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ABSTRACT 
To examine aspects of forest management, black bear ecology was studied in a 

protected area surrounded by intensively harvested and managed habitats. A multiresource 
survey was performed and bear space use and habitat selection behaviours were analysed. 
Through cartographie modehg, results were integrated to determine if unsuitable 
habitats generated a fiagmentation effect . 

Ten addt  fernale black bears were tracked fiom1993 to 1994 and yielded 620 
positions. Their large home ranges (n=62.0 lm?; SD=34.3 km2 [9S%MCP]) suggested a low 
quality landscape. Bears used protected and exploited portions as expected by chance. 

Hidimg cover distance, horizontal cover density, canopy cover, safety tree density, 
food species ground cover, food species richness and food species diversity were surveyed 
at 113 sites in 14 habitat types. Younger habitats generally provided more concealment, 
greater food species ground cover, and richer food species assemblages than mature 
habitats. For each variable, tests showed significant differences in abundance between 
habitats. However, due to intra-habitat variability, multiple cornparison tests did not detect 
any independent habitat-type groupings. 

Habitat types were thus grouped graphicaliy to perform habitat component 
selection anaiyses. Habitat type and component selection behaviour was explored through 
use versus availability testing. Landscape component (distance to water and area to 
perimeter ratio of habitat polygons) selection was assessed. Behaviour towards roads 
could not be assessed due to detectability issues. 

Hardwood habitats were strongly avoided whereas others were used according to 
availability. This atypical avoidance rnay be linked to a beech bark disease-induced 
reduction in mast production. Bears preferred immature habitats over mature ones and 
used non-forested habitats as expected by chance. No selection was shown towards 
management regime. 

Bears showed a preference towards high hiding cover distance and horizontal 
cover, medium canopy cover and safety tree density and low food species diversity. The 
latter behaviour relates to the index used: it assigned greater weight to abundant species. 
Bears showed avoidance of high safety tree density, medium hiding cover, food species 
richness and food species diversity and low horizontal cover. AU other habitat component 
categones were used according to availability. No selection was shown towards food 
species ground cover or landscape variables. 

Correlations were assessed; of each pair of correlated variables, individual 
variables retained for the model were those having elicited the strongest selection 
behaviour. Safkty tree density, horizontal cover density and food species diversity 
apparently drove female bear habitat use. Maps illustrating selection towards each variable 
were integrated to produce a habitat suitability model map. Area of suitable habitat in each 
home range was regressed against home range area to assess fiagmentation. Area of 
suitable habitat was shown to Vary greatly and in concert with home range size. No 
fiagmentation effect was shown. 

Management considerations are presented. 
Kewords: Ums arnericmus, habitat, Fundy, national park, New Brunswick, model, 
geographical information systems, horizontal cover, forest management, forest inventories, 
beech bark disease, 
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Introduction: 

BIack bears inhabit most forested areas of North America and have adapted better 

to anthropogenic habitat change than other bear species (Mattson 1990). The ecological 

consequences of industrial forest management on black bears have been studied 

throughout their range. However, much remains to be studied and explained owing to the 

continent-wide distribution of the species and the ensuing variation in forest management 

practices. In response to humanity's pressures on naturai resources, protected areas have 

been established to conserve natural habitats in an undisturbed state. Although such areas 

can be set aside, it is naive to think that the wildlife within them will be totally insulated 

from outside activities. Managers of protected areas must look beyond boundaries to 

understand their area's role within the local context. 

Such a cross-boundary rationde led managers in Fundy National Park, New 

Brunswick, tu initiate a proj ect examining forest management activities' effects on bears 

ùihabiting the Park and its surroundings. 

The area provides a contrast between a protected area and an actively exploited 

area. It lies within two ecoregions. The Fundy Coast ecoregion extends inland 

approxirnately 10 km. The Atlantic ocean is the dominant influence: the region is subjected 

to strong winds, high hurnidity and fog during the surnmer and fa. As a result of this 

maritime influence, the region is slow to warm up in spring, and summer rernains cool and 

wet. Rain is cornmon throughout the year even in winter. The forest is coniferous and 

principally composed of red spruce (Picea rubens), balsarn fir (Abies balsamea), and red 

maple (Acer mbrum) with scattered white spruce (P. glauca) and both white (Betula 

papyrifera) and yeiiow birch (B. lufea). Sugar maple (Acer saccharum) and birch (Berula 

spp.) are present at higher elevations. The terrain varies f?om rolhg to steep deeply-cut 

highiands to undulating plains. Stony giacial till covers the highlands. The lowlands are 
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blanketed by loarny tas, sandy fluvioglacial sediments, and silty marine deposits. From sea 

Ievel, elevations rise to about 215 m inland (Ecological Stratification Working Group 

1995). 

Further inland lies the Southem New Brunswick Uplands ecoregion. Warm rainy 

summers and rnild snowy winters characterize the area. The rnixedwood forest is 

dominated by sugar and red rnaple, white and red spnice, and balsam fir. Sugar rnaple and 

beech (Fagzrs grandfolia) occupy warmer, moister sites whereas drier sites fiequently 

host white pine (Pinzrs &obus). The forest becomes conifer-dominated at lower altitudes. 

The region's surface is southeast-sloping Appalachian peneplain and can reach elevations 

above 350 m. The terrain gradually decreases in elevation and levels out to the West 

(Ecological Stratïfkatio n Working Group 1 995). 

For both ecoregions, the mean annual temperature is approximately 5-6' C. The 

mean summer temperature is 15°C and the mean winter temperature is -4°C. The mean 

annual precipitation ranges fiom 1100 to 1400 mm. (Ecological Stratification Working 

Group 1995). 

Less than 10% of either ecoregion is f m e d ;  forestry is the dominant land use 

throughout. The area surrounding the Park is prirnarily Crown land with some commercial 

eeehold. It is characterized by a history of intense forest harvesting and management. 

Past forestry activities consisted of clearcutting areas of many hectares and 

preparing them for reforestation by buiidozing sIash into windrows that were later burned. 

The areas were replanted into what Hirvonen and Maddili (1978) predicted would "evolve 

into an artificial community of nearly pure conifers far removed from its natural 

counterpart". These plantations have been treated with herbicides and thinned. Plantations 

of non-indigenous soffwood species, such as Norway spruce (P. abies) are cornmon and 

sometimes grow where hardwood stands once stood. The "industrially" managed stands 
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surrounding the Park are predominantly young (less than 30 years old), even-aged, consist 

of coniferous species, are geometrically simpler, and also larger than natural stands. 

The natural disturbance regime in both ecoregions is characterised as one of "gap 

disturbance" (Woodley and Forbes 1997). However, up to the time of the study in 1993- 

1994, management had not rnimicked this regime but had imposed a "stand-replacing" 

one instead (Woodley and Forbes 1997). For example, when an outbreak of "gap- 

disturbing" spruce budworrn (Choristonezrrafilmzjcerana) occurred in the 1980s, affected 

stands were salvage-logged to recover dying timber. These stands were replaced with 

even-aged, single species plantations that are now very different fkom "unsalvaged" sites 

that were left to regenerate naturally. Harvesting activities have required the construction 

of an elaborate road network. The roads not only remove habitat but, as they are publicly- 

accessible, they allow access to previously unfkequented areas. Some land-use conversion 

has occurred as commercial blueberry fields have been estabfished. However, these, along 

with abandoned farms, represent less than 1% of the study area. 

Fundy National Park (FNP) is set on the Bay of Fundy coastline in Southem New 

Brunswick (Figure i. 1). It lies at approximately 45.5' N and 65.0°W. It is 206 km' in area 

Figure i.1: Location of Fundy National 
Park, New Brunswick. Canada. 
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and represents the Maritime Acadian Highlands within the National Parks S ystem. 1t was 

established in 1948 and has been ailowed to evolve naturdy since. The disturbance regime 

is thus the naturaiIy-occurrïng one of gap-disturbance. The Park is managed with the 

preservation of ecosystem ecological integrity as its legally-mandated priority (National 

Parks Act 1988). As such, ali exploitative activities are prohibited within it. However, this 

does not mean that viable populations of bears or other wide-roaming animals are fblly 

protected and can be maintained in the Park in a natural state ad infinilum; outside 

activities rernain influentid, 

Though twice as large as Fundy National Park, La Mauricie National Park in 

Québec was shown to be much too small to serve this "refuge" hnction for bears (Samson 

1995). Therefore, the habitat alterations occuning outside Fundy National Park must be 

understood to assess the Park's role in bear conservation within the greater ecosystem that 

encompasses it. Thus the main objective of this study was to investigate the reactions of 

bears to anthropogenic habitats. 

In light of criticisms of wildlife research (Romesburg 198 1, Keppie 1990, Sinclair 

199 1) and the need for ccquestion-driven" science (Gavin 199 l), the rationale that guided 

this project will be presented by describing the chapters to follow. 

To start explaining "why are bears where they are?", the initial question of: 

"where are the bears?" is asked in the fist chapter. The other question addressed in the 

section is: "do they show any behaviours in relation to the Park boundary or is it 

apparently undiscemable to them?". 

Knowing where the bears are provides only halfof the answer; "what lies where 

the bears are?" must be determined. Thus, the second chapter describes and quantifies a 

range of resources available to bears in each habitat. 
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Foilowing this, the question "do bears show any preference towards or avoidance 

of what is available to th en^?^ is asked and their selection behaviour is described. This 

essentiaiiy answers the question: "Why are the bears there?' 

The h a 1  chapter uses the information obtained to assess possible fragmentation 

effects of the presence of non-preferred habitats. The hypothesis tested assesses whether 

or not bears use an identicai quantity of preferred (good quality) habitat regardless of 

home range size. This would imply that avoided and neutral habitats dilute the 

concentration of good habitat within the habitat matrix; bears would thus need to r o m  a 

wider area to integrate sufficient preferred habitat in the* home ranges. Altematively, 

home range size may be independent of the area of good quality habitat and another 

mechanism drives spatial use. 

The results of this exercise wiii have applications to bear management and 

conservation in the area. Recommendations for bear management wili be presented. 



Cha~ter 1: 
Home rame location and mace use of black bears (Ursus amerkanus) in and around 

Fundv National Park, New Bninswick. 

Introduction: 

The forest-dwelling Arnerican black bear is a habitat and diet generalist. 

Individuds roarn extensive areas particularly in the northern parts of the species' range. It 

is cornrnon throughout New Brunswick. However, in some parts of the Province, 

concerns have been uiformally expressed about habitat alterations and hunting pressures 

facing the bear population. Such influences are present in the Fundy National Park area in 

the south of the Province. The juxtaposition of a hunted area that is also intensively 

managed for timber and a protected area provides an opportunity to attempt to assess 

effects of these pressures on bear behaviour. 

Fundy National Park, a 206 km2 area, was established in 1948. Its managers are 

mandated to preserve the ecological integrity of the ecosysterns within it. It has been lefi 

to evolve naturally suice its establishment and is composed of a rnosaic of relatively old 

hardwood, softwood and mixedwood stands. The natural disturbance regime is one of gap 

disturbance (Woodley and Forbes 1997). 

The area surrounding the Park is primarily provincial Crown land with some 

commercial fieehold. It has a recent history of industrial forest management typified by a 

stand-replacing disturbance regirne. Even-aged, single-species softwood plantations are a 

significant landscape component. Harvesting has led to a higher density of accessible roads 

and a sirnpler stand geometry than is present in the Park (Woodley and Forbes 1997). 

Whether or not bears perceive these differences between the Park and its 

surroundings and consequentially use the areas dzerently is at the root of this 

investigation. 
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While habitat (specifically the abundance and distribution of foods) is a principal 

factor in spatial use, it has also been related to factors such as se? age, reproductive 

condition, kinship, social ranlg and population density (review in Smith and Pelton 1990). 

Given the h i t e d  resources and tirne available, this study focussed on basic issues of bear 

spatial use, cross-boundary distribution and disproportionate use of either the Park or the 

managed area- 

Methods: 

Field methods: 

Bears were trapped using foot snares (Johnson and Pelton 1980) inside the Park in 

the s p ~ g  and early sumrner of 1993 and both inside and outside the Park during the sarne 

penod in 1994. Snares were set throughout the area and were not associated with landfill 

sites. Only females were studied because of their paramount role in bear population 

dynamics (Kolenoslq 1990) and their propensity to roam smaller areas mugie 1982, 

Samson 1995) which facilitates fieldwork. Adult females were fitted with conventional 

VIE-IF collars. A network of non differentially-corrected GP S -surveyed (Global Positioning 

System) tracking stations was established along the road network. Bears were tracked on 

a haphazard schedule and this only during daylight due to logistical constraints. 

Bears were chiefly tracked fiorn the ground using handheld yagi antennae. A 

minimum of three bearings, obtained with no more than a 5 minute interval between each, 

were taken from different stations and plotted in the field. ALI tracking information was 

recorded and suspicious bearings were flagged. To reduce possible bias, two perçons did 

the majority of tracking, with each tracking bears individudy. When aircraft were used, 

locations were estimated and plotted on maps. 



Location estimation leround-based telemetry odv): 

Bearing and station data were compiled and verified for transcription errors and 

concordance of map daturn and dechation. The program Locate II (Narns 1990) used 

bearing and station data to estirnate the X and Y coordinates of the bear's location and 

calculate the area of a 95% error ellipse associated with it. The Maximum Lenth estirnator 

was used as it is an unweighted procedure and estimates a location using 3 bearings rather 

than the minimum of 5 required by other techniques (Nams 1990). No prior estimate of 

bearing error was used as it could not be assumed to be constant throughout the study 

area since topography ranged from fiat plateaus to narrow ravines. 

The sets of bearings obtained in each tracking event were analysed individudly; 

bearings listed as suspicious in the field were elimînated ifthey negatively affected the 

location estirnate's precision. Bearings not flagged in the field were not censored unless 

they grossly ai3ected the error estirnate and were obviously erroneous. 

Home range estimation: 

A home range (HR) is commonly dehned as a restricted area in which an animal 

moves d u ~ g  the course of its normal activities during a set period @urt 1943, Mohr 

1947, Harris et al. 1990). It can be considered to be the bivariate "utilisation distribution" 

(UD) ofthe animal (VanWinkle 1975). 

Locations of individual bears were compiied regardless of rnethod of acquisition 

(visual observation, ground or aerial telemetry) or associated estimation error. The 

interval between locations was examined and the few (<IO) locations occurring within 24 

hours of each other were censored out to rninunize the risk of serial auto-correIation 

(White and Garron 1990). It was observed and thus considered that within 24 hours, the 

study bears could redistnbute themselves \iithin any part of their home ranges. 
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The program Calhome (Kie et al. 1994) was used to estimate home ranges fi-om 

the location data. Home ranges were estimated using the minimum convex polygon 

method (MCP) (Mohr 1947) and the adaptive kemel (AK) method (Worton 1989); a 95% 

utilisation distribution contour based upon the percentage of points included was 

calculated using each method. For the adaptive kemel technique, the finest grid avdable 

(50 ceus) was used for more precise approximation. Bandwidth (or "smoothing 

parameter" - Worton 1989) was set automaticdy by Calhome for each estirnate after it 

was observed that iterative alterations did not signincantly alter the area or distribution of 

the home range estimate (J. Baldwin, U.S. Forest SeMce, Pacific Southwest Forest 

Research Station, Albany, CA. pers. cornrn.). 

Home ranges were estimated using data pooled across both years of tracking and 

for the following "seasons": spring (1994 only: fiom start of tracking in 1994 to July 15"), 

summer (July 16" to September 1 s"), ffa (September 16" to denning) and "annual" (al1 

dates). 

"Number of observation / area" curves (Schooley 1990, Day 1997) were 

calculated using date-randomized locations for the most located bear to determine the 

number of locations required to reliably estirnate a bear' s home range. The curve's 

inflexion point was considered as the "minimum" number of locations needed. 

Home range selection analvsis: 

Only bears wit h park boundary-overlap ping annual home ranges were considered. 

Selection for the Park or "outside" section of these bears' home ranges was analysed by 

querying IDRISI GIS (Geographic information System) (Eastman 1997) and cornparhg 

the proportion of each bear's home range withîn the Park to the proportion of its locations 

within the Park by means of a x2 goodness of fit test. 



The mean home range and location proportions for the sample of boundary- 

overlapping bears were compared using a t-test- 

Results: 

Locations and home range estimation: 

Ten adult (age: 3 years or more, ~=5.7 years, median: 4) female black bears were 

collared. In 1993, 5 bears (identiiïed as B, C, D, E, F) were captured in the Park and 

collared. In 1994, another 5 bears were added to the colfared sample, 4 of which were 

trapped in the area surrounding the Park @& 1, J, K; bear A was captured inside the Park). 

No bears were caught more than 5 km f?om the Park boundary. 

In 1993, bears were tracked fiom tate August to denning (mid-November) and 

fkom mid-May to denning in 1994. Six hundred and ten (6 10) locations were thus 

obtained. Locations per bear ranged fiom 36 to 105 (Z = 61, SD=23). Fewer locations of 

bears captured outside the park (1 994 only) were obtained than of bears captured in 1993 

(or within the Park, in bear A's case). (x[H, 5 J, K]= 39.5 locations; %[A, B, C, D, E, F] 

= 75.3 locations). 



Table Il: Mean home range (HR) areas ( k d )  calculated on a seasonal and annual basis 
for bears in the Fundy Study Area, 

An& 

MCP: minimum convex polygon method 
AK: adaptive kernel method 

Summer 

Annually, bears roamed a mean area of 62 km' when estimated with the 95% 

10 

MCP method and 102 km2 with the AK method (Table 1.1). Considering seasonal home 

ranges, the AK method calculated home ranges of nearly twice the area of the MCP 

FaZZ 

17.9 (4.7) 32-6 (20.9) 8-3-65-3 

estimates. Seasonal range areas were sirnilar in size regardless of season (=34  kmz for the 

63.9(48.7) 2855.6 (1246.7 

MCP method and 566 kmz for the AK method) and were approximately half the size of 

annual home ranges. 

Annual home range sizes did not dXer for bears that used the Park versus those 

that did not WCP: overlap bears [A, C, Dy E, FI, outside [B, H, 1, J, K] bears; t= -1.15, 

8dfl, p=0.28 ; AK: overlap bears (A, B, C, Dy E, F, J), outside bears (H, 1, K); t= -0.56, 

Figures 1.1 tkough 1.8 illustrate the size and location of the estirnated home ranges 

relative to the Park boundary. Some bears' home ranges shifted between seasons. For 

example, bear C's MCP ranges (spring Figure 1.3, summer Figure 1.5 and Mi Figure 1.7) 

remained anchored in the same area yet extended into dBerent zones each season. 
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Of the bears coiiared in the 6rst year, bear B maintained most of its annual home 

range outside the Park though it was captured within it. Other bears coilared in 1993 (C, 

D, F) overlapped the boundary but maintained most of their annual home ranges in the 

Park. Only bear E was never observed outside the Park. 

Bears captured outside the Park in 1994 @I, 5 J, K) scarcely included any Park 

area within their home ranges though their home ranges abutted it. Their annual home 

ranges were estirnated fiom summer and fa11 positions ody. Bear A was captured in the 

s p ~ g  of 1994 ùiside the Park and maintained roughly haif of its home range within it. 

Annual, summer and fd home ranges of dBerent bears overlapped considerably. 

Al1 outside bears' home ranges show near total overlap with at least one other bear' S. Less 

overlap occurred in spring. 

Observation-area curve results suggest that 3 8 (MCP method) to 48 locations (AK 

method) were sf icient  to accurately assess annuai home range area. 



Met ers + - 
5,000.00 

Figure 1.1: Annual home range estimates of collared bears using the 95% 
minimum convex polygon method (Mohr 1947). (Park boundary in black). 



Figure 1.2: Annuai home range estimates of collared bears using the 95% 
adaptive kemel method (Worton 1989). (Park boundary in black). 



Figure 1.5: Summer home ranges estimated using the 95% 
mhknum convex polygon method (Mohr 1947) . (~ark  boundw 
in black). 

Met ers - 
5,000.00 --J - K 

Figure 1.6: Summer home ranges estimated using the 95% 
adaptive kernel method ('orton 1989). Park boundary in black). 



" 

Figure 1.7: Fail home ranges estimated using the 95% 
ninirnum convex polygon method Wohr 1947). (PUIC boundary 

Figure 1.8: Fa11 home ranges estimated using the 95% 
adaptive kemel method (Worton l989).(~ark boundary in bla~k)). 



Selection analysis: 

The different techniques affected the spatial extent of home range estirnates and 

resuitant overlap with the Park boundary. C o n s i d e ~ g  annual MCP home ranges (Figure 

1. l), 4 bears (A, C, D, F) had boundary-overlapping home ranges; the AK estimation 

(Figure 1.2) showed overlap for 6 bears (4 B, C, D, F, J) (Table 1.2). The MCP home 

range estirnates' proportions of home range and locations within the Park are higher than 

those of the AK home range estirnates. Bears used the Park portion of their home ranges 

as expected by chance: the proportions of home range within the Park and the proportion 

of locations were not significantly dserent. 

Table L2: Mean proportions of Home Range (HR) and locations contained within Fundy 
National Park. 

Only two bears (a different one f?om each estimation method) used the Park less 

HR 
Method 

95%MCP 

95% AK 

than expected by chance (Table 1.3). 

Table 1.3: Surnrnary of individual x2 goodness of fit test results for selection for the Park. 

