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ABSTRACT 

In 1997, the Ontario Ministry of Naturai Resources found large numbers of 

woodland caribou during routine moose surveys in the Detour Lake area north of the 

town of Cochrane in northeastem Ontario. In this area, most mature stands had k e n  

scheduled for harvest and little was known of the caribou populations. As late winter is a 

stresshl time of year for this species, identification of the habitat used during this period 

is important. For these reasons, the primary objective of this study was to identify snow, 

vegetation, and habitat characteristics that described late winter caribou habitat in 

northeastem Ontario. A total of six caribou Use Areas and six Non-Use areas were 

studied and compared. A total of 180 cratering sites in Use Areas and 180 sampling sites 

in Non-Use Area were identified and examined. Sampling was conducted in early March 

to identify snow conditions within each area type. Sampling sites visited during the 

winter in both Use and Non-Use Areas were revisited during surnmer to identify 

vegetative and habitat characteristics. To aid in the classification of habitat types, the 

Northeastem Ontario Forest Ecosystem Classification system (NEO-FEC) was also used. 

M m  caribou group sizes and mean Enow depths for 1997,1998 and 1999 were also 

analyzed. Analyzes were also done at the macrohabitat scale in an attempt to identify 

ciifferences between Use and Non-Use Areas at the stand level. Results supported the 

conclusions that in late winter: (1) woodland caribou Use and Non-Use Areas in 

northeastem Ontario could be distinguished using vegetative parameters at the 

microhabitat scale, (2) percent cover of terrestriai lichens, relative biomass of arboreai 

lichens, and relative stand density were the most important vegetative indicators of 

habitat use, (3) forage was the primary variable influencing microhabitat use, (4) Use 



Areas had lower relative stand dcnsities than other areas and may be less valuable as 

sources of tirnber, (5) total snow thickness was a secondary parameter influencing habitat 

use, (6) when snow conditions approximate or exceed "normal" snow thickness, in 

concert with terrestriai lichens, arboreal lichens and relative stand density measurements 

may enhance the accuracy of identifjing late winter caribou habitat, (7) analysis at the 

macrohabitat scaie (stand level) supported the results of the microhabitat anaiysis 

(feeding site level), (8) NEO-FEC system could be used to identify late winter habitat, (9) 

caribou group size increased with increased snow depth, and (10) forestry and 

govemment managers should be able to quickiy assess the potential of an area to support 

woodland caribou in this region. 
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iNTRODUîXION 

Interactions between large herbivores and the environment occur at various spatial 

and temporal sales (Senft et al. 1987, Mystemd et al. 1999). The selection of resources 

at diiferent spatial scales occurs in a hierarchical fashion ranging from the landscape 

scale to the microhabitat scale, where animals select particular elements such as forage 

items (Manly et al. 1993). Recent investigations have stressed the importance of 

recognhing spatial scaling in habitat analysis and have recommended that more than one 

spatial d e  be investigated (Senft et al. 1987, Wiens 1989, Danell et al. 199 1, Teny 

1994, Schaefer and Messier 1995). Knowledge of the factors affecting populations are 

important, as the mechanisms affecting habitat selection may be scale-specific (Rettie 

1998, Mysterud et al. 1999). 

The caribou of North America and the reindeer of Eurasia represent a single 

circumpolar species, Rangifer tarandus, which has been classified into subspecies based 

on morphological (Banfield 196 1) and genetic analysis (Roed et al. 199 1). Wistoricaily, 

the five subspecies found in Canada included; Grant's caribou, R. t. granti, barren-ground 

caribou, R. t. groenlandicus, Peary's caribou, R. t. pearyi, woodland caribou, R. t. 

caribou, and the extinct Queen Charlotte Island caribou, R. t. dawsoni (Banfield 1961, 

Miller 1983). While these taxonomie classifications may represent morphologically and 

geneticaily distinct populations, they do not represent current ecotypes (Mallory and 

Hillis 1998). 

Woodland caribou are a medium sized member of the deer farnily, Cewidae, 

found in the boreal forest region of Canada from Newfoundland to British Columbia 

(Banfield 1974). PopuIations have evolved different life strategies in different parts of 



the country and are represented by montane ecotypes, barren-ground ecotypes, and forest 

ecotypes (Mallory and Hillis 1998). 

The montane ecotype is generaiiy confined to the upper vegetative zones of 

mountain ranges and exists in southeastem British Columbia and Yukon (Eberhardt and 

Pitcher 1992, Seip 1992). This ecotype is found in smail herds and moves between the 

alpine tundra and boreai zone (Rominger and Olderneyer 1989, Servheen and Lyon 1989, 

Seip 1992, Terry 1994). Dispersai is Lirnited by ecological barriers formed by valleys 

(Mallory and Hillis 1998) and calving by solitary females occurs above the treeline. The 

barren-ground ecotype common to large continental regions forms large migratory herds 

containing hundreds of thousands of individuals and moves between boreal forest and 

arctic tundra (Haifpenny and Ozanne 1989, Cumming 1992). The George River herd in 

Quebec, Canada, estimated at 700,000 animals is typicai of this ecotype (Mallory and 

Hillis 1998). Females of this ecotype migrate thousands of kilometers each year to 

calving grounds and calving occurs in large groups within a three-week period (Messier 

et al. 1988). This behaviour is typical of the barren-ground ecotypes, but is not typicd of 

montane and forest ecotypes, which migrate short distances and are relativcly sedentary 

(Euler et al. 1976, Seip 1992, Schaefer and Luttich 1998). Populations belonging to the 

forest ecotype are common to the bord  forest and fom smail herds during the winter 

(Darby and Pniitt 1984); however, females disperse and calve in isolation during spring 

(Cumming 1992, Mallory and Hillis 1998, Schaefer and Luttich 1998). 

Although populations of the montane and barren-ground ecotypes have been 

relatively stable or increasing during the past twenty years (Mallory and Hillis 1998), the 

forest ecotype of the woodland caribou subspecies has been declining since the late 



1800's across North America (J3ergerud 1974, MaiJory and Hillis 1998). The cause 

mmains unclear; however, predation, disease, fire, over-hunting, logging, and human 

disturbance have al1 been implicated @&y et al. 1989). 

In Ontario, Cringan (1957) estimated that the decline began around 1880 and has 

resulted in the losses of entire herds (Cumming and Beange 1993). Disappearances of 

caribou have been documented dong the entire southern edge of the range including 

regions such as Temagami, Manitoulin Island, Wawa, northem Minnesota, and Thunder 

Bay (Cringen 1957, Cumming and Beange 1993). Caribou numbers continued to decline 

until the Ontario govemment closed the legal hunt to non-native persons in 1929 

(Bergerud 1974). Estimates of caribou numbers within the province increased from 

approirimately 1,300 to 3000 individuals (Cringan 1957) and were estimated at l3,OOû 

animals by 1965 (Simkin 1965). This suggested that the management strategy was 

effective (Bergerud 1974); however, further study indicated that increases in population 

numbers were due to improved monitoring techniques, as herds continued to disappear 

and the southern limit of the range continued to move northward (Cumming and Beange 

1993). At present, caribou are continuously distributed north of the line of human 

development (Figure 1) and number fewer than 20,000 (Darby et al, 1989). In addition, 

only a tenth of those animais are found outside the Hudson Bay lowlands (Darby et al. 

1989). As a result, the Comrnittee on the Status of Endangered Wildlife in Canada 

(COSEWIC) has designated the woodland caribou as "threatened" in Ontario and the 

subspecies has become a wildlife management priority within the province. 

Although gregacious during winter, the forest ecotype of the woodIand caribou 

disperses and rernains solitary during late spring and summer. Females caive in May and 



Iune and commouiy select open habitats such as bogs, fens, islands, or shorelines 

(Bergemd 1974, Darby and Pruitt 1984, Brown et al. 1986). in areas where these habitat 

types are limited, fernales have been found to calve in forested areas, within 100 m of 

open muskeg and standing water (Edmonds 1988). As calving areas are less accessible, it 

is thought that this behaviour represents an anti-predation strategy (Bergenid and Page 

1987). The use of open areas appears to improve visual, auditory, and olfactory detection 

of predators (Edmonds 1988). During spring and sumrner, woodland caribou remain 

solitary, feeding on sedges, grasses, forbs, and the leaves of deciduous shrubs (Rettie et 

al. 1997) and slowly migrate to nitting areas. in auturnn, small groups form and breeding 

occurs between September and October. Rutting often occurs in marshes, bogs, and open 

meadows (Bergenid 1973, Fuller and Keith 1981, Darby and Pruitt 1984, Edmonds 1988, 

Cumming 1992). During this period, the sumrner diet is increasingly supplemented with 

arboreal and terresuial lichens (Rettie et al. 1997). 

In early winter, woodland caribou are commonly associated with lowland areas 

that include black-spruce muskeg and bogs (Stardom 1975, Fuller and Keith 1981, Darby 

and Pruitt 1984). As snow depths increase c a n i u  will move on to their winter range. 

Caribou select specific wintering areas but the habitat types used differ depending 

on the geographical location of the population (Racey et al. 1992). In Newfoundland and 

norihem Quebec winter ranges are commonly barren uplands or open fens (Bergerud 

1971, Brown et al. 1986), while in other parts of Quebec open black spruce stands in 

close vicinity to lakes are used (Pare and Huot 1985). In northwestem Ontario and 

Manitoba, wintering areas include mature pine and spnice stands, with specific ground 



r e  1 Distribution of woodland caribou (Rangifer tarandus caribou) in Ontario 
in 1999 (OMNR, unpbl.). 



Manitoba 



and shrub vegetation (Stardom 1975, Cumming and Beange 1987). Wintenng ranges are 

especially important, as high adult and calf mortaiity occurs dwing this season (Simpson 

et al. 1985, Cumming 1992) and poor winter nutrition can result in low birth weights, 

later parturition dates, and in exireme circumstances miscaniage (Gates et al. 1986). Ail 

these conditions are associated with high caif mortaiity and lower recruitment rates 

(Skogland 1983, Gates et al. 1986, Couturier et al. 1990, Cameron et al. 1993). Predation 

may aiso increase during this period, as individuais becorne more susceptible due to snow 

conditions (Gauthier and Theberge 1986). 

Caribou may exhibit inter-year fidelity to winter ranges such as has been observed 

in northwestem Ontario (Cumming and Beange 1987). This has also been observed in 

Quebec, although the composition of winter groups varies and individual animals do not 

retum to specific wintering sites (Pare and Huot 1985). In Alberta, inter-year fidelity to 

wintering ranges was aiso found, although exact sites used by individuals varied arnong 

years (Edmonds 1988). The exact reason for retuming to these wintering areas rernains 

unclear; however, many ecological factors may influence habitat use. 

One of those ecologicai factors is obviously snow, which is a complex material 

characterized by differences physical properties that can affect wildlife in a number of 

different ways including aitering behaviour patterns (Wallmo and Gill 1970, Halfpenny 

and Ozanne 1989). Snow is present five to seven months of the year in most areas 

inhabited by woodland caribou (HeUe 198 1) and although it has received increased 

attention recently its importance to caribou rernains unclear (Marchand 1996). However, 

it is believed that caribou are most affectai by density, hardness, and thickness within the 

snowpack (Halfpenny and Ozanae 1989, Pruitt 1990). 



Density is the ratio between the amount of ice and the amount of air in a specific 

volume of snow (Pruitt 1989, Courtin 1998). Increased density can cause increased drag, 

which restricts locomotion and increases energy costs (Coady 1974, Fancy and White 

1987). Increased density within the snow pack can also inhibit the ability of caribou to 

detect forage (Collins and Smith 1991). Hardness is defined as the force required to 

break the bonds between crystais within the snow pack (Klein et al. 1950, Coady 1974, 

Pruitt 1990). It is probably the most important characteristic of the snow pack next to 

thickness, as it reflects the force that is required to move the legs through the snow when 

moving and foraging (Coady 1974, Pmitt 1979, Fancy and White 1985, Brown and 

Therberge 1990). Caribou appear to test this parameter directly by thnisting their muzzles 

into the snow (Pruitt 1979). However, this behaviour may also be an attempt to smell for 

lichens (Bergenid and Nolan 1970, Helle 1984). The ability of snow to support an animal 

is aiso determined by hardness (Fancy and White 1987). LaPerriere and Lent (1977) 

concluded that caribou often winter in habitats where snow hardness is higher, as this 

may augment travel and escape from predatars. Snow thickness has been identified as 

one of the most important environmentai influences on caribou during the late winter 

period (Pruitt 1979). High mortality in ungulate popuiations, including caribou, has been 

recorded during severe winters with deep snow (Edwards 1956, Peterson and Allen 

1974). The role or influence of snow depth in increased winter mortality is not 

completely understood. Deep snow cm restrict an animai's ability to obtain and detect 

forage and limit locomotion. Deep snow can also affect ungulate mortality by 

influencing predation rates. For example, woives have been found to capture more prey 

during harsh winters with deep snow as it rnay impair prey defence capabilities and 



increase prey contacts (Kolenosky 1972, Peterson and Allen 1974, Eide and Ballard 

1982, Nelson and Mech 1986). The interaction of these parameters determine snow 

conditions within an area, which affects caribou by influencing survival, energy intake, 

energy expenditure, locomotion, forage availabiiity, risk of predation, and habitat 

selection (Fomosov 1946, Ruitt 1959, Stardom 1975, LaPeniere and Lent 1977, 

S kogland 1978, Fancy and White 1985). 

in order to cope with snow and its influence caribou have adapted both physically 

and behaviourally through a number of different mechanisms. The width of an aduit hoof 

may be as wide or wider than it is long creating a circular surface that is large relative to 

its body mass. This results in a foot loading that is much lower than most other ungulate 

species (Telfer and Kelsall 1979), which allows caribou to move more efficiently over the 

snow pack and gives them superior mobility compared to other ungulate species, such as 

white-tailed deer (Odocoileus virginanus) (Marchand 1996). While these are physical 

adaptations, caribou have also adapted behaviourally. As stated earlier, snow increases 

the drag on legs and bodies, thus increasing the energetic costs of locomotion (Fonnozov 

1946, Coady 1974, Telfer and Kelsall 1979). As a result, caribou often travel on open 

lakes and waterways, where snow is wind blown, at shallower depths, and harder 

(Stardom 1975). Caribou will also crave1 in single file, stepping in the tracks of the 

individual in front of them to reduce drag and conserve energy (Telfer and Kelsall 1979). 

