of harvest, however; 

proportion of lichen was also an important factor in explaining harvest density (Table 

A4.16, Appendix 4).  

 

In summary, model selection for the influence of landscape features on caribou 

harvest indicated that proportion of lichen, lower distances to roads and forest cuts, and 

proximity from towns had the greatest influence on harvest (Tables 2.11 – 2.13). Based 

on the marginal and conditional R2, the goodness-of-fit of these models was modest. The 

proportion of variance explained by the landscape features and CMA’s expressed as the 

conditional R2 ranged from 22% to 44% (Tables 2.11 – 2.13). A consistent pattern 

emerged across decades, where greater proportions of lichen and proximity to forest cuts 

had the most influence on harvest density (Tables A4.4 – A4.18, Appendix 4). Distance 
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from town was also a strong predictor of harvest in the 1980s for all harvest types and for 

non-resident harvest in all decades. The influence of proximity to transmission lines on 

harvest became evident in the 2000s.  

 

Management Area Scale 

The results at the management area scale revealed some differences in the 

landscape influences of harvest across these seven management areas (Tables A4.19 – 

A4.25, Appendix 4). The most consistent predictor of harvest for non-residents across 

management areas and decades was proximity from towns, except for Buchans Plateau 

and Gaff Topsails where proportion of lichen and distance to forest cuts were the best 

predictors of harvest. In terms of resident harvest, predictors of harvest varied across 

management areas.  

In nearly all management areas, proximity to transmission lines was one of best 

predictors of resident harvest. For some of these CMAs, the influence of transmission 

lines was apparent across decades, while for others, increased harvest nearer to 

transmission lines began in the 1990s and continued into the 2000s (Tables A4.19 – 

A4.25, Appendix 4). Gaff Topsails, in particular, showed the opposite effect; in the 1980s 

and 1990s, harvest occurred further from a transmission line (Table A4.22, Appendix 4). 

Increased proximity to forest cuts was a strong predictor of harvest for the Middle Ridge 

and Northern Peninsula management areas; in the 1990s a shift happened, and harvest 

occurred further from a forest cut in the Northern Peninsula CMA (Table A4.19 and 

A4.24, Appendix 4). Increased proportions of lichen in an area was still a good predictor 

of harvest for most of the management areas (Tables A4.19 – A4.25, Appendix 4). In the 
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1980s and 1990s, distance from towns was one of the main predictors of caribou harvest 

for the La Poile management area (Table A4.20, Appendix 4).  

Across decades and nearly all management areas, the influence of towns on non-

resident harvest was readily apparent; more harvest occurred at greater distances from 

towns. In the Gaff Topsails management area, non-resident harvest was greater in areas 

with higher proportions of lichen (Table A4.22, Appendix 4). In some management areas, 

proximity to transmission lines also led to greater harvest (Tables A4.19 – A4.25, 

Appendix 4).   
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DISCUSSION 

 

The harvest of caribou and other ungulate species is influenced by landscape 

characteristics that may alter an animal’s distribution and behaviour (Bonnot et al. 2013, 

Little et al. 2014, Lone et al. 2014) and may increase vulnerability to hunting through 

access and visibility for the hunter (Wilkie et al. 2000, Laurance et al. 2006, McNamara 

et al. 2015, Plante et al. 2017). Creating a predictive model for harvest allowed me to 

determine the landscape features that best predicted the harvest of caribou across the 

island of Newfoundland. Moreover, I tested these models during periods of population 

growth (1980s), cessation of growth (1990s), and decline (2000s) of Newfoundland 

caribou (Weir et al. 2014). Such numerical changes are linked to changes in the 

distribution of caribou (Schaefer and Mahoney 2013), and I expected, the distribution of 

the harvest, too.  

As my study shows, in seven management areas, harvest patterns were largely 

consistent with expectation; landscape features that appear to favour accessibility and 

visibility influenced the harvest of both male and female caribou (Tables 2.11 – 2.13, 

Tables A4.1 – A4.3, Appendix 4). Overall, areas with higher cover of lichen habitat and 

increased proximity to linear features (roads and transmission lines) and forest cuts 

influenced the harvest. My results did vary, though, dependent on the scale of analysis 

and harvest type. Overall, at the island scale, harvest was best predicted by proximity to 

roads and forest cuts, and greater proportions of lichen across decades for resident 

hunters, and distance from towns for non-resident hunters (Tables 2.11 – 2.13). At the 

scale of each Caribou Management Area, the results were somewhat variable, suggesting 
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that the key factors influencing the harvest may vary with local circumstance (Tables 

A4.19 – A4.25, Appendix 4).  

 

Island Scale  

As revealed by the predictive models, landscape characteristics influenced the 

harvest of caribou (Tables 2.11 – 2.13). Harvest was best predicted by landscape features 

that likely provided forage for caribou such as lichen and areas nearer to forest cuts that 

may have also provided forage. For hunters, linear features provided increased access and 

visibility, resulting in increased harvest near roads, forest cuts and transmission lines 

(Tables 2.11 – 2.13). Variability in the landscape characteristics responsible for harvest 

may stem from landscape changes across decades and perhaps on the behaviour of 

caribou and hunter habitat selection. Spatial alterations to the landscape such as industrial 

developments (e.g., hydroelectric developments and forestry operations; Chubbs et al. 

1993, Mahoney and Schaefer 2002, Brinkmann 2016) and temporal shifts in habitat use 

as a result of food limitation (Schaefer et al. 2016) may explain the variability in the 

landscape features responsible for harvest. Increasingly limited by food, caribou may 

have engaged in more risk-prone foraging (Bastille-Rousseau et al. 2016), making them 

more susceptible to hunters. 

 The predictive models including roads revealed that caribou harvest by residents 

(i.e., total resident harvest, resident harvest of males, and resident harvest of females) was 

strongly associated with landscapes that had high proportions of lichen cover and were at 

lower distances to roads (Table 2.11). Since the competing models with forest cuts 

revealed the same results (Table 2.12), I conclude that forest cuts are a reasonable 
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surrogate for roads when road data are unavailable, as is my case for the 1980s and 

1990s.  

Studies have demonstrated the negative effects of linear corridors, particularly 

roads, on wildlife species (James and Stuart-Smith 2000, Laurance et al. 2006, 

McNamara et al. 2015). Large animals are more likely to be affected by roads because 

their large home ranges may increase their probability of interacting with roads (Leblond 

et al. 2013). Generally, animals avoid roads because they perceive a risk of predation 

associated with them (Fahrig and Rytwinski 2009) and road avoidance may depend on 

disturbance intensity (Leblond et al. 2013). For hunters, roads allow for greater access 

and generally, hunting morality of game species has been greater where roads provide 

access to more habitat (Unsworth et al. 1993, Gratson and Whitman 2000a, 2000b). 

Although game species avoid areas with high densities of hunters and roads during the 

hunting season (Little et al. 2014), as a result of food limitations, Newfoundland caribou 

may have shifted their behaviour and risked predation for forage (Lone et al. 2014, 

Bastille-Rousseau et al. 2015, Norum et al. 2015).  

Road networks created by the forestry industry tend to be well used by hunters; 

this is likely a key factor that influenced the caribou harvest near forest cuts in 

Newfoundland. In New Brunswick, 92% of moose harvested by hunters occurred within 

1 km of forest roads (Beazley et al. 2004). Studies have found that most hunters 

concentrate their efforts within 100 - 500 m of a road or trail (Diefenbach et al. 2005, 

Lebel et al. 2012). Worldwide, there is substantial evidence that harvest near roads is high 

due to increased access and visibility (Gratson and Whitman 2000a, Laurance et al. 2006, 

Lebel et al. 2012, Plante et al. 2017). In Africa, roads are a major factor in bushmeat 
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exploitation (Wilkie et al. 2000, Blake et al. 2008) and distance to nearest road is a strong 

predictor of wildlife abundance, human presence, and harvest (Blake et al. 2007). When 

road densities increase and the hunting season occurs during the rut, as for caribou in 

Newfoundland, there may be an increase in use by caribou of these areas (Beauchesne et 

al. 2014) as well as mortalities (Hayes et al. 2002). During the rut, females may increase 

their use of forest cuts as well as roads (Beauchesne et al. 2013). Roads strongly 

influence the distribution of hunters, too (Broseth and Pedersen 2000, Diefenbach et al. 

2005, Lebel et al. 2012). In my study, for the 1980s and 1990s (Table 2.13), the harvest 

distribution of male and female caribou by residents suggests caribou were in proximity 

to forest cuts and thus to roads. The contemporary analysis (Table 2.11 and 2.12) 

confirms roads are a good indicator of forest cuts; this indicates that hunters in 

Newfoundland most likely concentrated their search effort in close proximity to these 

features.  

There were changes in the predictors of harvest during the three decades of study. 

Resident caribou harvest (i.e., total resident harvest, resident harvest of males, and 

resident harvest of females) was predicted mainly by the proportion of lichen and the 

proximity to forest cuts across decades (Table 2.13, Tables A4.3 – A4.15, Appendix 4). 

This is generally in line with expectations and it supports recent findings. Lichens are 

important forage for caribou (Dahle et al. 2008, Lesmerises et al. 2011), including 

Newfoundland caribou (Schaefer et al. 2016), while at the same time, caribou may be 

over-compensating for food limitation and using riskier landscapes such as forest cuts 

and transmission lines (Lone et al. 2014, Bastille-Rousseau et al. 2015, Norum et al. 

2015, Brinkmann 2016). For resident female harvest, in particular, this may have been 
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responsible for the temporal shift I observed – that is, the shift from harvests in lichen-

dominated habitat during the 1980s to harvests near forest cuts in the 1990s (Table 2.13, 

Tables A4.3, A4.13 – A4.15, Appendix 4). For hunters, low vegetation cover and high 

visibility allows them to see prey at greater distances, thereby increasing their success 

(Lebel et al. 2012).  

As evidenced by Schaefer et al. (2016), over three decades, female caribou, in 

particular, used less open and closed coniferous forests, and more barrens and open 

habitats during all seasons. While there is mounting evidence that female caribou, 

especially those with young, are more easily alarmed than males, and more likely to flee 

from potential threats (Chubbs et al. 1993), my results indicated that the proximity of 

forest cuts was a good predictor of caribou harvests, regardless of the sex. Forest cuts 

may be used because caribou may be compelled to travel them in order to reach old-

growth forests, forestry roads make for easy travel, or that they provide better predator 

detection, or to access to forage (Hébert and Weladji 2013). In addition, forest cuts may 

also provide some of the best visibility for hunters (Lebel et al. 2012).  