Boundary 
bears (n) 

4 

6 

j? %WR 
inside (sDI 

68.92 (10.48) 

44.08 (25.62) 

Results expressed as number of bears showing behaviour. 

z % total locations 
inside (So) 

59.52 (23.71) 

39.99 (34.99) 

Selection 
shown 
** 

1 (avoid) 

1 * (avoid> 

J3R Method 

MCP 

AK 

t-test 

t=0-73,6df 
p=OS 

t=0.23, 10 df 
p=O-8 

b 

** P<0,01(x2 = 9.61) ldf 
* P<0.05 (x2 = 5.87) 1 df 

Neutra1 

3 

5 



Discussion: 

The ten aduIt female bears tracked are a sample of the area's population. The Park 

was trapped as uniforrniy as possible; outside the Park, traps were not as evedy 

distributed and the Park's perirneter was not entirely covered. There are certainly a few 

more adult femaies in the Park area, One subadult femde was coUared in the north-west 

quarter of the Park but her collar soon failed. The 9 positions yielded showed that it 

occupied that sector of the Park and overlapped the boundary. Thus, there is no female- 

fi-ee area in the Park. The extensive home range overlap observed supports these 

assertions- 

The number of locations obtained per bear was adequate to delineate annual home 

ranges according to the "observation-area curve" results (n=38 locations). A sufficient 

mean number of locations per bear was not obtained in each season to reliably estirnate 

seasonal home ranges even though these are typically smaller than annud ranges 

(Garshelis and Pelton 1981, Hugie 1982, Samson 1995) and thus require fewer locations 

to estimate. 

Estimating annual home ranges using only summer and fd locations is 

appropriate. The few spring home range estirnate obtained al1 overlapped parts of the 

summer and fail ranges. Though the lunited data obtained did show that the mean area of 

seasonal home ranges did not difTer between seasons, the spring home ranges of bears are 

generally the srnailest and are approxirnately centered within the annuai home range 

(Samson 2995). The addition of spring locations to the 1994 bears' datasets would 

probably only increase the precision of the annuaI estirnate and, given the above 

observations, would probably not result in a major shift in area (accuracy of the estirnate). 

The dserence between the mean AK and MCP estimates is due to the statistical 

nature of the AK estimation; it considers the dispersion of points and creates a 2 

dimensional probability distribution of the population of locations fiorn the sarnple 

obtained (Seaman and Poweil 1990, Worton 1989). This essentially creates a buffer area 
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that extends past the sample points. The MCP method is fundamentally graphical in that 

the "outemost" points of the sample are joined with a zero probability of presence 

seerningly assigned past these points. The AK method's probabilistic approach appears to 

offer a more accurate representation of an animal's true distribution. This does not imply 

that either method is supenor for home range comparisons. 

Regardless of technique, the mean annual home range estirnates (62 km2*34.2 for 

MCP, 102 km2 for AK) u e  among the largest reported. Of 17 studies in the northern 

extent of bear range (Table I.4), only 4 reported larger range sizes. The next smaller result 

(McCutchen 1990) is 10 km2 srnalier. 

This study7s MCP results have a smaiier standard deviation (34.3 km') and were 

denved fiom more bears than other studies with greater area estimates. 



Table L4: Annual home range sizes of female black bears reported in stuc .ies conducted 
in the northem portion of black bear range. 

Reference I Location Size SD n (beam) range 

I 
95% MCP -i Idaho Amstrup and 

Beecham 1976 

Montana 

Quebec 

Aune 1994 

Boileau 1993 

Costeilo 1992 

Day 1997 

New York 

Newfoundland 95% MCP ns + Elowe 1984 

Hugie 1982 

Massachusetts 

Spectacle Pond, 
Maine 

3 w  
HRs for ail 

years' 
locations 
combined 

ns 

Hugie 1982 I S tacyville, 
Maine 

-- 

Manitoba 
- - 

Michigan 

McCutchen 1 1990 
Colorado 

PeIchat and Ruff 1 1986 
Alberta 100% MCP 

abundant 
bemes 

Pelchat and RLIE 1 1986 
Alberta 100% MCP 

beny failure 
-- 

Reynolds and 
Beecham 1980 

Idaho 100% MCP * I 
I Samson 1995 

(1991 data) 
100% MCP 1 Ils 

Samson L995 
(1992 data) 

100% MCP 1 I1S 

Only muiimwn convex polygon results reported. Comments include the results of t-test cornparing 
this study to the others. Astensk in comment field denotes signiiïcance at 0 ~ 0 . 0 5  level; ns denotes 
non signincant when tested. 
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Due to the s m d  samples involved and the large standard deviations obtained, 

comparisons of this study's results to others (Table 1.4) were rarely significant. Few 

studies reported sufficient information to aliow testing. Few AK method results have been 

published to date and thus comparisons were Limited to MCP method results. 

All but one of the studies in Table 1.4 used the MCP rnethod at a 100% inclusion 

level or did not spec*. In such cases, it was assumed that they had. This study's results 

for the 100% inclusion level(84.0 km2 I41.8) were much higher than those f?om the 95% 

level yet the standard deviation was not much greater. The 95% inclusion level results are 

reported as they deiineate a home range that is more representative of an animal's normal 

movements. Even using the 95% inclusion level, the mean home range area in Fundy is 

large compared to that of other studies- 

The studies cited in Table 1.4 presented home range estimation techniques and 

results with varying degrees of detail. In some cases, the srnalier home range areas 

reported may result fiom the absence or the exclusion of excursions to locally abundant 

food sources. Using another home range estimation technique (thus not reported in Table 

L4), Alt et al. (1980) reported the mean total home range and the mean home range 

exclusive of excursions for a sample of 12 female bears. When excursions were removed, 

the mean home range area obtained was reduced by 46%. 

Such excursions occurred in this study. Bear J established a summer home range 

on the boundary of the Park (Figure 1.6). Figure 1.8 shows that f d  use of that area was 

less extensive than it had been previously; however, a new satellite range was established 

to the north. This new range contains commercial blueberry fields unavailable within the 

surnmer range. After spending some time in this "blueberry" range, the bear returned to its 

"original" range and demed there. Considering that this relatively short excursion (= 15 

km) was by far the longest one observed, all such movements were included within the 
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95% home range estimates. The AK method "recognizes" such trips and creates a separate 

"sub-range7' thus showing only the area truly used. The MCP method includes the area 

between ranges, even if the animal was never located there. 

Perhaps the high mean home range area is related to the young median age (4 

years) of the coIlared bears. This would be inconsistent wîth other studies that found that 

young independent females tended to establish small ranges within the home range of their 

mothers and eventually expanded them hto recently vacated neighbouring areas (Rogers 

1987). 

The area outside the Park hosts a spring and a fall hunt; perhaps this results in a 

lower population density or in the creation ofnumerous unoccupied areas into which 

females can easily expand their ranges. However, the amount of overlap observed is not 

consistent with a low density situation. 

Several studies (e-g. Jonkel and Cowan 197 1, Garshehs and Pelton 198 1, Young 

and Ruff 1982, Rogers 1987) have shown that female home range size reflects habitat 

quality. Thus it is inferred that the study area's overd habitat quality is low with respect 

to bears. This cm be stated since the home range estimates were based on: 

i) an adequate number of locations, 

2) a sample of bears not predisposed to r o m  vast areas and whose size and 

composition is comparable to that other studies. 

3) a defensible method of home range estimation and, 

4) considerable overlap arnong bears. 

In the most similar study, Hugie (1982) found little evidence of overlap among 

bears in ecologicaily-simila. Maine, except for the period during which bears foraged on 

hard mast crops. The mean home range at one study site was one third the size of that 

reported fiom an 89 km distant cornparison site. The difference in area was attributed to 
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the poor quality of the second site; specifically to the lack of hard mast producing stands 

and to the restricted food base found there. 

Beech is the only hard mast available in the Fundy study area. However, the local 

beech have all been severely affected by beech bark disease (a sequential infection by the 

scale insect Csrptococns fagisga and the fingus Nechia coccinea) which, in infecting 

trees, dramatically decreases mast production (Costello 1992). Nearly no mast production 

was observed. This assessrnent was confimed by a biologist visiting frorn La Mauricie 

National Park (Québec) where the disease is absent (Denis Masse, Parc National de La 

Mauricie, Shawinigan, QC., pers. cornm.). Hugie's (1 982) cornparison and conclusion 

supports the assertion of the low habitat quality of the Fundy study area. 

The size of the Park relative to home range sizes obsemed is a concern. Assurning 

no overlap, the 206 km2 Park provides scarcely enough area for 3 bears considering the 

MCP estimate and only 2 bears with the AK estirnate. These numbers are based on area 

alone since bears may access habitats unavailable within the Park. Only one bear (E) never 

left the Park during the study. 

Though rnean seasonal home range area was nearly equal across seasons, the 

seasonal ranges dEered in location such that the mean annuai home range area was double 

the seasonal mean. Such a dEerence is cornmonly reported (Garshelis and Pelton 198 1, 

Samson 1995). 

The 4 bears captured outside (all w i t h  5 km) of the Park boundary were the 

least-located anirnals. No spring locations of these bears were obtained due to their late 

capture date. Approximately twice as many locations were obtained during the fall than 

during the summer for each. Only one of these bears (J) was located within the Park. 

Though thek home ranges were estimated with less locations that of other bears, their 

ranges are assumed to be accurate, therefore, it is suspicious that the distribution of these 



4 bears f d s  so neatly outside of the Park. Given their extensive home ranges, it is 

assumed that they are capable of visiting the Park and probably do so occasionally. 

However, no use of it was uncovered during the sampling period. The Park's habitats may 

not have been of use to them d u ~ g  this penod. 

The analysis indicates no selection with respect to the Park. The AK method 

results' lower proportions of home range and locations inside the Park are due to the 

"buffering" properties of the AK method: two additional bears' (B and J) home ranges 

overlapped the Park boundary. Since these bears had the greatest proportion of their home 

ranges outside the Park (though observed in the Park, their 95% MCP estimates did not 

include it), the mean AK proportion for all bears was thus lowered. This is a technical and 

not a behavioural difEerence. With either technique, no significant difEerence was found 

between the mean proportion of home range and the mean proportion of locations within 

the Park- 

Individudy, two bears avoided the Park. The diierent methods used caused the 

variation in which individuals exhibited the behaviour. The fact that 3 out of 4 (MCP) or 5 

out of 6 bears (AK) showed no selection strongly suggests that the Park is a ccrandom" 

part of the bears' home ranges. No conclusion regarding selection for or against the Park 

can be drawn. 

Conclusion: 

The home ranges of bears in this study area were larger than most reported in 

studies in similar habitats across the species' range. This suggests low habitat quality or 

possibly high mortality. The Park is only 2 to 3 times larger than the mean home range 

area of female bears in the area. No selection behaviour was shown towards the Park. As 

such, it is unlikely that the Park has more than a rninor and local effect on bear populations 
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in the area possibly through the protection of a few animds that happen to be in the Park 

during the huntuig seasons. The Park was not shown to be preferred or avoided. Thus, it 

probably does not contribute more ecologically (as opposed to legally) to bear populations 

in the area than any other area whose boundaries could be arbitrarily traced on a map. 

This remains to be explained; locations obtained wili be used to evaluate bears' 

behaviours towards habitats available and thus indirectly gauge the effects of forest 

management upon them. 



A multiresource inventory of black bear habitat in southern New Brunswick 

Introduction: 

Knowledge of bears' spatial use patterns is important to understanding their 

ecology; however, it is insufficient to know only where bears are, the reasons for their 

presence must be understood. A e s t  step towards this is to describe what resources are 

available to bears in daerent habitats. 

As this may ultimately lead to management applications, the descriptions must be 

based upon habitat classifications used by natural resource managers and employ easily- 

measured and potentially manageable habitat features. 

Determining which variables to measure at the habitat-type level is chdenging. 

They c m  be grouped into two broad categories: food plant characteristics and structural 

characteristics. 

The importance of various food characteristics in black bear habitat ecology has 

been demonstrated by many authors (Hugie 1982, Pelchat 1983, Rogers 1976, Rogers 

1987). They have concluded that the abundance and distribution of food are the principal 

variables driving habitat use. Abundant food is essentid; however, a rich and diverse 

assemblage of food species within dxerent habitats provides altemate food sources. The 

asynchronous fniiting habits of dinerent plants help ensure food avaiiability throughout the 

growing season. Species diversity is beneficial during years when dominant food species 

are scarce due to extreme climatic conditions since some less-abundant alternate food 

species may thrive under these conditions and provide a compensatory food source 

(Noyce and Coy 1990, CosteIIo and Sage 1994). 

The role of structure in bear habitat use is less understood or recognized. Studies 

have found that habitat structure can sometimes override food abundance. 



28 

The amount of concealment provided by vegetation (referred to as horizontal 

cover, hiding cover or security cover) is a factor. In Atizona, female bIack bears avoided 

using habitats with low concealment even when food was avaiiable in these habitats. 

Higher cover habitats were always significantly preferred (Mollohan and Lecount 1989, 

Mollohan et al. 1989). In Idaho, Lindzey and Meslow (1977) found that bears selected 

older cutting units with more concealment even though younger cutting units provided 

more food. The authors hypothesized that the availabiby and juxtaposition of food and 

cover contributed to habitat richness. Also in Idaho, Young and Beecham (1983) reported 

that bears chose selection cuts significantly more oRen than other habitats available. This 

was explained not only by greater food availability in the preferred habitat, but also by the 

presence of an extremely dense understory. Moreover, the authors suggested that the 

presence of climbable trees in these habitats added to their security value. 

Security is important to al1 organisms. However, one rnay wonder what bears rnay 

be hiding from. A few authors (LeCount 1986, Rogers 1987: direct observation and 

description of 8 events communicated to him) have observed bear carcasses in the wiid 

and, using indices found at these sites, have attributed some deaths to bear predation. In 

Arizona, LeCount (1986) radio-coliared 23 black bear cubs to determine their fate. Eleven 

cubs died and the cause of death was determined for eight. Of these, half(4) had been 

preyed upon by bears and one quarter (2)  of the deaths resulted fiom felid predation. The 

bear predation was attributed to infanticide by adult male bears that either wanted to gain 

an opportu* to mate or wanted to limit fùture cornpetition f?om unrelated bears. 

Such predation is presumably not limited to Anzona and has likely occurred 

throughout the species' evolution. It is plausible that hiding nom predators in dense 

habitats with less food can result in a greater fitness gain than obtaining more food in open 

habitats. However, hiding is not always successfil. The means by which bears, especially 
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cubs, escape predation must be considered. 

In a review of bear evolution, Herrero (1972) states that trees are signincant to the 

daily existence of black bears, especially cubs, particularly owing to the security provided 

by c h b i n g  and hiding in them. A cub's principal defence mechanism is tree ciimbing. 

Young and Beecham (1983) present evidence of the habitat use consequences of this. 

They found that females used tknbered areas significantly more than did males regardless 

of whether or not the fernales were accornpanied by cubs. The authors suggested that 

female black bears had an innate maternai instinct to avoid open areas. 

Canopy cover may also be important to bears. Direct relationships between canopy 

cover and bear habitat use are probably limited to therrnoregulation; in habitat 

management guidelines for brown bears (Ursus urctos) in France, stands with >80% 

canopy cover are considered to offer "thenmic protectiony' perducou 1994). In addition, 

the strong relationship that exists between canopy cover and early-successional food 

species abundance at a site (Noyce and Coy 1990, Costeilo and Sage 1994) may have a 

greater habitat use effect. 

Thus, the objectives of this study were: 

- to measure the ground cover, richness and diversity of hit-bearing bear plant food 

species in each habitat type, 

- to measure the structural characteristics (horizontal cover, escape tree density and 

canopy cover) of each habitat type, 

- to investigate correlations arnong these variables, and 

- to determine dzerences among habitats on a variable by variable basis, 

so as to determine an effective means of habitat evaluation, to quanti@ habitat variables 

and therefore enable fiirther examination of bear behaviour. 



Methods: 

Map creation: 

A New Brunswick Department of Natural Resources and Energy stand inventory 

of the area was obtained. Stands were aggregated into 14 habitat types (Table II. 1) using a 

~Iassification (Hugie 1982) that was modifïed to reflect the management-origin habitats 

present in the study area. Budworm defoliated areas were added using a 1989 defoliation 

intensity survey map (Resource Conservation SeMce, Fundy National Park). Only areas 

having suffered > 60% defoliation were used as these were clearly recognizable in the 

field- 

Fieldwork: 

Habitat polygons to be sampled and the sampling point within these were randornly 

chosen (11413 sites; eleven sites were not sampled for food-related variables) 

Two techniques were used to measure the conceahent offered by vegetation. 

These measurements will be referred to as hiduig cover distance and horizontal cover 

density. 

Hiding cover distance was measured using a black plastic silhouette of an average- 

sized New Brunswick female black bear (n=82 bears >5 -5 years of age, fiom Craig 199 1) 

staked into the ground at 4S0f?om a cardinal direction. The observer waiked 

perpendicularly fkom the silhouette until95% of the "bear" was obscured (Mollohan 1987, 

MoUohan and Lecount 1989, Moilohan et al. 1989, Peyton 1987). This distance was 

recorded. The measurement was repeated for each 90" interval f?om the original 

measurement's bearing. 



Table IL 1. Bea. habitat types, field codes (underhed) and percentages of each within the 

Mature Forest: (mat) 
Stands with crown closure-dominant stratum in devetopment stages L M and O (immature, mature and 
overmature) 

Pure Hardivood HW (20.3%) 

Pure soflivood SW (I 1.5%) 

Mi iehood ,  hardwood dominant XHW (9.3%) 

MUceàivood, sofivood dominant XSW (12.4%) 

Young Forest: 
Stands with crown ctosuredominant stratum in deveiopment stages S and Y (regenerating, sapling 
and y0l-w 

Pure harhvood HW (2.4%) 

Pure somood SW (8.6%) 
Miedwood XW (7.9%) 

Non Forest: 
Non forested areas in one of two conditions: 

Bluebenyfields BB (0.6%): commercial blueberry fields 
Dry non forefi Stages D M  (2.8%): Old settlements, old fields reverting to 
forested conditions, abandoned grave1 pits reverting to fo rested conditions, 
wasteIand, alders and non productive forest 

Management-Origin Classes: 

&rcuts and Plantations CPO-6 (3.3%), (aü species) up to 6 years oid in 
1994. (1988-1994) 
Pfantaîions P7- 13 (7.1%). (aii species) 7 to 13 years old in 1994 (198 1 to 1987) 
(predominantiy Picea spp.) 
Pine Plantations PP l4+ (0.7%), 14 years and older in 1994 @re-198 1). (Pinus 
Banksiana exclusively). 
Spruce plantations SP l4+ (1.9%), 14 years and older in 1994 @re-198 1). 

- 

Budworm Damage Origin Stancls: 
B m  (II. I %) : These stands represent stands that were ciassified as having suffered - 
from 60 to 100% budworm mortality on a rnortaiity survey map produced by the Park 
in 1989. 
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Horizontal cover density between O rn to 2 m fiom the ground was measured in 

each cardimal direction using a cover pole (GrifEith and Youtie 1988) viewed fiom 15 m. 

At each horizontal cover observation point, canopy cover (overstory density) was 

measured using a sphencal densiorneter (Lemmon 1957). The observer then proceeded 2 

m to a point 17 m fiom the cover pole to initiate food abundance measurements. Bear 

food species present (Table II.2) were inventoned and a visual estimate of each species' 

percent projected ground cover was recorded for each of the eight 2 m by 2 m quadrats 

making up the 16 m long transect thus Iaid out between the observer and the cover pole. 

Estimated cover categories used were fiom Noyce and Coy (1990). In each quadrat, the 

number of trees with a diarneter at breast height (dbh) greater than 10 cm was recorded. 

This is probably the smdest diameter that cubs could climb and obtain sufficient 

concealment and height. The procedure was repeated in each cardinal direction resulting in 

an area of 128 m2 being sarnpled at each site. 

Within each habitat type, food measurernents were performed untii three sites were 

successively sampled without new species being recorded. The standard deviation of 

hiding cover measurements for a habitat type was calculated and plotted with each 

additiond sarnple. Sampling was terrninated when the plot showed a stable trend. 



Table IL2: Scientific narne and comrnon name of bear food plant species encountered. 

Amelanchier spp. 
Aralia hispida 
Aralia midicadis 
Fagzrs grandifoh 
Clintonia borealis 
Cornus altemifolia 
Cornus canadensis 
Cornus sericea 
Fragmarza virgrgrniancr 
Lonicera canadensis 
Lonicera involucrata 
Maianthemm canadense 
Sorbus spp. 
Nernopanihus mucronatus 
Polygonutum pubescens 
Prunus pennsylvanica 
Prunus serotina 
P m s  virginiana 
PFS JpP- 
Rhus typhinu 
Ribes gIandulosum 
Ribes hirtellum 
Ribes lacustre 
Rosa q p .  
Rubus allegheniensis 
Rubus flagelIms 
Rubzrs hispidzis 
Rubus prbescens 
Rubus strigosus 
Surnbucus canadensis 
S m b m s  pubens 
Smiiacina ste lhta 
Streptopzrs ampZexifolius 
Vaccinium angust~~oliurn 
Vaccinium myrtilloides 
Vaccinium vitis-ideae 
Vibumum uZnifoZium 

Serviceberry, Amelanchier- 
Bristly sarsapda.  
S arsaparilia. 
Beech, 
Clintonia. 
Altemate-leaved dogwood. 
Bunchberry. 
Red osier dogwood. 
Wild strawberry. 
FIy honeysuckle. 
Fly honeysuckle. 
Wild lily of the vailey. 
Mountain ashes. 
Mountain holly. 
Solomon's seal- 
Pin-cherry, 
Black cherry. 
Choke cherry. 
Apples and crabapples. 
S t aghorn-sumac. 
Skunk currant. 
Bristly gooseberry. 
Bristly currant. 
Rosehips. 
Cornmon blackberry. 
Northern dewbeny. 
Dewberry. 
DwarE blackbeq. 
Red raspberry. 
Common elder. 
Red-bemed elder. 
False solomon's seal. 
Twisted statk. 
Sweet low bluebeny 
Velvetleaf blueberry 
Rock cranberry, partridgeberry 
Hobblebush 

Viburnum cassinoides Northem wild-raisin 



Analvsis: 

Sampling site and habitat-type vaiues for hiding cover, horizontal cover, canopy 

cover, safety trees, species rïchness, Simpson's dominance diversity index (Simpson 1949) 

and percent cover of food species were denved fYom field data. 

