
 

 

 

 

 

FORAGE HABITAT  

OF FISHER (Martes pennanti)  

IN THE CHILCOTIN AREA OF 

BRITISH COLUMBIA 

 

 

 

 

DRAFT 
 

 

 

 

March 2009 

 

 

 

 

 

Larry R. Davis, RPBio. 

Davis Environmental Ltd 



EXECUTIVE SUMMARY 

Fisher in the Chilcotin area of BC used areas with continuous forest cover and greater prey sign 
for foraging.  Fishers rarely crossed areas lacking in forest cover, but when crossing open areas 
they took advantage of narrow points in the opening and patches of residual forest.   Greater 
crown closure, spruce – aspen associations, and riparian habitats characterized fisher foraging 
habitat at the stand level.   Age class also influenced fisher habitat use with greater use of mature 
and old forest stands.  Greater shrub cover decreased the likelihood of fisher use and this may be 
related to decreased catchability of prey in overly complex environments. 
We also examined fisher habitat use at the patch level.  Selection was less stringent at this level 
with relatively few habitat characteristics affecting habitat use.  Patches used by fisher were 
more likely to be riparian spruce – aspen associations, sites with prey sign, and locations with 
shallower snow depths than patches at random sites in the same stand.    
 
Fisher use of some habitats appears to be influenced by prey presence and switching between 
prey may explain lack of selection for some habitat variables.  No dominant mesoslope position 
was selected by fisher and this may relate to the different prey available at different slope 
positions.  Snowshoe hare make up the largest part of fishers diets in most northern studies and 
were found primarily in mid to upper slope positions.  In contrast, red squirrels are also a 
significant component of fisher diets and this species made greater use of lower to mid slope 
positions in this study.   
 
Forest management for fisher foraging involves maintaining a diversity of high value prey 
habitats and structural features that allow fishers to hunt successfully.  The removal of forest 
cover through clear cut harvesting has the greatest impact on foraging habitat.  Mature and old 
stands generally have diverse and moderately abundant prey populations; whereas, newly 
harvested areas have few accessible prey.  The recovery of clear cut areas may be accelerated 
through the retention of wildlife tree patches, protection of advanced regeneration, maintenance 
of woody debris, and prompt regeneration.  In areas heavily impacted by mountain pine beetle 
and salvage harvesting, increased retention is required to ensure sufficient habitat is maintained 
for fisher habitat.  Retention areas should be focused on important foraging habitats such as 
spruce stands, mixed deciduous – coniferous stands, and riparian areas.  Stand tending activities, 
such as pre-commercial thinning, should address fisher and prey needs by providing sufficient 
areas that are reserved from treatment.  Finally, fishers have large home ranges and require 
sufficient area with forest cover and prey to be sustained.  Replacement of large areas of mature 
– old forest with clear cut habitat over a short time period is unlikely to sustain fisher.  However, 
managed landscapes that maintain a variety of successional stages arranged with connective 
cover are likely to sustain fisher over time. 
 

 



INTRODUCTION 

Fishers (Martes pennanti) are generalist predators that have relatively large home ranges.  In the 
Chilcotin, the home ranges of fisher consist of a variety of potential foraging habitats much of 
which is managed for timber production.  Fishers are reported to require forests with overhead 
cover throughout their range (de Vos 1952; Coulter 1966; Kelly 1977; Powell 1977; Arthur et al. 
1989; Weir 1995) which supplies security for fishers and their prey.  Fishers are opportunistic 
predators consuming any prey that can be killed as well as carrion (Powell 1993).  Fisher are 
reported to forage on a wide variety of foods across its range including ungulates (primarily as 
carrion), small mammals, birds, insects, hypogeous fungi, berries, and other vegetation (Coulter 
1966; Kelly 1977; Arthur et al. 1989; Kuehn 1989; Martin 1994; Zielinski et al. 1999; Weir et al. 
2005).  In BC, snowshoe hare, red squirrel, southern red-backed vole, porcupine, beaver, 
muskrat, and deer mice are the most commonly occurring prey species of fisher during winter 
(Weir e al. 2005).   