Cariiu also appear to exhibit threshold tolerances to snow conditions (Pruitt 1959). 

When these thresholds are exceeded, caribou move to areas with less severe snow 

conditions (Ruitt 1959, Henshaw 1968, Stardom 1975, Helle 1981). Pruitt (1959) stated 

that caribou move h m  areas of greater hardness, density, and thickness co areas with 



lower values during this period. This behaviour may be related forage and d e r  factors 

Witt 1990). 

Terrestrial lichens are a major part of the winter diet of most woodland caribou 

populations and may be the most important forage item used during the late winter period 

(Ahti and Hepbum 1967, Sveinbjomsson 1990, Helle et ai. 1990, Rettie 1998). 

Cumming and Beange (1987) found that caribou in northwestem Ontario feed pnmady 

on terrestrial lichens dwing the late winter. Ahti (1964) identified over 200 macr01ichens 

in northem Ontario and the most important of these, in terms of caribou forage, are 

referred to as reindeer lichens and belong to the genera Cladonia and Cladina (Ahti and 

Hepburn 1967, Sveinbjomsson 1990). 

in order to access terrestrial lichens, caribou "dig" or "crater" through the snow. 

Cratering is an energetically expensive undertaking, which varies with snow conditions 

(Fancy and White 1985). Pniitt (1979) suggested that caribou create three types of 

craters. The "single or individual crater" dug by a single animai is commonly found in 

early winter, when snow conditions are not severe. The "feeding trench", a long linear 

extension of the single crater, which is actuaily an extension of a single crater is more 

common in mid-winter and can be dug by a single or few animals (Pruitt 1979). The 

third type has been tenned a "yard crater" and is a circular site thai has been excavated by 

a number of animals digging and extending the perimeter of a single crater. This type of 

cratenng is more common during late winter, when snow conditions are severe (Pruitt 

1979). The use of feeding trenches and yard craters allows a number of caribou to access 

forage but does not require them to expend energy digging the original crater (Pruitt 

1979). 



Since caribou catabolize body fat and protein during the late winter period due to 

a nuaitionally deficient diet, it is important that the energy costs of foraging are 

rninimized and forage intake is maximized (Helle 198 1, Fancy and White 1987). Caribou 

should use areas with higher concentrations of forage than surrounding areas during this 

period (Pruitt 1959, Henshaw 1968, Stardom 1975, Helle 198 1). Helle (1981) noted that 

caribou first stop digging in areas where the concentrations of lichens are poorest and 

snow conditions have become severe. Other researchers have found that caribou in 

northwestern Ontario and eastern Manitoba use upland, mature coniferous stands where 

terrestrial lichens are abundant during late winter (Stardom 1975, Cumming and Beange 

1987, Hillis et al. 1998). Winter area use may therefore be based upon the interaction of 

greater concentrations of forage and favourable snow conditions. However, for some 

populations of caribou it has been found that abundant food supplies may be available in 

other areas that are traditionally not used suggesting that other factors may influence 

habitat use (Cumrning 1992). For instance, predator avoidance has been found to 

influence habitat use (Cumming 1992). Woodland caribou also commonly fonn small 

herds during the late winter and group sizes range from two to fifty animais, with mean 

monthly group size varying from 2.8 to 1 1 A animals (Fuller and Keith 198 1, Darby and 

Ruitt 1984, Brown et al. 1986, Cumming and Beange 1987). Herding is considered an 

anti-predator strategy (Cumrning 1975) and Iike locai topography and stand 

characteristics, which influence snow conditions, may also determine where caribou are 

present during late winter period (Cumming 1992). 

M i l e  winter ranges are ecoIogically important to woodland caribou, they are 

often economically important to industry, as upland sites are often good sources of 



aggregates and ideal locations for roads. The timber is often merchantable and indusiries 

such as tourism, timber harvesting, and mining are socially and economically important 

in northern Ontario. As the Ontario govemment has declared that no species will decline 

as a result of resource management activities, the potential for confiict between 

government and industry has arisen across most of the northern parts of the province 

(Racey et al. 1992). 

In 1997, the Ontario Ministry of Naturd Resources found large numbers of 

caribou during mutine moose surveys in the Detour Lake area north of Cochrane, 

Subsequent investigation identified a large area in close proximity to the Detour Lake 

Gold Mine that was king used extensively by large numbers of caribou. In this area, 

many mature stands had been scheduled for harvest and it was realized that little was 

known of the caribou populations in ihis region. For these reasons, the primary objective 

of this study was to identify vegetation, habitat structure and snow characteristics that 

described late winter caribou habitat in northeastern Ontario. 

It was hypothesized that: 

late winter woodland caribou Use and Non-Use Areas in northeastern Ontario 

can be distinguished using vegetative parameters at the microhabitat scale 

(feeding sites), 

forage is the primary variable influencing microhabitat use by woodland 

caribou in this region, 

snow conditions would differ between Use and Non-Use Areas, 



4. late wintcr woodland caribou Use and Non-Use Areas in northeastern Ontario 

can be distinguished using vegetative parameters at the macrohabitat scale 

(stand level), 

5. the NEO-FEC system can distinguish between Use and Non-Use Areas, 

6. woodland caribou late winter group size is influenced by snow depth, and 

7. it is possible to identim late winter use areas using a few variables. 



MATERIALS & METHODS 

STUDY AREA 

The study area was approximately 180 km northeast of the town of Cochrane in 

northeastem Ontario and is in close pmximity to the Detour Lake Mine at 49' 43' N and 

79' 22' W (Figure 2). Within the study ma, extensive peat lands dominated by black 

spruce (Picea mariana) and sphagnum mosses were present. Upland sites supported 

black spruce, balsam fir (Abies balsamea), trembling aspen (Populus tremuloides), and 

white birch (Behtla papy~fera), while drier, coarse grave1 and sandy soils typicai of 

glacial eskers supported jack pine (Pinus banksiana) and jack pine / black spruce mixed 

stands with associated shrubs, feather mosses, and lichens. The climate in the area was 

modified continental with mean annual temperatures that range from - 1 .  l°C to 1 -7OC 

(Legasy et al. 1995). 

Due to the northern location of this region, winter begins in late October - early 

November and continues until late April - early May. For the purposes of this study, the 

late winter season was defined as the months of March and April. Site locations were 

visited during this period to determine snow characteristics and winter stand structure. 

These sites were subsequently revisited in the summer to examine vegetation and sumrner 

habitat characteristics. 

SAMPLING AREAS 

Two types of sampling areas were identifieci. Use Areas were identified a stand 

of timber that had been used recendy by woodand caribou. Identification of these areas 

was accomplished using standard OMNR aeriai surveys flown during the late winter 



Figure 2. Map of snidy area centered near the Detour Lake Mine in northeastern 
Ontario. 





period. Use Areas were identifiai by the presence of tracks and extensive cratering. 

Information fmm &al surveys was uscd in conjunction with Forest Resource lnvcntory 

@RI) maps and traditional knowiedge to identify a number of stands of timber that 

appeared similar to Use Areas within the study am., but were not used during tbe late 

winter period, Non-Use Areas. An area was considered to appear similar if the stand was 

mature (60 - 100 years), was at least five hectares in size, and was dorninated by black 

spnice or jack pine (percent of either species greater than 60 within that stand). A 

random sample of those Non-Use Areas was selected for cornparison to the Use Areas. 

Three Use Areas and three Non-Use Areas were identified in 1998 and three different 

areas of each type were identified in 1999 (Figure 3). Over the two-year period, a total of 

six Use Areas and six Non-Use areas were studied and compared. 

Al1 twelve areas were visited during the late winter period. Within each Use 

Area, 30 cratering sites were identified and marked. Over the two-year period, a total of 

180 cratering sites were identified and marked within the six Use Areas. A sampling site 

was established at a crater, if it was at les t  20 m but no more than 50 m from the next 

cratering site. Within each Non-Use Area, 30 sampling sites were identified and a total 

of 180 sampling sites within the six Non-Use Areas were identified and marked over the 

two-year period. These sampling sites were established at 50 m intervals dong a 1.5 lan 

transect that was established within each area. 

WINTERSAMPLING 

Sampling was conducted fiom March 2nd to March 1 1 th in 1998 and fiom March 

9th to March 16th in 1999. Due to the time and effort involved with snow sampling 



Figure 3: Woodland caribou Use and Non-Use sites identified within the Detour Lake 
Mine study area in 1998 and 1999. 



O Use Areas 1998 
8 Use Areas 1999 
El Non-Use Areas 1998 
H Non-Use Areas 1999 



procedures, every second plot of those identified was examined. Over the two-yea. 

pend of the study, the snow conditions of 90 cratering sites in Use Areas and 90 

sampling sites in Non-Use Areas were examined. At each sampling site, a snow pit was 

dug to the ground and the vertical surface was exposed. Within Use Areas, the edge of 

the Crater already present at each sampling site was extended into the undisturbed snow. 

in Non-Use Areas, a snow pit was dug at each undisturbed location identified dong the 

7 

1.5 km transect. At each snow pit, total thickness (cm) and vertical hardness (g/cm-) of 

the snow pack was measured and the vertical surface of the snow pack was examined to 

identify characteristics of various layers present. In addition, thickness (cm), density 

3 
(gicm ), and horizontal hardness (g/cm3) of each identifiable layer within the pack was 

recorded. As outiined by Klein et al. (1950), the thickness of each identifiable snow 

layer was measured to the nearest 1 cm, while thinner layers of ice were measured io the 

nearest 0.5 cm. The density of each layer was measured using a snow density sampler of 

known volume and a 250 g capacity spring scale. If the layer king rneasured was greater 

than or equal to 5 cm in thickness, the snow sampler was gentiy pushed into snow until 

the back of the sampler reached the snow face. If the layer king measured was less than 

5 cm in ttiickness, the layers above it were removed before the sampler was pushed into 

the snow face. The thickness of that layer was subsequently used to determine the 

volume of snow measured. After the sampler had been pushed into the snow face, it was 

rernoved carefully and weighed with snow to the nearest gram. The weight of the 

sarnpler was subtracted from the combined weight of the sampler and snow to obtain the 

total weight of the snow. The density of each layer was calculateci using the formula: 



where G = density (g/cm3), m = mass of snow (g), and V = volume of snow sampler 

( c d  - 

Spring penetrometers (Lakehead University, Thunder Bay, Ontario) were used to 

measure the hardness of each layer within the snow pack, as well as the vertical hardness 

of the uppermost layer. The penetrometer tip was applied vertically or horizontally to 

each snow layer until the layer collapsed. At the time of collapse, the hardness value was 

read from the instrument d e .  A total of three hardness readings were taken for each 

layer to obain a m a n  value. Penetrometers were calibrated prior to use employing a 

laboratory sale to measure resistance. Vegetation present at the bottom of each pit and 

windfall between sampiing sites were recorded. Canopy cover at each site was visually 

estimated for a 10 m x 10 m plot centered at the snow pit. The dominant species within 

the cmopy was identified and percent cover estimated visually. The estimation of 

percent canopy cover was only done by the principal researcher to maintain consistency 

and reduce error. To estimaie relative visual density, a piece of white cloth, 30 cm x 30 

cm was attached to the back of one of ihe field crew, who walked toward the next 

sampling site whiIe the other person stayed in their original position. At the point where 

the patch was no longer visible, the distance was recorded and used as an estimate of the 

openness or visual density. 

SUMMER SAMPLING 

Sampling of the vegetation and habitat characteristics present at each site was 

completed between June 28th and July 14th in 1998 and from Iune 7th to June 24th in 

1999. Sampling sites visited during the winter in both Use and Non-Use Areas were 



revisited and al1 thirty of the sites identified and flagged were examined. Since three 

différcnt locations were identified as Use and Non-Use Areas, a total of 90 sampling sites 

for each area type were examined. 

Vegetation anatysis was done to determine which plant species were present in 

Use and Non-Use Areas, At each site a 10 m x 10 m sampling plot was established. 

Each plot was divided into four quarters and percent covcr of plants in the ground, s h b ,  

and canopy Iayers for one quadrate was identified. Relative stand density was estimated 

by counting the number of trees in the 10 m x 10 m plot. To determine stand structure, 

two randody selected mes of the dominant species and one randomiy selected tree of 

each of the other species present in the plot were identified. The diameter at breast height 

@BH) and a tree core were taken from each tree. Cores were used to determine age by 

annual growth ring identification. Canopy cover at each site was estimated and the 

dominant species within the canopy was identified and the percent cover estimated. As 

with the winter data collection, the estimation of canopy cover was done exclusively by 

the principal researcher CO reduce error. Canopy cover was estimated for both the 

sumrner and the winter period as fore'st assessrnent conducted by both government and 

industry is conducted at botfi times of year. 

Arboreai lichens were sampled within each plot using a modified method 

outiined by Van Daele and Johnson (1983). One tree was randomiy selected within each 

plot, identified to species, categorized as live or dead, and the diameter at breast height 

was measured. One meter segments of each me were identified between one and three 

meters in height h m  the ground. One segment was chosen randomly and the number of 

branches present greater than 0.3 cm in diameter at the base and more than 20 cm in 



length wcrc recorded. A sample branch was selected based on two sets of mdom 

numbets. The first set detennined the height of the branch at 10 cm intervals within the 

selected segment, while the second set of numbers detennined the aspect of the branch 

based on the 8 points of the compass. Sample branches were removed with a saw. Al1 

arboreal lichens present on the branch were removed and placed in a labeied paper bag. 

Sarnples were air-dried for a minimum of 7 days and weighed to the nearest O. 1 g. 

Lichen biomass was estimated based on the formula: 

M = (2B)(BNN) 

where M = lichen biomass, 2 = the number of segments per tree, B = the mean lichen 

biomass per branch, Br = the mean number of branches per segment, and N = the number 

of trees in the plot. These calculations were based on the assumption that each segment 

of each uee (1 - 2 m and 2 - 3 m) was accessible to caribou throughout the winter. 

The visual density and the windfall present within the area were estimated using 

the same procedures as outlined in the snow sampling methods. Visual densities and 

windfall were measured in both summer and winter as forest assessrnent is done by both 

govemment and industry during both times of year. To aid in the classification of habitat 

types, the Northeastern Ontario Forest Ecosystem Classification system (NEO-FEC) was 

used. At each sampling site, the Vegetation Type (V Type), Soi1 Type (S Type), and 

Ecosite Type (ES Type) were identified and recorded. Data were subsequently modified 

by delethg deciduous understory species and herbaceous species that do not remain erect 

after the growing season. The resulting data were assumed to reflect the vegetation 

available to caribou during late winter (Rettie et al. 1997). 