Boxplots (Tukey 1977) were plotted to illustrate the abundance Ievels of each 

variable for each habitat. 

The non-parametric Spearman rank order correlation technique (Rohifand Sokal 

1995) was used since the sample-site data grouped by variable were either not nomally 

distributed or did not have equal variances. The Kolmogorov-Smirnov Test was used to 

veri@ the normality of distributions. Equality of variance testing was petformed ushg the 

Levene Median Test. Both tests were pefiomed using SygmaStat v. 1.0 (Jandel Scientific 

Inc. 1994). 

Correlation analysis was performed without the blueberry field data because these 

sites are commercidy managed for high food species ground cover and low diversity. 

Additionally, due to the low shrub nature of the Vaccinium spp. cultivated, the habitat 

cannot provide horizontal cover, canopy cover, nor safety trees. These managed sites 

would have clearly been outliers. 

To complement the boxplot display, the sampling site results were grouped by 

habitat and the dEerences among group means for each variable were investigated by 

analysis of variance. 

To select the proper analysis, the Kolmogorov-Srnirnov Test was used to ver@ 

the distribution of all groups. Equality of variance testing was performed using the Levene 

Median Test. Both tests were performed using SygmaStat v. 1.0 (Jandel ScientSc Inc. 

1994). Since many groups failed the normality and equality of variance tests, the non- 
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parametric Kniskal-Wallis one-way analysis of variance on ranks (Sokal and Rohlf 1995) 

was used to test for merences among groups. 

Multiple comparison tests were then employed to identifl which groups were 

different fiom each other on the basis of rank. The Tukey-Kramer method was used since 

it offers the Iowest experimentwise error rates (Wilkinson et al. 1996) and it is designed 

for unequal samples sizes when all pairwise cornparisons are executed (Sokal and ROM 

1995) as was the case in this unplanned analysis of variance. The critical values of Q used 

for this test were calculated at an experimentwise significance level of cc=O.O5 level (and 

~ ~ 0 . 2  for exploratory data analysis, due to the large amount of groups being compared 

and the consequent reduction in a for each individual comparison [Sokal and R o m  

19953). Winks v4. l c  (TexaSoft 1996) was used for both the Kruskal-Wallis and Tukey- 

Krarner procedures. 

ResuIts and discussion: 

To reduce repetition, the presentation and discussion of the habitat-type sarnpling 

results will be done simultaneously on a variable by variable basis. The analysis of variance 

results and discussion wiil foilow. 

Fieldwork: 

One hundred and two (102) sites were sampled for structural and food variables. 

This represents an average of 7.3 sites (SD=2.3, range: 5-12) for each of the 14 habitat 

types. An additional 1 Z sites were sarnpled for structural characteristics ody, and as such, 

the analysis of structural characteristics is based on a sarnple of 113 sites. 



Habitat m e  suecific results and discussion 

Sampling and correlation analysis results are presented in Tables 11.3 and II.4. 



Table II.3: Results of multi-resource sampling for each habitat type. 
I 1 

Habitat 

matHW 

YXW 
BUD 

Total I I 1:; l 

I I  a 

(tib) 

8 (1) 

- - - - - - - 

Sites sampled for al1 variables, 

b 

5 

11 

P7- 13 1 9 ( 1 )  

additional sites sampled only for hiding cowr distance, Iiorizontal cowr density, canopy cover and safety trees, 

8 Hiding cover 
distance 

(m) 

38.7(11.2) 

16.4{5.7) 

15.9 (3.6) 

10.2 (2.6) 

124.5(23.6) 

29.2(14.2) 

PP 144- 

18.0 (5.1) 

13.5(5.0) 

8 

x Horiz. covcr 
(%> PD) 

29,7(16.6) 

58,7(22,2) 

87.6(3.7) 

86,9 (6.5) 

3.1 (O, 7) 

38.2(11.6) 

84.7 (7.3) 

73,8(20.8) 

SP 143- 

8 Cnnopy 
cover 

(%) (so) 

84.1(17.4) 

14.3(19.7) 

93,5(8.3) 

49.9 (38.5) 

O 

19.7(33.3) 

6 

93.1 (4.9) 

67.3(19.9) 

BB 1 4(2) 

DNF 1 7 (1) 
I 

8 Safety irees 
(stems/Ha) 

(so) 

1259(495) 

47(148) 

1582(521) 

312 (349) 

O 

39(59,~ 

985 (570) 

249(272) 

8 food caver 
pcr site 
(%) (SD) 

19,0(14.7) 

56.4(28.3) 

42.9(38.2) 

44.4 (24.3) 

68,8(22.0) 

28.0(13.1) 

25.9 (19.5) 

38.1(23.1) 

x Food spp, 
riclmess 

per site (SD) 

5.5(2,9) 

6.5(2.2) 

8.4(0.9) 

6 2  (2.0) 

3 (1.4) 

7.4(2.5) 

8 Food spp. 
diversity index 
per site (SD) 

0.491(0.276) 

8.8 (3.1) 

7,4(2.2) 

0,454(0,094) 

0.521(0,176) 

0.282 (0,118) 

0.403 (0.151) 

0,671(0.082) 

0.465 (0.214) 

0.399(0.278) 



Table IL4: Spearman rank-order correlations among habitat variables. Commercial 
llueberry field data 
Correlation coe1p7aCIent 

P 

EiEding distance 

Horizontal cover 

Canopy cover 

- - 

Safety trees 

Food spp. 
richness 

Food spp. cover 

cover cover trees 

-- - 

Food 
SPP- 

diversity 

O. 13 

0.2 1 



Hiding cover disfance: 

Figure IL2: Borcplots of hiding cover distance (m) for different 
habitats. (Box dehes interquartile range, median is represented by 
h e  wi thin box), 

In terms of hiding cover distance, commercial blueberry fields (BB) are the most 

striking (Figure II.2 and Table 11.3). The median is greater than that of other habitats. The 

interquartile range is more dispersed than that of other habitats. The management origin of 

the BB habitat is responsible: there are no trees nor shnibs; thus hiding distance is 

essentially the distance the observer walked before entering forest. 

Mature habitats (mat), CPO-6 and DNF can be grouped, albeit visuaiiy, into a 

"medium" distance group. The remaining habitats (young forest VI, budworm origin and 

management origin) are ail characterized by low distances. This is related to stand 

maturation: a thick canopy eventuaily forms resulting in a sparse understory caused by 

self-thinning of trees, self-prunïng of h b s  and shade-limited regrowth. The CPO-6 and 
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DNF sites do not have enough vegetation to provide cover. The younger stands fonning 

the low distance group aEord much understory vegetation. 

With regards to hiding cover distance, the correlation analysis (Table 11.4) shows 

the only signiflcant or strong correlation to be with horizontal cover density (r-0.76, 

P<0.01). A correlation with stand age (not measured) probably exists. 

The correlation is a technical one; both variables reflect the different concealment 

measurernent techniques. The strong correlation (-0.76), its direction and its significance 

@<0.01) shows an expected orientation. Thus either method provides an adequate 

measure of conceaiment. Topography probably explains why the correlation is not 

stronger. Topography has more influence on hiding cover distance measurements as the 

distances involved (over 100 m in some cases) are more likely to span terrain features than 

the 15rn fiom which horizontal cover density is measured. 

The cover pole is less subjective. Counting obscured sections of the pole is more 

repeatable among observers and study areas. The disappearance of the bear may be hard 

to standardize, especialiy as there is no "standard" bear. The shorter distances invotved in 

the pole technique make it quicker. 



Horizontal cover density: 

HAB 
Figure IL3: Bo.xplots of horizontal cover density ('%O) for ciiffereut 
habitats. 

Again, blueberry field results (Figure 11.3 and Table II.?) stand out in their location 

and spread. The median and mean (~=3 .1%) ,  interquartde range and standard deviation 

(SD=0.7%) are much lower than other habitats'. 

This strenghtens the previous section's assertion that the blueberry field habitat's 

hiding cover distance is related more to the distance fiom the sarnpling site to the edge of 

the field than it is to the concealment offered. Regardless, BB offers the least concealment. 

Management practices are responsible. 

Given the negative correlation between hiding cover distance and horizontal cover 

density, it is surprishg that these boxplots are not inversed images of the previous 

section's. The younger habitats' results are similar. Most also provide the greatest 

concealment, with the exception of y W  and P7-13, whose medians are lower (and ranges 

wider) than those of other young habitats. This daers nom the hiding cover distance 
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results (though CPO-6's relative position was maintained). This could be due to sampling 

technique. With respect to hiding a bear silhouette, yHW and P7-13 have more cover that 

is low to the ground. This vegetation cannot conceal the 2 m tail pole's upper sections. 

The yHW measurernents have the greatest spread while the P7-13 group's spread 

indicates departures f?om this low ground cover explanation at different sites. Mature 

softwoods (matSW) and matXHW and yHW and P7-13 are also in the medium density 

P U P  - 

While two habitat groupings were seen when hiding cover distance was 

considered, three groupings are apparent with horizontal cover density. The low cover 

group includes: matHW, matXSW, CPO-6 and DNF. The CPO-6 and DNF habitats do not 

offer much concealment due to their young and regenerating nature, there is not enough 

vegetation. Lack of understory vegetation in the rnatHW habitats is characteristic and 

explains these results. It is harder to explain how the matXSW habitat would be more 

open than the matXHW habitat; this could be due to low sarnple size: the few sites 

sarnpled may have been very open. The hardwood dorninated rnix wouid have been 

expected to be more open. 

As noted, horizontal cover density is correlated with hiding cover distance; it is 

also weaklyi but significantly, positively correlated (r=0.35, p<0.0 1) to canopy cover 

(Table II.4)- 



Cmopy cover: 

The broad range and mid-Ievel median of the SP 14+ habitat are interesting (Figure 

II.4 and Table 11.3). The values range from almost 0% to nearly 100% and are normdy 

distibuted. This is because stands of this plantation habitat are reaching the age when 

canopy c'closure~y occurs; however, some stands in the sample had not yet reached closure. 

Pïne plantations of the sarne age (PP14+) have closed canopies. The dzerence between 

these two habitats is due to factors such as stocking intensity, species growth rate, patchy 

survival of seedlings, mhor age differences and management practices. Some plantations 

of this age are pre-comrnerciaiiy thuuied. 

Except for the intermediate SP14+ and BUD, the other habitats can be placed into 

high and low canopy cover groups according to origïn. The unrnanaged mature and young 

habitats have high canopy cover whereas the management-ongin habitats are not old 



enough or dense enough to provide canopy cover. The BB and DNF habitats have 

inherently low canopy cover. 

The budworm-origin habitat is intermediate due to its patchy nature (typical of the 

naturally occurring gap-disturbance regime woodley and Forbes 19971). This patchiness 

results fiom the presence of mature spruce that survived the budworm outbreak and the 

presence of various stages of balsam fir regeneration. 

In addition to the weak correlation with horizontal cover density mentioned in the 

last section, there is a strong correlation (r=0.72, p<0.01) with safety tree density (Table 

II.4). This makes intuitive sense: when more trees are present, more canopy cover is 

provided. In fùture work perhaps one measurement of concealment would be sufficient. 

There is also a moderate negative correlation (r=-0.40, p<O.Ol) with food species 

ground cover and a weak negative correlation with food species diversity (r=-0.2 1, 

p=0.04). These correlations, especiaiiy the former, are logical considering that the majority 

ofbear food plants are early successional species such as Vaccinium spp. and Rubus spp. 

(Mattson 1990, Noyce and Coy 1990) or, in the case of C o m s  canadensis, shade- 

tolerant species that thrive when the canopy is opened (Crane 1989). 



Figure ILS: Boxplots of safety tree densiiy (stems/Ha) for different 
habitats, 

DBerences in safety tree density among habitats (Figure 11.5 and Table II.3) are 

intuitive. The mature (mat) and young (y) habitats have abundant safety trees whereas the 

management-origin habitats have few or none. The PP 14+ habitat is an exception to this, 

as it has the greatest density of safety trees. 

It is obvious why mature (mat) habitats would provide abundant safety trees; 

however, young (y) habitats also provide many owing t o  the span of development stages 

included: regenerating, sapiing and young. The regenerating stage has few trees greater 

than 10 cm dbh; once stands attain the sapling or young development stages, the majority 

of trees are of that size. 

The PP14+ habitat provides the greatest safety tree density due to its hi& intensity 

management origin: these pines were selected for rapid growth and stands have received 

sylvicultural treatments; some of these plantations are a few years older than those of the 
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SP14t habitat and thus more trees have reached 10 cm dbh. However, most are oniy 10 

cm dbh or slightly larger. There are no tmly large trees in the PP 14+ habitat. The SP 14+ 

habitat has less safety trees due to the slower growth habits of the species involved. The 

budworm-origin habitats have a low density of climbable trees, mainly mature birch and 

spruce that are unaffected by budworm.. Though balsarn firs probably remained climbable 

for some years after death, the majot-ity have now fden  and regrowth is not yet 

su£Eciently large. 

As mentioned previously, there is a strong correlation between safety tree density 

and canopy cover (r=0.72; p<0.0 1) (Table 11.4). It is therefore not surprising that safety 

tree density is correlated with food species ground cover (F-0.45, pcO.01) and food 

species diversity (F-0.25,p=0.01) given their own correlation with canopy cover. This is 

logical in Light of the relationship between canopy cover, sdety tree density and the early 

successional plant species at the base of bear diets. 

The two food variables' correlations with safety tree density are stronger than their 

own correIations with canopy cover (for food species cover: r=0.45 vs- r=0.40, both at 

p<O.O 1.  For food species diversity: r-0.25, p=0.0 1 versus -0.2 l,p=O.O4). This is odd 

since measuring canopy cover directly appears to be superior than countïng safety trees, as 

even 9 cm dbh trees contribute to canopy cover. Perhaps the higher correlation 

encountered is due to the low number of sarnples (n=98 sites) or another, unknown, 

factor. 



Food species nchness: 

Figure ïL6: Bo.xplots of species richness for mereut habitats. 

Commercial blueberry fields stand out (Figure II.6 and Table I1.3). Their low 

richness is an artefact of management practices. Only two Vaccinium species are 

cultivated and competing vegetation is controiled. Low richness is not limited to blueberry 

fields but extends to the mature and young sofbwood habitats. This is charactenstic of 

softwood habitats (Costelio and Sage 1994) and may be related to softwoods having the 

lowest overali food species ground cover (~=9.6% and R=14.6 respectively). No other 

interpretation emerges when considering the range of variables measured. The low 

richness of softwood habitats may relate to an unrneasured variable such as soi1 fertility or 

drainage. 

The yHW, yXW, BUD and PP14+ habitats show the greatest median nchness. The 

other habitats spread out widely within a similar range. It appears that mature habitats 

(mat) have slightly lower nchness than young (y) or management origin habitats. These 



habitats' lower ranges reach the median of the mature habitats with the exception of 

m a t m .  The mature stands may reflect an established ecological cornmunity wMe 

younger stages are more dynamic and hence richer. The management-origin habitats' high 

richness may be attributed to the presence of species that s u ~ v e d  harvesting of the 

original stand and are not typically early successional species. 

There are moderate correlations with food species cover and diversity (r=0.3 8 and 

~ 0 . 4 8  respectively; both at pC0.0 1) (Table II.4). The latter correlation is expected since 

ric hness is integrated into diversity calculations. The ecologically relevant correlation is 

that with food species cover. With greater food species ground cover, more species can be 

expected to be present. 



Total ground cover of food species. 

L 

Figure lI.7: Bo.yIots of food species ground cover (Yo) for different 
habitats. 

The yS W sites have the lowest food species cover and the narrowest spread even 

when outliers are included (Figure 11.7 and Table II.3). They do not overlap other young, 

spruce-dominated softwood types (CPO-6, P7-13 or SP14+) perhaps because of high 

density natural regeneration. The ySW habitats are domhated by thickets where little light 

reaches the ground. This is not reflected in safety tree or canopy cover results as the trees 

are less than 10 cm dbh and the elbow-height sphencal densiometer measurements reflect 

canopy cover and not ground-level light. The other young softwood habitats are of 

management origin and either age or spacing of trees provides sufncient Light penetration 

for plant establishment and s u ~ v a l .  As these plantations replace naturd stands that may 

not have been softwood dorninated, some food plants present are possibly remnants of the 

pre-harvest cornrnunity not normaliy found in s o h o o d  habitats. 
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Commercial btueberry fields have the highest median and mean. However, their 

interquartile range overlaps that of CPO-6 and P7-13 and SP14+. These three habitats are 

not necessarily as productive as bluebeny fields. Edible biomass was not measured, only 

food species ground cover. There is obviously a strong relationship between ground cover 

and edible biomass and, as such, these three habitats are indeed quite productive. 

However, due to commercial management, blueberry fields likely produce the most edible 

biomass; however, the majority of this biomass is harvested and not consumed by wildlife. 

Though slightly overlapping, two groupings can be identified. The matHW, 

matSW, matXSW and ySW habitats have low food species ground cover whereas ali other 

habitats, including ma-, are included in the high cover group. 

As previously mentioned, the low food cover of natural sofhvood habitats rnay 

relate to canopy density or to their location on less fertile sites. Costello and Sage (1994) 

and Noyce and Coy (1990) reported that their softwood sites had the lowest quantity of 

food. Perhaps the low food cover in matHW habitats is because they are climax stages 

typified by a closed canopies and subsequent paucity of ground-level vegetation. The 

habitats with higher levels of food cover are younger, more open-canopied habitats and 

may still have remnants of the pre-harvest community. Costello and Sage (1994) note that 

the opening of the canopy fiom selective or sheltenn~ood logging created conditions in 

managed habitats not found in unmanaged habitats. The increased sunlight encouraged the 

growth of shade intolerant shmbs. Though no such harvesting techniques were used in the 

Fundy study area, open canopy habitats clearly had more food species ground cover. 

The correlation with food species richness (~0.38, p<0.01) (Table 11.4) has been 

mentioned. Moderate negative correlations exist with canopy cover and safety tree density 

(F-0.40 and -0.45 respectively, both at PC0.0 1). Their orientation and significance is 
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not surprising but greater strength may have been expected given the emphasis placed 

upon canopy openness by other authors (Noyce and Coy 1990, Costello and Sage 1994). 



Food species diversity: 
L 

1 HAR 
Figure ILS: Boxplots of food species diversity for different habitats. 

Simpson's "dominance diversitf index (Simpson 1949) was used instead of other 

indices since it weighs abundant species more than ruer species. Since rare species should 

Vary more between sites of a same habitat, this index should not Vary as much from one 

sample to another. It was assumed that bears would be more attracted to sites with one or 

two dominant species; such domirrance was to be reflected in the index. Such a behaviour 

may optirnize foraging efficiency as opposed to eating smail amounts of rare species as 

they fruit over tirne. 

The diversity results spread out widely (Figure 11.8 and Table II.4). The Budworm 

habitat has a normal distribution with the widest symmetrical interquartile range and total 

range. This is probably due to its origin: the budworm infestation left remnants of the 

original forest dong with regenerating patches. Given the habitat's inherent patchiness, a 

wide variety of microsites exist that suit the requirements of different species. A wide 
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spread results- The DNF habitats show the greatest median diversity yet their smali 

interquartile range suggests that the assemblage of p ~ c i p a l  species is balanced and stable. 

They are consistently the most diverse sites. 

The matXSW habitat has the largest interquartile range yet it is not normally 

distributed owing to the infiuence of 2 sites with one food species and resultant zero 

diversity. This is probably a sarnphg anomaly. 

The rnatHW habitats have a high diversity index. This is a reflection of the 

dominance of beech and Aralia mrdicaulis. These habitats do not have high food species 

cover yet are moderately rich. 

- Perhaps the only trend is that 3 of 4 plantation habitats have great diversity. This 

may be related to the overwhelming dominance of C u m s  canadensis and Rtrbus stri@srrs 

observed at these sites. 

Simpson's "dominance diversity'' (Simpson 1949) may reflect a bear' s decision- 

making in its over-representation of dominant species; however, fkture work should 

compare the Simpson index to other, more "egalitarian", indices. The results obtained here 

rnay be an analysis artefact. For example, a habitat (matHW) with low totd food species 

cover and only moderate species richness rates as the third most diverse habitat. A 

diversity index for bear management use rnight consider weighing the cover of each food 

species more heavily than their relative dominance. In this study, the Simpson's index 

results do not agree with intuitive expectations of diversity. 

Al1 sigdicant correlations with food species diversity were mentioned previously; 

however, to fùrther the previous point, there is no correlation between food species cover 

and food species diversity (r-0.03, p=0,78) when aii results are considered 

simultaneously (Table I1.4). This shows that the Simpson index does over-emphasize the 

relative dominance of species wMe overlooking the total cover of food species at a site. 