Distances from human settlements appear to be one of the greatest influence on 

the harvest of large forest animals, including ungulates (Blom et al. 2005, McNamara et 

al. 2015). In Africa, hunting pressure increased occurring within 3 km of a town; this led 

to heightened local exploitation, eventually driving hunters further away from towns 

where animals were more abundant (Blom et al. 2005, McNamara et al. 2015). In 

Newfoundland, prior to the caribou population peak, greater distances from towns was a 

strong factor in the resident harvest (i.e., total resident harvest, resident harvest of males, 

and resident harvest of females; Table 2.13, Tables A4.7, A4.10, A4.13, Appendix 4). 
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During this decade of caribou population increase, caribou may have been using 

traditional forage areas abundant in lichen (Weir et al. 2014, Schaefer et al. 2016), and 

hunters may have focused hunting effort on these areas where caribou were known to 

frequent. Hunters’ knowledge and hunting traditions may have also played a significant 

role in the harvest of caribou further from towns.  

In Newfoundland, non-resident hunters are required to use a licenced outfitter; 

most of the outfitter camps are located in the interior to provide a “wilderness 

experience” in a remote locale (Newfoundland and Labrador Tourism 2018). Increased 

distance from town was a consistent predictor of non-resident harvest (Table 2.11 and 

2.13, Tables A4.16 – A4.18, Appendix 4). Therefore, my results are consistent with 

expectation—non-residents are more likely to harvest a caribou further from a town since 

they are using an outfitter. Caribou avoid human infrastructure, including tourist resorts 

and cabins (Nellemann et al. 2000, Vistnes and Nellemann 2001, Dahle et al. 2008). 

However, caribou may become habituated over time or be more tolerant of human 

infrastructure (Nellemann et al. 2000), particularly where camps are located on traditional 

grounds or established migration corridors (Dahle et al. 2008). This idea is consistent 

with the findings of Plante et al. (2017), that caribou appeared to select for proximity to 

camps located on traditional grounds. In addition, outfitter camps are strategically located 

on the landscape on the basis of past abundance, possibly increasing caribou vulnerability 

to hunting (Plante et al. 2017, Newfoundland and Labrador Tourism 2018).  

The relationship between caribou and anthropogenic features is often strong and 

negative (Vors et al. 2007). Linear features in caribou ranges, such as transmission lines, 

could increase encounter rates with predators including human hunters (James and Stuart-
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Smith 2000, Nellemann et al. 2003, Whittington et al. 2011). The influence of 

transmission lines on caribou harvest became apparent in the 2000s (Table 2.13). 

Increased harvest occurred close to transmission lines for resident harvest. These changes 

may be associated with changes in habitat selection and diet as a result of food limitation 

(Schaefer et al. 2016). Similar to snowmobiles, ATV’s provide hunters with mobility 

(Bergerud et al. 1983) and access to formerly remote areas (Mahoney et al. 2001). In the 

last decade, the use of ATV’s for hunting has increased considerably because of their 

ease of use in locating and transporting harvested caribou in Newfoundland 

(Newfoundland Labrador Tourism 2018). Many Newfoundlanders take advantage of the 

access and visibility transmission corridors provide to hunt caribou (S. Mahoney, 2017, 

personal communication).  

 

Management Area Scale  

Similar to the island scale analysis, I explored the influence of landscape 

characteristics on caribou harvest using the same landscape variables for each CMA. The 

management area scale analysis is important to determine ungulate population 

management strategies (Gordon et al. 2004) and my study expands on this by considering 

the influence of landscape features within defined management areas.   

Despite some differences among CMAs, more harvesting in the vicinity of 

transmission lines occurred across management areas and decades, with the exception of 

Middle Ridge and Gaff Topsails (Tables A4.19 – A4.25, Appendix 4). With hydroelectric 

corridors spanning nearly 8,900 km across Newfoundland (Brinkmann 2016), disrupting 

caribou movements (Mahoney and Schaefer 2002), reducing nearby occupancy 
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(Brinkmann 2016), and fragmenting habitat (Nellemann et al. 2003), I anticipated that 

caribou may be more vulnerable near transmission lines. Although Newfoundland 

caribou herds have been disrupted by hydroelectric developments, leading to changes in 

abundance, distribution and migration patterns (Weir et al. 2007), they may still be found 

at a lower abundance within 3-5 km of transmission corridors (Mahoney and Schaefer 

2002, Brinkmann 2016). The distribution of transmission corridors is fairly concentrated 

in the west-central portion of the island, coinciding with the management areas most 

influenced by these corridors (Figure A2.2, Appendix 2). In the last decade, hydroelectric 

developments occurred in the Grey River and Buchans Plateau management areas, 

augmenting existing corridors constructed in 1980s and 1990s; harvest within these 

CMAs was strongly influenced by proximity to transmission lines across decades (Tables 

A4.21 and A4.23, Appendix 4).  

Forestry operations are the most prevalent alteration in the Newfoundland 

landscape (Chubbs et al. 1993, Schaefer and Mahoney 2007) and roads serve as access 

routes for forest harvesting operations (James and Stuart-Smith 2000, Hébert and Weladji 

2013). At the management area scale, forest cuts were a significant predictor of caribou 

harvest for the Middle Ridge and Northern Peninsula CMAs (Tables A4.19 and A4.24, 

Appendix 4). Middle Ridge was the most consistent across decades and harvest type 

where increased proportions of lichen and nearer to forest cuts were the best predictors of 

caribou harvest by resident hunters; for non-resident harvest, being further from a town 

was associated with harvest (Table A4.19, Appendix 4). Human access is limited to the 

northern portion of the management area where roads facilitated forest harvesting and 

ultimately support most of the hunting (Schaefer and Mahoney 2007). While forest cuts 
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were still a strong predictor of harvest in the Northern Peninsula, a noticeable shift 

occurred among decades. Harvest occurred closer to forest cuts in the 1980s and 2000s, 

but further away from forest cuts in the 1990s (Table A4.24, Appendix 4). Although 

forest operations have been ongoing since the 1970s, it is possible that an increase in 

timber harvesting in less accessible areas in the Northern Peninsula in the early 2000s 

(Sinclair and Kean 2006) may have caused caribou to move away from these areas, 

coinciding with their decline (Bastille-Rousseau et al. 2013). The influence of 

transmission lines is also apparent in the 1990s, suggesting caribou may have been 

seeking out resources in other landscapes, but were still vulnerable to harvest near these 

features because of a hydroelectric development during the 1990s (Brinkmann 2016).  

 

Conclusions 

Overall, results of this study indicate that landscape features do influence the 

harvest of caribou in Newfoundland. Across Newfoundland, harvest was higher in 

landscapes with a greater proportion of lichen habitat and within close proximity to roads 

(and forest cuts) for resident harvest, whereas distance from towns indicated higher 

harvest for non-resident hunters (Tables 2.11 – 2.13, Tables A4.1 – A4.3, Appendix 4). 

Across Caribou Management Areas, circumstances varied somewhat. The influence of 

transmission lines was readily apparent across most management areas for all resident 

harvest types, while non-residents typically harvested male caribou far from towns 

(Tables 2.11 – 2.13, Tables A4.1 – A4.3, Appendix 4). Variability in harvest predictors, 

across three decades and seven management areas, was likely due to a variation of the 

landscape features within each CMA as well as alterations that occurred to the landscape 
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across decades. Of particular interest were linear corridors, i.e., roads, forest cuts and 

transmission lines, as significant predictors of harvest. Either selection of these features 

by caribou for forage or routes of travel (Hébert and Weladji 2013) or the increased 

access and visibility associated with linear corridors (James and Stuart-Smith 2000, 

Millspaugh et al. 2000, Lebel et al. 2012) apparently made them desirable for hunters.  

The phases of population growth, too, appear to play a role. The strong influence 

of anthropogenic features on harvest across the three decades may have coincided with 

documented food limitation affecting Newfoundland caribou (Mahoney et al. 2011, 

Schaefer and Mahoney 2013, Schaefer et al. 2016). After the population peak, as a 

response to decreased food availability, caribou may have shifted their habitat use 

creating a compromise between food acquisition and predation risk (Schaefer et al. 2016). 

The findings from my study are useful in better understanding the influence of landscape 

features on caribou harvest, a challenge for a mobile animal sensitive to disturbances and 

important as a game species.  
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Table 2.1 Total number of caribou harvested in each Caribou Management Area 

(CMA) across three decades. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caribou Management Area 1980s 1990s 2000s Total 

Middle Ridge 1057 1484 3580 6121 

La Poile 1694 1498 1608 4800 

Grey River 382 1349 2115 3846 

Gaff Topsails 903 486 729 2118 

Buchans Plateau 1069 334 589 1992 

Northern Peninsula 163 122 1051 1336 

Pot Hill 125 258 759 1142 

Total 5393 5531 10 431 21 355 
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Table 2.2 Area of each Caribou Management Area analyzed in my study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Caribou Management Area Area (km2) 

Middle Ridge 13 843 

La Poile 9389 

Grey River 12 306 

Gaff Topsails 4347 

Buchans Plateau 6097 

Northern Peninsula 7869 

Pot Hill 3047 
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Table 2.3 Descriptions of Ecological Landcover Classifications (ELC) for     

Newfoundland. Adapted from the Government of Newfoundland 

Sustainable Development and Strategic Science (SDSS) Branch.  

 
Habitat Type Description 

Wetland  Predominately fens, bogs, and saturated soil. Tree layer is sparse to none; 

shrubs are sparse and dominated by ericaceous shrubs. The ground layer is 

comprised of sphagnum moss, deergrass and sedges. Also includes aquatic 

wetlands characterized by open or ponded water.  Dominated by aquatic and 

sub-mergent vegetation such as yellow pond lily and rushes. 

Broadleaf Forest Dominated by broadleaf trees namely White birch with a tree canopy of 

greater than 25% coverage. White birch are the dominate species within the 

Broadleaf class.  Alder/deciduous shrubs can be misclassified as broadleaf as 

well. 

Conifer Forest The dominant tree species is typically balsam fir or black spruce with a 

lesser amount of larch, numerous ericaceous shrub species are found in this 

habitat type with sheep laurel, black spruce or balsam fir being most 

common. 
Mixed/Open Conifer 

Forest 

Plant species similar to the Conifer forest but with poor growing conditions 

producing a stunted tree layer. This habitat is often found in the transition 

zone between Conifer Forest and Lichen heathland. Species rich and may be 

transitional between Conifer Forest and Broadleaf Forest. Black Spruce, 

Balsam Fir, and White Birch. The shrub layer is similar to that found in 

Conifer Forest. 

Forest Cuts The Forest Cut habitat type is generally in transition back to a forested state. 

It is the result of recent forest harvesting and is often found near the Conifer 

Forest and Open Conifer Forest habitat types. Site conditions are highly 

variable from wet to dry and exposed to sheltered. As a result, the vegetation 

is also often highly variable, sometimes dominated by shrubs and at other 

times by herbs and grass species. 

Barrens Windswept with thin layer that is comprised of bedrock, exposed soil, stone 

and boulders. The shrub layer is composed mainly of ericaceous shrubs. 

Ground cover consists of grasses, lichens, mosses and smaller berry plans 

such as black crowberry. 

Water Includes lakes, reservoirs, rivers, and salt water. 