Foraging habitat for fisher has been characterized as having catchable prey and adequate security 
cover (Weir 2003).  Prey catchability is likely to be based on a number of factors, including prey 
size, abundance, palatability, and risks associated with capture (Buskirk and Powell 1994).  
Adequate security cover for foraging appears to be much less than for other aspects of fisher 
ecology, such as the choice of rest and den sites (Arthur et al. 1989; Jones and Garton 1997; 
Kelly 1997; Weir and Harestad 2003).  This is likely due to the diversity in fisher’s diets for 
which many different forest types are likely to meet the species requirements for foraging 
(Powell 1993).   

The suitability of habitat for predators and prey can be impacted by forest harvesting practices.  
Forest harvesting has the greatest potential to negatively affect fisher habitat in BC due to the 
prevalence of clear-cut harvesting (Weir 2003).  Clear-cut harvesting affects the temporal 
availability of forested habitats with very young stands generally having unsuitable cover for 
foraging.  This silvicultural system can also result in a decrease in the abundance of late 
successional forest attributes that may be important for successful foraging.  The current 
mountain pine beetle infestation affecting BC is expected to result in accelerated harvesting over 
a large portion of the Fisher’s range and exacerbate these effects on habitat.  Given this, the loss 
of mature forest stands due to mountain pine beetle and associated salvage harvesting has the 
potential to reduce fisher foraging habitat in pine dominated landscapes.  Therefore, 
understanding fisher foraging requirements is important in maintaining this species in the Central 
Interior of BC.     

Specifically, the objectives of my study are: 

1. Identify and describe fisher foraging habitat in the SBPS and IDF biogeoclimatic zones.  
2. Compare fisher foraging habitat to availability at the stand and home range level.  
3. Provide recommendations for forest management in pine-dominated areas of the central 

interior. 

 



STUDY AREA 

My study areas are located on the Interior Plateau of British Columbia near Anahim Lake and 
Puntzi Lake, primarily in the Sub-boreal Pine-Spruce (SBPS) Biogeoclimatic (BEC) Zone with 
small portions located in the Interior Douglas-fir (IDF) BEC zone near Puntzi Lake and the 
Montane Spruce (MS) BEC zone at higher elevations of both study areas (Meindinger and Pojar, 
1991; Figure 1).  The Anahim study area is bounded by Kappan Lake to the south, Tweedsmuir 
Park on the west, Gatcho Lake to the north, and Itcha Ilgatchuz Park to the north east.  
Elevations in the approximately 2000 km2 study area range from 1100-1500 m.  The 3000-km2 

Puntzi Lake study area is bounded by Itcha Ilgatchuz Park to the northwest, the headwaters of 
the Chilcotin River to the north, Alexis Lakes to the east, and Highway 20 on the south.  
Elevation ranges at the Puntzi study area are similar to the Anahim Lake study area. 

Several biogeoclimatic subzones are present within the study areas: MSxv (very dry, very cold) 
subzone, the SBPSxc (very dry, cold), the SBPSmc (moist, cold), and the IDFdk4 (dry cool 4) 
subzones.  In the SBPS and MS, lodgepole pine (Pinus contorta) is the leading species in the tree 
layer of most stands with white spruce (Picea glauca) and trembling aspen (Populus 
tremuloides) leading occasionally.  The tall shrub layer (>2 m tall) is dominated by lodgepole 
pine and white spruce with lesser amounts of trembling aspen and willow (Salix sp).  Soopolallie 
(Sheperdia canadensis) and willow dominated the B2 layer (<2 m tall) with minor amounts of 
lodgepole pine, common juniper (Juniperus communis), and white spruce.  In wetlands, willow, 
bog birch (Betula glandulosa), and sedge (Carex sp.) are the dominant species (Meidinger and 
Pojar 1991).   

In the portions of the study area containing IDFdk4, pure Douglas-fir (Pseudotsuga menziesii 
var. glauca ) stands are patchily located at lower elevations with mixed stands of lodgepole pine 
and Douglas-fir forming the most dominant forest cover.  Small stands of trembling aspen are 
locally abundant with black cottonwood (Populus balsamifera spp. trichocarpa) found in low 
elevation riparian areas.  The tall shrub layer is dominated by Douglas-fir and lodgepole pine, 
with soopolallie and common juniper dominating the B2 layer (Meidinger and Pojar 1991). 