Analysis of variance and multiule com_parisons: 

Kruskal-Wallis results (Table 11.5) were al1 highly significant (pi0.002). However, 

this only means that at least one habitat is difEerent Çom all others. This is iilustrated by 

the Tukey-Kramer multiple cornparison tests results (Table II.6): the graphical 

representations show that, for each variable, at least one habitat was significantly dBerent 

fiom another, but the groupings of "non-difEerentm habitats (underhed) were not 

exclusive. AU groupings share cornmon habitats; there are no clear separations between 

groups of habitats. Though not presented, the results for exploratory testing at ~ 0 . 2  are 

nearly identical and no distinct groupings were shown. This is not surprishg given the 

samphg results. As the boxplots of Figures II.2 to IT.8 have shown, the similarity in the 

medians and the considerable spread in each habitat's resuIts leads to much overlap. As so 

much overlap exists between the dispersion measures, the multiple comparison tests 

cannot exclude the possibiiity of sunilarity. 

Additional sampling could more precisely d e h e  the location and dispersion of 

each variable's distribution for each habitat, and perhaps uncover a few more sigdicant 

dserences. However, there are ecologicd reasons behind such overlap, The habitat types 

employed are somewhat coarse and encompass much natural variation. A more concise 

ctassification scheme could have been used but would have required more categories and 

consequently, even more sampling. 

The variety of foods eaten by bears is another ecoIogical reason why greater 

dserences between habitats were not shown: all habitats had at least 3 or 4 food species 

present yet never more than 1 2  per site. Given the narrow range in values present and the 

small sarnple obtained, simply cornparhg the nurnber of food species present was not 

conducive to uneovering major ecological differences. Increased samphg may have led to 

the discovery of additional significmt differences. It appears that, in New Brunswick at 



least, the differences in species nchness or other variables between such coarse habitat 

types are not very large. 

Table lI.5: Results of KruskaI-Wallis testing on habitat variable levels between dif5erent 
habitats based on ranks. 

i I 1 

Habitat variable 1 Kruskal-Wallis H (1 3 df) 
I 

1 Horizontal cover 1 70.87 1 p<O.OOl 

Sigdïcance 

Hiding cover distance 67.42 

Canopy cover 

p <0.001 

Safiety trees 

Food species rîchness 1 40.29 1 p < 0.001 

82.68 

Food species cover 

1 Food species diversity 1 32.98 p = 0.002 
" Therefore accept K: There is a statisticaiiy signincant ciifference between habitats. 

p < 0.001 

87.91 

~onctusion 1 

Reject H, " 

Reject H, " p < C.001 

40.99 Reject H, ' 1 p < 0.001 

Reject H, " 1 
Reject & " 1 



Table 11.6: Tukey-Kramer niultiple coniparjson test results at the 0.05 significance level. The ranks of any two groups underscored by the same line are not 
significantly different. 

Horizontal covcr density 

Canopy covcr 

Safcty trees 

Food cover 

Spccics ~icliness 

P14.t. BUD PP14t P7-13 ySW yXW yW mat DNF CPO-6 mat mat mat BE 
XHW SW XSW HW 

---------------------------- 
BB CPO-6 mat mat DNF mat mat yHW P7-13 BUD ySW yXW SP14-k PP14- 

HW XSW XHW SW 

---------L________I________________L________I________________ 

:PO-(, BB P7-13 DNF SP14-f BUD mat mat mat mat ySW ylN yXW PP14. 
SW XSW HW XHW 

-- - 
:PO-6 BB P7-13 DNF BUD SP14t yHW yXW ySW mat mat mat mat PP14. 

XHW XSW HW SW 
..----*------ 

------------- 
ySW 1 mat 1 mat 1 mat 1 yXW 1 DNF 1 yW I P P I ~ ~ J  BUD 1 mat \SPI~-~-~CPO-61P7-13 1 BB 

.------------ - --- 
Y S ~  BB mat mat mat CPO-6 SP14-t- P7-13 mat DNF BUD yHW yXW PPl4 

SW XSW HW XHW 

ySW mai SP14t mai yliW 1 BB mal BUD 1 P7-13 yXW mat CPO-6 -PPI~+ 
SW XSW . XHW Hw 



Conclusion: 

Habitat-tyue variable specific: 

Both hiding cover distance and horizontal cover measurements represent the 

arnount of concealment provided. However, the use of the cover pole over the silhouette 

is recommended because of the former's repeatability across observers and its insensitivity 

to terrain features. Only a 1 m tail pole is required as bears are rarely talier when on all 

four feet. However, results fiom the 2 m pole would be more usehl as the data coliected 

could perhaps be applied to other species. 

The results obtained generaliy show that younger habitats provided more 

concealment to bears than mature habitats did. 

Canopy cover and safety tree density showed similar trends: management-origin 

habitat types had lower canopy cover and safety tree density than natural habitats. This is 

due to tree spacing for the younger habitats and age for older ones. The variables were 

strongly and significantly correlated. Since interest lies in the security provided by 

climbable stems in the habitat, it would be more efficient to only record safety tree density 

since, at a certain tree density threshold, it can be assumed that canopy cover is provided. 

Whereas, if only canopy cover was measured, it is not known if the trees providing the 

cover are clirnbable. 

Food plant species richness varied greatly arnong habitats. No clear trend emerged 

but generally, younger habitats were richer than older ones, and natural softwood habitats 

were the poorest; this was attributed to their correspondingiy low ground cover of food 

species. Poor soi1 fertility or drainage charactenstics at these sites could be the cause. 

Ground cover of food species generally followed the same trend as species 

richness: younger habitats had more food species ground cover than older ones, with 
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natural softwoods having the least. Food species coverage cm be attributed to canopy 

openness. 

Food species diversity was calculated using a perhaps-inappropriate index; fùture 

researchers may wish to use an index that does not over-represent some species. 

1t should be noted that plant species known to be consumed by bears were listed; 

however, there are likely dflerences in their electivity. It is conceivable that some 

abundmt species surveyed are not fmcied by bears and eaten only as a last resort. 

An underlying assumption was that food productivity was roughly proportional to 

ground coverage. Further work should incorporate food species electivity and translate 

ground coverage of a species into edible biomass estimates or even caloric availability. 

Furthemore, no animal food sources were surveyed; inventories of rotten stumps sought 

as a source of insects could be incorporated in future work. 

Due to the wide range of habitats surveyed, there was enough variation within and 

arnong the sites that, while e n s u ~ g  that some sites were signifïcantly dserent, did not 

allow for any clear separation of habitats into distinct groups based upon Ievels of a 

variable within thern. 

Future efforts should focus on cl-g the correlations present as there is now a 

good idea of what variables should be measured. 

However, bears' reactions to the variables have yet to be assessed. Selection 

testing should help idente important variables. 



Chapter III 
Black bear habitat selection in southem New Brunswick 

Introduction: 

Black bear habitat selection studies have been performed throughout the species' 

range and have generally been concerned with reactions toward broadly defked habitat 

types. Few studies have investigated bears' reactions to habitat features such as food 

species diversity or  availability of concealing vegetation. 

Presumably, bears base habitat use decisions on the mix of such features availabie. 

By describing bear spatial use in Chapter 1 and the level of potentiaily influentid habitat 

features within habitat types in Chapter II, the foundations of an examination of bear 

habitat selection have been laid. Both datasets d now serve to evaluate bears' reactions 

towards habitat types and habitat features. 

h addition, behaviours towards two potentiaily influentid landscape variables: 

distance fiom nearest water and area to perimeter ratio of habitat polygons will be 

exarnined. 

Any relationship between bear location and distance to water is likely to be 

unrelated to water availability. Water is abundant and widely distributed in the area. 

Instead, any relationship between distance to water and bear location would probably be 

linked to watercourse-related topographical features: perhaps bears prefer following 

Stream guUies rather than traversing them. Conversely, bears may avoid using strearns 

because of the thick alders (Alms spp.) that often line them. Or, perhaps bears prefer the 

cover provided by uncut strearn buffer strips that line watercourses through harvested 

areas and plantations. 

Ecotones are generally regarded as richer than either of the habitats that merge to 

create them (due to "edge effect": Leopold 1933). If these sites support greater food 

species diversity or abundance, they rnay be important to bears. Since the quantity of edge 
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of a polygon of a set area increases with its geometric complexity, more convoluted 

habitat polygons offer more edge per unit area than those with simpler shapes. Bears were 

predicted to prefer habitat polygons with greater availability of edge. This is relevant since 

managed habitat polygons in the area generaliy have simpler shapes than those of natural 

habitats- 

The objectives of this section were to assess the response of bears to habitat types, 

habitat type groupings and individual variables. Identifying responses to different IeveIs of 

habitat variables will help explain why some habitats are used more than others. 

Methods 

Studv area 

The study area was defined by the outer lunits of the composite home range 

formed by overlaying the annual 95% adaptive kemel home range esthnates of ail bears. 

(Chapter 1). 

Location selection 

Ody locations denved fiom ground-based radio-tracking were used since the error 

associated with each was known. The area of a 95% probabiiity eliipse ("error ellipse") 

surrounding each location was calculated by Locate II (Nams 199 1) during position 

estimation (Chapter 1). 

The area of the confidence ("error") eliipse is the best available error measure for 

radio-triangulation (White and Garrott 1990). The area succinctly surnrnarizes the three 

main independent factors affectkg a location estirnate's precision (Saltz and Alkon 1985): 

variance around the bearing, distance fiom the receiving site to the animal and intersection 

angle of the bearings. 
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The intent was to select a mean error ellipse area smailer or equal to that of the 

mean area of habitat polygons. Each habitat polygon's area was measured. The mean, 

standard deviation and median of polygon area were derived using IDRIS1 GIS. In 

keeping with guidelines (Saltz and White 1990, Saltz 1994), the locations used in habitat 

use analyses were selected by using an error ellipse area upper Limit; this maximum size 

was detennined iteratively by cons ide~g  the resultant mean error ellipse area of di 

locations with a error ellipse smailer than the cut-off. 

Ail bear locations were pooled since there were insdcient locations for each 

animal to aliow individual analysis of behaviour. Consequently, it had to be assumed that 

ai l  bears in the sarnple behaved similarly. 

Season 

Only surnrner and Ml data (July 6 to early November) were used. There were 

insufficient usable locations (n=73 fiom six bears) to analyse spring habitat use. Including 

these spring locations with the summer and f d  sarnple was inappropnate as one principal 

variable associated with bear habitat use - plant-origin food - (Jonkel and Cowan 1971, 

Reynolds and Beecham 1980, Garshelis and Pelton 198 1, Rogers 1987) is essentially 

absent during the sprïng. Locations £kom the summer and fall were pooled due to the small 

sarnple (n=417 from 10 bears) of usable locations fi-om this penod. No nighttime locations 

were obtained. 

Analvsis map creation 

Lunakcape variubles 

Since the few aerial relocations obtained were excluded and owing to the nature of 

home range estimation, the study area included large areas without bear locations. These 

were prirnarily areas distant fiom roads. 
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Including these "bearless" areas in analyses would cause the areas to be considered 

as available to bears yet not used by them- However, the lack of bear locations does not 

mean that these areas were unsuitable to or unused by bears; it is an artefact of the 

tracking technique. It was impossible to detect bears there. Considerable bias would result 

if such areas were included without being able to detect bears within them. 

The distance fiom a road within which bears could be confidently located was 

calculated and used to  remove (mask) all areas beyond it. This road bufTer mask was 

subsequently applied to aii analysis maps. 

IDRISI GIS was used to create raster maps of both distance fiom roads and from 

streams. Each 10 m map ce1 (pixel) was assigned a value corresponding to its distance 

fiom the nearest feature of interest, 

Each habitat polygon's area to perimeter ratio was calculated and represented in a 

rnap where each 20 m map ceU was assigned the value of the perirneter to area ratio of the 

polygon to which it belonged. 

Categorical variables (aear habitat type m q s  and vmimtts) 

The habitat map derived fiom the stand inventory (Chapter II) was masked (cut 

out) with both the 95% adaptive kemel composite home range and the distance from road 

mask. The resultant map (Figure m.1) served as the base for ali categoncal variable maps. 

Maps of forest type (hardwood, softwood, mixedwood, managed and non-forest), 

development stage (mature, immature and non-forest) and management regime (natural, 

managed and non-forest) were created by grouping habitat types according to  the variable 

of interest (see Table 11.1). 

Habitat type multi-resource descriptions (Chapter II) were linked to bear locations 

by creating c'distnbutionyy rnaps of the features measured. Each habitat polygon's category 

label could have been replaced with the habitat type's mean surveyed value for the variable 
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of interest. However, this would amount to replacing a categorical label Mth a numencal 

one and would not change the proportions of each habitat available to a bear within the 

landscape. In addition, though values dif5er among habitats, bears may not perceive or 

react to minute dserences. For example, mean hiding cover distances for mature 

softwood and dry non-forest habitat types were 28.4m and 29.2 m respectively. 

The intent was not to re-label the map, but rather to create independent maps of 

each variable by grouping habitats together based solely upon thek levels of a variable. 

However, multiple cornparison tests (Chapter 11) did not clearly separate out 

independent groupings of habitat types: in ail cases groups overlapped. 

Groupings of habitats were thus created for each variable by using box and 

whisker plots (Figures IL2 to IL.8) and bar graphs. Though habitat groupings were 

determined visualiy, the dBerence between the mean of the habitat at the upper limit of 

one abundance group and that of the habitat with the next highest mean (the lower Limit of 

the next group) was greater than the dïerence between means of the next highest (or 

lowest) habitat within each habitat's respective group. 

The field data were then grouped according to this scheme. Kruskal-Wdis one 

way analysis of variance on ranks tests and Tukey-Kramer multiple cornparison tests on 

ranks were used to ver@ that the new grouping scheme resulted in independent habitat 

groups. 

The new groups consisted of high, medium and low abundance categories. (A 

habitat's membership in a category was not constant, it varied with the variable 

considered). The grouping schemes were then applied to the GIS database to create maps 

reflecting the each variable's abundance. The groupings based on levels of a given variable 

were treated as "classical" habitats fiom this point on. 



Habitat selection analvsis: 

Ana&szs of Iandscape variable selection: 

Bear locations were overlaid on the landscape variable maps. The map cells where 

bears had been located were compared to the set of map cells composing the rernainder of 

the map by means of a t-test to detect whether or not the samples reflected the population. 

AnaZysis of habitat-îpe variable selection: 

The use versus availability habitat selection analysis technique of Neu et al. (1974) 

(Byers et al. 1984) was used. The study area's habitat proportions were used to calculate 

the bears' expected use (amount of locations) of each habitat assuming that use was 

random and thus proportionate to its availability. 

Each habitat's expected use was then compared to its observed use and a x2 value 

calculated. The xZ values denved for each habitat were then summed. The sum was 

checked for significance against the x2 distribution (with n = [number of habitat types -11 

degrees of fieedom) to accept or reject the hypothesis of no selection c o n s i d e ~ g  al1 

habitats simuItaneously. 

If the hypothesis was rejected, selection was occurring for at least one habitat 

considered. The habitat(s) selected (and selection orientation [+LI) needed to be 

identified, For each habitat, Bonferroni confidence intervals were calculated fiom selection 

data and compared to the availability proportion. If the intervals did not overlap the 

avaiiability proportion, the hypothesis of s i m c a n t  selection was accepted and the 

direction was identified. 

The Bonferroni multiple cornparison confidence intervals ensure that the 

experimentwise selection conclusions are sigdicant at the desired confidence level (Le. 

the "farnily" of confidence intervals denved for each habitat is significant at ~ 0 . 0 5 ) .  

When conclusions for each habitat are considered individuaily based on each's x2 test 
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result, the overd probability of type 1 error is additive. For example: if individual x2 test 

results reveaied that three habitats out of seven were subjected to significant @=0.05) 

selection, the overali concIusion for al1 habitats considered would only be significant at the 

0.15 level. When the number of habitat categones is very large, the -experimentwise- 

confidence leveL for each habitat's conclusion is roughly equal to the overaii confidence 

level divided by twice the number of habitats considered (a/2k), in this case 0.05+14 

(habitat types)= 0.0017 (Byers et al. 1984). 

While this ensures that the probability of experimentwise Type 1 error remains low, 

given the number of locations obtained and the number of habitats being compared, it sets 

an almost unattainable significance threshold. Thus, habitats with individually significant x2 
selection resuits were also noted. However, doing this is only tmly justified ifa habitat 

was hypothesized to be selected a priori and if overall selection had been shown. 

Results: 

Locations used: 

Six hundred and ten (6 10) locations were obtained for the 10 bears. Of these, 506 

were obtained via ground teiemetry. 

The habitat map, as delineated by the composite 95% adaptive kemel home range, 

was cornposed of 6657 polygons no srnaller than 50 m by 50 m. The mean size of these 

was 9.85 ha (SD= 46.95 ha) with a median of 2.25 ha. Through an iterative process, the 

upper limit of the error ellipses of the locations to be included in fùrther analyses was set 

at 30 ha. The 417 locations that satisfied this condition had a mean error ellipse of 7.39 ha 

(SD = 8.23) and a median of 3 -77 ha. This ensured that the mean error ellipse for the 

locations used would be encompassed within the mean size of the habitat polygons. 

Analyses were performed using 307 locations because 73 of the 417 usable locations were 
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collected in spring. The 37 other ~ensored locations occurred outside the analysis area 

(either 95% composite home range or the distance to road buffer). 

Habitat selection: 

Lanhcape variables: 

Distance to road: 

The detectability of a bear seemed to be inversely related to the distance that it was 

fiom a road. All usable bear locations were within 2700 m of a road and 95% were within 

13 19 m. 

The latter distance served as a detectability mask for all other analyses. Equal 

detectability was assurned within this 13 19 m band; ail areas past it were disregarded- 

Distance to Stream: 

On average, bears were 349 m away from streams (SD= 286.2, n=307) whereas 

the population of map ceils making up the study area was 3 5 1 m away fiom strearns 

(SD=373.7, n= 5 750 350). There was no significant daerence (t-0.109, 5 750 655 df, 

p=0.91). 

Perimeter to area ratio: 

The mean perimeter to area ratio of polygons encompassing the map cells 

occupied by bears was 0.021 (SD-0.013, n=307) whereas the mean perimeter to area 

ratio of the cells of other habitat pslygons in the study area was 0.020 (SD=0.013, n= 1 

430 979). There was no signifiant dflerence (el. 16, 1 43 1 285 df, p=0.25). 



Habitat-tpe variables: 

Habitat type maps and variants: 

A 546.7 kmL area remained (Figure III. 1) once the areas not covered by the 

composite home-range or  fiirther than 13 19 m fiom a road had been excluded. 

The habitats were grouped (Table m. 1) using the rnulti-resource sampling results 

(Chapter IL). Table lD.2 shows the boundaries and mean values of each variable's 

groupings- Using the sampling site data, Ehskal-Wallis nonpararnetnc andysis of 

variance tests showed a significant difference (p<0.0001 in aiI cases) between the 

groupings of each variable. Tukey-Krarner multiple cornparison tests confïrmed that ail 

groups (of each variable) were significantly different fiom each other (oc=0.05). 

For clm-ty, habitat type and habitat variable selection tests resulrs and disczmÏon 

will be presentedjointlry. 



1 Variable 

Hiding cover 

Horizontal cover density 

Canopy cover 

Safeîy trees 

Food species ground cover 

I 

Food species richness 

w 
Food species diversity index s 

Group Habitat types included 
Low BB 

matHW, matSW, matXHW, 1 rnatXSW, CP04, DNF 

Ksh yHW, ySW, YXW, BUD, W- 
13, PP14+, SP14+ 

Low matHW, matXSW, CPO-6, BB, 
DNF 

ySW, yXW, BUD, PP14+, 
SPl4+ 

matHW, mats W, maUMW, mat 
XSW, yHW, YS W, yXW, PP14+ 

Low BUD, CPO-6, P7-13, SP14+, 
BB, DNF 

Table lJI.1: Habitat type groupings used (habitat type abbreviations in Table 11.1). 
b 

1 
1 

1 
i 
i 
l 
1 

High CP0-6, P7-13, BB 

Low matSW, ySW, BB 

Medium 1 matHW, matXSW, CPO-6, P7- 
13, SP14t 

Law 1 matSW, matXSW, yHW, ySW, 
SP l4+ 

matHW, matXHW, yXW, BUD, 
Medium 1 CHl-6, P7-13, PPlI+, BI3 

Hi& 1 DNF 







Discussion: 

Landscape variables: 

Distance to sfream: 

Once distance Eom road detectability was taken into account, it was defensible to 

study bears' distances fiom strearns especialiy given that roads were not laid out in 

relationship to Stream courses. 

No selection was shown. Perhaps this is due to the abundance of watercourses in 

the area. On average, any point was within 35 lm of water. As water would be 

encountered with most any movement, bears need not consider it a factor. Lack of 

selection also shows there is no advantage to following strearns versus pursuing a cross- 

country course in this gentle terrain. 

Perïmeter ro area ratio of habitat polygons: 

Bears do not appear to be inauenced by this variable. 

Yet the p value of 0.25 is rnuch srnailer than stream selection's @=O.9 1) 

suggesting that polygon geornetry may exert some infIuence. As twenty metre square map 

cells were used, the analysis is insensitive to any "edge" patterns smaller than 20 m and 

cannot incorporate ratios greater than 0.2 (80 ml400 rn2). Perhaps effects may be more 

pronounced at a smaller scale. Additional work should be perfonned to determine this. 

Habitat type boundaries were of interest here, however, selection may have been shown 

towards stand type boundaries or a dinerent habitat type definition. 



Habitat tyue variables: 

Groupings: 

The Kruskal-Wallis and Tukey-Kramer tests showed that the groupings created 

were significantly different. 