GROUP SIZE AND SNOW DEPTB 

As part of another project being undertaken by the OMNR, survey flights were 

flown in lrte March of 1997,1998, and 1999 using standard survey techniques to 

estimate population parameters. Snow measurements are recorded by the OMNR at a 

permanent snow station in Cochrane each year according to standard OMNR procedures. 

Snow depth data from the late winter periad (March and Aptil) of 1997, 1998, and 1999 

were presumed to be independent and were used in this study to establish mean snow 

depths (cm) for the study area Mean p u p  sizes and mean snow depths were analyzed. 

STATISTICAL ANALYSES 

Both univariate and multivariate techniques were used to identify differences 

between Use and Non-Use Areas. To perform parametric tests, the data king anaiyzed 

must represent a normal distribution. Data were considered to have a normal distribution 

if skewness levels were less than approximately 2 2.0. Al1 statisticai analyses were done 

using the statistical package 'SPSS 9.0 for Windows'. Ail descriptive statistics (N, range, 

minimum, maximum, sum, mean, variance) including skewness can be found in 

Appendix 3. Only the winter data of the visual index, canopy cover and windfail were 

used in the analyses to describe late winter habitat used by caribou. 

Statistical procedures used include Factor Analysis, which was used to determine 

significant differences between Use and Non-Use sites in terms of vegetation and snow 

variables. This procedure allows mearchers to describe a large set of variables in terrns 

of a smali number of factors and provides insight into the underlying structure of the data 



by simpiifying cornplex relatiomhips that may exist among seemingly umlated vanables 

(Manly 1986). This procedure was used to identify statistical differences between Use 

and Non-Use Areas and as such, the number of factors in the analysis was lirnited to two. 

Results of the factor loadings were interpreted after Varimax rotation had been 

completed. A variable was considered to have loaded on a factor if it had a factor score 2 

0.5. One-way Analysis of Variance (ANOVA) was also used to test for signifiant 

differences between the area types for the variables identified in the Factor Analysis. 

Discriminant Analysis was ultimately employed and is a statistical technique that 

classifies variables into mutually exclusive groups (Manly 1986). This procedure 

involves denving linear combinations of independent variables that discriminate between 

previously defined groups in such a way that the misclassification enor rates are kept at a 

minimum (Manly 1986). For the purposes of this study, Discriminant Analysis was used 

to identify those variables that would best separate Use Areas from Non-Use Areas. 

Initially, data from 1998 and 1999 were combined for analysis. Factor Analysis 

was done to determine whether there wete differences, in terms of variables, between Use 

and Non-Use Areas. The vegetation and snow data were analyzed separately in the 

Factor Analysis. The variables identified by the Factor Analysis were compared using a 

Oneway Analysis of Variance to verify that differences existed between Use and Non-Use 

Areas. The vegetation and snow variables identified in the factor analysis were then 

submitted to a Discriminant Analysis to identify the variables that best separated Use 

from Non-Use Areas. Due to the possibility of temporal variability the data set from each 

year was then analyzed separately following the procedure outlined above. 



Maerahabitat S d e  

The data coiiected from each sampling site were pooled to produce mean values 

for each macrohabitat area For this part of the analysis, each sampling area was 

considered the experimental unit. This was done in an attempt to examine the data at a 

larger scale. As the resultant sample size was much smaüer the analysis was more 

limited. Siniilar to the microhabitat anaiysis, the data from both 1998 and 1999 were 

combined for the initial analysis. Factor Analysis was done to identify differences in 

variables between Use and Non-Use Areas. A variable was considered to have loaded on 

a factor if it had a factor score 2 0.7. This was followed by a One-way Anaiysis of 

Variance that was performed to verify differences identified by the Factor Analysis. 

Discriminant Analysis was subsequently performed to identify variables that best 

separated Use Areas from Non-Use Areas at the macrohabitat scale. Due to the small 

sample; size, the number of steps in the Discriminant Analysis was limited to two. 

Each year was then analyzed separately; however only Discriminant Analysis was 

performed on the data as the sample size was too small for procedures involving both 

Factor Analysis and One-way Anaiysis of Variance. Discriminant Anaiysis is based on 

the assumption of normality, which if met makes it a very robust procedure (Zar 1974). 

As ai l  of the variables in this study were found to be normally distributed (Appendix 3), it 

was assumed that the procedure was appropriate for the small sarnple size created by 

splitting the total data set by year. Discriminant Analysis was done to identiQ the best 

variables for separating Use h m  Non-Use Areas in each of the years and to verify the 

results of the analysis performed on the combined (1998 and 1999) data. 



Due to the large nwnber of ANOVAs that were performed the experiment-wise 

ermr rate may have been increased appraciably. However, as these tests were employed 

to verify results of other tests and were not used exclusively for conclusion purposes it 

was felt that the increased enor rate was acceptable and would not greatiy effect any 

interpretation. 

Forest Ecosystem Classification (FEQ 

Data were collected for NEû-FEC at each sarnpling site. The NEû-FEC is a 

classification system that allows any mature forest within northeastem Ontario to be 

allocated to one of 29 ecosites, 28 vegetation types, and 23 soil types. Ecosites are 

management-oriented groupings of vegetation related to specific ranges of soil types that 

are mappable and occur h m  1:10 000 to 150 000 spatial scales (Taylor et al. 1999). A 

number of vegetation and soii types can occur within a single ecosite type (Taylor et al. 

1999). Vegetation and soil types occur at spatial d e s  ranging from 1 : 1 000 to 1 :20 000 

(Taylor et al. 1999)- Vegetation types are based on plant species composition and 

abundance and represent mature fotest plant communities, while soil types are based on 

specific ranges of soil characteristics and represent groups of forest soil profiles (Taylor 

et al. 1999). As such, NEO-FEC is meant to be utiiized as a tool for forest management 

and is intended for use at the stand level, normaily within relatively small(10 to lûûha) 

mature, undisturbed forested areas (Taylor et al. 1999). in order to identify the NEO-FEC 

classification category that would best represent each area, the category that occurred 

most frequentiy within an area was identified and used to represent that area in the 

analysis. These FEC categories were than included in the macrohabitat analysis- 



G m p ~  S k  and Snow De~th 

The group size ftom each year was submitted to a One-way Analysis of Variance 

to determine if differences occurred. Post hoc analysis (Tukey) was employed to 

determine sources of variance. The OMNR snow data were also submitted to a One-Way 

Analysis of Variance to identify yearly differences. As with the group size data, p s t  hoc 

tests were employed to estabiish the source of significant differences. 

The relationship between snow depth and group size was examined graphically by 

plotting the mean caribou group size on the Y axis and the mean late winter snow depth 

(Cochrane OMNR) on the X axis. 



RESULTS 

MICROHABITAT SCALE 

Factor loadings and eigenvalues h m  the analysis of the combined vegetation 

data h m  bofh 1998 and 1999 are illustrated in Table 1. The components identified 

accounted for 25.83% of the cumulated variance for the combined vegetation data. The 

fmt component had an eigenvalue of 4.50 and accounted for 14.03% of the variance, 

while the second component accounted for 11.85% of the variance and had an eigenvaiue 

of 3.78. Examination of the variables associated with each component revealed that the 

first factor was Ioaded on exclusively by Use (U) variables and the second factor was 

loaded on by Non-Use (NU) variables, indicating that the Factor Analysis was able to 

separate Use and Non-Use Areas. A summary of the variables that loaded on each 

component is pcesented in Table 2. 

A One-way Analysis of Variance (ANOVA) was perfonned on variables 

identified as important in the Factor Analysis in an attempt IO identify whether 

differences between each area were significant. Table 3 reveals that of the variables 

identified, only the percent cover of Labrador tea was found not to be significantly (F = 

0.10, p < 0.05) different between each area. The percent cover of terrestrial lichens was 

significantly higher (F = 244.83, p c 0.001) in Use Areas (mean = 53.51) than in Non- 

Use Areas (mean = 11.09), as was the relative biomass of arboreai lichens (F = 38.32, p c 

0.00 1) (Use Area: mean = 48.25; Non-Use Areas: mean = 29.06). 

The Factor Analysis of the snow variables from both years combined did not 

separate the area types, as both Use and Non-Use variables loaded on each of the hvo 



Table 1. Variable loadings on the two components identifieci by tbe Factor Anaiysis of 
the vegetation data for 1998 and 1999 combined. Only variables wiih factor 
scoresres>0.5 are displayed. Vegetation data were colle&d in the summcr. 
Variables followed by (U) where measured in Use Areas and variables 
followed by (NU) were rneasured in Non-Use Areas. 

Component 
Vegetation Variables 1 2 
Visual Density (U) 
Number of Windfdl 0 
Number of Trees 0 0.6 1360 
% Canopy Closure (U) 0.64025 
% S hrub Cover (U) 
Arboreal Lichens 0 0.52157 
Terrestriai Lichens 0 -0.70898 
Feaiher Mosses (U) 0.56944 
Sphagnum Mosses (U) 
Black Spruce (U) 0.67 172 
Black Spruce shrubs (U) 
Jack Pine 0 
Sheep Laurel (U) 
Labcador tea (U) 0.67236 
Visual Density (NU) 
Number of Windfall (NU) 
Number of Trees (NU) 
% Canopy Closure (NU) 
% Shrub Cover (Nü) 
Arboreal Lichens (NU) 
Terrestrial Lichens (NU) 
Feather Mosses (NZT) 
Sphagnum Mosses (NU) 
Black Spruce (NU) 
Black Spruce shrubs (Nü) 
Jack Pine 0 
Sheep Laurel (NU) 
Labrador tea (NU) 
Eigenvalue 
% Variance 14.03 I 1.80 
Cumulative % 14.03 25.83 



Table 2. Description of variable associations found for the Factor Analysis of the 
vegetation data for 1998 and 1999 combined, including a summary of each 
component. Variables followed by (U) where measured in Use Areas and 
variables followed by (NU) were measured in Non-Use Areas. 

Component Variables Summary 
1 Number of Trees (U), % Canopy Closure (U), Relative Biomass of Use Area 

Arboreal Lichens (U), % Cover of Terrestrial Lichens 0, % Cover 
of Feather Mosses(U), % Cover of Black Spruce(U), % Cover of 

Labrador Tea 0 

2 Number of Trees (NU), % Canopy Closure (NU), Relative Biomass Non-Use Area 
of Arboreal Lichens (NU), % Cover of Feather Mosses (NU), % 

Cover of Sphagnum Mosses (NU), % Cover of Black Spruce shrubs 
(NU), % Cover of Jack Pine (NU), % Cover of Labrador Tea (NU) 



Table 3. One-way Analysis of Variance (ANOVA) for the variables identifieci as 
important by the Factor Analysis of the vegetation data fiom 1998 and 1999 
combined, to identify mean diffemces between Use and Non-Use Areas, 

S td. 
Vegetation Variables N Mean Deviation Std. Enor F pvaiue 
% Canopy Closure Non-Use 180 29.53 20.07 1.50 4.69 0.03 1 - - 

Use 180 25.11 

Number of Trees Non-Use 180 1 1.32 
Use 180 7.94 

Arboreal Lichens Non-Use 180 29.06 
Use 180 48.25 

Terrestrial Lichens Non-Use 180 1 1 .O9 
Use 180 53.51 

Feather Mosses Non-Use 180 48.96 
Use 180 24.78 

Sphagnum Mosses Non-Use 180 28.02 
Use 180 11.14 

Black Spruce Non-Use 180 19.79 
Use 180 23.58 

Black Spruce Shrubs Non-Use 180 9.40 
Use 180 5.99 

Jack Pine Non-Use 180 12.13 
Use 180 2.86 

Labrador Tea Non-Use 180 22.85 
Use 180 22.18 18.99 1 -42 



Table 4. Variable loadings on the two componcnts identified by the Factor Analysis of 
the snow data for 1998 and 1999 combineci. Only variables with factor scores 
>OS are displayed. Snow layers range from one to four, with Layer 1 king 
the ground layer and the subsequent layers moving up through the snow pack. 
Variables foiiowed by (U) where measured in Use Areas and variables 
followed by 0 were measured in Non-Use Areas, 

Component 
Snow Variables 1 2 
Visual Density 0 
~umber  of ~indfal l  (U) 
% Canopy Closure (ü) 
Total Thickness (U) 
Vertical Hardness 0 
Layer 1 - Thickness (U) 
Layer 1 - Density 0 
Layer 1 - Hardness (U) 
Layer 2 - Thickness (U) 
Layer 2 - Density (U) 
Layer 2 - Hardness (U) 
Layer 3 - Thickness (U) 
Layer 3 - Density (U) 
Layer 3 - Hardness (U) 
Layer 4 - Thickness CU) 
Layer 4 - Density 0 
Layer 4 - Hardness (U) 
Visual Density (Nü) 
Number of Windfail 0 
% Canopy Closure (NU) 
Total Thickness 0 . 
Vertical Hardness (NU) 
Layer 1 - Thickness (NU) 
Layer 1 - Density (NU) 
Layer 1 - Hardness (NU) 
Layer 2 - Thickness (NU) 
Layer 2 - Density (NU) 
Layer 2 - Hardness (NU) 
Layer 3 - Thickness (NU) 
Layer 3 - Density 0 
Layer 3 - Hardness w) 
Layer 4 - Thickness (NU) 
Layer 4 - Density (NU) -~ - 

L&er 4 - ~ardness (NU) 0.609 I 1 
Eigenvaiue 7.97 5.35 
%variance 23.45 15.74 
Cumulative % 23.45 39.19 



components (Table 4). As the Factor Analysis was unable to separate the Use Areas from 

the Non-Use Areas for the snow data, an Analysis of Variance was not done. Since the 

Factor Analysis performed on the snow data was unable to separate the area types each 

year was analyzed separately. 

Table 5 sununarizes the factor loadings and eigenvalues for the 1998 vegetation 

data The fmt component had an eigenvalue of 3.78, while the second had a value of 

3.73. Each component accounted for 1 1.8 1% and 1 1.64% of the cumulative variance for 

the 1998 vegetation data, respectively. As with the total data, the Factor Analysis was 

able to separate Use Areas from Non-Use Areas. This can be seen in Table 6 where the 

variables associated with each component are identified. The first component was loaded 

on by Non-Use variables and the second by Use variables thus, the first component 

represents Non-Use Areas and the second represents Use Areas. 