 



 

Figure 1.  Map of Chilcotin Fisher Habitat study areas. 1:900,000. 

 

METHODS 

I obtained an animal care certificate from the Provincial Wildlife Veterinarian prior to beginning 
the project in the 2005-2006 fiscal year. Procedures for the capturing and handling of fisher 
followed guidelines in Resource Inventory Committee (RIC) Live Animal Capture and Handling 
Guidelines for Wild Mammals, Birds, Amphibians & Reptiles V2 (Ministry of Environment 
Lands and Parks. 1998a).  I contracted local trappers to capture fisher in the area of their 
traplines.  All trappers received training on the ethical treatment of animals prior to beginning the 
project.  Fisher were live trapped using Tomahawk Live Traps that were covered and lined with 
hay.  Feeding stations were baited and monitored until fisher sign was found at the station.  At 
that time, traps were set and visited daily until the animal was caught.  We then transported the 
animals to veterinary facilities in Williams Lake using insulated travel boxes containing food to 
minimize stress due to cold and noise.  



The implantation of radio transmitters and monitoring followed guidelines in standards for RIC 
Wildlife Radio Telemetry (Ministry of Environment Lands and Parks. 1998b).  The fisher were 
implanted with Telonics IMP140L radio transmitters.   Licensed veterinarians conducted the 
implantation promptly using guidelines produced by Helen Schwantje1 (Provincial Wildlife 
Veterinarian) on the equipment, anesthesia, surgical procedures, and required samples.  A small 
sample of hair with roots (approximately 8-10 hairs) was also plucked for DNA analysis while 
the animal was under anesthesia.  Captured animals had a patch of hair on their shoulders dyed 
blond so that trappers could immediately recognize and release those individuals that had already 
been implanted.  Once the animals had recovered from the anesthesia, they were fed and returned 
to the field at the same location they were captured.  

We collected data on the location and site characteristics of fisher use sites between November 
and April over three years (2005/2006 to 2007/2008).  Additional data was also collected during 
the period between May and August in 2006, 2007, and 2008 to document habitat use during the 
maternal season.  Fisher locations were classified by accuracy of the method of locating the 
animal and animal activity.  Telemetry locations with 0.5 – 60ha accuracy were used only for 
defining the animal’s home range.  Telemetry locations with <0.5ha accuracy and known fisher 
locations (evidenced by visual detection, isolation of signal to one structure, or fresh fisher tracks 
in winter) had information on slope, topography, aspect, broad ecosystem unit, structural stage, 
BEC unit, percent cover vegetation, tree characteristics, presence of prey, and temperature 
collected (Table 1)(BC Ministry of Forests and BC Ministry of Environment 1998).  Known 
fisher locations were also classified by fisher activity: reproduction, security, thermal, hunting, 
traveling, and living where no other classification could be deduced.  During winter, we back 
tracked the animal a random distance (1-10m) before establishing a habitat plot for locations 
classified as hunting, traveling, and living.  We also established paired random plots 50 – 100m 
away from the fisher plot to assess patch level selection.  At the stand level, we collected data 
from random plots located within the home range’s of fishers with > 25 relocations to examine 
habitat selection.  Some habitat types are relatively rare in the project area, but were considered 
important for some aspects of fisher ecology.  To ensure that we obtained sufficient data on rare 
habitat types, we used map based stratification to obtain at least 5 plots in each stratum of a 
fisher’s home range.  Random plots was stratified based on stand age and tree species 
composition data using forest cover maps (Table 2) 

 

DATA ANALYSIS 

Comparisons of site characteristics between locations used by fisher and random plots were 
calculated using conditional exact logistic regression (Proc Phreg, SAS 9.1) in a case – control 
framework.  We compared the sites used by fishers that were classified as hunting, traveling, and 
living to random plots within the fisher home range.  This analysis was also carried out between 
the fisher plot and a paired plot within the same stand for a subset of the data. To develop and 
test models predicting fisher habitat use, we first conducted univariate analyses on individual 
habitat variables thought to affect fisher site use.  Multivariate comparisons were conducted 

                                                             
1 Schwantje, Helen.  Fisher Implant Surgery.  Unpublished document 



Table 1.  Habitat attributes measured at fisher use sites.  Attributes surveyed using methodology in Field 
Manual for Describing Terrestrial Ecosystems – Land Management Handbook 25 (BC 
Ministry of Forests and BC Ministry of Environment 1998). 