Lichen/Heathland A non‐forested shrub‐dominated habitat found on hummocky terrain and 

may have thin soils with exposed bedrock, ericaceous shrubs dominate 

having relatively high percent cover values. Tree species are always stunted 

and rarely grow above the shrub layer. The herb layer, also species‐rich, is 

nearly always dominated by ground lichen and, in particular, reindeer 

lichen.  

Anthropogenic/Natural 

Disturbance 

Non-vegetated area characterized by river sediments, exposed soil, pond or 

lake sediments, beaches, landings, mudflats, cutbacks, moraines or other 

non-vegetated surfaces. Anthropogenic areas: clearings for human 

settlements, major transportation routes or other associated with 

anthropogenic impact. Documented areas that have been impacted by forest 

fires since 1998. 

 



 

 

Table 2.4 Landcover composition (%) for seven Caribou Management Areas based on a reclassified Ecological Land 

Classification (ELC) image from 2000. Entries with 0 are blank. 

 

  

Landcover (%) Caribou Management Area 

 
Middle 

Ridge 
La Poile Grey River 

Gaff 

Topsails 

Buchans 

Plateau 

Northern 

Peninsula 
Pot Hill 

Wetland 20.9 22.5 18.5 22.9 17.0 16.0 16.2 

Broadleaf 0.7 3.3 1.1 2.1 0.8 4.0 0.8 

Conifer Forest 10.0 7.0 9.3 7.7 13.9 12.1 11.8 

Open Conifer Forest 24.7 20.1 15.2 18.6 17.3 28.4 28.4 

Forest Cut 0.7 1.0 1.1 4.0 2.3 0.4 1.8 

Barrens 1.3 2.9 3.2 2.4 2.5 2.6 0.5 

Water 12.3 9.2 14.0 9.4 14.1 10.7 8.2 

Lichen/Heathland 13.0 17.2 14.2 9.2 11.1 10.1 6.8 

Anthropogenic/Natural 

Disturbance 
2.0 1.0 1.3 3.9 1.5 1.6 3.9 

No Data 1.5 1.5 9.1 3.8 2.6 1.2 
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Table 2.5 Landcover and distance to near feature variables included in each model type.  

 

 Variables 

Model Landcover Distance to Nearest Features 

 

Island Scale—2000s 

 

Lichen 

 

Forest Cuts* 

 

Transmission Lines 

 

Towns 

 

Roads* 

 

Outfitters 

 

Island Scale—Subset  

 

Lichen 

 

Forest Cuts 

 

Transmission Lines 

 

Towns 

  

 

Management Area Scale 

 

Lichen 

 

Forest Cuts 

 

Transmission Lines 

 

Towns 

  

       *competing models 
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Table 2.6 Total number of male and female caribou harvested across each of the seven Caribou Management Areas by decade 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Caribou Management Area 1980s 1990s 2000s Totals 

 Male Female Male Female Male  Female Male Female 

Middle Ridge 971 86 1299 185 2572 1008 4842 1279 

La Poile 1466 228 1307 191 1234 374 4007 793 

Grey River 353 29 1149 200 1691 424 3193 653 

Gaff Topsails 759 144 415 71 539 190 1713 405 

Buchans Plateau 915 154 283 51 401 188 1599 393 

Northern Peninsula 156 7 109 13 714 337 979 357 

Pot Hill 119 6 236 22 554 205 909 233 
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Table 2.7 Caribou harvest by licence type and decade. Licence types included: resident male-only (Resident MO), resident either-sex 

(Resident ES), and non-resident male only (Non-resident MO). Resident either-sex was separated to illustrate the number of males 

(Resident ES-M) and females (Resident ES-F) harvested with a resident either-sex licence. 

Caribou Management Area Decade Resident MO Resident ES Resident ES-M  Resident ES-F Non-Resident MO 

       
Middle Ridge 1980s 677 339 253 86 41 
 1990s 760 585 400 185 139 
 2000s 1049 2026 1021 1005 505 
       
La Poile 1980s 335 687 459 228 672 
 1990s 441 645 454 191 412 
 2000s 48 986 612 374 574 
       
Grey River 1980s 141 99 70 29 142 
 1990s 439 662 462 200 248 
 2000s 331 1131 707 424 653 
       
Gaff Topsails 1980s 557 344 200 144 2 
 1990s 217 183 112 71 86 
 2000s 190 429 239 190 110 
       
Buchans Plateau 1980s 359 448 294 154 262 
 1990s 30 148 97 51 156 
 2000s 33 430 242 188 126 
       
Northern Peninsula 1980s 149 14 7 7 0 
 1990s 54 56 43 13 12 
 2000s 20 675 338 337 356 
Pot Hill 1980s 119 29 23 6 2 
 1990s 125 113 91 22 20  
 2000s 295 437 232 205 27 4
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Table 2.8 Correlations between landscape features in seven Caribou Management Areas, Newfoundland, 2000s. Included are all 

variables available in the contemporary analysis. 

 

 

1 Landcover and anthropogenic features used included in the correlation matrix. Wetland (WETL), lichen (LICH), open conifer (CNFO), closed conifer (CNFD), water  

 (WATR), distance to outfitters (OTFD), distance to forest cuts (CUTD), distance to roads (RODD), distance to transmission lines, (TRND), and distance to towns 

(TWND). 

  

 WETL1 LICH1 CNFO1 CNFD1 WATR1 OTFD1 CUTD1 RODD1 TRND1 TWND1 

WETL 1.000 0.417 0.038 -0.169 0.353 0.004 0.195 0.254 0.079 0.338 

LICH 0.417 1.00 -0.078 0.052 0.179 0.137 0.478 0.393 0.102 -0.007 

CNFO 0.038 -0.078 1.000 0.317 0.010 -0.154 -0.349 -0.115 0.081 -0.096 

CNFD -0.169 0.052 0.317 1.000 0.052 -0.244 -0.218 -0.182 -0.002 0.067 

WATR 0.353 0.179 0.010 0.052 1.000 0.178 0.178 0.153 -0.020 0.295 

OTFD 0.004 0.137 -0.154 -0.244 0.178 1.000 0.449 0.375 0.135 -0.022 

CUTD 0.195 0.478 -0.349 -0.218 0.187 0.449 1.000 0.612 0.316 -0.139 

RODD 0.254 0.393 -0.115 -0.182 0.153 0.375 0.612 1.000 0.416 0.0029 

TRND 0.079 0.102 0.081 -0.002 -0.020 0.135 0.316 0.416 1.000 0.051 

TWND 0.338 -0.007 -0.096 0.067 0.295 -0.022 -0.139 0.029 0.051 1.000 
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Table 2.9 Correlations between landscape features in seven Caribou Management Areas, Newfoundland, 1990s. Included a subset 

of variables available for the decade. 

 

 

 

 

 

 

 

 

 

 

 

 
 

1Landcover and anthropogenic features used included in the correlation matrix. Wetland (WETL), lichen (LICH), open conifer (CNFO), closed conifer (CNFD), water  

(WATR), distance to forest cuts (CUTD), distance to transmission lines, (TRND), and distance to towns (TWND). 

 

 

  

 WETL1 LICH1 CNFO1 CNFD1 WATR1 CUTD1 TRND1 TWND1 

WETL 1.000 0.414 0.038 -0.172 0.346 0.140 0.193 0.337 

LICH 0.414 1.000 -0.092 0.042 0.172 0.304 0.147 -0.011 

CNFO 0.038 -0.092 1.000 0.323 0.009 -0.232 0.053 -0.098 

CNFD -0.172 0.042 0.323 1.000 0.045 -0.227 -0.037 0.063 

WATR 0.346 0.172 0.009 0.045 1.000 0.030 0.042 0.299 

CUTD 0.140 0.304 -0.232 -0.227 0.030 1.000 0.008 -0.100 

TRND 0.193 0.147 0.053 -0.037 0.042 0.008 1.000 0.204 

TWND 0.337 -0.011 -0.098 0.063 0.299 -0.100 0.204 1.000 
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Table 2.10 Correlations between landscape features in seven Caribou Management Areas, Newfoundland, 1980s. Included a subset 

of variables available for the decade. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

1Landcover and anthropogenic features used included in the correlation matrix. Wetland (WETL), lichen (LICH), open conifer (CNFO), closed conifer (CNFD), water  

(WATR), distance to forest cuts (CUTD), distance to transmission lines, (TRND), and distance to towns (TWN

 WETL1 LICH1 CNFO1 CNFD1 WATR1 CUTD1 TRND1 TWND1 

WETL 1.000 0.404 -0.180 0.044 0.334 0.088 0.200 0.343 

LICH 0.404 1.000 0.030 -0.063 0.169 0.328 0.118 -0.007 

CNFO -0.180 0.030 1.000 0.353 0.047 -0.268 -0.087 0.066 

CNFD 0.044 -0.063 0.353 1.000 0.000 -0.261 -0.069 -0.104 

WATR 0.334 0.169 0.047 0.000 1.000 0.138 0.105 0.301 

CUTD 0.088 0.328 -0.268 -0.261 0.138 1.000 0.200 -0.148 

TRND 0.200 0.118 -0.087 -0.069 0.105 0.200 1.000 0.270 

TWND 0.343 -0.007 0.066 -0.104 0.301 -0.148 0.270 1.000 

5
2 
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Table 2.11 Summary table for models (including roads and outfitters) of the influence of 

landscape features on caribou harvest for the 2000s. For each model, the regression 

coefficient(s) are shown. Top models with BIC < 2 were fitted with a residual 

autocovariate (RAC) to account for spatial autocorrelation. 

 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to roads (RODD), distance to 

outfitters (OTFD), distance to transmission lines, (TRND), and distance to towns (TWND).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

HARVEST LICH1 RODD OTFD TRND1 TWND1 RAC 
 

Marginal 
R2 

Conditional 
R2 

Total  0.019450 -0.01900    
 

0.4355 
 

0.26 0.37 

Resident 0.019270 -0.02213    
 

0.442 
 

0.29 0.43 

Resident Male 0.015330 -0.01697    0.4363 0.26 0.44 

Resident Female 0.011850 -0.01473    0.4198 0.29 0.36 

Non-Resident     0.01048 0.4299 0.26 0.38 
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Table 2.12 Summary table for top models (includes forest cuts and outfitters) of the influence of 

landscape features on caribou harvest for the 2000s. For each model, the regression 

coefficient(s) are shown. Top models with BIC < 2 were fitted with a residual 

autocovariate (RAC) to account for spatial autocorrelation. 

 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD), 

distance to outfitters (OTFD), distance to transmission lines, (TRND), and distance to towns (TWND).  

 

 

 

 

 

 

  

HARVEST LICH1 CUTD1 OTFD TRND1 TWND1 RAC 

 

Marginal 

R2 

Conditional 

R2 

Total  0.019780 -0.012980    
 

0.4425 

 

0.24 0.34 

Resident 0.016880 -0.010420   -0.008589 
 

0.4466 
 

0.25 0.41 

 0.017480 -0.012920    0.4413 0.23 0.37 

Resident Male 0.013690 -0.009629    0.4352 0.21 0.39 

 0.013240 -0.007751  -0.006464  0.4342 0.23 0.41 

Resident Female 0.011130 -0.009056    0.4256 0.24 0.30 

Non-Resident     0.01048 0.4299 0.26 0.38 
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Table 2.13 Summary table for all supported models (BIC < 2) of the influence of landscape 

features on caribou harvest across decades. For each model, the regression 

coefficient(s) are shown. Top models with BIC < 2 were fitted with a residual 

autocovariate (RAC) to account for spatial autocorrelation. 