A One-way Analysis of Variance (ANOVA) was done on the vegetation variables 

of 1998 that were identified as important by the Factor Analysis (Table 7). No sipificant 

ciifferences between Use and Non-Use areas were found for percent canopy closure (F = 

0.68, p = 0.41), percent cover of sphagnum mosses (F = 1.21, p = 0.27), percent cover of 

black spruce shnibs (F = 1.78, p = 0.18), and the percent cover of Labrador tea (F = 2.42, 

p = 0.10). As with the total data analysis, the percent cover of terresaial lichens was 

significantly higher (F = 107.3 1, p < 0.001) in Use Areas (mean = 48.37) than Non-Use 

Areas (mean = 7.66). The relative biomass of arboreal lichens was also found to be 

significantly higher (F = 30.71, p < 0.001) in Use Areas (mean = 55.2 1) than in Non-Use 

Areas (mean = 27.89). 



Table 5. Variable loadings on the two components identified by the Factor Analysis of 
the vegetation data for 1998. Only variables with factor scores >OS are 
displayed. Vegetation data were collected in the summer. Variables foilowed 
by (U) where measured in üse Areas and variables followed by (NU) were 
measured in Non-Use Areas. 

Component 
Ve~etation Variables 1 2 
Visual Density (U) 
Number of Windfall 0 
Number of Trees IU) 
% Canopy Closure (ü) 
% Shmb Cover (U) 
Arboreal Lichens (U) 
Terrestrial Lichens (U) 
Feather Mosses (U) 
Sphagnum Mosses (U) 
Black Spmce (U) 
Black Spmce shrubs 0 
Jack Pine (U) 
Sheep Laurel ICT) 
Labrador Tea(U) 0.69659 
Visuai Density (NU) 
Number of Windfall 0 
Number of Trees 0 0.65473 
% Canopy Closure 0 0.58998 
% Shmb Cover (NU) 
Arboreal Lichens (NU) 0.6 1887 
Terrestriai Lichens (NU) 
Feather Mosses (NU) 
Sphagnum Mosses INU) -0.79602 
Black Spmce 
Black Spruce shrubs (NU) -0.59341 
Jack Pine 0.73967 
Sheep Laurel 
Labrador Tea (NU) -0.58468 
Eigenvalue 3.78 3.73 
%variance 11.81 11.64 
Cumulative % 11.81 23.45 



Table 6. Description of variable associations found for the Factor Analysis of the 
vegetation data for 1998, including a summary of each component. Variables 
followed by (U) where measured in Use Areas and variables followed by 
(NU) were measured in Non-Use Areas. 

Component Variables Summary 
1 Number of Trees (NU), % Canopy Closure (NU), Relative Non-Use Area 

Biomass of Arboreal Lichens (Nü), % Cover of Sphagnum 
Mosses (NU), % Cover of Black Spruce shrubs (NU), % 
Cover of Jack Pine (NU), % Cover of Labrador Tea (NU) 

2 Number of Trees (U), % Cover of Terrestrial Lichens (ü), % Use Area 
Cover of Black Spruce (U), % Cover of S heep Laurel (ü), % 

Cover of Labrador Tea (U) 



Table 7. One-way Analysis of Variance (ANOVA) for the variables identified as 
important by the Factor Analysis of the vegetation data fiom 1998, to identify 
mean differences between Use and Non-Use Areas. 

Standard 
Vegetation Variables Area N Mean Deviation Std. Error F p-value 
% Canopy Closure Non-Use 90 34.56 

Use 90 

Nurnber of Trees Non-Use 90 
Use 90 

Arboreal Lichens Non-Use 90 
Use 90 

Terrestrial Lichens Non-Use 90 
Use 90 

Sphagnum Mosses Non-Use 90 
Use 90 

Biack Spmce Non-Use 90 
Use 90 

Black Spmce Shrubs Non-Use 90 
Use 90 

Jack Pine Non-Use 90 
Use 90 

Sheep Laurel Non-Use 90 
Use 90 

Labrador Tea Non-Use 90 
Use 90 23.61 17.81 1.88 



Table 8. Variable loadings on the two components identified by the Factor Analysis of 
the snow data for 1998. Oniy variables with factor scores M.5 are displayed. 
Snow layers range h m  one to four, with Layer 1 being the ground layer and 
the subsequent layers moving up through the snow pack. Variables followed 
by (U) where measured in Use Areas and variables followed by (NU) were 
measured in Non-Use Areas. 

Componen t 
Snow Variables 1 2 
Visual Density 0 
Number of Windfdl (ü) 
% Canopy Closure (U) 
Total Thickness (U) 
Vertical Hardness (U) 
Layer 1 - Thickness (U) 
Layer 1 - Density (ü) 
Layer 1 - Hardness (U) 
Layer 2 - Thickness (U) 
Layer 2 - Density (U) 
Layer 2 - Hardness 0 
Layer 3 - Thickness (U) 
Layer 3 - Density (U) 
Layer 3 - Hardness (ü) 
Layer 4 - Thickness (U) 
Layer 4 - Density 
Layer 4 - Hardness (U) 
Visual Density (NU) 
Number of Windfall (NU) 
% Canopy Closure (NU) 
Total Thickness (NU) 
Vertical Hardness 0 
Layer 1 - Thickness (NU) 
Layer 1 - Density 0 
Layer 1 - Hardness (NU) 
Layer 2 - Thickness 
Layer 2 - Density 
Layer 2 - Hardness CNU) 
Layer 3 - Thickness 0 
Layer 3 - Density (NU) 
Layer 3 - Hardness (NU) 
Layer 4 - Thickness 
Layer 4 - Density (NU) 

4 - ~ardness (MI) 0.57399 
Eigenvalue 5.17 3.95 



The results of the Factor Analysis of the 1998 snow data are shown in Table 8. 

The analysis reveaid that variables from each of the area types loaded on each of the 

components indicating that the analysis was unable to separate Use from Non-Use areas. 

Since the analysis was unable to separate the area types, no further tests were done. 

The Factor Anaiysis of the vegetation data for 1999 showed tbat the First component was 

loaded on by Use Area variables and the second was loaded on by Non-Use Area 

variables (Table 9). The fmt component had an eigenvalue of 7-01 and accounted for 

18.37% of the cumulative variance for the 1999 vegetation data. The second had an 

eigenvaiue of 2.97 and accounted for 16.03% of the variance. A summary of the 

variables associated with each component can be seen in Table 10. 

A One-way Analysis of Variance performed on the vegetation data showed that 

the variables, percent cover of black spruce (F = 0.26, p = 0.6 l), sheep laure1 (F = 0.00, p 

= 0.10), and Labrador tea (F = 3.34, p = 0.07) were not significantly different between 

Use and Non-Use Areas (Table 1 1). Similar to the results of the 1998 analysis, the 

percent cover of terrestriai lichens was significantly higher (F = 146.90, p < 0.001) in Use 

Areas (mean = 58.64) than in Non-Use Areas (mean = 14.52). The same was found for 

the relative biomass of arboreal lichens, which was also significantly higher (F = 9.25, p 

< 0.05) in Use Areas (mean = 4 1.29) than in Non-Use Areas (mean = 30.23). 

The Factor Anaiysis of the 1999 snow data was able to separate the Use Areas 

from the Non-Use Areas. In Table 12, it can be seen that the first component, which had 

an eigenvaiue of 5.13 and accounted for 15.08% of the cumulative v a h c e ,  was loaded 

on by Use Area variables. The second component, which bad an eigenvaiue of 4.35 and 

accounted for 12.79% of the cumulative variance, was loaded on by the Non-Use Area 



Table 9. Variable loadings on the two components iâentified by the Factor Analysis of 
the vegetation data for 1999. ûnly variables with factor scores >OS are 
displayed. Vegetation data were collected in the summer. Variables followed 
by (U) where measured in Use Areas and variables foiîowed by (NU) were 
measured in Non-Use Areas. 

Vegetation Variables 1 2 
Visud Density 0 
Number of ~ indfa l l  (U) 
Number of Trees (ü) 
% Canopy Closure (U) 0.68 135 
% Shnrb Cover CO) 
Arboreal Lichens (ü) 
Terrestriai Lichens CU) -0.7200 1 
Feather Mosses (ü) 0.72703 
Sphagnum Mosses (U) 
Black Spnice (U) 0.69094 
Black S p ~ c e  shnibs (U) 
Jack Pine (U) -0.65720 
Sheep Laurel 0 
 abi id or Tea 0 0.78660 
Visual Density 0 
Number of ~ h d f a l l o  
Number of Trees (NU) 0.80052 
% Canopy Closure 0.66362 
% Shrub Cover 
Arboreal Lichens (NU) 0.78904 
Terrestrial Lichens (NU) 
Feather Mosses (NU) 0.63059 
Sphagnum Mosses (NU) 4.76357 
Black Spmce 
Black Spmce shrubs (NU) 
Jack Pine (NU) 0.73 133 
Sheep Laurel 0 0.56860 
Labrador Tea (NU) 
Eigenvalue 7.0 1 2.97 
% Variance 18.37 16.03 
Cumulative 8 18.37 34.40 



Table 10. Description of variable associations found for the Factor Analysis of the 
vegetation data for 1999, including a sumrnary of each component. Variables 
followed by (U) where measured in Use Areas and variables followed by 
(NU) were measured in Non-Use Areas. 

Component Variables Summary 
1 % Canopy Closure 0, % Cover of Terrestrial Lichens (U), % Use Area 

Cover of Feathcr Mosses (U), % Cover of Black Spruce CU), % 
Cover of Jack Pine (U), % Cover of Labrador Tea (U). 

2 Number of Trees (NU), % Canopy Closure (NU), Relative Biomass Non-Use Area 
of Arboreal Lichen (NU), % Cover of Feather Mosses (NU), % 

Cover of Sphagnum Mosses (NU), % Cover of Jack Pine (NU), % 
Cover of Sheep Laurel (NU). 



Table 1 1. One-way Analysis of Variance (ANOVA) for the variables identified as 
important by the Factor Analysis of the vegetation data from 1999, to identiij 
mean differences between Use and Non-Use Areas. 

Std. 
Vegetation Variables N Mean Deviation Std. Error F p-Vaiue 
% Canopy Closure Non-Use 90 24.50 26.93 1.78 7.62 0.006 

Use 90 18.28 13.07 1.38 

Number of Trees Non-Use 90 10.39 6.33 0.67 21.17 0.001 
Use 90 7.01 2.9 1 0.3 1 

Arboreai Lichens Non-Use 90 30.23 27.17 2.86 9.25 0.003 
Use 90 41.29 2 1.29 2.24 

Terrestriai Lichens Non-Use 90 14.52 20.19 2.13 146.86 0.001 
Use 90 58.64 28.03 2.95 

Feather Mosses Non-Use 90 42.09 32.13 3.39 14.84 0.001 
Use 90 25-23 26.27 2.77 

Sphagnum Mosses Non-Use 90 37.50 36.8 1 3.88 47.33 0.001 
Use 90 8.36 16.13 1.70 

Black Spruce Non-Use 90 17.32 16.94 1.79 0.26 0.612 
Use 90 18.60 16.78 1.77 

Jack Pine Non-Use 90 8.47 14.66 1.55 18.63 0.001 
Use ' 90 1-64 3.15 0.33 

Sheep Laurel Non-Use 90 4.84 12.70 1.34 0.00 0.995 
Use 90 4.83 12.17 1.28 

Labrador Tea Non-Use 90 26.44 2 1.63 2.28 3.34 0.069 
Use 90 20.76 20.1 1 2.12 



Table 12. Variable loadings on the two components identified by the Factor Analysis of 
the snow data for 1999. Only variables with factor scores 9 . 5  are displayed. 
Snow layers range fiom one to four, with Layer 1 king the ground layer and 
the subsequent layers moving up through the snow pack. Variables followed 
by (U) where measured in Use Areas and variables followed by (NU) were 
measured in Non-Use Areas. 

Componen t 
Snow Variables 1 2 
Visual Density 0 
Number of ~ ~ n d f a l l ( ü )  
% Canopy Closure (U) -0.81440 
Total Thickness (U) 0.79 107 
Vertical Hardness (U) 
Layer 1 - Thickness 0 
Layer 1 - Density (U) 0.53636 
Layer 1 - Hardness 0.5û918 
Layer 2 - Thickness (ü) 
Layer 2 - Density (U) 
Layer 2 - Hardness (U) 
Layer 3 - Thickness (U) 
Layer 3 - Density (ü) 0.65269 
Layer 3 - Hardness IIJ) 0.7 1 155 
Layer 4 - Thickness (U) 
Layer 4 - Density (ü) 0.76790 
G e r  4 - ~ardness (U) 0.59507 
Visual Density (NU) 
Number of Windfail (NU) 
% Canopy Closure (Nü) -0.79 185 
Total Thickness (NU) 0.82273 
Vertical Hardness (NU) 
Layer 1 - Thickness (NU) 
Layer 1 - Density (NU) 
Layer 1 - Hardness (NU) 
Layer 2 - Thickness (NU) 0.5639 1 
Layer 2 - Density 0 
Layer 2 - Hardness (NU) 
Layer 3 - Thickness (NU) 
Layer 3 - Density (NU) 
Layer 3 - Hardness (NU) 0.8 1205 
Layer 4 - Thickness (NU) 
Layer 4 - Density (NU) - -  ~ 

Layer 4 - Hacdness (NU) 0.78349 
Eigenvalue 5.13 4.35 

variance 15.08 12.79 
Cumulative % 15.08 27.87 



Table 13. Description of variable associations found for the Factor Analysis of the snow 
data for 1999, including a summary of each component. Snow layers range 
fiom one to four, with Layer 1 being the ground layer and the subsequent 
iayers moving up through the snow pack. Variables followed by (U) where 
measured in Use Areas and vanables followed hy (NU) were measured in 
Non-Use Areas. 

Component Variables Summary 
1 % Canopy Closure (U), Total Thickness (U), Layer 1-Density (U), Use Area 

Layer 1-Hardness (W), Layer 3-Density (U), Layer 3-Hardness (U), 
Layer 4-Density (U), Layer CHardness (U). 

2 % Canopy Closure (NU), Total Thickness (NU), Layer 2-Thickness Non-Use Area 
(NU), Layer 3-Hardness (NU), Layer CHardness (NU). 



variables. A summary of the variables associated with each component are shown in 

Table 13. 