Attribute Description 
GPS position UTM coordinates (NAD 83) 
Ave tree height Average height of trees in plot (m). 
Slope % slope of 11.28m radius plot  
Aspect Warm: 91 - 269̊ ; cold: 270 - 90̊ ; none: sites with a slope <6%. 
Structural stage Dominant structural stage in 11.28m radius plot.  Reduced to 2 

categories for analysis: young: 1-5; old: 6-7. 
Surface topography Shape of slope (Province of BC 1998). 
BEU Broad ecosystem unit that best describes the 11.28m radius plot (B.C. 

Ministry of Water, Land and Air Protection 2004) 
Elevation Elevation in meters  
BEC Unit Biogeoclimatic subzone. 
Mesoslope Slope position of site in local catchment area. 
Site series Base on BEC unit, the sites position on edatopic grid determined by 

moisture and nutrient regime. 
Moisture/nutrient Soil moisture and nutrient level 
Variable radius plot Trees were tallied by species, size class (small: 12.5-27.4cm, large 

>27.5cm DBH*), and decay class.   
Fixed radius plot 11.28m fixed radius plot with information on diameter at breast height 

(DBH), height, crown condition, bark condition, wildlife tree class, 
wood condition, and wildlife activity for each tree in plot.   

Vegetation Estimated % cover by layer in 11.28m radius plot with the three 
dominant species present listed in order of greatest percentage cover to 
least.   

%CWD cover Estimated % woody debris cover in an 11.28m radius plot by category 
(0%, 1-5%, 5-15%, 15-25%, >25%). 

CWD/30m Number of pieces >7.5cm dia. by decay class in 30m transect centered 
on plot and oriented in a random direction. 

Canopy cover % canopy cover using a canopy densitometer (Teti 2003).  
Snow depth Snow depth in centimeters at randomized location on animals trail. 
Temperature Ambient temperature in Celsius. 
Prey presence Evidence of prey species present within 5.64m of plot center. 
Tree age Three trees were aged at each fisher den site and at every 10th random 

plot. 
Comments Any additional information on how the animal is using the habitat. 
*DBH: diameter at breast height (1.3m) 



using variables that appeared to influence fisher site selection in univariate analyses (p < 0.25) 
after removing highly correlated variables.  The remaining variables were used to developed 
models that were compared using an information-theoretic approach (Burnham and Anderson 
2002).  Models that were ranked within 2-4 units of the “best” contain attributes likely to have a 
significant effect on fisher foraging site selection.  We also examined prey use of habitat 
attributes based on data collected at random plots using contingency analysis. 

 

Table 2 Sampling stratification used to obtain random samples from fisher home ranges in the 
Chilcotin area of BC. 

Stratum Description 
Spruce-Aspen Habitats containing >25% white spruce or >50% trembling aspen. 
Lodgepole pine Pine dominated (>75% lodgepole pine). 
Douglas-fir  Douglas-fir dominated (>50% Douglas-fir) 
Age class 1 Forest age class 1 (0-20 years)/ structural stages 1-3.   
Age class 2 Forest age class 2-3 (20-60 years)/ structural stage 4. 
Age class 3 Forest age class 4-5 (60-100)/ structural stage 5. 
Age class 4 Forest age class 6-8 (100+)/ structural stages 6 - 7. 

 

 

RESULTS 

Twenty-four  fishers were live trapped and implanted with radio transmitters between 2005 and 
2007.  We recorded 195 fisher locations with an accuracy of <0.5ha that were classified as either 
hunting, traveling, or living.   The majority of fisher locations (194) were from the winter period 
(November 1st – March 31st), of which 138 locations had paired random plots.  Hunting activity 
was assigned to 105 fisher locations while 44 locations were classified as traveling, and 45 
locations were classified as living.  Prey remains were identified at a number of sites and 
include: snowshoe hare, red squirrel, ruffed grouse, and muskrat.  Fisher were also recorded 
scavenging on ungulate carrion (moose) and domestic cattle carcasses. 