 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).  

 

 

 

  

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 RAC 

 

Marginal 

R2 

Conditional 

R2 

1980 Total  0.020173 -0.008163   0.010619 0.290652 
 

0.20 0.34 

Resident 0.013901 -0.007370   0.008615 0.324198 

 

0.20 0.30 

        0.009945 0.345873 

 

0.15 0.30 

Resident Male 0.012895 -0.007066   0.008006 0.337264 

 

0.21 0.30 

Resident Female 0.004784     0.004198 0.278264 

 

0.14 0.31 

Non-Resident 0.007765 
   

0.123391 

 

0.04 0.23 

  0.008138     0.004024 0.112684 
 

0.06 0.25 

1990 Total  0.021945 -0.013431     0.412990 

 

0.24 0.44 

Resident 0.017050 -0.011883     0.438887 

 

0.26 0.42 

Resident Male 0.015640 -0.011051     0.460377 
 

0.27 0.46 

Resident Female   -0.003494     0.367506 

 

0.16 0.25 

Non-Resident 
 

     0.006665 0.341370 

 

0.16 0.22 

2000 Total  0.019780 -0.012980     0.442500 

 

0.24 0.34 

Resident 0.016882 -0.010422 -0.008589   0.446637 

 

0.25 0.41 

  0.017477 -0.012920     0.441255 

 

0.23 0.37 

Resident Male 0.013688 -0.009629     0.435161 
 

0.21 0.39 

  0.013242 -0.007751 -0.006464   0.434184 

 

0.23 0.41 

Resident Female 0.011130 -0.009056     0.425554 

 

0.24 0.30 

Non-Resident       0.010476 0.429882 0.26 0.38 
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Figure 2.1 Number of licences sold, hunter success rate (%), and population  

abundance of Newfoundland caribou, 1966 – 2012 (from Weir et al. 

2014). 
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Figure 2.2 Newfoundland caribou population abundance and the percentage of the 

population harvested, 1966 – 2012 (from Weir et al. 2014). 
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Figure 2.3 Caribou Management Areas (CMAs) of Newfoundland. The seven CMAs 

identified in red were the focus of this study. 
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Figure 2.4 Ecological Landcover Classifications (ELC) of the island of 

Newfoundland, derived from satellite imagery, 2000, provided by the 

Government of Newfoundland and Labrador. The ELC was reclassified 

into nine distinct landcover classifications.  
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Figure 2.5 Graphical illustration of how landscape composition was inferred due to 

forest cuts (1957 – 2009), in relation to snapshot satellite imagery of the 

Newfoundland landscape (2000). A forest cut, occurring prior to the 

satellite imagery (2000) was initially treated as unknown (from Brinkmann 

2016).  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Density of male and female caribou harvested by resident and non-resident hunters in 10 x 10-km cells, with landscape 

features that best predicted harvest (lichen, towns, and forest cuts) Newfoundland, during each decade (from left to 

right: 1980s, 1990s, and 2000s)).  
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Figure 2.7 Eigenvectors for the first two axes of Principal Components Analysis (PCA) across decades in the Middle Ridge, La Poile, Grey River, 

Gaff Topsails, Buchans Plateau, Northern Peninsula, and Pot Hill CMAs.  
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Figure 2.8 Harvest density of male caribou (left) and female caribou (right) harvested by resident hunters within each 10 x 10 km 

harvest block. Top models indicated that high proportions of lichen cover and lower distances to road were associated 

with greater harvest.  
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Figure 2.9 Density of male and female caribou harvested by resident hunters in 10 x 10-km cells, with landscape features that best 

predicted harvest (lichen, towns, forest cuts, and transmission lines), Newfoundland, during each decade (from left to 

right: 1980s, 1990s, and 2000s)).  
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Figure 2.10 Density of male caribou harvested by resident hunters in 10 x 10-km cells, with the landscape features that best 

predicted harvest (lichen, towns, forest cuts, and transmission lines), Newfoundland, during each decade (from left to 

right: 1980s, 1990s, and 2000s)).  
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Figure 2.11 Density of female caribou harvested by resident hunters in 10 x 10-km cells, with the landscape features that best 

predicted harvest (lichen, towns, and forest cuts), Newfoundland, during each decade (from left to right: 1980s, 1990s, 

and 2000s)).  
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Figure 2.12 Density of male caribou harvested by non-resident hunters in 10 x 10-km cells with the landscape features that best 

predicted harvest (lichen and towns), Newfoundland, during each decade (from left to right: 1980s, 1990s, and 2000s)). 
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CHAPTER 3 CONCLUSIONS 

 

Understanding that landscape features may influence the survival of caribou is of 

great importance given the widespread declines in caribou across much of their range 

(McLoughlin et al. 2003, Vors and Boyce 2009). More specifically, understanding the 

effects of landscape characteristics is important, as caribou respond to predation risk by 

modifying their habitat use, thus, potentially increasing their vulnerability to harvest 

(Bonnot et al. 2013, Norum et al. 2015). Some landcover and anthropogenic features 

provide increased access and visibility for hunters, further increasing an animal’s 

susceptibility to harvest (Gratson and Whitman 2000a, Little et al. 2014, Plante et al. 

2017). Long-term studies are needed to identify landscapes features that are likely to 

influence harvest (Imperio et al. 2010, McNamara et al. 2015), especially when studying 

a long-lived and disturbance-sensitive animal whose abundance may rise and fall over 

decades (Schaefer and Mahoney 2007, Leblond et al. 2013).   

This thesis presented a unique opportunity to understand landscape factors 

influencing the harvest of caribou in Newfoundland. I capitalized on a unique dataset—a 

nearly continuous and detailed record of harvest across this island across three decades—

which, to my knowledge, is unrivalled for its temporal and spatial extent and resolution. I 

used these data to model resident and non-resident caribou harvest, of both males and 

females, in multiple management areas during the phases of caribou growth, cessation of 

growth, and decline. I anticipated that landcover and anthropogenic features that favour 

hunting (e.g., access and visibility) and the natural features that favour caribou (e.g., 

lichen cover) could predict Newfoundland caribou harvest.  
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Landscape features that best predicted caribou harvest were variable across 

harvest types and decades. At the island scale, resident harvest was best predicted by high 

proportions of lichen and distance to roads (and forest cuts), while non-resident harvest 

was best explained by proximity from towns (Tables 2.11 – 2.13). As the caribou 

population rose, greater distances from town was also a strong predictor of resident 

harvest (Table A4.3, Appendix 4). This suggests that caribou may have been occupying 

traditional foraging habitats while the population was comparatively growing. Once the 

population had begun its descent, the influence of transmission lines may be a result of 

density-dependent food limitation following the population peak. During periods of food 

limitation, caribou may be more willing to risk predation to meet daily food requirements 

(Schaefer and Mahoney 2007, Bastille-Rousseau et al. 2015, Schaefer et al. 2016).   

Harvest management strategies are based upon populations within defined 

management units (Gordon et al. 2004, Government of Newfoundland and Labrador 

2017). Since landscape characteristics are likely to influence the dynamics of harvest 

(McNamara et al. 2015), it may be effective to undertake a fine-scale approach that 

includes landscape features (McLaren and Mercer 2005). To more closely examine the 

influence of landscape characteristics on caribou harvest, I complemented the island scale 

analysis with a management area scale analysis, which yielded somewhat varying results. 

The most notable finding was the influence of transmission lines on harvest across 

management areas and decades in five of seven management areas, where these linear 

corridors are the most prominent (Tables A4.17 – A4.23, Appendix 4). Distance to 

transmission lines was a strong predictor of resident harvest (resident, resident male, and 

resident female), particularly for the La Poile, Grey River, Buchans Plateau, and Northern 
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Peninsula CMAs (Table A4.18, A4.19, A4.21, and A4.22, Appendix 4). Lichen and 

proximity to forest cuts were still strong predictors of harvest but their effects varied 

across management area and decade in nearly all CMAs except for Middle Ridge (Table 

A4.17, Appendix 4).  

Hunting is the primary tool for managing many migratory caribou (Bergerud 

1967). Understanding how landscape characteristics may influence harvest, especially 

over time, therefore, is important for designing conservation and management strategies 

(Norton et al. 2012, McNamara et al. 2015). The distribution of hunting pressure is 

typically determined by landscape features that provide points of access and increased 

visibility such as settlements, linear corridors, and open habitat (Wilkie et al. 2000, Blake 

et al. 2007, 2008, McNamara et al. 2015). Caribou may modify their behaviour when 

facing predation risk by taking advantage of landscape features that favour safety 

(Bonnot et al. 2013) such as coniferous forests (Hébert and Weladji 2013), while hunters 

may alter their hunting techniques dependent on the landscape and features that offer 

increased access and visibility including open habitats and linear features (Gratson and 

Whitman 2000a, Norum et al. 2015, Plante et al. 2017). To further evaluate the effects of 

landscape features on caribou vulnerability to harvest, I recommend that future studies 

include data on caribou and hunter habitat selection (Lebel et al. 2012, Plante et al. 2017). 

Examining the relationship between the spatial structure of access points and 

caribou densities may be valuable, as multiple access points as well as an increase in 

access points create increased hunting pressure possibly resulting in areas where hunting 

may become unsustainable (Yackulic et al. 2011). Multiple access points increase the 

spatial extent of hunting and makes areas permanently accessible to hunting (Yackulic et 
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al. 2011, Espinosa et al. 2014). It would be beneficial to obtain up-to-date data on roads 

including secondary and tertiary roads, which could be used to infer access points as well 

as estimate road density within management areas. Further studies may improve our 

understanding of caribou and hunter habitat selection during the hunting season and the 

influence of landscape features in these decisions, especially access points.   
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MANAGEMENT IMPLICATIONS 

Recreational hunting is the most effective tool for managing ungulate populations 

over large areas (Stedman et al. 2004). When managers delay setting harvest quotas based 

on current population estimates, they risk overharvesting declining populations (Gordon 

et al. 2004, Fryxell et al. 2010), as is the case with the Newfoundland caribou population 

(Weir et al. 2014). Hunting regulations should go beyond the traditional factors that 

influence harvest (e.g., length of hunting period, characteristics of game, and hunter 

numbers via licences and quotas; Stedman et al. 2004) and consider the influence of 

landscape features on harvest. My study results indicate that landscape features affect 

harvest and these effects at the management area scale should be considered for harvest 

regulations as they are likely to affect harvest rates (Norton et al. 2012). Overall, I 

recommend that a more habitat-based approach to caribou management could incorporate 

effects of landscape features on harvest at the management scale (McLaren and Mercer 

2005).  