Since the Factor AnaIysis was able to separate Use from Non-Use Areas for the 

snow data, a One-way Anaiysis of Variance was performed- The results of this reveaied 

that only the total hickness of the snow pack was significantl y different (F = 14.38, p c 

0.001) between the area types (Table 14). It was found that areas used by woodland 

caribou during the late winter period (mean = 77.26) had significandy less snow than 

Non-Use Areas (mean = 86.W). 

Factor Analysis was able to establish differences between Use and Non-Use 

Areas for the vegetation data from 1998, 1999, and both years combined. It was also able 

to identifj differences between the m a  types for the snow data from 1999. in order to 

identify those variables that best distinguish Use Areas from Non-Use Areas, a 

Discriminant Analysis was done. 

For the combined data set, al1 of the vegetation variables were included in the 

analysis; however, since the Factor Analysis done on snow data was unable to separate 

Use fiom Non-Use Areas, those variables were not included. The discriminant function 

generated for the combined data set was found to be signifiant (p < 0.001) with a 

canonicai correlation of 0.78 (Table 15). Standardized canonical discriminate function 

coefficients (SCDFC) indicate the relative importance of each variable. As seen in Table 

15, the percent cover of terrestnai Iichens had the highest SCDFC, foiiowed by the 

number of trees present in the plot, the relative biomass of arboreal lichens, percent 

canopy closure, percent cover of jack pine and Labrador tea. Based on these numbers, 

the percent cover of terreserial lichens, relative biomass of arboreal lichens, and the 



Table 14. One-way Analysis of Variance (mOVA) for the variables identified as 
important by the Factor Analysis of the snow data from 1999, to i&nti@ mean 
differences between Use and Non-Use k a s .  

Std. 
Snow Variables N Mean Deviation Std-Error F p-Value 
% Canopy Closure Non-Use 45 24.1 1 19.75 2.94 

Total Thickness 

Layer 1: Density 

Layer 1: Hardness 

Layer 2: Thickness 

Layer 3: Density 

Layer 3: Hardness 

Layer 4: Density 

Layer 4: Hardness 

Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 

Non-Use 45 
Use 45 39.73 53.5 1 7.98 



Table 15. Surnmary of the Discriminant AnaIysis of the vegetation data from 1998 and 
1999 combined. (SCDFC = Sbndardized Canonical Discriminant Function 
Coefficient, CDFC = Canonical Discriminate Function Coefficient). 

Variable Wilks' h A V  SCDFC CDFC 
Terrestriai Lichens 0.419 110.99 0.844 0.033 

Number of Trees 0.537 64.22 -0.83 1 -0.142 

Arboreai Lichens 0.48 1 77.29 0.804 0.027 

% Canopy Closure 0.594 244.83 0.323 0.017 

Jack Pine 0.402 34.62 -0.2 18 -0.0 17 

Labrador Tea 0.394 18.85 0.215 0.01 1 
Canonicd Correlation = 0.779 p c 0.001 x2 (6) = 17.033 Constant = -1.32 



number of trees present were the most important, in terms of distinguishing Use fram 

Non-Use areas. Of the original grouped cases, the function was able to classify 9 1.7% 

correctly. 

The discriminant function generated for the 1998 vegetation data had a canonical 

correlation of 0.80 and was found to be highly significant (p ~0.001). The function 

identified relative arnounts of arboreal lichens, percent cover of terrestrial lichens, the 

number of trees present in the plot, percent cover of Labrador tea, percent cover of 

feather mosses, and percent canopy closure as the most important variables for 

distinguishing Use from Non-Use Areas (Table 16). As with the total data anal ysis, the 

relative arnount of arboreal lichens, terrestrial lichens, and the number of trees present 

were found to the most important to the function as indicated by the high SCDFC values 

(Table 16). The function was able to correctly classify 90.6% of the original grouped 

cases. Since the Factor Analysis was able to separate Use and Non-Use Areas for both 

the snow and the vegetation data in 1999, both sets were used in a Discriminant Analysis. 

The function generated was found to be significant (p < 0.001) with a canonical 

correlation of 0.84 (Table 17). The number of trees in the plot, relative biomass of 

arboreal lichens, the percent cover of terrestrial lichens, the total thickness of the snow 

pack, the percent cover of sheep laurel, and the visuai density were al1 identified as 

important to the function. Again, the number of trees present within the plot, the relative 

biomass of arboreal lichens, and the percent cover of terrestrial Iichens were the most 

important variables, as indicated by the SCDFC (Table 17). The classification success of 

the function was found to be 96.7%. In al1 t h e  of the Discriminant Analyses, the 

percent cover of terrestrial lichen, relative biomass of arboreal lichen, and the number of 



Table 16. Summary of the Discriminant Anaiysis of the vegetation data from 1998. 
(SCDFC = Sbnâardized Canonicai Discriminant Function Coefficient, 
CDFC = Canonical Discriminate Function Coefficient). 

Variable W i W  h AV SCDFC CDFC 
Arboreal Lichens 0.443 78.54 0.820 0.025 

Terrestrial Lichens 0.405 37.59 0.709 0.027 

Number of Trees 0.55 1 37.90 -0.709 -0. 108 

Labrador Tea 0.364 20.48 0.398 0.02 1 

Feather Mosses 0.380 29.23 -0,390 -0.0 14 

% Canopy Closure 0.624 107.3 1 - 0.306 0.014 
Canonical Correlation = 0.798 p c 0.001 ~"6) = 78.67 1 Constant = - 1 .O2 



Table 17. Summary of the Discriminant Analysis of the vegetation and snow data from 
1999. (SCDFC = Standardized Canonical Discriminant Function CoefTcient, 
CDFC = Canonical Discriminate Function Coefficient). 

Variable Wilks' h A V  SCDFC CDFC 
Number of Trees 0.457 23.90 0.864 0.125 

Arboreal Lichens 0.39 1 32.73 -0.824 -0.022 

Terresrrial Lichens 0.334 38.47 -0.7 1 1 -0.027 

Total Thickness 0.522 33.98 0.555 0.050 

Sheep Laurel 0.292 37.38 0.445 0.026 

Visuai Density 0.654 46.64 -0.320 -0.039 
Canonical Correlation = 0.841 p < 0.00 I 2 (6) =78.671 Constant = -2.38 



trees present within the plot were found to be the most important for distinguishing Use 

Areas from Non-Use Areas. 



MACROHABITAT SCALE 

The data h m  each ana was pooled to compare the two habitat types and 

examine the data at a larger spatial scale. This resulted in a much smaller sample size 

(Use Areas, n=6; Non-Use Areas, n=6), wbich limiteci the anaiysis. Table 18 represenis 

the factor scores and variable loading on the two components for the combined 

vegetation data of both 1998 and 1999. The first component was found to have an 

eigenvalue of 9.72 and accounted for 28.59% of the cumuiative variance. The second 

component had an eigenvalue of 8.93 and accounted for 26.25% of the cumulative 

variance. Further examination of the variable associations with the first component 

(Table 19) revealed that it was loaded only by Use variables. The second component was 

loaded on by Non-Use variables, except for the percent cover of jack pine, which was a 

Use variable. This discrepancy may have been a product of the small sample size (n = 12) 

and the component was considered to represent the Non-Use Areas. 

A One-way Anaiysis of Variance (ANOVA) was done on the vegetation variables 

identified by the Factor Analysis to determine if mean differences existed between the 

area types for the nonçategorical data (Table 20). It was found that of the 13 variables, 

only two had significant mean differences between areas. The percent cover of feather 

moss species in Non-Use Areas (mean = 48.96) was found to be significantly higher (F = 

7.96, p c 0.05) than in Use Areas (mean = 24.78). A significant mean difference (F = 

31.30, p c 0.001) was also found for the percent cover of terrestrial lichens (Use: mean = 

53.44, Non-Use: mean = 1 1.21)- These redis were simdar to the microhabitat analysis, 

which also found the percent cover of terrestrial Iichens to be higher in Use Areas in 

1998,1999 and both years combined. The categorical NEO-FEC data, Non-Use soi1 type 



Table 18. Variable loadings on the two components identified by the Factor Analysis of 
the vegetation data for 1998 and 1999 combined. Only variables with factor 
scores M.7 are displayed. Vegetaîion data were collected in the summer. 
Variables followed by where measured in Use Areas and variables 
followed by (NU) were measured in Non-Use Areas. 

Component 
Vegetation Variables 1 2 
Vegetation Type (U) 
Soil Type (U) 
Ecosite Type (U) 
Visual Density (U) 
Number of Windfall (U) 
Number of Trees (U) 0.94478 
9% Canopy Closure (U) 0.94478 
% Shmb Cover (ü) 0.92456 
Arboreal Lichens (0 
Terrestrial Lichens (U) -0.75860 
Feather Mosses (U) 
Sphagnum Mosses (ü) 0.77762 
Black Spmce (U) 0.93758 
Black Spmce shrubs (U) 
Jack Pine (U) 0.9 1802 
Sheep Laurel 0 
Labrador Tea 0 0.76369 
Vegetation Type (NU) 
Soi1 Type (NU) -0.76091 
Ecosite Type (NU) -0.7739 1 
Visual Density (NU) 
Number of Windfaii (NU) 
Number of Trees (MT) 
% Canopy Closure 0 
% Shrub Cover (NU) 
Arboreal Lichens (NU) 
Terrestrial Lichens (NU) 
Feather Mosses (NU) 
Sphagnum Mosses (NU) 
Black Spmce (NU) 
Black Spmce shrubs 
Jack Pine (NU) 
Sheep Laurel 0 
Labrador Tea 
Eigenvalue 9 -72 8.93 
% Variance 28.59 26.25 
Cumulative % 28.59 54.84 



Table 19. Description of variable associations found for the Factor Analysis of the 
vegetation data for bath 1998 and 1999 combined, including a summary of 
each component. Variables foiiowed by (U) where measured in Use Areas 
and variables followed by (NU) were measured in Non-Use Areas. 

Component Variables Summary 
1 % Shmb Cover (U), % Canopy Cover (U), Number of Trees Use Area 

(U), Temstrial Lichens (u),-sphagnurn Mosses 0, Black 
Spruce 0, Labrador Tea (U) 

2 Sheep Laurel (U), Soil Type (NU), Ecosite (NU), % Shmb Non-Use Area 
Cover (NU), Arboreal Lichens (NU), Sphagnum Mosses (NU), 

Feather Mosses (Nli) 



Table 20. One-way Anaiysis of Variance (ANOVA) for the variables identified as 
important by the Factor Anaiysis of the vegetation data from 1998 and 1999 
combined, to identify mean digerences between Use and Non-Use Areas. 

Standard 
Vegetation Variables N Mean Deviation Std. Error F p-Value 
Percent Shrub Cover Non-Use 6 56.26 8.60 3.51 1.26 0.287 

Use 6 49.67 11.50 4.70 

Percent Canopy Cover Non-Use 6 29.53 7.39 3.02 0.69 0.426 
Use 6 25.1 1 10.73 4.38 

Number of Trees Non-Use 6 11.32 3.78 1.54 3.93 0.076 
Use 6 7.94 1.75 0.7 1 

Terrestrial Lichens Non-Use 6 11.21 6.45 2.63 31.30 0.001 
Use 6 53.44 17.33 7.07 

Arboreal Lichens Non-Use 6 29.36 16.90 6.90 3.25 0.101 
Use 6 49.29 21.12 8.62 

Sphagnum Mosses. Non-Use 6 28.02 17.79 7.26 4.54 0.059 
Use 6 11.14 7.76 3.17 

Feather Mosses Non-Use 6 48.96 15.18 6.20 7.96 0.018 
Use 6 24.78 14.49 5.92 

Black Spmce Non-Use 6 19.79 8.81 3.60 0.43 0.526 
Use 6 23.58 11.03 4.50 

Jack Pine Non-Use 6 12.13 10.11 4.13 4.45 0.061 
Use 6 2.97 3.32 1.35 

Labrador Tea Non-Use 6 23.03 7.54 3.08 0.02 0.898 
Use 6 22.18 13.95 5.69 



and Non-Use ecosite types were also identified in the Factor Analysis (Table 18). Due 

to the smaü sample si=, it was not possible to statistically test whether differences 

existed between Use and Non-Use Areas; however, it was possible to examine the 

hquency of occurrence of each category identified within Non-Use Areas relative to Use 

Areas. Within Non-Use Areas, soi1 types 3 and 17 occurred the most frequently (n=2, 

33.334 respectively) with soi1 types 9 and 17 also occurring (n=l, 16.67% each). Within 

Use Areas (nsd), soil type 1 occurred most frequeniiy (n=3,50%) with soil types 2,9, 

and 13 occuMng an equal number of times (n=l, 16.67% each). Ecosite 4 was the most 

frequently occurfing ecosite type in Non-Use Areas (n=3,50%), while ecosites 1 1 (n=2, 

33.33%) and 4 also occurred (n=l , 16.67%). Within Use Areas, ecosites 2 and 4 (n=2, 

33.33% each) were the most common, while ecosites lp and 5f (n=l, 16.67%) also 

occumd an equal number of times. 

The results of the Factor Anaiysis performed on the snow data from 1998 and 

1999 combined are shown in Table 21. Examination of the factor scores and component 

loadings revealed that no clear pattern of variable loading could be established, indicating 

that the anaiysis was unable to separate the Use from the Non-Use Areas. 

Since the Factor Analysis was unable to sepuare the area types using the snow 

data, only vegetation data were included in the Discriminant Analysis and sample size 

was limited to two steps. The function generated was found to be significant (p < 0.001) 

with a canonical correlation of 0.92 (Table 22). The examination of the Standardized 

Canonical Discriminant Function Coefficient (SCDFC) reveded that the percent cover of 

terrestrial lichens was ihe most important to the îunction with a value of 1.197. The other 



Table 21. Variable loadiags on the two components identified by the Factor Analysis of 
the snow data for 1998 and 1999 combined. Only variables with factor scores 
N.7 are displayed. Snow layers range from one to four, with Layer 1 king 
the ground layer and the subsequent layers moving up through the snow pack. 
Variables followed by 0 where measured in Use Areas and variables 
followed by were measured in Non-Use Areas. 