Univariate analyses at the stand level compared fisher use sites to random sites within fisher 
home ranges.  The tests identified 7 continuous habitat variables that significantly influenced 
fisher habitat use (Table 3).  Most of the variables examined had positive influences on the odds 
of fisher use except shrub cover.  Of the variables with positive influences on fisher presence, 
those associated with increased forest cover (e.g. tree cover and basal area) appear to have the 
greatest influence.  Of the four categorical variables examined, three had a significant influence 
on fisher use (Figure 2).  The spruce – aspen stratum was used by fisher at more than twice the 
rate of occurrence in random samples, and contrasts between lodgepole pine and spruce – aspen  



Table 3.  Comparison of habitat variables using Proc Phreg (SAS 9.1.3) at fisher use sites and random 
sites located in the fisher’s home range.  Significant (α=.05) variables in bold and the hazard 
ratio indicates the direction and magnitude of an effect with no effect equal to 1.  An 
increase/decrease of 0.01 indicates that the odds of choosing a site changed by 1% for each unit 
change in the attribute. 

Variable Type Mean SE n P value Hazard ratio 
Age class1 Fisher 3.22 0.07 167 

0.1750 1.158 
 Random 3.10 0.05 349 
Tree cover2 Fisher 18.24 1.16 167 

0.0304 1.016 
 Random 14.53 0.70 349 
Shrub cover3 Fisher 14.35 0.85 167 

<0.0001 0.916  Random 27.47 0.91 348 
Crown closure4 Fisher 29.47 1.67 165 

<0.0001 1.023 
 Random 20.96 0.90 349 
Basal area5 Fisher 21.82 1.38 153 

<0.0001 1.039  Random 14.26 0.68 349 
Spruce6 Fisher 9.16 1.09 153 

<0.0001 1.054  Random 3.33 0.44 349 
Small trees/ha7 Fisher 789.87 54.12 154 

0.9613 1.000 
 Random 709.52 33.82 349 
Large trees/ha8 Fisher 53.85 7.35 154 

0.0323 1.002  Random 39.54 4.31 349 
Tree height10 Fisher 15.45 0.56 130 

<0.0001 1.094 
 Random 12.87 0.29 349 
Slope9 Fisher 8.40 0.72 167 

0.1068 1.016 
 Random 7.22 0.53 349 
1Age class: Four class system based on structural stage (Province of BC 1998)(1: structural stages 1 – 3; 

2: structural stage 4; 3: structural stage 5; and 4: structural stages 6-7). 
2 Tree cover: percent cover of trees >12.5cm DBH (diameter at 1.3m height from the ground) in 11.28m 

radius plot. 
3 Shrub cover: percent cover of shrubs (0.3 – 10m tall) in 11.28m radius plot. 
4 Crown closure: percent cover of foliage above 1.3m in 30° cone centered on the zenith. 
5Basal area: the cross sectional area of trees per hectare measured at DBH (m2/ha). 
6Spruce: the cross sectional area of spruce trees per hectare (basal area) measured at DBH (m2/ha). 
7 Small trees/ha: number of trees 12.5 – 27.5cm DBH per hectare 
8 Large trees/ha: number of trees >27.5cm DBH per hectare. 
9Tree height: average height of trees in the stand (m). 
10 Slope: percent gradient of terrain in 11.28m radius plot  . 
 



 

 

 

 

Fisher use Random

 
Figure 2. Comparison of categorical habitat variables using Proc Phreg (SAS 9.1.3) at fisher use sites and 

random sites located in the fisher’s home range.  Stratum: vegetative cover based on broad 
ecosystem units (Province of BC 2004)(DF: ≥30% cover in Douglas-fir; LP: ≥70% cover in 
lodgepole pine; SA: ≥30% cover in either white spruce or trembling aspen). Aspect describes 
the direction of slope (none: areas with less than 5% slope; cold: >5% slope and 270-90˚;  
warm: >5% slope and 91-269˚ azimuth).  Mesoslope describes the slope position (BC 
Government 1998)(Upper: crest and upper slope; Mid: mid slope and level sites; Lower: lower 
slope, toe, and depression).  Riparian compares the spruce-aspen riparian broad ecosystem unit 
(WR) versus all other units (BC Ministry of Land Air and Water 2004). 