More caribou were harvested nearer to forest cuts and transmission lines and 

further from towns. I recommend that managers consider establishing a minimum 

distance to “risky” areas within which hunting would be prohibited. This may be 

especially useful and more widely accepted by hunters if prohibited areas were 

established in advance of the construction of new corridors. However, 60% of surveyed 

elk hunters in Idaho, for example, reported that road closures were readily acceptable 

(Gratson and Whitman 2000a). Studies conducted on the response of caribou to 

anthropogenic features could provide the framework for establishing these distances. For 

example, caribou consistently avoid paved and forestry roads (Leblond et al. 2013) and 
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tourist resorts (Vistnes and Nellemann 2008) by several kilometres, yet when faced with 

predation risk, they alter their behaviour and may select these “riskier” landscapes, 

increasing their vulnerability to harvest (Lone et al. 2014, Plante et al. 2017). 

Newfoundland caribou may be particularly vulnerable near these landscape features as a 

result of density-dependent food limitation; they have recently altered their habitat use to 

meet daily nutritional and energy requirements (Weir et al. 2014, Schaefer et al. 2016). 

Thus, the effect of linear features may be amplified in declining, food-limited caribou 

populations. 

While my study did not include roads as a predictor variable for the 1980s or 

1990s, results from the contemporary analysis suggest that roads are likely a strong 

predictor of harvest through their spatial association with forest cuts. Therefore, I propose 

managing road access to reduce hunter densities as a wildlife management tool. Roads 

that are open to motorized vehicles provide access to more habitat, thereby contributing 

to increased hunter densities and perhaps hunter success rates (Unsworth et al. 1993, 

Gratson and Whitman 2000b). Access management has the potential to be an important 

tool to manage big-game harvest rates (Gratson and Whitman 2000b), where increasing 

and unregulated access leads to increases in hunting pressure (Yackulic et al. 2011). 

Closing roads during the hunting season may be beneficial for caribou and hunters; 

reduced hunter density may contribute to a greater survival rate of male ungulates 

(Gratson and Whitman 2000b) and provide a greater quality hunting experience as a 

result of reduced disturbances (Gratson and Whitman 2000a). I also suggest evaluating 

secondary and tertiary roads associated with forestry as these are typically closed to the 



 

 

74 

public, but may still support hunting on foot or on an ATV (Hayes et al. 2002, Blom et al. 

2005).   

Numerous studies have examined the effects of industrial development on caribou 

(Dyer et al. 2001, Vistnes and Nellemann 2001, Mahoney and Schaefer 2002, Nellemann 

et al. 2003, Schaefer and Mahoney 2007, Weir et al. 2007), but only a few have 

considered the effects of landscape features on harvest (McNamara et al. 2015, Plante et 

al. 2017). More importantly, understanding how changes in the landscape and caribou 

abundance influence harvest over time can assist in designing conservation and 

management strategies (McNamara et al. 2015) and improved harvest regulations 

(McLaren and Mercer 2005, Norton et al. 2012). Although long-term individual studies 

are still rare (Schaefer and Mahoney 2013) with data sets usually not exceeding 50 years 

(Imperio et al. 2010), results from long-term monitoring of ungulates have been 

instrumental in informing management polices (Gordon et al. 2004, Festa-Bianchet 

2007). I advise the continued monitoring and long-term studies of caribou populations in 

Newfoundland and elsewhere. My study examined the influence of landscape features on 

caribou harvest over the course of three decades and highlights the growing importance 

of these long-term time series. Knowledge of the relationships between caribou harvest 

and caribou and hunter habitat characteristics will be useful in improving sustainable 

management of caribou populations.  
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APPENDIX 1 

 

Maps of Seven Caribou Managements Areas (CMAs), Newfoundland, Canada  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1.1 Middle Ridge Caribou Management Area (Government of Newfoundland and Labrador 2018).   
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Figure A1.2 La Poile Caribou Management Area (Government of Newfoundland and Labrador 2018).  8
7 



 

 

 
 

Figure A1.3 Grey River Caribou Management Area (Government of Newfoundland and Labrador 2018).   88 



 

 

 
 

Figure A1.4 Gaff Topsails Caribou Management Area (Government of Newfoundland and Labrador 2018).   8
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Figure A1.5 Buchans Plateau Caribou Management Area (Government of Newfoundland and Labrador 2018).   9
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Figure A1.6 Northern Peninsula Caribou Management Area (Government of Newfoundland and Labrador 2018).  9
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Figure A1.7 Pot Hill Caribou Management Area (Government of Newfoundland and Labrador 2018).   9
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APPENDIX 2 

 

Maps of Anthropogenic Features 
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Figure A2.1 Green areas represent forest cuts across Newfoundland, 1980 – 2009, 

provided by the Government of Newfoundland and Labrador. Darker areas 

represent the seven Caribou Management Areas included in my study.  



 

 

95 

 

 
Figure A2.2 Transmission lines with respective to construction year (Brinkmann 2016). 

Darker areas represent the seven Caribou Management Areas included in 

my study.  
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Figure A2.3 Newfoundland communities. Darker areas represent the seven Caribou 

Management Areas included in my study.  
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Figure A2.4 Roads and forestry-specific roads in Newfoundland, provided by the 

Government of Newfoundland and Labrador. Forestry roads were classified as the 

following: winter resource – provides winter-only access to operating areas; primary – 

provides access to forestry management unit as a whole; secondary – provides access to 

general areas of forestry management units (branches off primary roads); 

tertiary/operational – provides access to operating areas within forestry management units 

(not maintained); trailway – abandoned railway. Darker areas represent the seven Caribou 

Management Areas included in my study.   
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Figure A2.5 Locations of caribou outfitters, provided by the Government of   

  Newfoundland and Labrador. Darker areas represent the seven Caribou  

  Management Areas included in my study.  
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APPENDIX 3 

 

Correlations and Spatial Autocorrelation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table A3.1 Correlations between harvest types for the 1980s, based on 10x10-km cells in seven CMAs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Total Harvest Resident Harvest 

of Males and 

Females 

Resident Harvest 

of Males 

Resident Harvest 

of Females 

Non-Resident 

Harvest of Males 

Total Harvest 1.00     

Resident Harvest 

of Males and 

Females 

0.93 1.00    

Resident Harvest 

of Males 

0.93 0.98 1.00   

Resident Harvest 

of Females 

0.81 0.84 0.78 1.00  

Non-Resident 

Harvest of Males 

0.55 0.27 0.25 0.32 1.00 

1
0

0 



 

 

Table A3.2 Correlations between harvest types for the 1990s, based on 10x10-km cells in seven CMAs.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Total Harvest Resident Harvest 

of Males and 

Females 

Resident Harvest 

of Males 

Resident Harvest 

of Females 

Non-Resident 

Harvest of Males 

Total Harvest 1.00     

Resident Harvest 

of Males and 

Females 

0.91 1.00    

Resident Harvest 

of Males 

0.90 0.98 1.00   

Resident Harvest 

of Females 

0.75 0.80 0.71 1.00  

Non-Resident 

Harvest of Males 

0.48 0.13 0.11 0.15 1.00 

1
0

1 



 

 

Table A3.3 Correlations between harvest types for the 2000s, based on 10x10-km cells in seven CMAs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Total Harvest Resident Harvest 

of Males and 

Females 

Resident Harvest 

of Males 

Resident Harvest 

of Females 

Non-Resident 

Harvest of Males 

Total Harvest 1.00     

Resident Harvest 

of Males and 

Females 

0.89 1.00    

Resident Harvest 

of Males 

0.87 0.98 1.00   

Resident Harvest 

of Females 

0.84 0.92 0.83 1.00  

Non-Resident 

Harvest of Males 

0.42 0.14 -0.01 0.06 1.00 

1
0

2 
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Figure A3.1 Moran’s I correlogram illustrating positive spatial autocorrelation in the 

caribou harvest data for the 1980s. Distance units is in metres.  
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Figure A3.2 Moran’s I correlogram illustrating positive spatial autocorrelation in the 

caribou harvest data for the 1990s. Distance units is in metres.  
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Figure A3.3 Moran’s I correlogram illustrating positive spatial autocorrelation in the 

caribou harvest data for the 2000s. Distance units is in metres.  
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Table A3.4 Moran’s I correlogram results illustrating spatial autocorrelation in the 

caribou harvest data for the 1980s. The first five distance classes are 

shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distance 

Class 

Distance 

Centre 

Moran’s I P- value I (max) 

1 10 000 0.215 0 0.69 

2 30 000 0.093 0 0.515 

3 50 000 0.054 0 0.434 

4 70 000 0.032 <0.001 0.389 

5 90 000 -0.003 0.872 0.368 
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Table A3.5 Moran’s I correlogram results illustrating spatial autocorrelation in the 

caribou harvest data for the 1990s. The first five distance classes are 

shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distance 

Class 

Distance 

Centre 

Moran’s I P- value I (max) 

1 10 000 0.133 0 0.468 

2 30 000 0.022 0.008 0.370 

3 50 000 0.009 0.146 0.292 

4 70 000 0.020 <0.001 0.271 

5 90 000 -0.001 0.946 0.246 
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Table A3.6 Moran’s I correlogram results illustrating spatial autocorrelation in the 

caribou harvest data for the 2000s. The first five distance classes are 

shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distance 

Class 

Distance 

Centre 

Moran’s I P- value I (max) 

1 10 000 0.166 0 0.324 

2 30 000 0.022 0.005 0.055 

3 50 000 -0.017 0.027 -0.047 

4 70 000 0.008 0.133 0.026 

5 90 000 0.013 0.014 0.046 



 

 

Table A3.7 Factor loadings for the Principal Components Analysis (PCA) for the 1980s. PCA was done on a subset of variables.   

 

 
 Component 

1 

Component 

2 

Component 

3 

Component 

4 

Component 

5 

Component 

6 

Component 

7 

Component 

8 

WETL 0.499 -0.239 -0.097 0.272 0.496 -0.028 -0.073 0.599 

LICH 0.402 0.025 -0.585 -0.010 0.049 -0.496 0.202 -0.454 

CNFO -0.226 -0.500 -0.302 -0.290 -0.471 -0.325 -0.080 0.436 

CNFD -0.218 -0.464 -0.397 -0.177 0.380 0.488 -0.262 -0.311 

WATR 0.381 -0.300 -0.041 0.316 -0.523 0.507 0.353 -0.088 

CUTD 0.348 0.454 -0.288 -0.208 -0.297 0.257 -0.614 0.123 

TRND 0.355 -0.044 0.237 -0.817 0.120 0.131 0.340 0.044 

TWND 0.315 -0.422 0.509 0.019 -0.098 -0.262 -0.512 -0.351 

 

 

 

 

 

 

  

1
0
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Table A3.8 Factor loadings for the Principal Components Analysis (PCA) for the 1990s. PCA was done on a subset of variables.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Component 

1 

Component 

2 

Component 

3 

Component 

4 

Component 

5 

Component 

6 

Component 

7 

Component 

8 

WETL 0.568 -0.120 -0.056 -0.001 -0.387 0.357 0.209 0.582 

LICH 0.443 0.104 -0.553 0.010 0.234 0.397 -0.229 -0.471 

CNFO -0.158 -0.495 -0.427 -0.150 -0.537 -0.193 0.296 -0.334 

CNFD -0.167 -0.506 -0.386 0.188 0.598 -0.037 0.115 0.400 

WATR 0.399 -0.272 0.085 0.494 -0.133 -0.511 -0.485 -0.036 

CUTD 0.276 0.496 -0.290 0.052 0.126 -0.563 0.506 0.053 

TRND 0.269 -0.174 0.046 -0.832 0.181 -0.304 -0.258 0.104 

TWND 0.348 -0.351 0.516 0.048 0.289 0.072 0.495 -0.391 

1
1

0 



 

 

Table A3.9 Factor loadings for the Principal Components Analysis (PCA) for the 2000s. PCA was done on all variables.   