The aggregation of habitat types by level of abundance sometimes created 

unbalanced groupings. For example, the low hiding cover group includes only commercial 

bluebeny fields WB). Therefore, that category ' s results also reflect bear behaviour 

towards bluebeny fields and not exclusively their response to low hiding cover. 



Habitat t p e  se[ection: resuZfs and discussion 

Table IIL3: Habitat selection test resuits, Only points with error ellipses smalier than 30 ha taken - - 

'Denotes the signiîïcance ofthe f test ifit were to be comidered individuaiiy. Shce it is no% this is only an indication of 
possible behaviours thrit did not prove to be signincant when ail habitat types were considered simultaneously. 
"signïîïunt at the 0.1 level 1 m . 7 0  
** signifiunt at the 0.0 I leve1 x2, L&6.63 

during the swnmer 

Habitat 

matHW 

matSW 

matXHW 

matXS W 

YW 

YSW 

Y- 

BUD 
! 

CPO-6 

P7- 13 

PP 144- 

SP 14+ 

BB 

DNF 

Significant overall selection did occur (x2sum=3 7 -90, x ~ ~ ~ ,  13df..o.w 1=3 4 .5  7}. 

However, expenmentwise selection was lirnited to an avoidance of the mature hardwood 

and fa11 

Expected 
Iocations 

66 

3 2  

26 

31 

8 

29 

28 

2 9  

SUrn 307 307 37.90 Selection is occurring 
(n=I O beurs) P<o.oo 1 (xZbb=34,57) 

12 

25 

2 

7 

2 

10 

habitats (a=0.05). 

Disregarding expeximentwise sigmf?cance @onferro ni conclusions), habitats other 

6 

28 

1 

8 

3 

15 

than matHW had individually-sigmficant x2 selection results. Considered independently, 

Bonferroni confidence 
interval conclusions 

@=O -05) 

avoid 

no selection 

no selection 

no selection 

no selection 

no selection 

no selection 

no selection 

were considered. 

Observed 
locations 

3 1 

33 

25 

39 

8 

43 

28 

39 

x2 vaiue 
(ggnifi-ce) 

18.56** 

0.03 

0.04 

2.06 

O 

6-76"" 

O 

3 .4SA 

3 .OOA 

0.36 

0.50 

O. 14 

0.50 

2-50 

no selection 

no selection 

no selection 

no selection 

no selection 

no selection 
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the ySW habitat received more use than expected (43 observations vs. 29 predicted, 

a=O.01). Budworm habitats also received more use than expected (39 observations vs. 29 

predicted, a=0.1). Clearcuts and plantations of O to 6 years of age were used less than 

expected (6 observations vs. 12 predicted, a=0.1). 

The signincance of the mature hardwoods (matHW) results is notable considering 

that 14 difFerent habitats were compared at an experirnentwise significance of 0.05. 

Considered independently, the dEerence is significant at p=0.00002 (3 1 obs. vs. 66 exp; 

xL18.56, 1 df). 

This strong avoidance is probably because mature hardwoods offered the second 

lowest amount of concealment and the fourth lowest food species ground cover (Table 

II.3). Food availability may be even Lower since beech cover may not be proportional to 

beechnut productivity given the devastating effects of beech bark disease (Chapter 1)- 

Mature hardwoods offered at least average quantities of al1 other habitat variables 

(Table II.3). They only Iacked concealment and food. The strong avoidance of these 

habitats, of which beech are a principal component, strongly suggests that beechnut 

production had been reduced by beech bark disease. In dl other studies in sunilar habitats, 

hardwood stands were used si&cantly more than expected (Hugie 1982, Samson 1995, 

Costello and Sage 1994), at Ieast in the fdl. 

During a poor hard mast-crop year, fernale bears in Quebec avoided mature 

hardwoods during surnrner and fall. In good years, they only avoided these habitats in 

surnmer. The selection observed here suggests that sarsaparilla and hobblebush, the 

second and third most abundant food in such habitats (fiom data collected), do not 

significantly compensate for the lack of hard mast. 

In New York, Costeiio (1992) found that hardwoods were used according to 

availability in summer and more than expected in fd as beechnuts ripened. It appears that 
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beechnut production in Fundy is insufficient to attract bears. As the infection had recently 

begun in the Adirondacks, some nuts were still produced. 

So many habitats were compared that the experimentwise signincance threshold is 

alrnost unattainable for habitats with use and availability dEerences smaller than mature 

hardwood's (n=35 observations). Habitats with signincant individual x2 test results are 

also reported as this provides additional insight into bear behaviour. 

The strong preference for young softwoods in individual testing (~"6.76, Ide 

p<0.01) was surprising since they had the Iowest mean ground cover of food of all 

habitats (9.6%) and the second Iowest food species richness (3 -2 spp.). However, bears 

had access to many climbable trees (937 stems/Ha) and were well hidden in these sites- 

The preference for budworm-defoliated habitats (~'3.45, ldc p<O. 2) was less 

surprising: they had an abundant (38.2%) and rich (7.4 spp.) food source and some 

climbable trees (249/Ha - about one in every 6 rn x 6 m square on average). 

The avoidance (xL3 -00, 1 d t  pC0.1) of zero to six year old plantation (CPO-6) 

habitats was also surprising. They had the greatest ground cover of food species of all 

forested habitats (only BB was higher with 68.8%) but had no ciimbable trees or canopy 

cover, low horizontal cover density (29%) and medium hiding cover distance (32.6 m). 

This strongly suggests that escape and conceaiment are more important to female black 

bears than food availability alone. 

Had the areas that became CPO-6 habitats been harvested while maintaining 

suficient climbable trees (BUD was preferred and only had 249 safety trees per hectare) 

and more concealment (to which climbable trees contribute) they would have probably 

become preferred rather than avoided habitats. 

It is aIso surprising that some habitats were only used as much as expected. The 

best example is the seven to 13 year old plantation (P7-13) habitat. It had abundant food 



species ground cover (56.4%, thkd highest) and perhaps, as a consequence, medium 

species nchness (6.5 spp.). It also had high hiding cover distance (16.4m), medium 

horizontal cover density (58.7%) yet low levels of safety trees (47/Ha) and medium 

canopy cover (14.3%). Given its abundance of food and concealment, this habitat was 

probably not used more than expected because of its lack of safety trees. The food and 

cover available perhaps entices fernale bears into the habitat often enough that it is used as 

expected; whereas ifsufficient escape trees were present, it might be preferred. 

As very young plantations habitats (CPO-6 and P7-13) are avoided or "neutral", it 

appears that they are not ecological replacements to their natural counterparts: young 

soRwoods and budwonn-defoliated habitats. 

It is not exactly known which females were accornpanied by cubs during the study, 

and limited field observations would suggest that most were not. Regardless, the resuks 

support Young and Beecham's (1983) contention that females (whether with or without 

cubs) have an innate matemal instinct to avoid open areas. "Where cubs have no means of 

escapeY7could even be added. It would be interesting to see if male bears used open 

habitats more than expected given that escape trees are probably superfluous to them. 

In Quebec (Samson 1995), early successional habitats were preferred in sumrner. 

In auturnns with good beechnut crops these habitats were avoided since bears had moved 

to hardwood stands. Had both seasons been combined as was done here, perhaps these 

early successional sites would also have been "neutrd." However, the strong avoidance of 

mature hardwoods observed here clearly shows that bears do not use hardwood habitats in 

the fall. Bears probably forage in early successional habitats as long as they cm h d  food 

there and den-up aftenuards or, instead, they may search for any remaining abundant point 

sources of food such as abandoned orchards or hunting baits. However, it is conceivable 
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that for some habitats, sumrner preference caused by the presence of food may be masked 

by fa11 avoidance and result in "neutral" selection for the combined surnmer-fd season. 

The lack of selection for mature mixed hardwood habitats (matXHW) was 

unexpected given their above-average food ground cover (42- 1%) and medium levels of 

concealment and safiety trees. This cannot be attributed to beech bark disease since beech 

cover 1.6% of the ground in these stands (fiom data coilected). Since this habitat is 

average in ail aspects except food, it only receives average use. In Hugie's (1982) food- 

poor Spectacle pond study area, these habitats were avoided. 

This "average habitat - average selection" explanation can be invoked to explain 

the lack of selection for mature softwoods (matSW). These habitats were average except 

for their lesser food species ground cover and greater density of sdety trees. These 

habitats were avoided in the Spectacle pond area in Maine (Hugie 1982). 

Mature mixed-softwoods (matXSW) were used in proportion to their availability 

in Maine, as they were in this study. The habitat was generaily comparable to mature 

softwoods; it only dEers in its slightly greater level of food species ground cover and its 

lesser arnount of safeS trees. 

Young mixedwood stands were avoided in the Spectacle pond area 

(Hugie 1982) yet were used as expected here. They provided good conceaiment, a 

moderate arnount of satiety trees and moderate amounts of food of great nchness yet 

medium diversity. Again, this is an average habitat; it receives average use. The sarne can 

be said of young hardwoods (yfEW) here though these were preferred in Maine. 

The remaining habitats (PP M+, SP14+, BB, DhT) did not account for more than 

2.8% of the study area each; thus, a very low nurnber of locations was expected in each 

aven the number of locations analysed ( ~ 3 0 7  usable locations). It would have been 

interesting to see ifthe greater safety tree density and food species nchness of the PP14+ 



habitats would have Ied them to be prefemed over the SP 14+ habitats. The dry, non 

forested habitats @NF), ifviewed independently, were almost preferred (1 5 observations 

vs. l O expected. x2 value is short of being significant at the 0.1 level). 

Commercial blueberry fields covered 0.6% of the study area; 2 locations were 

expected, the 3 observed are not significant. However, bears were clearly infhenced by 

bluebeny fields. Bears moved to areas surroundiig blueberry fields when bemes ripened 

in late summer. These were not random long-distance excursions: some bears repeated 

them both years. An analysis of late summer rnovements and proximity to blueberry fields 

(and DNF habitats also) would probably show that bears rnigrated to these sites and were 

more ke ly  to be found closer to these habitats than fùrther away I?om them when berries 

were avadable w i t h  them. Anecdotal observations of the quantity and composition of 

scat found in these sites in autumn suggests a strong attraction. 

Bears were not tracked at night. Diurnal activity was assumed as it is observed 

elsewhere with non-habituated bears, (Amstrup and Beecham 1976, Garshelis and Pelton 

1980, Larivière et al. 1994). Therefore, it would be unexpected to observe significant 

noctumal use of food-rich habitats with low cover and escape that were not used in 

daytime (eg. CPO-6). Additional study with different experimental groups (males, solitary 

females, females with cubs) would perhaps aIso relate some avoidance of these habitats to 

the lack of thermal cover provided. Such habitats may be used during cooler periods but it 

remains that they provide little security to cub-accompanied females. 



Forest type selection: resulfs and discussion 

1 Hardwood 1 74 1 39 1 16.55** 1 avoid 1 

Table W4: Forest type selection results. 

Forest me 

Softwood 

Mixedwood 

Expected 
locations 

Managed 

'Denotes the siguifiunce of the xZ test ifit were to be considered UidividuaIIy. Since it is nof this is only an indication of 
possible befiaviours that did not prove to be signincant whea ail habitat types were considered simuttaneously. 
" signifiant atthe 0.1 lzvel xZ, IdM.70 
** signifimnt at the 0.0 1 level f, l e 6 . 6 3  

62 

114 

Non-forest 

s ~ m  

Hardwoods were again used less than expected (Table llI.4). The addition of the 

Observed 
locations 

45 

neutral-selection young hardwoods did not alter the avoidance observed previously. 

76 

13 1 

12 

307 

There are 76 observations versus the 62 expected for softwoods and thus no 

x2 value 
(signzcance3) 

43 

experimentwise s i ~ c a n c e .  However, considered independently, there is a preference for 

Bonferroni confidence 
interval conclusions 

3.16n 

2.53 

18 

307 
(n= 1 O bears) 

soRwood habitats during the combined summer and faii season. In the Adirondacks, 

no selection 

no selection 

0.08 

softwood use was proportional to its availability during both seasons (Costello and Sage 

no selection 

3 .OOA 

25.34 

1994). Since the mature softwood habitat type was used in proportion to its availability 

no selection 

Seleciion is occurring 
P<O -00 1 (x2*= 18-47) 

(33 observations vs. 3 2  expected), selection towards softwoods as a group is derived £iom 

young softwood's contribution (43 observations vs. 29 expected). 

The non-forested group @NF and BB) was not siflcantly selected overall, but 

its individual x2 value suggests preference. 

The most relevant result is that management-ongin habitats were neutral: they are 

not signifïcantly better or worse than "average" overali. 



Development sfuge selection: resulfs and discussion 

Table IIL5: Development stage selection results. 
1 1 1 1 

Development 1 Expected 1 Observed 1 x2 value 1 Bonferroni confidence 

Mature 1 155 1 128 1 4-70, 1 muid 

'Denotes the signincanœ ofthe x2 test ifit were to be considered individually. Sinœ it is not, this is oniy an indication 
of possible behavïours that did not prove to be signifiunt when al1 habitrit types were considered simuttmeously. 
* sigaincant at the 0.L level xZ, l e - 7 0  
* signinunt at îhe 0.05 levei xZ, i&3.84 

Immature 

Non-forest 

 SU^ 

These results are not unexpected. Mature (d "mat" habitats) habitats were used 

less than expected while immature (BUD, all plantations and all "y" habitats) habitats were 

140 

12 

307 

preferred (Table III.5). This is consistent with other studies, especiaily iffall mast crops 

are ignored or only summer data are considered mugie 1982, Costeilo 1992, Samson 

161 

18 

307 
(n= I O hem) 

Immature habitats generaliy had more food species ground cover and concealment 

than mature habitats yet fewer safety trees. However, when al1 immature habitats were 

3-15'' 

3 -00" 

10.85 

grouped, the lower mean Ievel of safety trees was apparently compensated for and bears 

prefer 

no selection 

Selectian is occurrïng 
P<O.O 1 (ftab=9.2 1) 

preferred these habitats. 



Mmagement regime selection: results and discussion 

x2 value 

Naturai 250 246 0.06 

Managed 1 45 1 43 1 0.09 1 

'Denotes the signincance of the x2 test ifit were to be considered ïndividuaUy. Since Ï t  is not, this is oaly an indication of 
possible behwiours that did not pmve to be si@unt whrn dl habitat types w m  considemi simultaneously. 
A signiticant at the O, 1 IeveI f, ldM.70 

Non-forest 

SUrn 

No experimentwise selection was shown. Bears apparentiy do not distinguish or 

consider stand ongin (Table IU.6). 

12 

3 07 
(n = 1 O bears) 

18 

307 

3 .OOA 

3-15 Selection is not o c c h g  
(x2*p.i, 2 ~ 4 - 6 )  



Habitat variables: results and discussion 

Table IE7: 
medium and low 

Habitat 
Variable El- 
Hichg 
Cover 

Horizontal 
Cover 

~ O P Y  
Cover 

Safety 
Tree 
Abundance 

hi& 

I 

Results of use 
categones 

Category 

Low 

Med, 

Surn 

Low 

Med. 

Hm 

Sum 

Low 

Med. 

High 

Sum 

Low 

Med. 

Sum 

versus avaiiability 
do not regroup 

Expected 
locations 

2 

177 

128 

3 07 

120 

91 

95 

307 

223 

71 

14 

307 

84 

122 

101 

307 

habitat variables. Note: The 
variable. 

Bonferroni confidence 
interval conclusions 

(a=O. 05) 

no selection 

avoid 

prefer 

Selection is o c c u ~ g  
P<O.O 1 (x2~=9 .2  1) 

avoid 

no selection 

prefer 

Selection is occurring 
P<O.O 1 (x2*=9,2 1) 

no selection 

prefer 

no selection 

Selection is occurring 
P<o-05 (x2rnb=5.99) 

no selection 

prefer 

avoid 

Selection is occunirtg 
P<O.OO 1 (xZbb= 13 -8 1) 

goodness 
the same 

Observed 
locations 

3 

149 

155 

307 
(n-IO 
beurs) 

94 

94 

119 

307 
(n=Io 
bears) 

208 

90 

9 

3 07 
(n=Io 
bears) 

99 

143 

65 

3 07 
(n=IO 

of fit tests for 
habitat types for each 

x2 value 
(signz-ea) 

0.5 

4.43* 

5.70* 

10.62 

5.63* 

0.10 

6.06* 

11.79 

1 .O 1 

5 . 0 8 ~  

1.78 

7.88 

2.68 

3-61'' 

12.83 ** 
19.12 



'able IIL7 (Ca 

Habitat 
Variable 

1 

Food 
Species 
Cover 

Food 
Species 
Richness 

Food 
species 
diversity 

High 1 47 1 41 1 0.77 1 1 

Category 

Low 

Med. 

Sum I Selection is not 
occurnng I 

Expected 
locations 

196 

137 

bears) I I (x2t,b.0.*. 2 ~ 4 - 6 )  

Low 1 64 1 79 1 3 -52" 1 no selection 

Observed 
locations 

186 

153 

High 1 104 1 116 1 1.38 1 no selection 1 
Medium 

x2 value 
(signi6cancea) 

0.5 1 

1.87 

High 1 10 1 15 1 2.50 1 no selection 1 

Bonferroni confidence 
intemal conclusio~ 

(cc=O. 05) 

140 

Sum 

Low 

Medium 

Sum 

'Denotes the siguificance of the X* test ifit were to be considered individually. Since it is not. this is only an indication of 
possible behaviours that did not prove to be significant when al1 habitat types were considered simultaneously. 
" significant at the 0.1 level xZ, idM.70 
* significyit at the 0.05 level xZ, ldf=3.84 
** significûnt at the 0.0 L level xZ, 1dfF6.63 

112 

3 07 

108 

189 

Hiding cover distance selection: 

The low hiding cover (greater distance) group's result was ïnfiuenced by the 

5.60* 

3 07 
(n=I O 
bears) 

13 1 

161 

classification scheme. Blueberry fields were the only habitat in the category since their 

moid 

sampling results were outliers to the other groups'. The BB's minute proportion of the 

10.50 

4.90* 

4.15* 

study area and technical constraints meant that few bears were observed in these sites 

Selection is occurring 
Pc0.0 1 (x2&=9.21) 

prefer 

avoid 

(n=3). These results represent only selection for BB habitats and not truly those of a low 

hiding cover grouping (Table IiI.7). 
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The medium hiding cover group was avoided whereas the high cover (small 

distances) group was preferred- The medium classification is a misnomer. Blueberry fields 

(the high cover group) could be ignored and the "medium group" would become the 

"lowef' cover group, thus lower cover would be avoided and higher cover preferred. 

Given the suggested importance of horizontal cover to female bears (Mollohan and 

Lecount 1989, Moilohan et al. 1989, Lindzey and MesIow 1977 and Young and Beecham 

1983), this result was expected and further supports the assertion that female black bears 

prefer habitats with good concealment. 

Nonionfal cover densi@ selection: 

Low horizontal cover density habitats were avoided, no selection was seen for 

habitats with medium levels of horizontal cover and hi& cover habitats were preferred 

(Table I5.7). These results are the clearest and strongest confirmation of the importance 

of horizontal cover to bears. They reflect the hypothesis presented by the authors listed 

above. As opposed to hidïng cover distance, the boundaries selected for the groupings led 

to the formation of nearly balanced groups (120, 91 and 95 expected locations). 

Horizontal cover is clearly an important variable: female bears react to it as 

expected ifthey were seeking the security of concealment. 

Cmopy cover selection: 

The canopy cover selection results are not as intuitive (Table DI.7). Sites with 

medium canopy cover were preferred whereas sites with low or high canopy cover were 

used in proportion to their availability. Perhaps the medium level is "just right." However, 

the unbalanced groupings (223 locations expected in the low canopy cover group vs. 14 in 
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the high) make the detection of dserences more difocult as greater deviations (in absolute 

terms) fiom the expected are required to show significance in the low group. 

Nevertheless, it is plausible that bears prefer sites with medium canopy cover and 

are neutral to other levels. The correlations between canopy cover and safety trees 

(r=0.72, p<O.O l)(since large trees contribute to canopy cover) and with food species 

ground cover ( ~ 0 . 4 0 ,  p<0.01) suggest that independently assessing each habitat variable 

using habitat groupings rnay be impracticd. Open canopy habitats rnay have more food but 

insufficient safety trees whereas densely canopied habitats rnay have abundant trees but 

limited food; in either case one factor rnay compensate for the other and bears rnay appear 

neutral towards these habitats 

Safety tree density selection: 

Bears avoided habitat types with high densities of trees, preferred medium levels 

and showed no selection for low densities (Table m.7). These results are possibly aiso an 

expression of the correlations between canopy cover, food species ground cover and 

safiety tree abundance. However, the number of locations in each group was essentiaily 

balanced and the overall results highiy signîficant. An explmation based solely upon the 

presumption that bears need safiety trees is perhaps inappropnate since bears should not 

then avoid habitats with higher densities of safety trees than required and would probably 

avoid areas with low tree density. The "correlation compensation" discussed in the last 

section probably also affects these results. Areas with abundant safety trees rnay provide 

secunty but not food. In addition, past a certain density, additional trees are perhaps 

superfluous since security needs have been met. The difference in habitat types included in 

the high canopy cover and high safiety tree groups rnay be responsible for the diffierent 
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reactions to these variables (hi& cover was neutral whereas high tree density was 

avoided) 

The lack of selection towards low safety tree density habitats is perhaps also 

explained by such "correlation compensationyy. Or perhaps solitary females used the 

habitat whereas those with offspring avoided it resulting in neutral selection. 