 

 

 

 

 

 



stratums show significantly (α=.05) greater use of this habitat (Table 4).  Likewise, riparian 
spruce – aspen sites received proportionately greater use than other broad ecosystem units.  Cold 
aspects received significantly (α=.05) greater use than warm aspects and flat terrain.  

 

Table 4. Contrasts for categorical habitat variables with significant results using Proc Phreg (SAS 9.1.3).  
Significant (α=.05/3 = 0.0167) contrasts are in bold. 

Attribute Contrast DF Chi-square P-value 
Stratum Lodgepole pine vs Spruce-aspen 1 37.84 <0.0001 
 Douglas-fir vs Spruce-aspen 1 1.36 0.2443 
 Douglas-fir vs Lodgepole pine 1 0.98 0.3228 
Aspect Cold vs Warm 1 7.31 0.0069 
 Cold vs None 1 31.71 <0.0001 
 None vs Warm 1 7.06 0.0079 

 

Multivariate analysis of continuous habitat variables with p – values <0.25 found high 
correlations (>0.6) between tree cover, crown closure, basal area, spruce basal area, and tree 
height.  When tree cover and basal area were removed, all correlations were below 0.6.  Table 5 
provides the results of model testing of fisher foraging sites at the stand level.  The full model 
and one reduced model both indicate that six habitat attributes have significant influences on 
fisher habitat use.  As with the univariate comparisons, sites classified as spruce – aspen stratum, 
riparian  spruce – aspen broad ecosystem unit, and cold aspects positively affected the 
probability of fisher habitat use.  Increases in shrub cover reduced the odds of fisher use by 7.5% 
for each increase in percent cover.  The results also indicate that greater forest age also reduced 
the odds of fisher use.  However, contrasts on age class as a categorical variable (Figure 3) reveal 
that fisher use of age class 3 (young forest) is significantly less than that of age class 4 and age 
class 2, while use of age classes 1 and 2 are not significantly different (α= .05/3 = 0.0167). 

A component of winter fisher use sites also had paired random plots to examine selection at the 
patch level.  Univariate analyses on this level of selection identified only one significant 
continuous variable (Table 6). Fisher used sites with shallower snow depths than found at 
random plots.  For categorical variables, the riparian spruce – aspen stratum and presence of prey 
were associated with greater probability of fisher use (Figure 3).  Prey sign was present at 66% 
of fisher use sites compared to 48% of the paired random plots. 

Multivariate analyses of the patch level comparison indicated that tree cover and crown closure 
had high correlation (>0.6) and crown closure was dropped from further analysis.  Tests of  
models predicting fisher use at the patch level indicated that riparian spruce – aspen broad 
ecosystem unit and prey presence were the attributes that best explained the data (Table 7).  As 
in the univariate analyses, the presence of these attributes was associated with increased 
probability of use by fisher. 

 



 

Table 5. Test of models used to predict the probability of a fisher forage site in the Chilcotin area of BC.  
K is the number of parameters (including a constant). AIC values are a relative index of model 
parsimony with ∆AIC values giving the distance between any model and the most parsimonious 
model. AICώ is the relative strength of each model, and rank gives the ratio of evidence relative 
to the best model (n = 360)(Burnham and Anderson 2002). Top models and significant 
parameters are in bold type. 