 

 
 Component 

1 

Component 

2 

Component 

3 

Component 

4 

Component 

5 

Component 

6 

Component 

7 

Component 

8 

Component 

9 

Component 

10 

WETL -0.290 -0.486 -0.126 0.131 0.377 0.323 0.056 0.170 0.584 0.166 

LICH -0.370 -0.176 0.189 0.578 0.128 -0.141 0.266 0.221 -0.544 0.103 

CNFO 0.193 -0.267 0.555 -0.066 -0.102 0.608 0.163 -0.110 -0.139 -0.375 

CNFD 0.197 -0.296 0.487 0.142 -0.353 -0.543 0.109 -0.011 0.412 0.121 

WATR -0.221 -0.453 -0.163 -0.019 -0.537 0.112 -0.601 0.002 -0.208 0.114 

OTFD -0.337 0.233 -0.087 -0.210 -0.572 0.219 0.526 0.286 0.117 0.183 

CUTD -0.500 0.208 0.070 0.147 -0.078 -0.151 -0.185 0.039 0.259 -0.740 

RODD -0.474 0.071 0.215 -0.134 0.067 -0.004 0.053 -0.789 0.006 0.275 

TRND -0.248 0.052 0.474 -0.569 0.272 -0.124 -0.256 0.441 -0.106 0.161 

TWND -0.064 -0.513 -0.304 -0.465 0.076 -0.335 0.383 -0.094 -0.200 -0.332 

 

 

 

 

 

1
1
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APPENDIX 4 

 

Caribou Harvest Models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table A4.1 Summary table for contemporary (2000s) predictive models for the influence of landscape features on caribou harvest across decades 

without accounting for spatial autocorrelation. Models included roads and outfitters. For each model, the regression coefficient(s) and 

Akaike weights are shown. The top three models are shown for comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to roads (RODD), distance to outfitters (OTFD), distance to transmission lines, (TRND), 

and distance to towns (TWND).  

  

HARVEST LICH1 RODD1 OTFD1 TRND1 TWND1 BIC weight R2 

Total  0.022000 -0.01911    
 

0.00 0.967 0.14 

 0.022020 -0.01915   0.005846 6.88 0.031 0.15 

 0.021540 -0.01730  -0.004357  12.56 0.002 0.14 

Resident 0.020460 -0.02247    
 

0.00 0.994 0.20 

 0.019930 -0.02035  -0.005067  10.58 0.005 0.21 

  -0.01796    14.01 0.001 0.17 

Resident Male 0.016620 -0.01747    0.00 0.996 0.21 

 0.016210 -0.01585  -0.003875  11.85 0.003 0.22 

  -0.01382    13.94 0.002 0.18 

Resident Female 0.012330 -0.01473    0.00 0.979 0.17 

  -0.01199    7.83 0.020 0.14 

 0.012050 -0.01354  -0.002870  13.20 0.001 0.17 

Non-Resident     0.01134 0.00 0.988 0.13 

   -0.004339  0.01054 8.93 0.011 0.14 

 0.002773    0.01133 15.35 0.00 0.13 

1
1

3 



 

 

Table A4.2 Summary table for contemporary (2000s) predictive models for the influence of landscape features on caribou harvest across decades 

without accounting for spatial autocorrelation. Models included forest cuts and outfitters. For each model, the regression coefficient(s) 

and Akaike weights are shown. The top three models are shown for comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HARVEST LICH CUTD OTFD TRND TWND BIC weight R2 

Total  0.022730 -0.013150    0.00 0.954 0.11 

 0.022320 -0.011620  -0.006664  6.11 0.045 0.12 

 0.022080 -0.012510   0.003057 14.56 0.001 0.11 

Resident 0.018560 -0.011300  -0.008414  0.00 0.596 0.17 

 0.019090 -0.013250    1.03 0.357 0.14 

  -0.007475  -0.008702  6.15 0.028 0.14 

Resident Male 0.015390 -0.010130    0.00 0.584 0.15 

 0.014970 -0.008624  -0.006532  1.30 0.305 0.18 

    -0.008533  4.91 0.050 0.13 

Resident Female 0.011670 -0.008926    0.00 0.638 0.11 

  -0.006547    2.55 0.178 0.08 

 0.011380 -0.007760  -0.005045  3.15 0.132 0.13 

Non-Resident     0.01134 0.00 0.988 0.13 

   -0.004339  0.01054 8.93 0.011 0.14 

 0.002773    0.01133 15.35 0.00 0.13 

1
1

4 
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Table A4.3 Summary table for all supported models (BIC < 2) for the influence of landscape 

features on caribou harvest across decades without accounting for spatial 

autocorrelation. For each model, the regression coefficient(s) and Akaike weights are 

shown.  

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   

 

DECADE 

 

HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total 

 

0.02243 -0.007563 
 

0.01089 0.00 0.876 

Resident 

 

0.01629 -0.007202 
 

0.009011 0.00 0.568 

 

 

   
0.010820 1.10 0.328 

Resident Male 

 

0.01515 -0.006938 
 

0.008365 0.00 0.770 

Resident Female 

 

0.00699 
  

0.004225 0.00 0.934 

Non-Resident 

 

0.00823 
   

0.00 0.469 

 

 

0.00830 
  

0.003955 0.21 0.423 

1990 Total 

 

0.02392 -0.013720 
  

0.00 0.866 

Resident 

 

0.01875 -0.013030 
  

0.00 0.959 

Resident Male 

 

0.01729 -0.012450 
  

0.00 0.973 

Resident Female 

 

 
-0.003487 

  
0.00 0.845 

Non-Resident 

 

   
0.007660 0.00 0.995 

2000 Total 

 

0.022730 -0.013150 
  

0.00 0.954 

Resident 

 

0.018560 -0.011300 -0.008414 
 

0.00 0.596 

 

 

0.019090 -0.013250 
  

1.03 0.357 

Resident Male 

 

0.015390 -0.010130 
  

0.00 0.584 

 

 

0.014970 -0.008624 -0.006532 
 

1.30 0.305 

Resident Female 

 

0.011670 -0.008926 
  

0.00 0.638 

Non-Resident 

 

   
0.01134 0.00 0.999 
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Table A4.4 Model selection for the influence of landscape factors on total caribou  

harvest (resident and non-resident), Newfoundland, 1980-1989. 

 

LICH1 

 

CUTD1 

 

TRND1 

 

TWND1 

 

BIC 

 

weight 

      

0.02243 -0.007563  0.01089 0.00 0.876 

      

0.01780   0.01284 4.03 0.117 

      

0.02287 -0.006492 -0.0048740 0.01273 9.76 0.007 

      
   0.01277 15.25 0.000 

      

0.02381 -0.010100   22.40 0.000 

      
  -0.0053550 0.01448 23.46 0.000 

      
 -0.004577  0.01158 24.61 0.000 

      
 -0.003576 -0.0043480 0.01323 36.20 0.000 

      

0.02385 -0.010050 -0.0003104  39.75 0.000 

      

0.01759    42.82 0.000 

      
 -0.007084   49.64 0.000 

      

0.01797  -0.0017690  59.14 0.000 

      
 -0.007147 0.0004180  66.91 0.000 

      
  -0.0008366  68.47 0.000 

 
1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.5  Model selection for the influence of landscape factors on total caribou 

harvest (resident and non-resident), Newfoundland, 1990-1994. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.02392 -0.013720   0.00 0.866 

      

0.02334 -0.012590  0.007392 3.74 0.134 

      

0.02403 -0.013450 -8.84E-04  16.74 0.000 

      
 -0.010510   17.26 0.000 

      

0.02374 -0.011230 -3.92E-03 0.008600 17.59 0.000 

      
 -0.009408  0.007836 19.98 0.000 

      

0.01612   0.009286 25.86 0.000 

      
   0.009254 25.89 0.000 

      

0.01606    29.08 0.000 

      
  -6.56E-03 0.010910 33.63 0.000 

      
 -0.104900 -7.32E-05  34.13 0.000 

      
 -0.008298 -3.16E-03 0.008809 34.90 0.000 

      

0.01756  -5.09E-03  40.31 0.000 

      
  -3.72E-03  42.45 0.000 

 
1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.6  Model selection for the influence of landscape factors on total caribou 

harvest (resident and non-resident), Newfoundland, 2000-2009. 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.022730 -0.013150   0.00 0.954 

      

0.022320 -0.022320 -0.006664  6.11 0.045 

      

0.022080 -0.012510  0.003057 14.56 0.001 

      
 -0.008495   14.98 0.001 

      

0.021450 -0.010660 -0.007221 0.003947 18.92 0.000 

      
  -0.009182  19.71 0.000 

      
 -0.006981 -0.006989  20.47 0.000 

      
  -0.009681 0.006387 25.52 0.000 

      

0.011010  -0.009756  26.78 0.000 

      
 -0.007829  0.004052 27.67 0.000 

      
 -0.006016 -0.007674 0.004969 30.91 0.000 

      
   0.005706 31.71 0.000 

      

0.009251    33.21 0.000 

      

0.009284   0.005725 41.37 0.000 
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Table A4.7 Model selection for the influence of landscape factors on the resident 

harvest of male and female caribou, Newfoundland, 1980-1989. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.01629 -0.007202  0.009011 0.00 0.568 

      
   0.010820 1.10 0.328 

      

0.01184   0.010880 3.85 0.083 

      
 -0.005031  0.009507 7.65 0.012 

      
  -5.12E-03 0.012450 9.20 0.006 

      

0.01669 -0.006271 -4.35E-03 0.010640 10.73 0.003 

      

0.01742 -0.009251   12.74 0.001 

      
 -0.004133 -3.97E-03 0.011000 19.67 0.000 

      
 -0.007053   22.70 0.000 

      

0.01750 -0.009173 -5.89E-04  30.10 0.000 

      

0.01166    30.96 0.000 

      
 -0.007046 -4.63E-05  40.17 0.000 

      
  -1.25E-03  43.92 0.000 

      

0.01205  -1.86E-03  47.15 0.000 

 
1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.8 Model selection for the influence of landscape factors on the resident 

harvest of male and female caribou, Newfoundland, 1990-1994. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.01875 -0.013030   0.00 0.959 