Component 
Snow Variables 1 2 
Visual Density (U) 0.70434 
Number of Windfall (U) 
% Canopy Closure (U) 
Total Thickness (U) 
Vertical Hardness IIJ) 
Layer 1 - Thickness (U) 
Layer 1 - Density (U) 
Layer 1 - Hardness 0 
Layer 2 - Thickness (U) 
Layer 2 - Density (U) 
Layer 2 - Hardness 0 
Layer 3 - Thickness (U) 
Layer 3 - Density (U) 
Layer 3 - Hardness (U) 
Layer 4 - Thickness (U) 
Layer 4 - Density (U) 
Layer 4 - Hardness (U) 
Visual Density 0 
~umber  of windfall (NU') 
% Canopy Closure 0 
Total Thickness 0 
Vertical Hardness (NU) 
Layer 1 - Thickness (Nü) 
Layer 1 - Density (Nü) 
Layer 1 - Hardness (NU) 
Layer 2 - Thickness (NU) 
Layer 2 - Density (NU) 
Layer 2 - Hardness (NU) 
Layer 3 - Thickness 
Layer 3 - Density (NU) 
Layer 3 - Hardness (Nü) 
Layer 4 - Thickness (NU) 
Layer 4 - Density (NU) 
~ G e r  4 - ~ardn&s (NU) 
Eigenvalue 1823 7.79 
% Variance 53.62 22.93 
Cumulative % 53.62 76.55 



Table 22. Summary of the Discriminant Analysis of the vegetation data h m  both years. 
(SCDFC = Standardized Canonical Discriminant Function Coefficient, 
CDFC = Canonical Dimirninate Function Coefficient). 

Variable Wilks' h A V  SCDFC CDFC 

Terrestrial Lichens 0.242 3 1.299 1.197 0.092 

Canonical Conelaiion = 0.915 p c 0.01 2 (2) = 16.39 Constant = -4.60 



Table 23. Summary of the Discriminant Analysis of the vegetation and snow data from 
1998. (SCDFC = Standardized Canonical Discriminant Function Coefficient, 
CDFC = Canonicai Discriminate Function Coefficient). 

Variable WiIks' h b V  SCDFC CDFC 
~ ~ - 

Terrestriai Lichens 0.248 12.139 1.462 O. 102 

Labrador Tea O. 108 20.844 1.167 0.122 

Canonical Correlation = 0.944 p ~ 0 . 0 5  2 (2) = 6.67 Constant = -5.48 



variable identified in the analysis was the percent cover of black spruce (Table 22). The 

function was found to have a classification accuracy of 91.7%. 

Discriminant Analysis was done on both the winter vegetation and the snow data 

from 1998. In Table 23, it can be seen that the function was significant (p < 0.05) with a 

canonical correlation of 0.94. The first variable identified by the analysis was the percent 

cover of terrestrial lichens, which had a SCDFC of 1.46, The other variable of the 

function was the percent cover of Labrador tea, with a SCDFC of 1.1 7. The function was 

able to classify 100% of the original grouped cases. 

Similady, al1 of the snow and vegetation data were included in the analysis for 

1999. The function generated was found to have a canonical correlation of 0.78, which 

was significant (p < 0.05) (Table 24). The variable with the highest SCDFC was found to 

be the percent cover of terrestrial lichens, which was also the case with the total data set 

and the 1998 data. The other variable identified in the analysis was the total thickness of 

the snow pack with a SCDFC of -1.51 (Table 24). The function was able to classify 

100% of the originaliy grouped cases correctly. 

Table 24. Summary of the Discriminant Analysis of the vegetation and snow data from 
1999. (SCDFC = Standardized Canonical Discriminant Function Coefficient, 
CDFC = Canonical Discriminate Function Coefficient.). 

Variable Wilks' h AV SCDFC CDFC 

Terrestriai Lichens 0.188 17.33 1 L .678 0.130 

Total Tbickness 0.046 65.547 -1.510 -0.216 
- -- 

Canonical ~omlation=0.977 p c 0.05 5 (2) = 9.23 Constant = 12.94 



As with the 1998 data, this should indicate tiiat the function is very powerful; however, as 

indicated earlier, this andysis was done on a very small sample (n = 6) and high 

classification accuracy may be more a reflection of that, than of the power of the 

function. The variable identified as the most important by al1 three discriminant 

procedures was the percent cover of temsuial lichens. 

LATE WINTER USE AREAS 

In order to produce a generalized set of descriptive variables for late winter Use 

Areas, those variables that were identified by the Factor Analysis and found to be 

significantly different between the Use and Non-Use Areas were described. 

The mean age of the 363 trees sampled within Use Areas was 1 18.42 years 

ranging from 27 to 216 years. The mean diameter at breast height (dbh) of the trees from 

which core samples were taken was 15.67 cm. However, as stand age was one of the 

parameters used to identify Non-Use Areas and as dbh is related those variables were not 

inciuded in the analysis. Black spruce (P. mariana) was the dominant tree species in 

77.22% of the 180 plots, while jack pine (P. bonhiana) was dominant in 21.67% of the 

plots. The man percent canopy cover for black spnice in Use Areas was 23.58%, while 

mean percent canopy cover for jack pine was 2.868. The overall mean percent canopy 

cover in Use Areas was found to be approximately 25.1 1 % and ranged from zero to 

80.00%. 

Visud density, as measured during the late winter period, within a habitat was 

related to the number of windfail between sampiing sites, the relative stand density, and 

the percent cover of shrub layer species. Late winter visual density was 45.22 m within 



Use Areas and the mean number of windfail behveen sarnpling sites was 0.19. The mean 

relative stand density was 7.94 trees/100m2, ranging between 1 to 29 treesll0hn'. The 

shnib layer was found to be relatively open and dominated by Labrador tea (L 

groenlandicum). However, the percent cover of black spnice shnibs was the only shmb 

layer species to be significantly different between Use and Non-Use Areas (5.99% in Use 

Areas). Arboreai lichens were present at 72.41% of the feeding sites examined and the 

relative biomass of arboreai lichens in Use Areas was 48.25 kgha, ranging between 3.30 

to 216.73 kgha 

Terrestrial lichens were the dominant ground cover species at 66.67% of sarnpling 

sites. They were also found at 94% of feeding sites examined and were present in 

90.22% of 92 craters. The average percent cover of terrestrial lichens was found to be 

53.5 1 % and ranged from O to 100%. Sphagnum andlor feather moss were present in 5 1 % 

of the 92 craters examined. Sphagnum species had a percent cover of 1 1.14% while 

feather moss had a percent cover of 24.78% within Use Areas. 

In sumrnary, Use Areas can be described as coniferous stands that are 

predominantly black spmce andor jack pine on dry to moist sandy to loamy soils and 

shallow soils over bedrock. These stands are more open with a few to moderate number 

of trees. The canopy ranges from moderately to totally open and the shmb and herb 

layers are poor. Terrestrial lichens appear to be the element of pcimary importance in 

Use Areas and are present in abundant amounts. Arboreal lichens are also present but 

can range between sparse to moderately abundant, 



GROW SIZE AND SNOW DEPTB 

Cornparison of group size for the years 1997,1998, and 1999 was done to 

determine if annuai differences existed. Oniy data from the late winter period were 

included in the anaiysis (1997, n = 41; 1998, n = 22; 1999, n = 29). A One-Way Analysis 

of Variance (ANOVA) revealed that there was a siamcant difference in group size 

between years (F = 4.04, p < 0.05). Post hoc analysis indicated that the primary source of 

the variance was due to 1998 group size, which was significantiy lower than those of 

1997 and 1999 (Figure 4). A comparison was done for snow data collected by the 

OMNR in Cochrane over the sarne three-year period. Only data from the late winter 

period was included in the analysis (1997, n = 4; 1998, n = 12; 1999, n = 7). A One-way 

Anaiysis of Variance reveaied that there were signifcant differences between years (F = 

12.38, p < 0.001). Post hoc analysis indicated mean late winter snow depth was 

significantiy lower in 1998 than 1997 and 1999 (Figure 5). The relationship between 

mean late winter snow depth and mean caribou group size is illustrated in Figure 6- 



Figure 4. Mean group s ix  & S.E.) for caribou in the northeast region during the late 
winter by year. Group size for 1998 was shown to be significantly different 
from the group size of both 1997 and 1999. Group sizes for 1997 and 1999 
were not found to be significantly different. Sample size for years: 1997, n = 
41; 1998, n = 22; 1999, n = 29. 
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Figure 5. Mean snow depth & SE.) as measured by the OMNR at Cochrane during late 
winter by year. Snow depth for 1998 was shown to be significantiy different 
from the snow depth of both 1997 and 1999. 1997 and 1999 snow depths 
were not found to be significantly different from each other. Sarnple size for 
years: 1997, n =4; 1998, n = 12; 1999, n = 7. 





Figure 6. Mean caribou group size related to the mean late winter snow depth during 
1997,1998 and 1999. 
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DISCUSSION 

Remnt investigations have stressed the importance of recognizing spatiai scaiing 

in habitat analysis and have recommended that more than one spatiai scale be 

investigated (Senft et al. 1987, Wiens 1989, Danell et ~1.1991, Terry 1994, Schaefer and 

Messier 1995). Knowledge of the factors affecting populations are important, as the 

mechanisms affecting habitat selection may be scale-specific (Rettie 1998, Mysterud et 

al. 1999). Limiting factors for woodland caribou during late winter may include 

predation, snow condition, and forage availability (Cumming 1992, Racey et al. 1992, 

Rettie 1998). 

Predation risk affects herbivore habitat use on a broad scaie (Lima and Di11 1990, 

Kotler and Blaustein 1995, Mysterud and Ims 1998, Mystenid et al. 1999), while snow 

cm impact caribou at a number of scales. LaPemere and Lent (1977) found that caribou 

selected areas of relatively shallow snow for winter foraging at both broad and 

microhabitat scaies. Further support for investigating snow at the microhabitat level has 

been supplied by Telfer and Kelsall(1979), who stated that snow cover differs across the 

landscape and occurs in a mosaic of srnail patches associated with different terrain and 

forest cover. Forage selection and availability must be investigated at a number of scaies, 

as the choice of a plant at a feeding site is the final decision in a secies of decisions that 

begin when an animai chooses a home range and a cote habitat (Schaefer and Messier 

1995, Mystemd et al. 1999). 

At the microhabitat scale, it has been found that animais are able to modify 

foraging behaviour according to smail-scale variations in food supply (Vivas and Saether 

1987). Recent studies on large herbivores in the winter have also suggested that 



individual feeding sites, such as individual trees may be treated as patches by individual 

animals (Vivas and Saether 1987, Astrom et al. 1990, Lundberg and Danell 1990, Danell 

et al. 199 1, Terry 1994). It hm also been hypothesized that aithough these analyses have 

k e n  primarily based on a browser-tree system, extensions to other herbivore-plant 

systems are possible (Astrom et al. 1990). Microhabitat studies reveal more subtle 

components of habitat use than studies at broder scales (Bradshaw et al. 1995). For 

instance, it has been found that microhabitats often offer the advantages of insulation and 

shelter (Haifpenny and Ozanne 1989). For these reasons, two levels of anaiysis were 

identified for this study. The first was the microhabitat level and the sampling unit 

identified was the individuai feeding Crater. The second was the macrohabitat scale and 

was chosen in an attempt to identify habitat characteristics present at the stand level. 

MICROaABITAT 

Factor Analysis on the vegetation data at the microhabitat scale identified that 

differences existed between Use and Non-Use Areas, when data from both years were 

combined and when each year was analyzed separately. Analysis of Variance confirmed 

that the differences were significant and a Discriminant Analysis determined which 

variables were most significant for separating Use Areas from Non-Use Areas. The 

results of the Discriminant Analysis indicated that combined data from 1998 and 1999 

identified the percent cover of tenestriai lichens, the relative biomass of arboreal Lichens, 

and relative stand density (number of trees per 100 mL), as the most significant variables 

for distinguishing Use Areas from Non-Use Areas. When the Discriminant Analysis was 

repeated on the 1998 and the 1999 data separately, percent cover of terresmai lichens, 



relative biamass of arboreal lichens, and relative stand density were again identified as 

tbe most important variables. These cesults support the first hypothesis and lead to the 

conclusion that late winter Use Areas can be distinguished from Non-Use Areas using 

vegetative parameters at the microhabitat scale. From these f d n g s  it can aiso be 

concluded that percent cover of terrestriai lichens, relative biomass of arboreal lichens, 

and relative stand density are the most significant vegetative indicators of caribou late 

winter habitat in the lowland black spruce forest of northeastem Ontario. 

Terrestrial lichens were identified as important in this study and have also been 

shown to be a major part of the winter diet of woodland caribou by other researchers 

(Ahti and Hepbum 1967, Helle et al. 1990, Sveinbjornsson 1990, Rettie et al. 1997). 

Klein (1982) found that caribou foraging shifted to increased use of lichens as winter 

progressed, despite the availability of other food resources. Foraging studies have also 

reported that terrestrial lichens can account for up to 90 % of winter food intake 

(Sveinbjomsson 1990). The most important terrestrial lichens for caribou forage are 

commonly referred to as reindeer lichens or mosses and belong to the genera Cladonia 

and Cldina (Ahti and Hepbum 1967, Sveinbjomsson 1990). These lichens are high in 

carbohydrates and good sources of energy; however, they are low in protein, fat, and 

other nutrients (Ahti and Hepbum 1967, Klein 1982). This suggests that a lichen diet 

would not maintain an animai's body weight during winter and caribou must also rely on 

fat reserves stored during the summer (Klein 1982)- Walsh et al. (1997) suggested that 

caribou must find areas with sufficient Iichen biomass to meet energetic requirements and 

survive during winter. This may also have k e n  the case in this study as areas used by 



woodiand caribou were found to have significantiy more terrestrial lichens present than 

Non-Use Areas. 

As stated previously arboreal lichens were also identified as important to late 

winter Use Areas. Arboreal lichens have been found to be a winter food used by 

wwdland caribou in other areas as welI (Bergerud 1974, Stardom 1975, Helle and 

Tarvainen 1984, Rominger and Oldemeyer 1989, Terry 1994). Arboreal lichens are 

similar to terrestriai lichens in nutritionai value and the importance of this forage as a 

winter food varies with location filliainen 1971, Helle and Tarvainen 1984). In 

montane ecosystems, such as the Selkirk Mountains of northem Idaho, northeastern 

Washington, and southeastem British Columbia, snow conditions are often so severe that 

cratering for terrestrial lichens is difficult and caribou move into habitats with high 

concentrations of arboreal lichens (Rominger and Oldemeyer 1989, Rominger et al. 