Model K Description AIC ∆AIC AICώ Rank 

5 6 

Stratum + Aspect + Riparian + 

Age class + Shrub cover + Crown 

closure 
377.235 0.00 1.000 1.0 

Full 9 

Stratum
1
 + Aspect

2 
+ Riparian

3 
+ 

Age class
4
 + Shrub cover

5
 + 

Crown closure
6
 + Spruce

7
 + Large 

tree
8
 + Slope

9 

377.703 0.47 0.791 1.3 

1 5 
Riparian + Aspect + Crown 

closure + Spruce + Shrub cover 
383.093 5.86 0.053 18.7 

3 4 
Stratum + riparian + Crown 

closure + shrub cover 
395.359 18.12 0.000 8621.4 

2 4 
Stratum + riparian + shrub cover 

+ large tree 
402.31 25.08 0.000 278591.0 

1Stratum: Distinct vegetative cover based on broad ecosystem units (Province of BC 2004) with model 
based on Spruce-aspen versus Lodgepole pine and Douglas-fir stratums (Douglas-fir: ≥30% 
cover in Douglas-fir; Lodgepole pine: ≥70% cover in lodgepole pine; Spruce-aspen: ≥30% 
cover in either white spruce or trembling aspen). 

2Aspect: describes the direction of slope (none: areas with less than 5% slope; cold: >5% slope and 270-
90˚;  warm: >5% slope and 91-269˚ azimuth). 

3Riparian: Spruce-aspen riparian association versus other associations based on broad ecosystem units 
(Province of BC 2004). 

4Age class: Four class system based on structural stage (Province of BC 1998)(1: structural stages 1 – 3; 
2: structural stage 4; 3: structural stage 5; and 4: structural stages 6-7). 

5 Shrub cover: percent cover of shrubs (0.3 – 10m tall) in 11.28m radius plot. 
6 Crown closure: percent cover of foliage above 1.3m in 30° cone centered on the zenith. 
7Spruce: the cross sectional area of spruce trees per hectare (basal area) measured at DBH (m2/ha).. 
8 Large trees/ha: number of trees >27.5cm DBH per hectare 
9 Slope: percent gradient of terrain in 11.28m radius plot  . 



The influence of prey presence could not be compared between winter fisher locations and the 
random samples collected during snow free periods due to differences in detectability.  However, 
comparisons of prey presence were made between random plots for the habitat attributes 
collected (Figures 4 – 6; Table 8). We identified the presence of snowshoe hare, red squirrel, 
ruffed grouse, spruce grouse, and unidentified microtines primarily through observations of scat, 
but also by direct observation of animals and other signs of use (e.g. squirrel middens).  
Univariate analyses indicated that stratum was significant (α=.05) for squirrel, snowshoe hare, 
and all prey combined.  Squirrels used spruce – aspen and Douglas-fir types much more than 
expected while use of lodgepole pine was almost half the expected proportion.   The opposite 
trend was found for snowshoe hare, with spruce – aspen and Douglas-fir types used much less 
than expected.  No significant (α=.05) relationships were seen between prey and aspect 
categories. 

Prey use of different age classes was significant (α=.05) for squirrels, snowshoe hares, and all 
prey combined (Figure 5).  For combined prey, the shrub herb stage was used much less than 
expected.  Squirrels also used the shrub-herb and pole-sapling stages much less than expected, 
while mature-old forest use was greater than expected.  The pole sapling stage received the 
greatest use by snowshoe hare, while mature-old forest received little use.  For mesoslope, the 
combined prey category was not significant (α=.05); however, both snowshoe hares and squirrels 
made significantly different use of some slope positions.  Hares showed a trend of greater use of 
higher slope positions, while squirrels exhibited the opposite trend. 

Riparian spruce – aspen broad ecosystem units had greater incidence of prey sign than other 
units for squirrels and all prey combined (α=.05)(Figure 6).  Site series was not tested for fisher 
use due to difficulty in assigning a classification during winter; however, tests on prey use of 
random sites indicate that this variable has an influence on some species.  Squirrels and all prey 
used sites with greater moisture much more than expected (α=.05). 

A number of continuous variables appear to have an influence on prey habitat use (Table 8).  
Increases in canopy cover, tree cover, basal area, and the number of large trees/ha were 
associated with increased probability of squirrel and all prey use.  These same variables had a 
negative influence on snowshoe hare site use.  Other variables positively influencing site use for 
squirrel and all prey were increases in spruce basal area and the number of large CWD (>27.5cm 
diameter).  The number of small saplings was the only variable with a negative effect on squirrel 
use, while increases in this attribute had a positive effect on snowshoe hare presence. 