The arbitrary definition of safety tree diameter is debatable and rnay have had 

consequences on the grouping exercise and subsequent testing that could explain the 

results observed. In fùture work, tree diameter should be recorded to d o w  the 

investigation of dserent "safety diameter" thresholds. 

Food species ground cover selecrion: 

The lack of selection towards this variable is the most surprishg resuit given the 

widespread opinion (Jonkel and Cowan 1971, Reynolds and Beecham 1980, Garshelis and 

PeIton 1981, Rogers 1987) that bear habitat use is driven mainly by food abundance in a 

habitat (Table m.7). Available edible biomass was not measured: only ground cover of 

food species was. However, the relationship between cover and biomass cannot be so 

subtle that no selection resuIts. The inclusion of the abundant bunchbeny is perhaps 

debatable; regardless, food abundance rankings would remah virtually unchanged if 

bunchberry were removed (6om field data). 

No relationship between habitat use and food species ground cover was show. 

Food species nchness selectiox 

Again, the results are not intuitive (Table m.7). What benefits would be obtained 

by bears avoiding medium richness sites? Why would they be neutral towards high and 

low richness sites? (Individual results hint at a preference for low nchness sites). A 
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sigdicant positive correlation exists between richness and food species ground cover 

( ~ û . 3 8 ;  p<0.01). As food species ground cover was not shown to elicit a selection 

response, this correlation could illuminate some of the richness results. Perhaps the 

preference for medium sites is not a methodological artefact -such as a correlation 

"compensation" discussed previously- but involves a relationship between richness and 

available biomass. Hïgh nchness sites may produce only small quantities of food at a t h e  

but production rnay be spread over the season prompting regular visits. Sites with medium 

richness may ody provide a srnall quantity of food once a year and any temporary 

preference for the habitat may not be detectable over a season. Low nchness sites could be 

typified by such abundant production of one species that a significant behaviour is shown. 

This should be examined. 

Food species divers@ index selection: 

The Simpson dominance diversity index (Simpson 1 949) assigns greater 

importance to the most dominant (proportionately) species in a sample. As such, the index 

assigned to habitats with an abundance of one or two food species will be greater than that 

cdculated for habitats with many food species but no truly dominant ones. This index was 

chosen under the assumption that bears would be more attracted to sites with one or two 

aoundant -and domùiant- species as it seemed more efficient to forage on a few dominant 

species than to eat trace quantities of many ruer species. As mentioned in Chapter II, the 

diversity index obtained is not intuitively " C O X ~ C ~ ' ~  if the t-ichness and ground cover of 

food species of each habitat are considered. However, the selection results validate the 

adoption of the Simpson index. The low diversity habitats (dorninated by a few abundant 

species) are preferred whereas the medium diversity ones are avoided (Table m.7). The 

hi& diversity category consists of the dry non-forested habitat type only; as such, the 



88 

results reflect bears' reactions towards this habitat and not f i d  species diversiSper se. 

As the high group comprises one habitat, it could be combined with the medium group. 

This would result in no selection (111-2.65, 1 P>0.1) for the new group and a 

preference for the low diversity group. 

The preference for the low diversity group is dependent on its inclusion of the 

YSW and matXSW habitats. Considering habitat type selection (Table m-31, there are 14 

more observations than predicted in ySW. The matXSW results show eight more 

observations than expected. Thus, the 23 observation difEereiice causing preference of the 

low diversity category is nearly fully attributable to two out of five habitats in the group. 

The three other habitats were essentiaily unselected. 

When the medium diversity group results are consided simdarly, the habitat 

se!ection inequalities are more balanced. The m a t w  habitat has an observation "deficit" 

of 25 observations, whereas BUD has a  surp plu^'^ of 10, CPO-6 has a six observation 

ccsurplus" and so on. This suggests that avoidance of these habitats is net a methodological 

artefact . 

Bears react to species diversity caiculated using the Simpson hdex and seem to 

prefer Iow diversity habitats. 

Conclusion: 

The bears7 reactions to landscape variables were examined. Ground-based radio- 

tracking was unsuitable for the study of behaviour towards roads since detectabili~ 

decreased as distance fiom the -road based- observer increased- This was net calibratecl- 

Thus, the matter could not be examined fùrther. Road-related behaviour ~h0uId be the 

subject of an aenal or GPS-collar-based study. 
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Bears' behaviours towards water were neutral. Water is probably abundant enough 

in the area that bears need not consider it; streams are not an aid nor an impediment to 

travel. 

The perimeter to area ratio selection results were not significant either. The 20 m 

map celIs used were perhaps too coarse to detect an effect. The definition of scale is 

important, as is the definition of what constitutes a boundary. Further research should 

ver* this by using smaller cells a d o r  stand boundaries. 

The reaction of bears to habitat types and habitat variables was the focus of this 

chapter. It must be restated that stands were aggregated into Iocdy-dehed habitat types. 

For habitat variables, field sampling results were used to aggregate habitat types into 

categorical groups reflecting abundance levels. 

Single habitat "groups" should not be used. The selection exhibited towards them 

reflected bears' reactiuns to the habitat (and its unique combination of variables) and not 

specikally the abundance Ievel of the variable per se. 

The results of selection analyses on habitat types showed the importance of 

concealment and escape in bear behaviour. 

Mature hardwoods were strongly avoided as they offered Little concealment or 

food. This latter deficiency is likely due to a beechnut production decrease resulting from 

beech-bark disease. The preference for young softwoods was surprising: they had the 

lowest coverage of food species but abundant concealment and escape trees. This 

illustrates the importance of cover and escape over food; as additional evidence, zero to 

six year old plantations were avoided though they had the highest level of food species 

ground cover. However, they lacked concealment and safety trees. 

Selection for forest type also showed an avoidance of hardwoods; al1 other types 

were again used according to their availabiiity. When developrnent stage was considered, 
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results were consistent with expectations: mature habitats were avoided, immature habitats 

preferred and no selection shown towards non-forest habitats. 

No selection was shown towards management regime. Any dserences between 

natural and managed habitats apparently do not influence bear behaviour. 

These results reflect behaviour towards the difFerent grouping schemes but they 

are not truly independent. In each of the previous three cases, the non-forested group 

consisted of blueberry fields and dry non-forest habitats only. The technique did not 

always ailow for an independent evaluation of bear behaviours with respect to each theme. 

Similar independence issues appeared when considering bear behaviour towards 

the habitat variables. Habitat variable results (Table JII.8) shouId be used as forest 

management guidelines. 

These results reflect bear behaviour observed; however, some do not reflect other 

author's hdings. In addition, the results were not always predictable if it was assumed 

that bears were optimizing their behaviour while considerhg only the variables examined. 

Though habitat groupings for each variable were independently denved, bears' 

selection towards each group could not be independently examined due to correlations. 

All variables should be examined simultaneously to examine each' s contribution to bear 

behaviour. In some cases, it was unclear whether the bears were reacting to the variable in 

question or a group containhg a few habitat types that were strongly selected for because 

of an abundance or paucity of another variable. 

Which variables directly ifluence behaviour and which ones are simpiy correlates 

cannot yet be identifïed with certainty. Without having simultaneously considered all 

variables and compared the strength of bears' reactions towards each, the results are 

sirnply too disparate for an overail conclusion. The next chapter will attempt to resolve 



this. However, it c m  be stated safely that bears were not influenced by the ground cover 

of food in a habitat. 

Table IIL8: S v  of bear selection behaviours shown towards variables considered. 

1 High 1 Horizontal cover 1 >66,25% 

Behaviour 

1 Medium 1 Safety trees 1 507.5 - 1122treedHa 

Level 

Medium 

Variable 

Hiding cover 

Canopy cover 

Low 

Medium 

1 Medium 1 Food spp. richness 1 4.4 - 6 . 7 5 ~ ~ ~ .  

Value 

<23.15m 

7.15 - 72.4% 

Avoid 

Food spp. diversity 

Hiding cover 

1 Medium 1 Horizontal cover 1 46.1 - 66.25% 

€0.3 62 

23.15-81.6m 

Low 

W h  

Medium 

Low 

Low and Canopy cover I 
-- 

and > 72.4% 

Horizontal cover 

Safety trees 

Food spp. diversity 

Hiding cover 

<46.1% 

> 1 122 trees/Ha 

0.362 - 0.596 

>8 1.26111 

I 1 cover I 
t" avaizabizi@ ' Al1 levelç 

Low and 

fi@ 

Food spp. ground 

Food spp. richness 

O- 100% 

>4.4 and >7.8 spp. 

Food spp. diversity >OS96 
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The stepwise creation of a statistical model predicting the presence or  absence of a 

bear at a site using togistic regression would have been supenor but was unfeasible given 

the marner in which the data were coliected, The simultaneous consideration of al1 

variables and the discrimination of each's influence in such a model would have identifïed 

the importance of each variable's contribution to bear habitat use behaviour. The 

capability to integrate landscape variables in such an analysis is beneficial. However, since 

bears were neutral towards these, they would not have been considered. 

The habitat variable maps could have been queried for the attributes of each bear 

location and at randorn sites. However, this wodd not have been appropriate either since 

the mean values of each habitat type were used to create these maps. 

A determination of the influence of each variable on bear use of a site will be 

attempted through the construction of a cartographie model in the next chapter. 

Since each habitat type (and more appropriately, stand type) is an expression of the 

unique mixture of variables that defme it, it is tempting to conclude that the reductionist, 

variable by variable approach used may have only confùsed matters. The use of habitat 

type inventory data to anecdotaily explain the behaviours shown towards habitat types was 

perhaps the best approach. Though this does not prove a sigmficant relationship, it 

provides a strong basis upon which to hypothesize an explmation for the behaviours 

observed- 
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Chapter IV 
A c a r t o ~ o h i c  modelline aporoach to determinine fra~mentation effects of forest 

manaeement activities on black bear habitat in southern New Brunswick. 

Introduction: 

The home range area differences observed in Chapter 1 Iead to questions 

conceming why similar adult female bears maintained different-sized home ranges. The 

replacement of natural forest stands by monocuIture plantations could cause a 

fiagrnentation effect @amis 1984) in the area (Woodley and Forbes 1997). However, in 

Chapter DI, management-ongin habitats as a whole were neither preferred nor avoided. 

However, the natural habitats they replaced may have been either. For example, the 

dominant habitat type, natural-origin mature hardwoods, is avoided by bears. 

It is plausible that bears need a minimum amount of "high quality" (preferred) or 

at least suitable (neutrai) habitat for their survival. Unsuitable habitat types are superfluous 

and traversing or avoiding these is an unproductive expense that should be rninimized 

assurning that bears forage optimally (MacArthur and Pianka 1966, Krebs 1978). In 

keeping with this, bears should not occupy any larger an area than that needed to meet all 

of their requirernents. 

The hypothesis that variation in home range size is determined by the amount of 

unsuitable habitat within it will be tested. The prediction that unsuitable habitat is diluting 

the concentration of suitable habitat in the landscape follows. Bears must therefore roam a 

larger area to integrate sufficient suitable habitat into their home range to ensure a 

productive existence. 

The hypothesis and prediction are summarized as: 

"Xhome range size variations are determined by the variation in the 

area of unsuitable habitat within them, then home ranges of comparable 

bears will have the sarne area of suitable habitat." 
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In other words, comparable bears should incorporate the same area of suitable 

habitat w i t h  their diierent-sized home ranges. This result would show that the presence 

of unsuitable habitats is signincant enough that it causes bears to behave as if their 

landscape was "diluted". 

The objective of this chapter is to determine ifthe presence of unsuitable habitat 

produces a lardscape "dilution" effect (fkagmentation). To do this, other objectives must 

be met: 

- identification of the p ~ c i p a l  variables responsible for habitat selection behaviour, and, 

- cornparison of the results of the habitat type selection analysis with those of the variable 

by variable approach. 

Methods: 

Overview: 

To test the hypothesis, the independent habitat variables' selection results were 

integrated to produce a map of the study area's habitat suitability. The area of each home 

range and the area of suitable habitat in each were measured. According to the prediction, 

the latter amount should be equal in ai1 cases. Thus a linear regression of the area of 

suitable habitat on home range area should result in a dope of zero, showing the 

impossibility of predicting home range size from the area of suitable habitat and therefore, 

that fragmentation in the forrn of "landscape dilutionyy is occurring. 

Assump tions: 

It was assurned that the sample bears were comparable as al1 were adult fernales; 

however, some were accompanied by cubs d u ~ g  part of the trachg period. 

Furthemore, female bears were assumed not to exhibit intraspecsc or intrasexual 
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temtoriality. This agrees with reports from locales with abundant food (Amstrup and 

Beecham 1976, Lindzey and Meslow 1977, Garsheiis and Pelton 1981, Reynolds and 

Beecham 1980, Samson 1995). Nothing was observed in this study's results (Figures 1.1 

to L8) to challenge this claim. 

Cartographic model: 

Cartographic m o d e h g  (Tomlin 1990) is a technique in which maps representing 

the geographic extent of levels of different variables are overlayed. The result is a 

composite map in which each individual map ceU7s associated value represents the sum of 

the values encountered in each layer at that location. The choice of maps to incorporate in 

the model is crucial. Including correlated variables would bias results. 

The results of selection tests on habitat types or derivatives were not included in 

the model- A bear's behaviour towards a habitat type is a reaction to its unique 

combination of variables. Therefore, layers showing the results of selection towards 

habitat types should not be included with variable-specific layers. However, the behaviours 

towards habitat types c m  be compared to the resuits of the rnodel. 

A preliminary analysis showed that including commercial blueberry field 

measurements would bias the data. Due to commercial management, the 4 blueberry field 

sites (out of 102 sites surveyed) had the greatest food species coverage and vimially no 

canopy cover, horizontal cover or hiding cover; the sites were excluded f?om the analysis. 

The total cover of food species variable was also excluded fi-om the model since it had not 

elicited selection (Chapter III)- 

Correlations were appraised to ensure that only independent habitat variables were 

included in the model. Some measurements were different expressions of a same habitat 

component. For example, hiding cover distance and horizontal cover density both reff ect 
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conceaiment oEered by vegetation. Other variables were possibly ecological correlates 

(Le., ground cover of food species and canopy cover). 

Since the data were non-normally distributed, a non-pararnetric Spearman rank 

order correlation andysis was used, 

Correlated pairs were scrutinized to determine which variable should be used in the 

model. Variables selected for the model had the greatest total x2 value associated with 

them (as calculated by the Neu et ai. (1974) method in Chapter ID) in each correlated pair. 

This value indicates the strength of the bears' behaviour towards the variable and was 

comparable since aii testing was done with 2 degrees of fieedom. 

Once the independent variables were identifïed, the cartographic model was 

created by taking each's rnap and reclass@ing their high, medium and low abundance 

categories to correspond to the selection results obtained in Chapter III. Suitability values 

of -1 were assigned to rnap cells of avoided categories, O (zero) to rnap cells of categories 

used according to availabiiity and +1 to map ceils of preferred categories. For exarnple, 

the low horizontal cover density category was avoided (Table III.7); therefore, ali rnap 

cells representing it (those originaiiy belonging to: matHW, matXSW, CPO-6, BB and 

DNF) were assigned a value of -1. This was repeated for each independent variable. AU 

maps were then additively overlayed to produce the suitability rnap (the cartographic 

model). IDRISI GIS (Eastman 1997) was used. 

The road distance mask (Chapter m) was not appLied since selection had been 

examined only within the detection area; results were thus applicable to the area outside 

the masked area. 

Since bears showed no selection towards distance to Stream or area to perimeter 

ratio of habitat polygons, the production of the cartographic mode1 rnap became less 

relevant. These continuous variables were spatiaiiy independent of the habitat polygon 
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boundaries yet could have been integrated into the model. Had selection been shown, the 

maps Uustrating the results would have been based on distance to Stream or on polygon 

boundaries (independent of polygon habitat type). 

The inclusion of these landscape variables in the model wouId have produced a 

suitability map whose polygon boundaries were based upon the intersection of habitat 

polygon boundaries and distances fi-om streams. However, as there was no selection for 

landscape variables, the model can be summarized without a map by tdying which 

abundance grouping a habitat type was assigned to for each variable (TabIe III. 1) and 

summuig the selection responses (Table m.7) for each habitat. A table of the model 

outcome for each original habitat type was produced. The modelled suitability of each 

habitat type was then compared to habitat type selection test results. 

Remession analvsis: 

Combined sumrner and fail "season7' (JuIy 6 to early November) home ranges 

(Adaptive Kernel [Worton 19891 and Minimum Convex Polygon w o h r  19471) were 

estimated at the 95% point inclusion levei for each bear, overlayed on the cartographie 

model map and queried for area and composition. 

Simple linear regression was used to examine the hypothesis that variation in home 

range size was determined by the variation in the area of unsuitable habitats within them. 

The prediction that ali bears will use a "standard" area of suitable habitat follows and 

therefore the regression should have a dope of zero (home range size not predictable fiom 

area of suitable habitat). 

The area of suitable habitat was regressed agauist total home range area. Since the 

definition of the minimum suitability of a habitat was arbitrary, the analysis was initiated 

using only the area of highest suitability habitat and repeated including the next lower 
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quality habitat until ail habitats up to the O (zero) category (no selection) had been 

incorporated. The slope and signifïcance were examined to ver@ the hypothesis. 

Results: 

Selection of independent variables for inclusion in model: 

The Spearrnan rank order correlation analysis of data coilected in all habitats 

except commercial blueberry fields (Table N. 1) yielded four pairings with signifïcant 

(p<O.Ol) and "sufficiently" strong (arbitrarily set at (r1>0.35) correlation. These four pairs 

included ail six variables considered: no variables were completely independent. 

Table N.1: Spearman rank order correlation aaalysis results. Shaded pairings were strongly (ditrarily 
set at fr1>0.35) and signincantiy correlated. (Cornmerciai blueberry fields excluded) 

Significance IPJ C ~ ~ O P Y  Safety Food spp. Food spp. 
cover cover tree nchness diversity 

density density density 

mding distance 

Horizontal cover 

Canopy cover 

S a f e s  tree 

density 

Food species 

ri chness 

-0.13 

0.21 

-0.25 

0.0 1 



The variables selected for use in the cartographic model were (Table IV.2): 

horizontal cover density (cover pole), safety tree density, and food species diversity. 

Among the habitat variables considered, these appear to drive bear behaviour. Using the 

x2 value as a gauge, safety tree density elicited the strongest behaviour, followed by 

horizontal cover density and food species diversity which were nearly equaiiy important. 

Sign~@ance (p) 1 

Hiding distance -0.76 

Table N.2: Selection of variables for inchsion in the cartographic model using largest x2 value as 
cnteria for selecting ody one of two correlated variables. Shaded ceiis show variables included, 

Food spp. richness 0.48 
I 

Variable Correlation 
coefficient 0 Variable 



Cartographie model results: 

Once the variables to be included were identïfied, the cartographic model map 

(Figure IV. 1) was created. Since three variables were retained, map ce11 values ranged 

firom -3 to +3. The selection behaviours were linked to the original habitat types used and 

sumrnarized (Table IV.3). The sum of ratings was considered to be the habitat's 

suitability. 

Table JY.3: Summary ofselection results for each habitat and cesuitant cartographic mode1 suitability 
rating. (0 : neutral; + : suitable; - : unsuitable) 

density selection diversity suitability 
selection selection rating 

Mature hardwoods (matHW) were rated as the least suitable (-3) of all habitats 

(Table IV.3) and were the only unsuitable natural forest habitat type. Mature softwoods 

(matSW), mature rnixed hardwoods (matXHW) and budworm defoIiated habitats (BUD) 

were neutral (O). AU other natural forest habitats were considered suitable: mature mixed 

softwoods (matXSW) and young mixedwoods ( y x w )  received a +1 rating, young 

hardwoods (yHW) a +2 rating. Young softwoods (ySW) were the best habitat type 

receiving the only +3 suitability rating. 
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Overail, management-origin forest habitats were unsuitable. Zero to six-year-old 

cuts and plantations (CPO-6) were the least suitabie managed habitat at -2. Seven to 13- 

year-old plantations (P7-13) and 14-year-old o r  older pine (PP14+) plantations received a 

-1 rating whereas 14-year-old or older spruce plantations (SP14+) received the o d y  

suitable rating: +2. No management-origin forested habitats were neutral. 

Both non-forested habitats were unsuitable. Dry non-forest @NF) habitats were 

rated as slightly unsuitable (-1) whereas commercial bluebeny fields (BB) received a -2 

rating. 



Figure IV.l: Cartographie model - habitat suitability 

Excluded 

-3 

-2 

-1 

O 

+ 1 

+2 

+3 



The modeiled suitability was compared to the results of habitat type selection 

testing (Table IV.4)- The direction of selection test results towards habitat types was 

determined by cons ide~g  observed to expected locations. 

Table N.4: Cornparison of selection results and cartographic mode1 suitability rating for each habitat 
type. (Though habitais with x2 values below 2.70 were not signincantly selected @>O. l), seIection trend 
was in 

agreement 

es 
yes 
yes 
yes 
no 
yes 
no 
no 
yes 
no 
no 
no 
no 
no 

'Denotes the significance of the xr test i f it  were to be considered individually. 
" significant rtt the 0.1 Ievel x', l r n . 7 0  
** significant at the 0.0 1 level xZd L&6.63 
= approaching significuice- 0-16 tevel xZ, 1-97 

The results of habitat type selection testing agreed with the cartographic model's 

suitability ratings 6 tirnes out of 14 (43%). In most cases (8 out of 14; 57%) conclusions 

The model agreed with the direction and strength of the highly significant results of 

individual x2 goodness of fit tests. Both mature hardwood and young soflwood's results 

were significant at the 0.0 1 level and both were assigned the highest possible classification 

in the model (-3 and +3 respectively). 