1996). During late winter, these populations have been recorded consuming a diet that 

consists almost exclusively of arboreal lichens (Rominger et al. 1996). Other populations 

in non-montane environments such as Newfoundland, northwestern Ontario, and northem 

Saskatchewan have also been found to feed heavily on arboreal lichens when snow 

conditions are severe (Bergerud 1974, Brown and Theberge 1990). However, Brown and 

Theberge (1990) found that can'bou in Labrador were rehctant to use arboreai lichens, 

even when snow hardness and depth was great. The habitat in this region has been 

described as a poorly drained plateau dominated by black spmce-lichen woodlands. This 

behaviour has aiso been observed in caribou populations in Alberta (Edmonds and 

Bloomfield 1984) and Quebec (Vanda1 and Barette 1985) in similar habitat types. 

Caribou in northeastern Ontario have k e n  observed feeding on arboreai lichens (R. 



Tunitr pers. c m . )  further supporting the findings that arboreal Iicbens are important 

part of Use Areas in this region. 

Both terrestrial and arboreal Lichens were identified throughout the anaiysis as 

important for distinguishing between Use and Non-Use Areas, as they have ken  in other 

studies. This supports the original hypothesis and leads to the cmclusion that forage is 

the prirnary variable influencing microhabitat use by waodland caribou in this region. 

Rominger et al. (19%) conducted field triais in traditional lare winter woodland 

caribou habitat and attempted to develop a general linear foraging mode1 for this 

subspecies. They used bite size, bite rate, intake rate, tree resident time, amount lichen 

eaten per tree with tree species, tree size class, and tree lichen class, as independent 

variables. The results indicated that caribou would have to maintain arboreal lichen 

intake rates >2 g/min to meet predicted daiIy energy requirements (Rominger et al. 

1996). In order to attain these intake rates, Rominger et al. (1996) predicted that caribou 

would require access to trees that provided approximately 230 g of arboreal lichens. The 

method of estimating arboreal lichen biornass employed in this study was a modification 

of the technique developed by Van Daele and Johnson (1983). This method used the 

number of one meter segments per tree, mean lichen biomass pet branch, mean number 

of branches per segment, and the number of trees within the 10 m by 10 m plot to 

estirnate mean lichen biomass. Based on these numbers, the mean arboreai lichen 

biomass present per tree in Use Areas for each year was calculated. In 1998, mes found 

in Use Areas had a mean arboreai Lichen biomass of 60.05 g and a mean of 65.33 g in 

1999. Cornparisons of these calculations with the findings of Rominger et al. (1996), 

reveai that trees within Use Areas would only have k e n  able to provide 26 to 28 % of the 



230 g of arboreal lichens required to retain intake rates sufficient to meet an individual 

animals energy requirements. Pniitt (1989) observed that forest reindeer were found to 

feed on arboreal lichens as they were encountered and if snow conditions pennitled. 

Caribou have ais0 ken  observed to exhibit selective foraging behaviour by selecting 

forage items depending on their requirements at a specific time (Eastland et al. 1989, 

Walsh et al. 1997). For example, after selecting areas with high forage biomass, it has 

been suggested that caribou may select forage species to balance the intake ofnutrients 

against plant secondary compounds (White and Trudell 1980, White 1983). These 

studies, combined with the relatively small amounts of arboreal lichens present in Use 

Areas may suggest that arboreai lichens were utilized to supplement dietary biomass 

inidce, already obtained through consumption of terrestrial lichens. 

Relative stand density was also identified as a significant variable for separating 

Use Areas from Non-Use Areas, Use Areas were found to have lower relative stand 

density than Non-Use Areas in 1998, and both years combined. This indicates that areas 

used by caribou during late winter were more open than similar Non-Use Areas and that 

light penetration and visibility were b a t e r  within such habitats. These results lead to the 

conclusion that late winter Use Areas have lower relative stand densities and may be less 

valuable as sources of tirnber. 

hwer  relative stand density in Use Areas may be a reflection of the habitat 

requirements of terrestrial iichens, which requîre open environments with adequate light 

penemtion (Ahti and Hepbuni 1967, Keahaw 1977, Johnson 1981, Harris 1996). In 

contrast, closed canopies cteate shaded habitats, which often have shade tolerant ground 

cover of feather moss or sphagum, dependhg upon hydrological conditions. The use of 



areas with lower relative stand density may also reflect the importance of visibility within 

those areas. Visibility has been shown to be an important variable in habitat selection by 

caribou and other ungulates (Pniitt 1959, Henshaw 1968, Risenhwver and Bailey 1985, 

Rominger et al. 1996). Poor visibility increases predation risk by reducing predator 

detection distances and ungulate flight distances (HelIe 1984, Risenhoover and Bailey 

1985). Foraging in areas with poor visibility dso reduces foraging efficiency, as 

ungulates spend more time lwking for predators and less time foraging (Risenhoover and 

Bailey 1985). When snow depths are greater than 90 cm, caribou can spend up to 82% of 

the time cratenng during daylight hours (Bergenid 1974). Time lost due to increased 

predation vigilance would decrease energy intake and could affect individual condition, 

birthing rates, tirne of parturition, and in extreme cases cause spontaneous abortion 

(Gates et al. 1986, Skogland 1983, Couturier et al. 1990, Cameron et al. 1993). 

It was hypothesized that snow conditions would differ between Use and Non-Use 

Areas. The results of the Factor Analysis of the 1998 data indicated that there were no 

differences in snow conditions between Areas, suggesting that the hypothesis was 

incorrect. However, the Factor Analysis of the 1999 data found that there were 

ciifference in snow between Use and Non-Use Areas supporting the hypothesis that 

caribou behavour may have been influencecl by snow. Other researchers have found 

behaviour changes for caribou and other ungulate species to be associated with specific 

thresholds for these parameters (Pniitt 1959, Pruitt 1990, Jost 1997). When density 

valves reach threshold levels that cange h m  0.25 to 0.36 &m3, it has been found that 

caribou will move into areas with lower density values (Pruitt 1959, Stardom 1975, 

Fancy and White 1987). ûenedIyI hprQKss values between 50 and 9 000 glcm' have 



been shown to change caribou behaviour (Pmitt 1959, Bergenid 1974, Stardom 1975, 

Darby and Pruitt 1984). However, in areas where snow conditions are extremely severe, 

such as the Red Wine Mountain region in Labrador where annual snowfdl is greater than 

400 cm, it has been found that caribou were able to tolerated hardness thresholds that 

exceeded 5û 000 g/cm2(~rown and Theberge 1990). Thnsholds for totd thickness of the 

snow pack that affect caribou behaviour have been found to be as low as 50 - 60 cm 

W i t t  1959, Henshaw 1968, Bergenid 1974, LaPemere and Lent 1977). Stardom (1975) 

found that caribou in Manitoba were not affected by snow depth until the snow pack 

reached 65 cm, suggesting that woodland caribou had greater thresholds than barren 

ground caribou. Woodland caribou appear to be able to tolerate different depths of snow 

in different locations. In Newfoundland, this subspecies was able to Crater and obtain 

forage at depths of approximating 120 cm, which exceeds d l  other reported thickness 

thresholds (Brown and Theberge 1990). In 1998, the range of densities of the different 

layers within the snow pack was between 0.21 and 0.24 &m3 in both Use and Non-Use 

Areas, while the mean hardness values ranged between 38.8 and 66.5 @cm1. The mean 

snow depth for the study area was 48.44 cm, ranging between, 3 1.00 cm and 78.00 cm, 

which was well below the normal snow depths for the region (OMNR unpubl. data). Al1 

values were below the threshold values reported for caribou in the literature, which may 

be an indication that caribou behaviour was not affected and rnay explain why snow 

conditions did not ciiffer between Use and Non-Use Areas in 1998. In areas such as 

habitats adjacent to the prairie biome where snowfall as found in 1998, snow has been 

found to have no impact of caribou behaviour (Rettie et al. 1997, Rettie and Messier 

1998). 



The globally effects of El Nino produced snow conditions in 1998 tbat were 

atypicai for northeastem Ontario. In 1999, mean snow depth in the study area was 77.49 

cm and was doser to mean snowfall values for the region. Differences in snow conditions 

between Use and Non-Use Areas identified by the Analysis of Variance revealed that of 

the nine variables measured, only total thickness (cm) was significantly different. The 

Discriminant Anaiysis indicated that total snow thickness in 1999 could be used to 

separate Use Areas from Non-Use Areas. These results support hypothesis that snow 

would differ between Use and Non-Use Areas and lead to the conclusion that during 

years when snow thickness approximates or exceeds "normal" in this region, snow 

rhickness may be used with the other vegetation parameters to distinguish Use and Non- 

Use Areas. Other researchers have also indicated that snow conditions influence caribou 

habitat selection in regions with adequate snowfail ( P ~ i t t  1959, Henshaw 1968, 

Bergerud 1974, LaPerriere and Lent 1977, Darby and Pruitt 1984). 

The effects of snow condition are secondary to forage availability. Stardom 

(1975) found that woodland caribou in southeastern Manitoba used the same winter range 

over a two-year period, even though'snow conditions varied from well below average to 

well above average. Stardom (1975) concluded that caribou first selected areas containing 

suitable forage and subsequently adapted to snow conditions as had been found by ocher 

researchers such as Edwards (1956) and Pmitt (1959). Schaefer and Pmitt (1 99 1) found 

that estimates of productivity and quality of winter forages was in accordance with 

c h u  use of jack pine outcrops and bogs, which also supported the findings of Stardom 

(1975). Terrestrial lichens and arboreal lichens were both identified as king the top two 

most important variables for separating Use from Non-Use Areas in 1998, when smw 



accumulation was klow average and in 1999 when snow accumulation was above 

average. These results suggest that snow thickness is a secondary parametet influencing 

woodland caribou habitat use during late winter in northeastem Ontario. 

MACROHABïïAT 

The macrohabitat scaie investigation analyzed the combined data from 1998 and 

1999 and attempted to identify habitat characteristics that were important at the stand 

level. As with the microhabitat anaiysis, the Factor Analysis identified differences in 

vegetation between Use and Non-Use Areas, which supported the original hypothesis that 

Use Areas could be distinguished from Non-Use Areas using vegetative parameters at the 

macrohabitat scale (stand level). 

Use Areas had significantly higher percentages of terrestrial lichens than Non-Use 

Areas. The Discriminant Analysis identified the percent cover of terrestrial lichens as the 

most significant variable for separating Use and Non-Use Areas. When Discriminant 

Analyses were performed separately on data from 1998 and 1999, the percent cover of 

terrestrial lichens was again identified as the most significant variable for separating the 

area types. These results Iend weight to the conclusion that percent cover of terrestrial 

lichens, relative biomass of arboreal lichens, and relative stand density are the most 

important vegetative indicators of woodlaod caribou late winter habitat use. 

In 1999, total snow thickness was also identified as significant, again supporting 

the results of the microhabitat analysis. Thus, the results of both the microhabitat and the 

macrohabitat anaiysis support the conclusions chat late winter habitat use is prirnarily 

related to the presence of forage and secondarily related to snow thickness. 



Similar results were found by other cesearchers such as Mystemd and Ostbye 

(1999, who reported that me deer (Capreolous capreolus) bedding site selection was 

important at both the habitat (macrohabitat) and patch scale levels (microhabitat). 

Schaefer and Messier (1995) using a nested hierarchy of spatial scales, also found that 

habitat selection for muskoxen (Ovibos moschatus) was similar across different scales. 

Mystemd et al. (1999) stated that this occurred because muskoxen used one specific 

forage species at ail scales and that temporal and spatial scaling is more important when 

there is a selection of different resources (Mystemd et al. 1999). 

FOREST ECOSYSTEM CLASSIFICATION 

The OMNR Forest Ecosystem Classification for northeastem Ontario (NEO-FEC) 

was used to determine vegetation types, soil types, and ecosite types present at each plot 

in Use and Non-Use Areas in an attempt to establish whether it could be used to 

distinguish between Area types. However NEO-FEC is a tool that is intended for use at 

the stand level (Taylor et al. 1999), so the data set was reduced by selecting the NEO- 

FEC category that occurred most frequentiy in each area examined. This new data set 

was than included in the macrohabtiat analysis. 

NEO-FEC was identified as important by the Factor Analysis when the combined 

1998 and 1999 data were analyzed. Soi1 type and ecosite type both loaded on the Non- 

Use Area component indicating that this system was able to distinguish between Area 

types. However due to the small sarnple sizes, it was not possible to directly test for 

difierences; however, it was possible to examine the frequency of occurrence of each 

category identified within Non-Use Areas and Use Areas. Within Non-Use Areas soil 



types 3 and 17 were the most frequent, while soi1 types 9 and 17 aiso occurred- Soii type 

1 was the most common in Non-Use Areas, with soil types 2,9 and 13 also present. 

Ecosite type 4 occurred more than any other in Non-Use Areas, while ecosite types 1 I 

and 4 also occwred. Within Use Areas, ecosites 2 and 4 occurred the most often with 

ecosites Ip and 5f also present. These results indicated that the most ftequently occumng 

soil and ecosite types differred between Use and Non-Use Areas, which in addition to the 

results of the Factor Anaiysis, also indicate that this classification system may be able to 

distinguish between Use and Non-Use k a s .  This supports the original hypothesis and 

lead to the conclusion that NEO-FEC cm be used to identify habitat used by woodland 

caribou during the late winter. 

Results of the Discriminant Analysis perfomd on the macrohabitat data did not 

identify any NEO-FEC categories as significant for distinguishing between Use and Non- 

Use Areas. This may be a result of the mal1 sample size, which limited the Discrimnant 

Analysis to two steps, ailowing only a very limited number of variables to enter the 

function. This may have resulted in the variables that had the largest effect (those 

identified by the Discriminant Analysis) masking the effects of other variables thus 

lirniting total analysis and interpretation, Since soil types and ecosite types were 

identified by the Factor Analysis indicating that this system may be useful for identifying 

Use Areas, it appears that the importance ofNEO-FEC for distinguishing between Use 

and Non-Use Areas was hidden due to the smail sample size. 



GROUP SEES AND SNOW DEPTü 

Cornparisons of caribou group sizes from 1997 to 1999 revealed that group size in 

1998 was significantly lower than in 1997 or 1999 and a similar cornparison of mean late 

winter snow depths indicated cfiat 1998 was significantly lower than 1997 and 1999. 

These cornparisons support the hypothesis that group sizes of w d a n d  caribou are 

influenced by mow depth and lead to the conclusion bat gmup size increases with 

increasd snow depth. Stardom (1975) found similar results and noted that in winters 

with a thin snow cover, resident herds were s d l e r  and occupied more extensive winter 

ranges. In contrast, during winters in which snow cover was deeper, larger groups of 

caribou occupied smaller, more concentrated winter ranges (Stardom 1975). Helle 

(1981) also fond that early winter p u p  sizes were smaller than those found during late 

winter and other researchers have found that winter group sizes were much larger than 

summer group sizes (StuartSmith et d.1997). Increased group size has been reiated to 

anti-predation and foraging strategies (Cumming 1975, Wilson 1975, Grier 1984, Heard 

1992, Humphes et al. 1999). 