      
 -0.010520   6.38 0.039 

      

0.01848 -0.012510  0.003390 14.10 0.001 

      

0.01887 -0.012730 -0.0009857  16.77 0.000 

      
 -0.009997  0.003743 19.90 0.000 

      
 -0.010420 -0.0003397  23.33 0.000 

      

0.01121    28.73 0.000 

      

0.01874 -0.011680 -0.0024370 0.004141 29.75 0.000 

      
   0.005252 31.23 0.000 

      
  -0.0039240  34.35 0.000 

      
 -0.009356 -0.0018400 0.004309 36.08 0.000 

      

0.01124   0.005274 38.78 0.000 

      

0.01266  -0.0049130  39.97 0.000 

      
  -0.0056590 0.006682 40.87 0.000 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.9 Model selection for the influence of landscape factors on the resident 

harvest of male and female caribou, Newfoundland, 2000-2009. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.018560 -0.011300 -0.008414  0.00 0.596 

      

0.019090 -0.013250   1.03 0.357 

      
 -0.007475 -0.008702  6.15 0.028 

      
 -0.009378   7.87 0.012 

      
  -0.011080  8.88 0.007 

      

0.019830 -0.013970  -0.0033860 14.94 0.000 

      

0.019100 -0.011890 -0.008079 -0.0023870 15.56 0.000 

      

0.007604  -0.011470  20.37 0.000 

      
 -0.007759 -0.008507 -0.0014350 22.75 0.000 

      
 -0.009790  -0.0024440 23.37 0.000 

      
  -0.011120 0.0004491 26.03 0.000 

      

0.005624    36.86 0.000 

      
   -0.0002855 40.47 0.000 

      

0.005626   -0.0002893 54.01 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.10 Model selection for the influence of landscape factors on the resident 

harvest of male caribou, Newfoundland, 1980-1989.  

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.01515 -0.006938  0.008365 0.00 0.770 

      
   0.010110 2.99 0.172 

      

0.01085   0.010160 5.97 0.039 

      
 -0.004924  0.008824 8.15 0.013 

      

0.01549 -0.006126 -0.0037900 0.009776 11.56 0.002 

      
  -0.0045840 0.011570 11.70 0.002 

      

0.01619 -0.008832   13.36 0.001 

      
 -0.004146 -0.0034310 0.010120 20.93 0.000 

      
 -0.006792   23.84 0.000 

      

0.01624 -0.008789 -0.0003273  30.98 0.000 

      

0.01068    34.44 0.000 

      
 -0.006818 0.0001747  41.46 0.000 

      
  -0.0009937  47.45 0.000 

      

0.01101  -0.0015560  51.01 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.11 Model selection for the influence of landscape factors on the resident 

harvest of male caribou, Newfoundland, 1990-1994. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.01729 -0.012450   0.00 0.973 

      
 -0.010140   7.24 0.026 

      

0.01705 -0.011990  0.003050 14.31 0.001 

      

0.01726 -0.012520 0.0002162  17.18 0.000 

      
 -0.009666  0.003375 20.96 0.000 

      
 -0.010390 0.0007959  24.24 0.000 

      

0.01714 -0.011660 -0.0009647 0.003348 31.16 0.000 

      

0.01010    33.80 0.000 

      
   0.004830 36.03 0.000 

      
 -0.009514 -0.0004362 0.003509 37.98 0.000 

      
  -0.0028100  40.78 0.000 

      

0.01014   0.004851 43.82 0.000 

      

0.01119  -0.0036820  47.06 0.000 

      
  -0.0043540 0.005934 47.90 0.000 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.12 Model selection for the influence of landscape factors on the resident 

harvest of male caribou, Newfoundland, 2000-2009. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.015390 -0.010130   0.00 0.584 

      

0.014970 -0.008624 -0.006532  1.30 0.305 

      
  -0.008533  4.91 0.050 

      
 -0.007017   5.71 0.034 

      
 -0.005538 -0.006771  6.30 0.025 

      

0.016190 -0.010910  -0.0036450 11.93 0.001 

      

0.015620 -0.009332 -0.006125 -0.0028810 15.34 0.000 

      

0.006630  -0.008862  16.21 0.000 

      
 -0.007502  -0.0028750 19.84 0.000 

      
 -0.005955 -0.006483 -0.0020980 22.03 0.000 

      
  -0.008485 -0.0006429 22.34 0.000 

      

0.005122    28.69 0.000 

      
   -0.0012110 32.38 0.000 

      

0.005125   -0.001215 45.65 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.13 Model selection for the influence of landscape factors on the resident 

harvest of female caribou, Newfoundland, 1980-1989. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.00699   0.004225 0.00 0.934 

      
   0.004195 5.47 0.061 

      

0.00816 -0.0019160  0.003725 11.72 0.003 

      
  -0.0026350 0.005036 12.25 0.002 

      

0.00692    14.94 0.001 

      

0.00841 -0.0013270 -0.0027610 0.004759 17.55 0.000 

      

0.00864 -0.0027830   17.99 0.000 

      
 -0.0008208  0.003979 23.25 0.000 

      

0.00722  -0.0014420  30.12 0.000 

      
 -0.0002397 -0.0025690 0.004952 31.30 0.000 

      
 -0.0016870   31.93 0.000 

      

0.00879 -0.0026450 -0.0010800  34.87 0.000 

      
  -0.0010690  35.85 0.000 

      
  -0.0015710 -0.000804 49.80 0.000 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.14 Model selection for the influence of landscape factors on the resident 

harvest of female caribou, Newfoundland, 1990-1994.  

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      
 -0.003487   0.00 0.845 

      

0.00738 -0.004430   4.45 0.091 

      

0.00474    7.04 0.025 

      
  -0.0025930  7.59 0.018 

      
   0.002541 7.67 0.001 

      
 -0.003214  0.002066 14.35 0.000 

      
  -0.0034690 0.003406 15.48 0.000 

      
 -0.003053 -0.0015910  16.12 0.000 

      

0.00564  -0.0030340  17.01 0.000 

      

0.00476   0.002551 19.19 0.000 

      

0.00724 -0.004148  0.001941 19.23 0.000 

      

0.00766 -0.003932 -0.0018950  19.64 0.000 

      
 -0.002463 -0.0025000 0.002802 27.63 0.000 

      

0.00761 -0.003334 -0.0027940 0.002763 31.24 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.15 Model selection for the influence of landscape factors on the resident 

harvest of female caribou, Newfoundland, 2000-2009. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.011670 -0.008926   0.00 0.638 

      
 -0.006547   2.55 0.178 

      

0.011380 -0.007760 -0.005045  3.15 0.132 

      
 -0.005406 -0.005201  5.16 0.048 

      
  -0.006941  10.91 0.003 

      

0.011660 -0.008917  0.0000440 18.03 0.000 

      
 -0.006453  0.0005739 20.36 0.000 

      

0.011230 -0.007601 -0.005137 0.0006586 20.90 0.000 

      
 -0.005175 -0.005364 0.0011930 22.25 0.000 

      
  -0.007123 0.0024190 25.08 0.000 

      

0.003799  -0.007145  25.14 0.000 

      
   0.0019480 36.74 0.000 

      

0.002474    36.82 0.000 

      

0.002484   0.0019520 52.38 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.16 Model selection for the influence of landscape factors on the non-resident 

harvest of male caribou, Newfoundland, 1980-1989. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      

0.00823    0.00 0.469 

      

0.00830   0.003955 0.21 0.423 

      
   0.003919 2.96 0.107 

      

0.00948 -2.10E-03   13.21 0.001 

      

0.00902 -1.21E-03  0.003640 17.11 0.000 

      

0.00831  -3.57E-04  18.47 0.000 

      
 -8.87E-04   19.65 0.000 

      
  -1.29E-03 0.004335 19.70 0.000 

      
  7.62E-05  20.52 0.000 

      
 1.30E-06  0.003919 21.67 0.000 

      

0.00948 -2.09E-03 -4.52E-05  31.81 0.000 

      

0.00915 -8.36E-04 -1.59E-03 0.004252 33.00 0.000 

      
 -9.24E-04 2.40E-04  38.16 0.000 

      
 3.40E-04 -1.39E-03 0.004456 38.21 0.000 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.17 Model selection for the influence of landscape factors on the non-resident 

harvest of male caribou, Newfoundland, 1990-1994. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      
   0.007660 0.00 0.995 

      

0.00569   0.007665 11.04 0.004 

      
  -0.0027310 0.008325 13.26 0.001 

      
 0.0004560  0.007722 18.14 0.000 

      

0.00585 -0.0002810  0.007631 29.23 0.000 

      
 0.0013670 -0.0032440 0.008633 30.00 0.000 

      

0.00562    32.85 0.000 

      
  -0.0006149  39.16 0.000 

      
 -0.0005072   39.47 0.000 

      

0.00637 0.0006700 -0.0035200 0.008609 40.04 0.000 

      

0.00638 -0.0013250   49.82 0.000 

      

0.00596  -0.0010960  50.09 0.000 

      
 -0.0003708 -0.0004774  57.25 0.000 

      

0.00649 -0.0011180 -0.0007356  67.42 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.18 Model selection for the influence of landscape factors on the non-resident 

harvest of male caribou, Newfoundland, 2000-2009. 

 

LICH1 CUTD1 TRND1 TWND1 BIC weight 

      
   0.01134 0.00 0.999 

      

0.002773   0.01133 15.35 0.000 

      
  0.0005015 0.01130 17.82 0.000 

      
 -0.0002731  0.01129 18.26 0.000 

      

0.003866 -0.0010810  0.01110 32.62 0.000 

      
 -0.0004269 0.0006454 0.01120 35.91 0.000 

      

0.003940 -0.0012740 0.0007429 0.01100 50.19 0.000 

      

0.003194    78.40 0.000 

      
 -0.0019450   78.65 0.000 

      
  0.0014940  80.02 0.000 

      

0.006369 -0.0032100   89.85 0.000 

      
 -0.0024390 0.0022580  93.79 0.000 

      

0.002972  0.0013580  95.25 0.000 

      

0.006549 -0.0037660 0.0023770  104.68 0.000 
 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.19 Model selection for the influence of landscape features on caribou harvest for the Middle 

Ridge (CMA 64) Caribou Management Area, Newfoundland, 1980 - 2009. Top two 

models with a BIC < 2 are shown. 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   

 

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total  

 
0.015155 -0.008432   0.008463 0.00 0.65 

Resident 

 
0.017034 -0.009409   0.07620 0.00 0.60 

Resident Male 

 
0.015887 -0.009236   0.007175 0.00 0.57 

Resident Female 

 
0.007113  -0.002391    0.00 0.64 

Non-Resident 

 
  -0.000861  0.00 0.23 

  

 
-0.001378      0.20 0.21 

1990 Total  

 
0.029983 -0.018174    0.010528 0.00 0.62 

 
0.030551 -0.020593   1.71 0.26 

Resident 

 
0.033160 -0.019733     0.00 0.54 

 
0.032734 -0.017915  0.007914 1.21 0.30 

Resident Male 

 
0.031094 -0.021096     0.00 0.46 

 
0.030678 -0.019324  0.007718 0.76 0.31 

Resident Female 

 
 0.012464 -0.004782     0.00 0.34 

 
0.009081    0.01 0.34 

Non-Resident 

 
      0.006267 0.00 0.76 

2000 Total  

 
0.035985 -0.012683    0.008364 0.00 0.45 

 
0.038350 -0.016057   0.03 0.45 

Resident 

 
0.038636 -0.014128    0.00 0.82 

Resident Male 

 
0.035014 -0.010558     0.00 0.82 

Resident Female 

 
0.018846 -0.010220     0.00 0.61 

 
0.017534 -0.008347  0.004642 1.63 0.27 

Non-Resident 

 
      0.013569 0.00 0.61 
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Table A4.20 Model selection for the influence of landscape features on caribou harvest for the La Poile 

(CMA 61) Caribou Management Area, Newfoundland, 1980 - 2009. Top two models with 

a BIC < 2 are shown. 