No firther relationshîps appear between x2 value, selection test 

"preference/avoidance" and modeiied suitability. For exarnple, budworm defoliated 
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habitats were signincantly (~+"3 -45, p<0.1) preferred in individual testing yet were 

classïtied as neutral by the model. Conversely, seIection towards zero to six-year-old 

plantations (CPO-6) was not as strong (~2-3.00, p<O. 1) as that shown for budworm yet 

the CPO-6 model rating (-2) agreed with the selection result. 

Similady discordant situations occurred with the other findings. The results of 

some marginally signincant habitats were in agreement whereas others were contradictory. 

Habitats rated neutral in the use versus avdability anaiysis received ratings as high as 121. 

Though the two strongest conclusions were identical, there was no trend in 

agreement between the selection analysis and the model's suitability predictions. 

Hwothesis testing;: 

The area of each suitability category in each bear's ccsummer/fall'' home range are 

reported in Appendix 1. The mean adaptive kemel home range size was 94.77 km2 

(SD=54.58 km2, range: 39.1 km2 to 205.6 km2). Using the minimum convex polygon 

rnethod, mean home range size was 55.42 k d  (SD536.57 km2, range: 2 1.8 km2 to 13 9.2 

h3. 
Simple linear regression using the area of map celIs with a suitability of +3 

produced the following equations: 

Adaptive kemel home rafige (AK HR): 

area of +3 = -0.51 1 + (0.706 * AK HR area) 

?=0,777, P=0.0020, n=7O 

Minimum convex polygon home range (MCP HR): 

area of +3 = -0.603 + (0.1 1 1 * MCP HR area) 

?=O. 752, P=0.0072, n= 70 



In both cases the slope was signifïcantly different fiom zero (AK slope=O. 106, P=0.0020; 

MCP slope=O. 1 1 1, P=0-00 12). Thus, each bear used a significantly dBerent area of sites 

with a +3 suitability rating. 

Considering the area of map cells with a suitability of +2 and +3 jointly, the 

following equations were obtained: 

Adaptive kemel home range (AK HR): 

area of +2+3 = -3.36 + (0.1 80 * AK HR area) 

r2=0. 750, P=0.0012, n=70 

Minimum convex poIygon home range (MCP HR): 

area of +2+3 = -2.91 + (0.195 ' MCP HR area) 

?=O. 798, P=0.0005, n= 1 O 

In both cases the dope was significantly different fiom zero (AK slope=O. 180, P=O-O0 12; 

MCP slope=O. 195, P=0.0005). Thus, each bear used a significantly dBerent area of sites 

with +2 and +3 suitability ratings. 

Considering the area of all suitable (+l, +2 and +3) map cells jointly, the foilowing 

equations were obtained: 

Adaptive kemel home range (AK HR): 

area of +1+2+3 = 0.635 + (0.334 * AK HR area) 

?=0.930, Pc0.0007, n= I O  

Minimum convex polygon home range (MCP HR): 

area of +i+2+3 = -0.756 + (0.353 * MCP HR area) 

?=0.916, P4.0001, n=lO 

In hoth cases the slope was significantly dzerent fi-om zero (AK s:ope=0.334, P<0.000 1; 

MCP slope=0.3 53, P<0-O00 1). Thus, each bear used a significantly different area of 

suitable (1,+2 and +3) sites. 
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Considering the area of all neutral or better map cells (O,+l, +2 and +3) jointly the 

foiiowing equations were obtained: 

Adaptive kemel home range (Ai< HR): 

area of 0+1+2+3 = 9.98 + (0.51 7 AK HR area) 

?=0.900, P<O.OOO P, n=lO 

Minimum convex polygon home range (MCP HR): 

area of 0+i+2+3 = 5.71 + (0.512 * MCP HR area) 

?=0.886, P<0.0007, n=7O 

In both cases the slope was significantly different fiom zero (AK slope=O -5 17, P<0.000 1 ; 

MCP slope=0.5 12, P<0.0001). Thus, each bear used a significantly different area of 

neutral or better (0+1,+2 and +3) suitability class habitat. 

The home range sizes of these cccomparable" bears varied considerably and the 

regression results show that the ranges contained significantly different areas of suitable 

habitat. The hypothesis that the variation in home range size is determined by the variation 

in the area of unsuitable habitat is thus rejected. Therefore, another factor detemiines 

home range size variation. The presence of unsuitable habitats is not causing a dilution 

efEect (fragmentation) detectable by this technique. 

Discussion: 

None of the variables that elicited a selection behaviour &orn bears was entirely 

independent. However, the correlations observed were not surprising: they reflect the 

similarit. of measurements taken (hiding distance and hiding cover), natural relationships 

(trees create cano py cover) or mathematical relationships (species nchness is a component 

of diversity). Having discussed the possible motivations behind the selection patterns for 

each variable in the last chapter, the relative strength of the behaviours should now be 

noted. 



Bears showed the strongest selection towards safety trees. As previously 

mentioned, the selection pattern is not intuitive (and rnay be iinked to the "safety 

diameter" threshold employed); however, it remains that female bears reacted strongly to 

safety tree density. This is probably not Linked to direct security needs but perhaps to some 

ked ,  innate "materna1 instincti7 for cub security (Herrero 1972, Young and Beecham 

1983). The majority of bears tracked were not accompanied by cubs. A cornparison with 

the behaviour of male bears would be relevant. 

A preference for "secure" habitats is also apparent through the strength of 

selection towards horizontal cover density. In this case, the selection pattern is more 

intuitive and probably relates to both adult and cub security. Food species diversity eticited 

an equaily strong behaviour. As mentioned in Chapter III, due to the index used, the sites 

selected are dominated by a few abundant species. 

Security and, to a lesser degree, food avdability are therefore the principal factors 

driving habitat use of female bears in the area. 

Given the correlation between food species richness and diversity, the strong 

selection both received and the ease of collecting richness data over diversity data (where 

abundance is requïred), only food species nchness need be collected in future 

investigations. If horizontal cover and safkty tree density are measured, future researchers 

in the area should not be concemed with hiding distance or canopy cover. 

Home range size variation was observed, yet could not be linked to a 

fragmentation effect caused by the presence of unsuitable habitats. Ail regressions showed 

a positive relationship between home range size and the arnount of suitable habitat. As an 

alternative, a negative relationship (smaller home range, more suitable habitat within it) 

would have been predicted and would have agreed with optimal foraging theoiy. The 

positive relationship obtained was unexpected. This suggests that the availability of 



suitable habitat (as defïned) is not limîting and that other factors, such as: sex, age, 

reproductive condition, kinship, social rank or population density are responsible for home 

range size variation (review in Smith and Pelton 1990). Perhaps habitat conversion does 

not cause space-use consequences but instead precipitates population size, productivity or 

dispersal variation effects (Lindzey et al. 1986). Though it must be assumed that bears 

foraged optinaaliy, it appears that the variable or variables they sought to optimize was not 

explored. 

The relationship shown may suggest a reliance on point sources of abundant food. 

Bears in the area are intensively baited by hunters fiom spring to early surnmer and fiom 

Iate summer to autumn. If bears depended on baits (and to a lesser degree on blueberry 

fields and abandoned orchards) for nourishrnent, their movements and space-use would 

not show an "expected" relationship with habitat. 

One interesthg hypothetical explanation of the strong relationship between area of 

ySW and home range size is as foilows: if local practice dictated that baits be  set in young 

softwoods (the only +3 habitat), as bears roarned farther afïeld to seek bait sites, their 

home ranges would increase, dong with the area of ySW habitats within them. 

The premises upon wliich the mode1 rests could be flawed. Due to a lack of 

location data, aii bears had to be considered as equal. Though all female, they ranged fiom 

three to 14 years of age. Siniilarly, assuming that the behaviours of cub-accompanied 

females were identical to those of solitary ones may also have been incorrect though o d y  

summer and faIl (when food was available and cubs mobile) were considered. Habitat use 

dïerences between the two groups have been observed (Alt et. al. 1980, Rogers 1987, 

Samson 1995). 
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Perhaps bears that fiequented baits were less concerned with habitat productivity 

than unbaited bears who expended more time foraging- Whatever differences existed were 

perhaps too great to assume identical behaviour. 

Methodological weaknesses were also present; for instance, the exercise relies on 

nested assumptions: habitat types chosen would be relevant to bears and a representative 

sample of these habitats could be obtained by sampling sites in each. Furthemore, when 

multiple cornparison tests did not clearly separate habitat types into defined groups for 

each variable, box-plots were used to do so graphicaily. 

Considering these potential flaws, it is alrnost surprising that the most significant 

model conclusions (avoidance of ma- and preference of ySW) were identical to those 

of the use versus availability analysis. This adds credibility to the modehg procedure and 

demonstrates the significance of the behaviours. 

The significance of the dopes and the large R2 values for the regression equations 

demonstrate that the relationship is not random. The area of +3 habitat (ySW only) alone 

explains 72.7% of the variation in home range size although the habitat only covers 8.6% 

of study area. Jointly, the three positive suitability classes explain 93% of the variation in 

home range size. However, this significant result is beyond the scope of the hypotheses 

considered. Considering this result and the lack of temtoriality observed, the availability of 

good habitat is apparently not Limiting. However, the wide variation in home range area 

and, consequently, suitable habitat cannot yet be explained. 

AfErmhg that one technique is superior is difficult. This was a comparkon, not a 

validationper se. As no data could be excluded fiom the model to serve as a control and, 

as the bear's "true" behaviours are unknown, there is no statisticd basis upon which to 

conclude. 
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Furthemore, the variables evaluated b y bears are unknown. When encount ering a 

habitat type, bears behave based on what is important to them. The cartographic model 

does not reflect this. The researcher selects which variables to sample. Therefore, the mîx 

of variables presented to the bears does not necessarily inchde the ones they evaluate, 

though selection may still be shown. With habitat use versus availability, bears are 

presented with (human) habitats and select them considering the variables they gauge as 

important. 

However, the cartographic technique is a suitable alternative for the examination 

of relationships between locations and habitat variables and benefits fiom being able to 

integrate landscape variables; a tùrther weakness is that model precision depends upon the 

number of layers included (number of independent variables sampled and eliciting 

selection). A stepwise regression technique would be superior to both approaches in 

ident-g driving variables but data collection must be planned accordingly. 

Though the use versus availability analysis fùlfilled the conditions set out in Neu et 

al. (1974) and Byers et al. (1984), many more locations would be required to conclusively 

gauge the selection of habitats not c o v e ~ g  a signifïcant portion of the study area. The 

cartographic approach averts this since less abundant habitats are inventoried with the 

same intensity as others and, on a variable by variable basis, are grouped with other 

habitats and then assessed for selection (as part of a diffierent group for each variable). 

Subsequently, when selection results for each variable are integrated, a significant 

evaluation of each habitat's suitability is achieved whatever its landscape proportion. 

Cartographie model neutral ratings reflect bear behaviour. In use versus availability 

testing, they rnay imply that hsufficient locations were collected even if test assumptions 

were met. 
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The mode1 and the selection anaiysis disagreed on the suitability of rnanagement- 

origin forest habitats except for the CPO-6 habitat (unsuitable with either technique)- In 

use versus availability tests, ali other managed habitat types were used according to 

availability by bears (no selection) whereas the cartographie technique rated them as 

unsuitable except for the SP14+ habitat that was preferred. 

The unsuitable management-origin habitats (CPO-6, P7-13, PP 14+) represent 

12.6% of the study area. As none are found in the Park, the habitats represent 16.1 % of 

the 425 km2 outside-Park area and, according to the model, one third of the area of 

unsuitable habitat (CPO-6, P7-13, PP14+ equailed 12.6% vs. 25.2% for matHW and BB). 

This does not imply that forestry activities increased the area of unsuitable habitats by that 

much. Some plantations replaced unsuitable natural habitats such as matHW. Therefore, 

the proportion of unsuitable (or neutral considering the use vs. availability results) habitat 

is probably only slightly greater now than it was before industrial forest management's 

introduction. As no dilution effect was shown, the increased proportion of unsuitable 

habitat in the landscape appears not to have been detrimental. 

Unmanaged young softwood habitats ( y S  W) were either preferred or suitable 

depending on technique employed. The model rated fourteen-year-old and older spruce 

plantations (SP14+) as +2 suitability habitats. Thus, as the spruce-dominated CPO-6 and 

P7-23 habitats age, they will become suitable habitats. However, this period of 

unsuitability could be avoided if harvesting and sylvicultural practices were modified to 

make these sites more ecologically sirnilar to their unmanaged counterparts: the ySW and 

BUD preferred in use versus availability tests. 

By using appropriate sylvicultural practices, it may be feasible to increase 

horizontal cover density (in CPO-6 and P7-13 habitats) to the 46% "usability" (neutral) 

threshold (Chapter III). Sirnilarly, large trees could be left on site to act as safety trees. 
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Results showed an optimal density of 507 to 1 122 safety trees per hectare. Leaving this 

much timber is unreasonable. However, using BUD habit-t_s as a guide, 249 trees per 

hectare may be sufiïcient. Individuai x2 test results showed BUD was preferred @-O. 1) in 

spite of its "low" density of safety trees. Perhaps the 10 cm dbh threshold used was too 

s m d  to reflect security provided. As a result, some habitats' high tree densities may not 

reflect their real (Iower) security value. The BUD habitat trees were mainly mature spruce 

and birch not afliected by the infestation. These trees tmly offered security. Manipulating 

food species diversity is nearly irnpossibIe but it shouid be monitored to ensure that 

existing Ievels are not negatively dected. Recent changes in local forest management may 

already be leadïng towards these objectives. 

Both techniques regarded mature hardwood habitats (matHW - 21 -4% of area) as 

Iow suitability / avoided habitats. Such agreement supports the assertion that beech bark 

disease has decreased beechnut production. Other studies with signifïcant beech habitats 

reported attraction to these sites (Hugie 1982, Costello 1992, Samson 1995). 

Conclusion: 

Security and food availability appear to drive fernale bear habitat use in the area. 

The density of safety trees elicited the strongest behaviour. Horizontal cover and food 

species diversity drew weaker, but nearly equal, responses. 

The presence of unsuitable habitats in the study area was not shown to cause a 

spatial dilution (fragmentation) eEect. The replacement of natural habitats with managed 

ones (plantations) causes a temporary period of decreased suitability for the areas 

involved. This couid be avoided through changes in harvesting and sylviculturai 

techniques. Natural habitats were generaily considered to be more suitable than 
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management-ongin habitats with the exception of mature hardwoods (considered 

unsuitable by both techniques), 

There are advantages and disadvantages to both methods used. For simplicity and 

direct applicability, the use versus avdability analysis is recommended. However, having 

explanatory information makes a multi-resource forest inventory desirable. This allows the 

quantification of habitat variables that cm then be managed. At the very least, it cm be 

assumed that selected habitats have an adequate combination of variables. 

In situations with limited resources, the cartographic modeliing approach is a good 

compromise between the descriptive use versus availability approach and the more labour 

intensive regression modehg  technique in which use sites are sarnpled. 

Cartographie modehg would excel ifused as a re-analysis or data rnining tool. 

Existuig animal location sets that once served to quant* where animals were could be 

efficiently "recycled" by integrating easily-produced landscape variable maps and habitat 

variable maps into a cartographic modelling process that would help explain why animals 

chose specific locations. A random point multi-resource inventory is more efficient and 

feasible than navigating to imprecise animal location sites to record habitat characteristics 

as is required of regression techniques. Data sets in which the animal's location is 

imperfectly known yet a habitat type recorded would be perfect for the application of this 

technique if habitat characteristics had not changed substantially in the time elapsed. 



Conclusions and Recommendations 

This project has provided a new outlook on the ecology of fernale bears, the 

effects of forest harvesting and Fundy National Park's regional conservation role. New 

research and management considerations have also emerged. 

Individual habitat variables' contributions to habitat use have been shown. Safety 

tree density was the independent habitat variable that elicited the strongest response £tom 

fernale bears; two other variables also in£luenced bear behaviour to a lesser degree: 

horizontal cover and food species diversity calculated using the Simpson index (Simpson 

1949). Security thus appears to be a very important factor. Surprisingly, bears showed no 

habitat use response to ground cover of food species in a habitat. No behaviour was 

shown towards distance to water either. 

Female bears preferred habitats with 507.5 to 1122 safety trees per hectare yet 

showed no response to habitats with lower densities and avoided habitats with a greater 

density. This should be investigstted but may be linked to the methodology used. Instead of 

using an arbitrarily-set threshold (10 cm), tree diameters should be measured to assist in 

explaining the relationship. A strong behaviour was shown towards horizontal cover 

density (concealment measured with a cover pole); this relationship was more 

understandable as habitats with low cover (0-46.1%) were avoided, those with medium 

densities (46.1-66.25%) were neutral and habitats with higher cover densities were 

preferred. Female bears sought the security of concealment. 

Bears showed a similarly strong response towards food species diversity. They 

preferred habitats with low (0-0.362) food species diversity, avoided those with medium 

diversity (0.3 62-0.596) and used those with greater diversity according to their 
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availability. The Simpson index assigned greater weight to dominant species. Therefore, 

the low diversity habitats' preference stems fiom the characteristics of such sites: few 

species yet high ground cover of each. Reactions towards the other diversity groups 

should be fùrther investigated as they may refiect the plant composition and fiuiting 

chronology of habitats. Medium diversity habitats may only provide Limited food for a 

short penod and be avoided otherwise, whereas high diversity habitats may also provide 

s m d  quantities of food but over a longer period as different species corne into £iuit- The 

latter sites could thus be used according to their availability. Food plant community 

ecology should be investigated. 

The above fhdings were reflected in habitat type selection test results. Clearcuts 

and plantations of up to six years of age (CPO-6) were avoided though they had the 

second highest level of ground cover of food species (after commercial blueberry fields). 

The CPO-6 habitats had very little horizontal cover and no safety trees. Conversely, young 

natural sofkwood stands (ySW) had the least arnount of food of any habitat yet were a 

preferred habitat. In contrast, ySW had medium safety tree density and high canopy cover. 

A scat analysis study is needed to quant* the importance of bunchberry on a 

seasonal and multi-year basis- The species' nutritional value and electivity to bears should 

be compared to those of other bemes to establish the use of this abundant edible species 

and determine whether or not it is a food of last resort. General investigations of bear food 

plants' nutrient content and the relationship between their ground cover and available 

biomass should be considered. A simple programme of food productivity monitoring 

should be established as it would provide advance warnings of later-season bear problems 

and serve in bear population management. 
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The study was not fiee fi-om methodological concems. Though the habitat Spes 

used were relevant to foresters and were based upon the results of previous studies, they 

remain human constructs. The forced aggregation of bears and their "summer-fd season" 

locations due to lack of data may have hidden some behaviours. Neutral selection results 

towards some habitats may have resulted fkom aggregation-related "compensation" : the 

behaviour of females with cubs may have compensated for that of solitary females, or 

perhaps habitats preferred in the summer may have been avoided in the fd. Another 

methodologicai concem is that of habitat variable assessment: the andysis groupings were 

aggregations of the original habitat types; therefore, the responses to each variable were 

perhaps not entirely independent of strong responses to other variables expressed towards 

a habitat within a group. Had data been suitably collected, a regression analysis of use 

sites and random sites would have been supenor owùig to its sirnultaneous consideration 

of each variable and discrimination of each's influence. However, when combined with the 

use versus availability analysis of habitat types, the habitat ïnventory does permit anecdotd 

insight into the reasons behind bears' reactions to a habitat. 

Insights have been gained into the effects of forest harvesting and management 

activities upon adult female bears in the area. P ~ c i p a l  arnong these was that no 

fragmentation effect in the form of dilution of usable habitat was shown. The variation in 

home range sizes was not Linked to the variation in the arnount of unsuitable habitat within 

them: another factor determined size variation in home ranges. Most (72%) of the 

variation in home range area was accounted for by the variation Ui the area of young 

softwood habitat within them. This surprising relationship merits further attention and, 

when considered with the lack of selection showed towards food species ground cover, 
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suggests that -wild- plant food may not be a limiting factor in the area. Point sources of 

food may play a greater role in spatial dynamics than observed elsewhere. 

The lack of a fragmentation effect probably relates to the fact that management- 

orïgin habitats did not appear to increase overaii landscape unsuitability. These habitats 

(neutral in use vs. availability tests / unsuitable in the cartographie model) made up 

approximately LI3 of the unsuitable areas of the landscape; this does not necessarily 

translate into a significant increase in unsuitable habitat as many plantations replaced what 

were probably unsuitable or neutrai habitats origindy. As these currently unsuitable 

management-ongin habitats age, their suitability increases and they wiü eventually become 

preferred habitats. 

Changes in harvesting techniques should be implemented to ensure t hat plantations 

and newly cut areas contain elements that would make them a preferred habitat thus 

elùnuiating the 14-year unsuitability period. New cuts should simulate the structure of 

severely budworm-defoliated habitats (preferred in selection tests yet low safety tree 

density) until pre-commercial thinning. Cut patterns could even simulate those of the 

naturally-occurrhg gap disturbance regime. Foresters should ensure that the proportion of 

unsuitable habitat in the landscape never reaches a level that would decrease its canying 

capacity. This level should be quantified but, as no "dilution of suitable habitats" 

fragmentation effect was shown with the current degree of management ongin habitat in 

the landscape, the present proportion may serve as a good baseline. 

Stand geometry did not affect bear habitat use at the scale at whïch it was 

investigated. A significant equipment-related detectability bias was found that precluded 

the study of the effects of roads upon bears. Such a study is necessary but cannot be 

conducted using conventional ground-based telemetry. 
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ALien species should be monitored to idente possible impacts: many plantations 

were stocked with species not native to New Brunswick. The resultant community may 

offer a difXerent level of suitability to bears than that of native communities. 