Increased group size would allow caribou to detect predators more easily as there 

would be more individuds to keep vigilant. Grier (1984) concluded that increased 

efficiency of predator detection dowed group members more tirne for foraging and other 

activities. Increased group size also reduces the chance that any one anima1 will be 

attacked (HamiIton 1971). As w o h  capture more prey during harsh winters with deep 

snow (KoIenosky 1972, Peterson and Men 1974, Eide and Ballard 1982, Nelson and 

Mech 1986), increased group size shouId increase survivorship in this species. 



Increased group size might also be related to foraging strategies, as related to 

snow depth (Heiie 1% 1). Increased caribou group sizes have ken reported in areas 

where food is concentrated and cratering is easiest (Helle 1984). Mutuai foraging by 

caribou decreases individuai energy expenditure and it has been observed that a small 

group of caribou can meet individuai food requirements by widening the same Crater in 

nearly half the time an individuai animal would take (HeIle 1984). However, as group 

size increases there may also be increased competition for food resources (Helie 1984, 

Schaefer and Messier 1995). Dominant individuals should ben& more as they would 

displace subordinates and utilize the best foraging patches (Helle 1984). individuals at 

the bottom of the hierarchy could be at a disadvantage, but may benefit from mutuai 

foraging if snow conditions become such that they cannot dig craters by themselves 

(HelIe 1984). 



MANAGEMENT IMPLICATIONS 

The primary objective of this study was to produce a description of Use Ares that 

would allow industry and govemment managers to identify woodland caribou late 

wintering habitat and make informed decisions on forest management practices. 

The following is a list of habitat assessment recornmendations that would allow 

field assessment of an area using methods and tools available to industry and 

government. The ranges presented are based on the means plus or minus one standard 

deviation. 

Terrestiial Lichens 

Terrestrial lichens were the most important parameter for identifying late winter 

habitat of woodland caribou in northeastem Ontario. They were measured by estimating 

percent cover in a 10 m x 10 m plot, which is the plot size employed for the NEO-FEC 

system. If the percent cover of terrestrial lichens range between 22 and 86 %, the area 

should be considered a potential late winter area for woodland caribou. 

Arboreai Lichens 

Arboreal lichens were also an important parameter for identifying late winter 

areas used by woodland caribou. This parameter was measured following the methods 

outlined by Van Deale and Johnson (1983) with some minor adjustments as outlined by 

Rettie (1998). Unfortunately, the NEO-FEC system does not include the quantification 

of arboreal lichens, which limits the effectiveness of this system in identifying late winter 

caribou habitat. However, based on the methods used an area should k considered 

suitable for caribou use in late winter if arboreai lichen biomass ranges from 15 kgha to 



Relative stand density or the number of trees present within the 10 m x 10 m plot 

was also identified as important for distinguishing between Use and Non-Use Areas. 

information on relative stand density may be available thcough tools available to both the 

government and industry such as the NEO-FEC system or Forest Resource Inventory 

data. If an area is found to have terrestrial lichens and arboreal lichens and the relative 

stand density ranges between 3 and 13 mes11 00 m' that area should be considered a 

potential late winter Use Area. 

Relative stand density also has other implications in terms of forestry practices. 

Using careful logging harvest techniques such as CLAGG and HARP, it may be possible 

to harvest an area and leave a sufficient number of standing trees such that an area would 

still be suitable for potential late winter use. However, future use of an area would also 

be dependent on the presence of forage species such as terrestrial lichens andlor arboreal 

lichens, as outlined above and other factors, such as site damage and caribou behavioral 

response to disturbance. While this possibility exists additional future work is essential 

to verify these results and develop strict guidelines More timber harvesting practices 

would €te effected. 

GWD Si and Snow h ~ t h  

In addition to the habitat assessrnent recommendations the relationship between 

group size and snow depth may have management implication. As stated previously the 

results of this study reveaied that a relationship existed between group size and snow 

depth such that as group size increases snow depth does as well. This may be an 

indication that during years when snow conditions are harsh or snow depths are high 



caribou wiU be found in larger groups. These larger gmups will require lager areas to 

sustain them during the late winter. This may have management implications in that once 

late winter areas are identifiai as much of them as possible should be protected, 

especially large continuous areas. 

Future Worg 

The development of a visual arboreal lichen index, such as is used in British 

Columbia and northwestem Ontario would increase the ease of assessing areas for 

potential late winter use by woodiand caribou and shouId be investigated. 

This study focused pnmarily on the rnircohabitat or the feeding site scale and 

while some attempt was made to examine the data at the stand level, late winter habitat 

use should also be investigated at the landscape level. This will allow for the 

examination of other limiting factors, such as predation that may effect caribou 

populations at different scales. This will also allow for the investigation of the usefulness 

of forestry tools such as NEû-FEC, which are meant to be used at larger scales and 

whose effectiveness was Iimited in this study due to small sample size of the 

macrohabitat analysis. 

Due to El Nino (1998), which effected weather conditions around the world, and a 

rather normal snow year (1 999) the effects of extreme snow conditions were not 

examined. This may warrant future consideration as extreme snow conditions can occur 

within the study area and may have a very Iarge impact that is currently not understood in 

this area- 



CONCLUSIONS 

The resuits of this study support the conclusions that: 

late winter woodland caribou Use and Non-Use Areas in northeastem Ontario 

can be distinguished using vegetative parameters at the microhabitat scale, 

percent cover of terrestrial lichens, relative biomass of arboreal lichens, and 

relative stand density are the most important vegetative indicators of 

woodland caribou late winter habitat use, 

forage is the primary variable infiuencing microhabitat use by woodland 

caribou in this region, 

woodland caribou late winter Use Areas in northeastern Ontario have lower 

relative stand densities than other similar areas (Non-Use), 

total snow thickness may be a secondary parameter influencing habitat use by 

waadland caxibou during late winter in northeastem Ontario, 

during years when snow conditions approximate or exceed "normal", snow 

thickness in concert with terrestrial lichens, arboreal lichens and relative stand 

density measurements may enhance the accuracy of identifying late winter 

caribou habitat, 

analysis at the macrohabitat scale (stand level) supports the results of the 

microhabitat analysis (feeding site level), 

the NEO-FEC system can identify habitat used by woodland caribou during 

the late winter, 

woodland caribu late winter group size increases with incieased snow depth, 

and 



10. that forestry and govemment managers should be able to quickly assess the 

potential of an area to support woodland caribou in late winter and make 

management decisions wtiich will sustain woodland caribou populations in 

this region. 
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Appendix 1: List of forage classes, common names, and scientific names of plants found 
in northeastern Ontario (Legacy et al. 1995). 

Forage Class Common Name Scientific Name 
Abies balsomea 

Shnibs 

balsam 6r 
balsam poplar 
black ash 
black spnice 
jack pine 
larch 
large toothed aspen 
red maple 
red pine 
trernbling aspcn 
white birch 
white cedar 
white elm 
white pine 
white spruce 
willows 
yellow birch 
beaked hazel 
bog rosemary 
bristly black currant 
bintly wild rose 
bunchberry 
creeping snowberry 
dwarf birch 
dwarf raspbw 
early low blwberry 
green dder 
ground hemlock 
honeysuckles 
Labrador tea 
leatherteaf 
mountain ashes 
pale laure1 
n d  osier dogwood 
S ~ M C ~ S ~ C ~ C S  

sheep laure1 
skunk cumnt 
small cranberry 
speckled alder 
trailing arbunis 
twinflower 
velvetleaf blucberry 
wild red raspbcrry 
wiliows 
wintergncn 
baneberries 

Populus balsam#èra ssp. balsamgera 
Fraxinus nigra 
Picea mariana 
Pinris banhiana 
LarUr &ricina 
Populus grandidenrata 
Acer m b m  
Pùius resinosa 
Populus rremuloides 
Betula papyrifera 
Thuja occitientalis 
Utmus americana 
Pinus srrobus 
Picea glauca 
Salk spp. 
Betula alleghabiensis 
Corylw comuta 
Andromeh polifolia ssp. glaucophylla 
Ribes lacwre 
Rosa acicuiaris ssp. sayi 
Cornus canademis 
Gaulrhe~ hispidula 
B e t d  pümila 
Rubus pubescens 
Vaccinium angusrifolium 
Alnw viridis ssp. crispa 
Taxus canadensis 
Lonicera spp. 
Ledum groenlandicum 
Chamae&phne calyculata 
Sorbus spp. 
Kalmia pol@olia 
Cornus stolon fera 
Amelanchier spp. 
KaIrni4 angusf~olia 
Ribcs ghqiulosum 
oxyc~ccus micropus 
Alnus incanu spp. rugosa 
Epigaea repenr 
Linnaea borealis ssp. longijiora 
Vaccinium mynilloides 
Rubus daeus ssp. Melanolasius 
Sulu: SQp- 
Gaultheria procumbens 
Actaea spp. 



Horsetails 

Clubmosses 

blue bead lily 
bluebelWnortheni bluebeüs 
fyelwxd 
frsgrant bedsttaw 
goldthread 
kidney-leaved violet 
large-leved aster 
naked mitrcwort 
rose-twistad stalk 
rough goldenrod 
sanaparilla 
starflower 
sweet coItsfoot 
hm-leaved srnilacina 
violeis 
wild lily-of-the-valIey 
wild strawberry 
W O O ~  ancmne 
braken fem 
northern lady fern 
oak lem 
spinulose shieId fem 
field horselail 
woodland horsetail 
clubmosses 
ground pine 
intenipted clubmoss 
shining clubmoss 
wolf s claw clubmoss 

Grasses and Sedges broad-leaved reed gras 
canada blue-joint 
mounrain nce gras 

Mosses h m  moss 
brown bog peat moss 
common fern moss 
common green peat moss 
common hair cap moss 
electrified cat's iail rnoss 
gtossy moss 
juniper hair cap moss 
lady's tresses peat moss 
lawn moss 
plume moss 
r d  fat-leaved peat moss 
ribbed bog moss 
Sckber's moss 
sickie moss 
spiky dicranum 
mir-step moss 

Clintonia borealis 
M e r t e ~ ~ ~ u  pa~èuiafa 
Epilobium angustifolium 
Galium triporuni 
Copris trjfolia 
Viola renifolia 
Aster macrophyllus 
Mitella nu& 
Streptopus roseus 
Solidago rugosa ssp. Rugosa 
Aralia nudicaulis 
Trientalis borealis 
Pefusites Jngidus var. plmatus 
Maianthemum trifolium 
Viola spp. 
Maianthemum canadense 
Fragana virginiana ssp. virginiana 
Anemone quinquefoiia var. quinquefolia 
Pteridium quilinum var. hriusculum 
Athyriurnfilix-femian ssp. angusmm 
Gymnocarpium dryopteris 
Dryopteris carthusiana 
Equisetum arvense 
Equisetum sylvaricum 
Lycopodium spp. 
Lycopodium obscurum 
Lycopodium annorinum 
Hupenia luciduia 
Lycopodium clavatum 
Cinna larrolia 
Calamagrosris canadensis 
Oryzopsis asper~olia 
Carex spp. 
Diacranum scopariwn 
Sphagnum fuscum 
Thuidium delicatulum 
Sphagnum girgensohnii 
PolyrnWwm commune var. commune 
Rhytidiadelphus m@ietnis 
Plagiorhecium laetwn 
PoiyrnChum jwiiprinum 
Sphagnum capillifolium 
Mnium spp. 
Priliwn crista-castremis 
Sphagnum magellanicum 
Tomenthypnum nitens 
Pleurozjum schreberi 
Sanionia uncUzota 
Dicranum figeilare 
Hyhcomium splendens 



Lichens 

snimp pigtail moss Hypnwn pallescens var. pallescens 
thm-lobed b-a Bazzania trilobara 
wavy-leaved moss Dicranum polysenun 
yellow two-leaved peat moss Sphagnum angustl$dium 
british soldiers Cladonia cristarella 
cord lichens Cladim steihris var. srellaris 
false pixie cup lichen Chdonia chlorophaea 
powder honi lichen C l d n i a  coniocraea 
reindeer lichen Cladha rangifenna 
yellow-pn lichen Ciadina mitis 



Appendix 2: GPS locations of plots within areas. (Due to technical constraints in some 
cases only a limited number of plots were located using a GPS. 
Arealstand size estimates are also limited as they have been calculateci 
based on aged Forest Resource Inventory data (1960)). 

Year Ana Plot Longitude Latitude Areal Area Plot Longitude Latitude Areal 
(deg& and (de- and Siand (degr& and (degrees and Siand 
minutes W) minutes N) Size minutes W) minutes N) Size 

(ha) (ha) 
1998 Non-Use 1 1 4956.34 079 38.71 36.54 Use 1 1 5001.32 079 37.47 13.80 

2 49 56.35 079 38.69 2 
3 4956.26 079 38.n 3 
4 4956.17 079 38.57 4 
5 49 56.31 079 38.40 5 
6 49 56.10 079 3852 6 
7 4956.04 079 3858 7 5001.24 079 37.67 
8 49 55.99 079 38.63 8 50 01.28 079 37.69 
9 4955.99 M9 3852 9 5001.26 079 37.66 
10 49 55.93 û79 3832 10 5001.25 079 37.66 
1 1 49 55.84 079 3855 1 1  5001.22 079 37.64 
12 49 55.80 079 38.55 12 5001.24 079 37.67 
13 49 55.75 079 38.54 13 
14 49 55.71 079 3852 14 5001.15 079 37.69 
15 49 55.63 079 3855 15 5001.15 07937.72 
16 16 5001.21 079 37.75 
17 17 5001.12 07937.66 
18 18 
19 19 5000.99 079 37.64 
20 20 5000.97 079 37.68 
2 1 21 5000.98 079 37.60 
22 22 5000.97 079 37.68 

Non-Use 2 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 

Non-Use 3 1 5005.70 079 40.06 23.14 Use 3 1 49 58.18 079 39.01 2256 
2 5005.73 079 40.05 2 



1999 Non-Use 1 1 49 50.234 080 12.069 17.46 Use I 1 50 01.122 079 52.017 1298 



28.61 Use 3 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 