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total 0.015995   0.031430 0.00 0.44 

     0.035258 0.13 0.41 

 Resident    0.023754 0.00 0.56 

  0.012723   0.020709 1.45 0.27 

 Resident Male    0.022401 0.00 0.49 

  0.012209   0.019479 0.75 0.34 

 Resident Female    0.013124 0.00 0.56 

  0.005910   0.011710 1.78 0.23 

 Non-Resident    0.019505 0.00 0.71 

1990 Total   -0.015879 0.028013 0.00 0.43 

  0.018771 0.001504 -0.015576 0.024043 0.89 0.28 

 Resident   -0.020964 0.020596 0.00 0.70 

 Resident Male   -0.020103 0.018988 0.00 0.78 

 Resident Female 0.009882 0.005624 -0.008103 0.008063 0.00 0.37 

  0.012117  -0.006125  0.42 0.30 

 Non-Resident    0.012654 0.00 0.47 

    0.005687 0.012036 1.80 0.19 

2000 Total   -0.017172 0.015938 0.00 0.67 

 Resident   -0.020077  0.00 0.29 

  0.011339  -0.020236  0.50 0.22 

 Resident Male   -0.015392  0.00 0.44 

    -0.016204 0.005416 1.73 0.19 

 Resident Female 0.010646  -0.013625  0.00 0.62 

        

 Non-Resident    0.014132 0.00 0.61 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.21 Model selection for the influence of landscape features on caribou harvest for the Grey 

River (CMA 63) Caribou Management Area, Newfoundland, 1980 - 2009. Top two 

models with a BIC < 2 are shown. 

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total    0.008842 0.00 0.55 

   0.005227  0.011430 1.90 0.21 

 Resident    0.008893 0.00 0.46 

    -0.005146 0.008346 1.86 0.18 

 Resident Male    0.008460 0.00 0.49 

 Resident Female   -0.002397  0.00 0.32 

     0.002246 0.88 0.20 

 Non-Resident   0.007779  0.00 0.40 

    0.008113 0.003908 0.06 0.38 

1990 Total   -0.010191  0.00 0.43 

   -0.005981   1.36 0.22 

 Resident   -0.011442  0.00 0.67 

 Resident Male   -0.013894  0.00 0.70 

 Resident Female   -0.004150  0.00 0.40 

   -0.001428   1.83 0.16 

 Non-Resident   0.006235 0.009109 0.00 0.48 

     0.009034 0.78 0.32 

2000 Total   -0.013678  0.00 0.55 

 Resident   -0.021985 -0.012105 0.00 0.57 

 Resident Male   -0.018902 -0.012034 0.00 0.74 

 Resident Female   -0.010895  0.00 0.69 

 Non-Resident    0.014383 0.00 0.34 

    0.007635 0.017355 0.03 0.34 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).  
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 Table A4.22 Model selection for the influence of landscape features on caribou harvest for the Gaff 

Topsails (CMA 66) Caribou Management Area, Newfoundland, 1980 - 2009. Top two 

models with a BIC < 2 are shown. 

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total   0.029766 0.026219 0.00 0.56 

        

 Resident   0.029666 0.026174 0.00 0.56 

 Resident Male   0.027146 0.022525 0.00 0.51 

 Resident Female   0.012844 0.015124 0.00 0.51 

  0.01144   0.01274 1.19 0.28 

 Non-Resident 0.000927    0.00 0.26 

    0.000887  0.53 0.20 

1990 Total   0.029140 0.021961 0.00 0.26 

  0.029267    0.42 0.21 

 Resident   0.02888  0.00 0.27 

  0.025771    0.21 0.24 

 Resident Male 0.024153    0.00 0.40 

 Resident Female   0.012038  0.00 0.41 

 Non-Resident 0.012844 0.020950   0.00 0.46 

2000 Total 0.015547 -0.019989   0.00 0.45 

  0.011863    1.74 0.19 

 Resident 0.013579 -0.020675   0.00 0.50 

 Resident Male 0.011471 -0.016932   0.00 0.48 

  0.008351    1.87 0.19 

 Resident Female    0.008309 0.00 0.21 

  0.004318    0.61 0.16 

 Non-Resident 0.007289    0.00 0.50 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   
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Table A4.23 Model selection for the influence of landscape features on caribou harvest for the 

Buchans Plateau (CMA 62) Caribou Management Area, Newfoundland, 1980 - 2009. Top 

two models with a BIC < 2 are shown. 

 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

 

1980 

 

Total 

 

0.049828 
 

 

-0.022844 
 

 

0.00 

 

0.87 

  

Resident 

 

0.034671 
 

 

-0.022733 
 

 

0.00 

 

0.82 

  

Resident Male 

 

0.029446 
 

 

-0.020799 
 

 

0.00 

 

0.78 

  

Resident Female 

 

0.021048 
 

 

-0.007422 
 

 

0.00 

 

0.58 

   

0.022311 

 

0.005793 

 

-0.009958 
 

 

1.50 

 

0.27 

  

Non-Resident 

 

0.032325 
   

 

0.00 

 

0.48 

   

0.029749 

 

-0.007166 
  

 

1.66 

 

0.21 

 

1990 

 

Total 

 

0.043441 
 

 

-0.014189 
 

 

0.00 

 

0.71 

  

Resident 
  

 

-0.016355 
 

 

0.00 

 

0.31 

   

0.017752 
 

 

-0.015409 
 

 

0.03 

 

0.30 

  

Resident Male 

 

0.021211 
 

 

-0.012504 
 

 

0.00 

 

0.66 

  

Resident Female 
  

 

-0.006602 
 

 

0.00 

 

0.57 

  

Non-Resident 

 

0.040907 
   

 

0.00 

 

0.56 

   

0.042370 

 

-0.008165 
  

 

1.95 

 

0.21 

 

2000 

 

Total 
  

 

-0.01802 
 

 

0.00 

 

0.39 

   

0.016978 
 

 

-0.01788 
 

 

1.22 

 

0.21 

  

Resident 
  

 

-0.022792 
 

 

0.00 

 

0.52 

  

Resident Male 
  

 

-0.015228 
 

 

0.00 

 

0.46 

  

Resident Female 
 

 

-0.009388 

 

-0.012195 
 

 

0.00 

 

0.36 

  
  

 

-0.017760 
 

 

0.24 

 

0.32 

  

Non-Resident 

 

0.01817 
   

 

0.00 

 

0.68 
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Table A4.24 Model selection for the influence of landscape features on caribou harvest for the 

Northern Peninsula (CMA 69) Caribou Management Area, Newfoundland, 1980 - 2009. 

Top two models with a BIC < 2 are shown. 

1 Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND).   

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total  -0.026340  0.007351 0.00 0.23 

   -0.01990   0.06 0.23 

 Resident  -0.026340  0.007351 0.00 0.23 

   -0.01990   0.06 0.23 

 Resident Male  -0.02008   0.00 0.24 

   -0.026346  0.007150 0.02 0.24 

 Resident Female -0.001628    0.00 0.26 

     0.0008798 0.95 0.16 

 Non-Resident     NA NA 

1990 Total   -0.007505  0.00 0.40 

   0.01122 -0.01220  0.66 0.29 

 Resident   -0.007071  0.00 0.40 

   0.010302 -0.011386  1.09 0.23 

 Resident Male   -0.006435  0.00 0.42 

   0.009639 -0.010472  1.17 0.23 

 Resident Female -0.005431    0.00 0.43 

  -0.008131 0.003495   0.88 0.28 

 Non-Resident   -0.001011  0.00 0.29 

  0.000598    0.99 0.17 

2000 Total   -0.02081  0.00 0.55 

 Resident  -0.020025 -0.018207  0.00 0.45 

   -0.017674 -0.017434 -0.008483 1.18 0.25 

 Resident Male  -0.014222 -0.012204  0.00 0.43 

   -0.012367 -0.011594 -0.006692 1.05 0.26 

 Resident Female  -0.013609 -0.013924  0.00 0.57 

 Non-Resident -0.014137   0.021563 0.00 0.53 

     0.018767 1.39 0.26 
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Table A4.25 Model selection for the influence of landscape features on caribou harvest for the Pot Hill (CMA 

67) Caribou Management Area, Newfoundland, 1980 - 2009. Top two models with a BIC < 2 are 

shown. 

 

 

1Landcover and anthropogenic features used in model analysis. Lichen (LICH), distance to forest cuts (CUTD),  

distance to transmission lines, (TRND), and distance to towns (TWND). 

DECADE HARVEST LICH1 CUTD1 TRND1 TWND1 BIC weight 

1980 Total -0.00965    0.00 0.19 

     0.006290 0.18 0.17 

 Resident -0.009669    0.00 0.19 

     0.006329 0.16 0.18 

 Resident Male -0.009090    0.00 0.20 

     0.005582 0.34 0.17 

 Resident Female   -0.003612 0.003435 0.00 0.16 

  -0.003575   0.002504 0.04 0.16 

 Non-Resident   -0.002424  0.00 0.34 

    -0.003230 0.001262 1.19 0.19 

1990 Total  -0.02223   0.00 0.24 

    -0.02069  1.10 0.14 

 Resident  -0.02106   0.00 0.26 

     -0.014424 1.27 0.14 

 Resident Male  -0.02045   0.00 0.26 

  -0.01954    1.53 0.12 

 Resident Female    -0.004515 0.00 0.27 

    -0.005403  0.30 0.23 

 Non-Resident   -0.012894  0.00 0.43 

    -0.015931 0.005231 1.03 0.26 

2000 Total    -0.013863 0.00 0.27 

   -0.015551   0.76 0.19 

 Resident    -0.013282 0.00 0.29 

   -0.01476   0.77 0.19 

 Resident Male    -0.013467 0.00 0.27 

   -0.016242   0.29 0.24 

 Resident Female 0.014104    0.00 0.29 

   -0.011209 0.020195  0.01 0.28 

 Non-Resident  -0.005597   0.00 0.28 

  0.007419 -0.008735   0.70 0.20 