Unintentionally introduced species such as the causative agents of beech-bark disease must 

also be monitored, 

Assessing the Park's role as a local bear conservation anchor was also a project 

objective. Results suggest that the Park plays a rninor role at best. Bears whose home 

ranges overlapped the Park boundary showed no preference for either side. The habitat 

mosaic outside of Park boundaries is more varied than the Park's due to the presence of 

management-origin habitats. Some bears maintained home ranges entirely outside of the 

Park, confïnning that the outside-Park habitat mosaic can fùlfii local bears' requirements. 

One bear never left the Park, all other bears used portions of the outside and sorne made 

directed excursions towards point sources of food (blueberry fields and abandoned 

orchards). The Park is only three t h e s  the mean home range sire of a female bear 

(whereas male ranges are much greater than those of females [Garshelis and Pelton 198 1, 

Hugie 1982, Rogers 19871) and thus cannot be considered to be an important refuge. 

With respect to habitat, the strong avoidance of mature hardwood stands is very 

alarming: what is a very productive habitat elsewhere (Hugie 1982, Samson 1995) has 

been debilitated by beech-bark disease. The strong avoidance of the habitat, personal 

observations of grossly uifected beech stands and the failure of beechnut crops is evidence 

of the deterioration of the Park's ecological integrity. This situation should serve as a 

waming to regions not yet infected by this spreadiig disease and as a testimonial to the 

impacts of invasive alien species on wildlife. 
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However, two "wrongs" may a h o s t  make a "right"; the lack of  hard mast is 

probably somewhat counter-balanced by an alien @ut non-invasive) food source: the 

decadent apple orchards found in the abandoned settlements and homesteads that dot the 

landscape. These provide targe quantities of soft mast in the f d  (with occasional remnants 

in spring) when no other natural food plants are available and when bears' energetic needs 

are at a cntical point (Kolenoslq and Strathem 1987). As analysed, the tracking data 

could not show that bears did congregate in these orchards in the fd .  Within the Park, 

these sites should be protected and maintained for three reasons: their representation of 

the Park's cultural history, their direct ecologicd role in bear energetics and, their role in 

keeping bears in the Park during the fail hunting season thus probably reducing bear 

mortality . 

Beech-bark disease should be investigated. The focus should be on active 

management to reduce the disease's impacts; this would provide prevention and control 

insight for areas with yet-unaffected beech populations. 

Bears preferred younger habitats to older ones. Since forest harvesting is not 

aliowed in the Park, early successional habitats c m  only be created through natural 

d i ~ t u r b ~ c e .  Fires do occur, but insect infestations are the predominant disturbance. A 

spruce budworm infestation took place in the early 1980s. Though provincial lands were 

sprayed, Park managers resisted pressures and did not undertalce control efforts. The 

extensive areas of 7 to 13-year-old plantations now sunoundhg the Park result fiom 

salvage-logging undertaken as a response. The current Sgh quaiity of unmanaged 

budworm-defoliated sites in terms of variables examined and the preference exhibited 

towards them stands as a testament to park managers that d o w e d  nature to take its 

course. Had budworm been controlled, the Park would now be dominated by "artifi~iaily'~ 

older habitats of little value to bears. The presence of budworm-defoliated habitats ensures 
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that the Park is of value to the bears throughout the year and means that they need not 

leave the Park to fidfill (qualitatively at least) their habitat needs. 

Many issues must be exarnined when considering the long term population and 

habitat viability of bears in the area. The effects of hunting are the most important. 

Commercial bear hunting outfitters operate around the Park; their clients have harvested 

up to nearly 40 bears a year within a IO-km radius of the Park during spring and fa11 hunts. 

An unsustainably managed hunt would threaten the long term viability of the local bear 

population and undermine the Park's role in the preservation of the ecological integrky of 

a representative portion of the Caledonian Highlands ecoregion. 

Investigations should now focus on hunting effects since habitat-related activities 

were not s h o w  to be more than a temporary and, ifthe proportions of unsuitable 

managed habitat are maintained, non-detrimental decrease in the landscape's suitability to 

bears. Conservation-oriented changes in forestry practices now occurrïng will likely 

address any remaining habitat-related concerns. Hunting s hould now be examined to 

gauge its effect on the long term viability of the local bear population. Though the 

management of the bear hunt has been irnproved since the  study by the introduction of 

out6tter territories and other rneasures, an analysis of the hunt's effects and management 

options should still be initiated to ensure that the current harvest is sustainable. Another 

study should investigate the importance of bait sites to bear movements, habitat use and 

energetics. 

Though the data were not analysed in a manner that could show this, some bears 

remained in the vicinity of bait sites for penods of a week or two, whereas other bears did 

not show baiting influence. The quantities of bait offered are substantial and may be 

afEecting the energetic balance and spatial ecology of bears. Other point sources of food 
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should also be considered. Abandoned apple orchards outside the Park should be Listed as 

ecotogicaily sigiificant features with development and forestry authorities to prevent their 

destruction. An educational program should be developed to S o m  landowners of the 

importance of these sites to wiidlife with a focus on ensuring orchard preservation and 

maintenance. 

The "defence" of blueberry fields should also be investigated. "Park" bears made 

directed Iong-distance movements to these sites. The "use" of blueberry fields by bears 

obviously cof ic t s  with human interests. Thus, ail terrain vehicle-equipped armed 

"guardians" are employed to patrol these fields and are allowed to kill bears "causing 

damage to crops" and do so regularly. No other means of depredation control were 

observed. Field guardians and other stakeholders should be the objects of an educational 

program airned at promoting alternatives to the use of lethai force and enhancing 

stakeholder understanding of bear ecotogy in the locale. 

Altematively, as blueberry fields are harvested every second year, a situation eKists 

where fields on opposite sides of roads may be scheduled for harvesting in opposing years 

yet any bears in the area are targeted for control. Therefore, the harvesting of fields in an 

area should be synchronized so that bears could be ailowed to use the area f?eely every 

two years. Human activities and non-lethal control methods w-ould quickly guide bears to 

areas not scheduled for harvesting. 

It should be noted that al1 area IandfUs were decornmissioned in the years before 

the study and that, accordingly, no garbage-related spatial behaviours were ever observed. 

Tourism development could dso negatively atFect bears. The possible 

construction of a paved parkway leading to the Park, dong with an increase in cottage 

development and outdoor recreation, will increase human presence in previously 
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uninhabited areas. To prevent problem bear issues from arïsing, an educational program 

aimed at developers, cottagers and visitors should be irnplemented. 

Ouffitters shodd be involved in the development and delivery of aii proposed 

educational prograrns as they have a stake in ensuring the viability of bear populations and 

limiting non-hunting mortaiity. 

Given the shared yet contradictory nature of bear population management in the 

area and the challenges faced, the creation of a broadly-based stakeholder group mandated 

to develop an adaptive management plan for this bear population is suggested to ensure its 

Iong-tem viability . 

Habitat is only one cornponent of a solution. 



Literature Cited: 

Alt, G.L., G.J. Matula, Jr., F.W. Alt, and J.S. Lindzey.1980. Dynamics of home range and 
movements of adult black bears in northeastem Pennsylvania. Int. C o d  Bear Res. 
and Manage. 4:U 1-136, 

Amstnip, S C ,  and J. Beecham. 1976. Activity patterns of radio-couared black bears in 
Idaho. J. Wildl. Manage. 40:340-348. 

Aune, K.E. 1994. Comparative ecology of black and grinly bears on the Rocky Mountain 
Front, Montana. Int. C o d  Bear Res. and Manage. 9(1):365-374. 

Berducou, C. 1994. Usefùl habitat suitabilïty indicators for special forest management 
plans in the Brown Bear area of France. in Proc. XXIst Congress W B ,  Halifax, 
Nova Scotia, 1993. I.D. Thompson, editor, Petawawa National Forestry Institute, 
Challc River, Ontario. 

Boileau. F. 19%. Utilisation de l'habitat par I'ours noir dans le parc de conservation de la 
Gaspésie. M. Sc. Thesis. Laval University, Québec, Québec. 53 pp. 

Burt, W.H.1943. Temtoriality and home range concept as applied to inammals. J. 
Mamrnal- 24:346-3 52. 

Byers, CR-, RK. Steinhorst, and P.R Krausman. 1984. Clarification of a technique for 
analysis of utilization-availability data. J. Wildl- Manage. 48 : 1050- 1053. 

Costeiio, C. M. 1992. Black bear habitat ecology in the central Adirondacks as related to 
food abundance and forest management. M.Sc. Thesis. State University of New 
York, Syracuse, New York. 165pp. 

Costeiio, C.M. and R-W. Sage, Jr. 1994. Predictùig black bear habitat selection Born fûod 
abundance under 3 forest management systems. Int. C o d  Bear Res. and Manage. 
9(1):3 75-3 87. 

Craig, K. N. 199 1. New Brunswick black bear project. 1989 - 1991. Final Report. Fish 
and Wildlife Branch. Department of Natural Resources and Energy. Fredericton, 
New Brunswick. 55pp. 

Crane, M.F. 1989. Cornus canadensis. In: Fischer, William C., compiler. The Fire Effects 
Information Systern @ata Base]. Missoula, MT: US. Department of Agriculture, 
Forest Service, Internountain Research Station, Interrnountain Fire Sciences 
Laboratory. Magnetic Tape Reels; 9 track; 1600 bpi, ASCII with Cornmon LISP 
present. Available online at: 
http://www.fs.fed.us/database/feis/~lants/shnib/corcdmtroducto~~html 



Day, SM. 1997. Aspects ofNewfoundland black bear (Ursus amencanus harniltoni) food 
habits and habitat use in hurnan-iduenced environrnents. M.Sc. Thesis. Acadia 
University, Wolftille, NS, Canada. 1 12 pp. 

Eastman, RJ. 1997. Idrisi for Wmdows. User's guide. Version 2.0. Clark Labs for 
Cartographie Technology and Geographic Analysis. Clark University. Worcester, 
M A  USA. 376 pp. 

Ecological Stratification W o r h g  Group. 1995. A National Ecological Framework for 
Canada. Agriculture and Agri-Food Canada, Research Branch, Centre for Land 
and Biological Resources Research and Environment Canada, State of the 
Environment Directorate, Ecozone Analysis Branch, Ottawa/Hull, Report and 
national map at 1:7 500 000 scale. 

Elowe, K D  1984. Home range, movements, and habitat preferences of black bears 
(Ursus amen'camrs) in western Massachusetts. M Sc. Thesis, Universiw of 
Massachusetts. Amherst, M A  1 12pp. 

Garshelis, DL., and M.R. Pelton 1980. Activity of black bears in the Great Smoky 
Mountains National Park. J. M m .  6 1 :8-19. 

Garshelis, D.L., and M.R. Peiton 198 1. Movements of black bears in the Great Smoky 
Mountains National Park. J. Wildl. Manage. 45:912-925. 

Gavin, T. A 199 1. Why ask "Why": The importance of evolutionary biology in wildlife 
science. J. Wildl. Manage. 55: 760-766. 

GrBith, B. and B. A Youtie. 1988. Two devices for estimating foliage density and deer 
hiding cover. Wildl. Soc. Bull. l6(2):206-210. 

Harris, L.D. 1984. The fiagmented forest. Island biogeographic theory and the 
presenration of biotic diversity. University of Chicago Press, Chicago, Illinois. 

Harris, S., W.J. Cresswell, P.G. Forde, W.J. Trewhella, T. Woollard, and S. Wray. 1990. 
Home Range analysis using radio-trachg data - a review of problems and 
techniques particularly as applied to the study of mammals. Mamrnal. Rev. 20:97- 
123. 

Herrero, S. 1972. Aspects of evolution and adaptation in Amencan black bears wrsus 
americanus Paiius) and brown and grizziy bears TCJrsus arctos Linne.) of North 
Arnerica. Int. C o d  Bear Res. and Manage. 2:22 1-23 1 

Hirvonen, R., and R. J. Madill. 1978. Fundy National Park, N.B. and the proposed western 
extension integrated resource survey. Canadian Forestry SeMce, Forest 
Management Institute Wonnation Report FMR-X- 105,2 15p. 



Hugie, RD. 1982. Black bear ecology and management in the northem coder-deciduous 
forests of Maine. Ph.D. thesis, University of Montana. Missoula, Montana. 215 pp. 

Johnson, K. G. and M. R Pelton. 1980. Prebaiting and snaring techniques for black bears. 
Wildl. Soc. Bull. 8(1) 46-54. 

Jonkel, C.J. and 1. M. Cowan. 1971. The black bear in the spruce-fir forest. Wildl. 
Monogr. 27. 57pp. 

Keppie, D. M. 1990. To improve graduate student research in wildlife education. Wildl. 
Soc. Bull. 18:453-458. 

Kie, J.G., Baldwin, J.A., Evans C. J. 1994. Calhome. Home range analysis program. U.S. 
Forest Service, Pacific Southwest Research Station, 208 1 East Sierra Avenue, 
Fresno, C A  

Klenner, W. 1987. Seasonal movements and home range utilization patterns of the black 
bear, Ursus amencanus, in western Manitoba. Can. Field Nat. 1 0 1(4):558-568. 

Kolenosky, G.B. 1990. Reproductive biology of black bears in east-central Ontario. Int 
Co& Bear Res. and Manage. 8: 3 85-3 92. 

Kolenoslq, G.B. and S.M. Strathearn. 1987. Black bear, p.442- 454 in: Novak, M., J.A. 
Barker, ME. Obbard and B. Malloch editors. Wild Furbearer Management and 
Conservation in North Amenca. Ontario Trappers Association. North Bay. ON- 
Canada. 1150 pp- 

Krebs, J.R., 1978. Opthai foraging: Decision rules for predators, p. 23-63, in Krebs, J.R., 
and N.B. Davies, ed, Behavioural ecology. Sinauer, Sunderland, MA. USA. 

Larivière, S ., J. Huot, and C .  Samson. 1994. Daily activity patterns of female black bears 
in a northern mixed-forest environment. J. Marnm. 75 :6 1 3 -620 

LeCount, A.L. 1986. Causes of black bear cub rnortality. Int. Conf Bear. Res. and 
Manage. 7:75-82- 

Lemmon, P. E. 1957. A new instrument for measuring forest overstory density. J. For. 
55:667-669. 

Leopold A. 1933. Game Management. Scribner, New York, USA 48 1 pp. 

Lindzey, F.G. and E.C. Meslow. 1977. Home range and habitat use by black bears in 
southwestern Washington. J. Wildl. Manage. 4 1 :4 13-425. 



Lindzey, F.G., K R  Barber, R.D. Peters, and E.C. Meslow. 1986. Responses of a black 
bear population to a changing environment. Int . Conf. Bear Res. and Manage. 
6:5 7-64. 

MacArthur, RH-, and E R  Pianka, 1966. On optimal use of a patchy environment. Am. 
Natur. 100:603-609. 

Manville, A-M. 1983. Human impact on the black bear in Michigan's Lower Peninsula. 
Int. Co& Bear Res. and Manage. 5:20-33. 

Mattson, D.J. 1990. Human impacts on bear habitat use. Int. Conf Bear. Res. and 
Manage. 8:33-56. 

McCutchen, H.E. 1990. Cryptic behavior of black bear (Urms arner icms)  in RocQ 
Mountain National Park, Colorado. Int. Cod Bear Res. and Manage. 8:65-72. 

Mohr, C.O. 1947. Table of equivalent poputations of North American mamrnals. Amer. 
Midland Nat. 3 7:223-249. 

Mollohan, C.M. 1987. Characteristics of adult female black bear daybeds in northern 
Arizona. Int. C o d  Bear Res. and Manage. 7: 145- 149. 

Mollohan, C. M. and A L. LeCount. 1989. Problems of maintainhg a viable black bear 
population in a fiagmented forest. United States Department of Agriculture, Forest 
SeMce. Rocky Mountain Forest and Range Experirnent Station. General 
Technical Report RM-1 85. Multiresource management of ponderosa pine forests. 
P. 149-159. 

Moilohan, C. M., W. W. Brady and A. L. LeCount. 1989. Habitat use of an Arizona 
ponderosa pine - muted conifer forest by female black bears. West. J. Appl. For. 
4:6- 10. 

Nams, V.O. 1991. Locate II. User's manual. Pacer Software. Truro, Nova Scotia. 79pp. 

National Parks Act 1988. Department of Justice, Ottawa, ON. Canada 
Available online: http ://canada.justice.gc.ca/STABLE/EN/Laws/Chap- 14. html 

Neu, C.W., C.R. Byers, J.M. Peek, and V. Boy. 1974. A technique for analysis of 
utilization - availability data. J. Wddl. Manage. 3 8:54 1-545. 

Noyce, K. V. and P. L. Coy. 1990. Abundance and productivity of bear food species in 
different forest types of northcentral Minnesota. Int. Conf Bear Res. and Manage. 
8:169-181. 



Pelchat B.O. 1983. Habitat and spatial relationships of black bears in boreal mixedwood 
forest of Alberta. M.Sc. Thesis. University of Wisconsin. Madison, WI. USA. 
4 6 ~ ~ .  

Pelchat, B.O. and RL. RUE 1986. Habitat and spatial relationships of black bears in 
boreal rnixedwood forest of Alberta. Int. C o d  Bear. Res. and Manage- 6:81-92. 

Peyton, B. 1987. Criteria for assessing habitat quality of the spectacled bear in Macchu 
Picchu, Peru. Int. Cod. Bear Res. and Manage. 7: 13 5- 143 - 

Reynolds, DG. and J.J. Beecham. 1980. Home range and reproduction of black bears in 
west-central Idaho. Int. Co& Bear Res. and Manage. 4: 18 1- 190. 

Rogers, L.L. 1976. Effects of mast and berry crop failures on survival, growth, and 
reproductive success of black bears. Trans. North Am. Widl. And Nat. Resour. 
Conf 41 :43 1-438. 

Rogers, L.L. 1987. Effects of food supply and kinship on social behavior, movements and 
population growth of black bears in northeastern Minnesota. Widl, Monogr. 97. 
7 2 ~ ~ -  

Sokal, R-R and F.J. Rohlf 1995. Biometry: the principles and practice of statistics in 
biological research. Third edition. W.H. Freeman and Company, New York, USA. 
887 pp. 

Romesburg, H. C. 198 1. Wildliié science: gaining reliable knowledge. J. Wiidl. Manage. 
451293-3 13. 

Saltz, D. 1994. Reporting error rneasures in radio location by tnangulation: a review. J. 
Wildl. Manage. 58(l):L8 l-l84. 

Saltz, D. and P.U. AUcon. 1985. A simple computer-aided method for estimating radio- 
location error. J. Wildl. Manage. 49 :664-668. 

Saltz, D. and G.C.White. 1990. Cornparison of dserent measures of error in simulated 
radio-telemetry locations. J. Wild. Manage. 54: 169- 174. 

Samson, C. 1995. Écologie et dynamique de population de l'ours noir dans une forest 
mixte protégée du sud du Québec (Canada). Ph.D. Thesis. Laval University, 
Québec, Québec. 20 lpp. 

Schooley, R.L. 1990. Habitat use, f d  movements, and denning ecology of female black 
bears in Maine. M A .  Thesis. University of Maine at Orono. Orono, ME, USA 
ILS pp. 



Searnan D. E. and RA Powell. 1990. I d e n w g  patterns and intensity of home range 
use. Int. CorK Bear Res. and Manage. 8:243-249. 

Simpson, E.Hv 1949. Measurement of diversity. Nature 163 :688. 

Sinclair, A R E. 199 1. Science and the practice of wildlife management. J. Wddl. 
Manage, 55:767-773. 

Smith, T.R. and M.R. Pelton. 1990. Home ranges and rnovements of black bears in a 
bottomland hardwood forest in Arkansas. ht. Conf. Bear Res. and Manage- 
8:213-218. 

Tomlin, C.D. 1990. Geographic information systems and cartographie modelling. 
Prentice-Hall. Upper Saddle River. N.J. USA. 322 pp. 

Tukey, J. W. 1977. Exploratov data analysis. Addison-Wesley, Reading, M A  USA. 688 
PP- 

VanWinkle, W. 1975. Cornparison of several probabilistic home-range models. J. Wildl. 
Manage. 39:ll8-123. 

White, G.C. and R.A. Garrot. 1990. Analysis of wildlifie radio-tracking data. Acadernic 
Press, Inc., San Diego, CA, U.S.A.. 383pp. 

W i s o n ,  L., G. Blank and C. Gruber. 1996. Desktop data analysis with Systat. Prentice 
Hall. Upper Saddle River. NJ. USA 798pp. 

Woodley S., and G. Forbes. 1997. Forest management guidelines to protect native 
biodiversity in the Fundy Mode1 Forest. New Brunswick Co-operative Fish and 
Wildlife Unit, University of New Brunswick. Fredericton. NB- Canada. 36 pp. 

Worton, B.J. 2989. Kemel methods for estimating the utilization distribution in home- 
range studies. Ecology 70: 164- 168. 

Young, D. D. and J. J. Beecham. 1983. Black bear habitat use at P k s t  Lake, Idaho. Int. 
C o d  Bear Res. and Manage. 6:73-80. 

Young, B.F., and R.L. RUE 1982. Population dynarnics and movements of black bears in 
east-central Alberta. J. Widl. Manage. 46345-860. 



A ~ ~ e n d i x  1: Cartographie mode1 suitability map query results. 
Adaptive kernel home range estimates: 

i 

Minimum convex ~olwon home range estimates: 