 



 

Figure 3. Comparison of fisher use of structural stages of forest in the Chilcotin area of BC during 2005 – 
2008 based on samples were obtained from the home ranges of 11 fishers. 



Table 6.  Comparison of habitat variables using Proc Phreg (SAS 9.1.3) at paired fisher and 
random sites (located 50 – 100m away).  Significant (α=.05) variables in bold and the hazard 
ratio indicates the direction and magnitude of an effect with no effect equal to 1.  An 
increase/decrease of 0.01 indicates that the odds of choosing a rest site changed by 1% for each 
unit change in the attribute. 

Variable Type Mean SE n P value Hazard ratio 
Age class1 Foraging 3.15 0.08 137 

0.6261 1.061 
 Random 3.09 0.09 137 
Slope2 Foraging 7.67 0.68 137 

0.4458 0.990 
 Random 8.50 0.91 137 
CWD cover3 Foraging 1.96 0.07 137 

0.2359 1.208 
 Random 1.85 0.07 137 
Large CWD4 Foraging 0.01 0.04 136 

0.2520 0.727 
 Random 0.18 0.04 136 
Tree cover5 Foraging 14.80 1.03 137 

0.1342 1.018 
 Random 12.85 1.06 137 
Snow depth6 Foraging 51.92 1.74 137 

0.0162 0.984  Random 57.36 1.68 139 
Crown closure7 Foraging 30.14 1.83 136 

0.1876 1.008 
 Random 27.01 1.82 136 
Basal area8 Foraging 20.02 1.41 130 

0.5141 1.006 
 Random 18.92 1.46 130 
Spruce basal area9 Foraging 8.35 1.16 130 

0.1522 1.016 
 Random 6.21 1.03 130 
Trees/ha10 Foraging 771.27 56.12 130 

0.6609 1.000 
 Random 740.73 57.81 130 
Large tree/ha9 Foraging 47.39 7.59 130 

0.4108 1.001 
 Random 38.53 7.55 130 
1Age class: Four class system based on structural stage (Province of BC 1998)(1: structural stages 1 – 3; 

2: structural stage 4; 3: structural stage 5; and 4: structural stages 6-7). 
2 Slope: percent gradient of terrain in 11.28m radius plot 
3 CWD cover: percent cover of woody debris in 11.28m radius plot placed into one of 5 categories (0: 

0%; 1: 1-5%; 2: 5-15%; 3: 15-25%; 4: >25%). 
4 # Large CWD: number of pieces of woody debris >7.4cm diameter encountered in a 30m transect. 
5% Tree cover: percent cover of trees >12.5cm DBH (diameter at 1.3m height from the ground) in 11.28m 

radius plot. 
6Snow depth: depth of snow (cm). 
7Crown closure: percent cover of foliage above 1.3m in 30° cone centered on the zenith. 
8Basal area: the cross sectional area of trees per hectare measured at DBH (m2/ha). 
9Spruce basal area: the cross sectional area of spruce trees per hectare measured at DBH (m2/ha).. 
10Trees/ha: number of trees >12.5cm DBH per hectare. 
11# Large trees/ha: number of trees >27.5cm DBH per hectare 
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Figure 3. Comparison of categorical habitat variables using Proc Phreg (SAS 9.1.3) at paired fisher use 
sites and random sites (located 50 – 100m away).  Stratum: vegetative cover based on broad 
ecosystem units (Province of BC 2004)(DF: ≥30% cover in Douglas-fir; LP: ≥70% cover in 
lodgepole pine; SA: ≥30% cover in either white spruce or trembling aspen). Aspect describes 
the direction of slope (none: areas with less than 5% slope; cold: >5% slope and 270-90˚;  
warm: >5% slope and 91-269˚ azimuth).  Mesoslope describes the slope position (BC 
Government 1998)(Upper: crest and upper slope; Mid: mid slope and level sites; Lower: lower 
slope, toe, and depression).  Prey presence: presence of prey or prey sign within 5.64m of plot 
center.  Riparian compares the spruce-aspen riparian broad ecosystem unit (WR) versus all other 
units (Province of BC 2004). 



DISCUSSION 

Suitable foraging habitat for fishers is provided by areas with adequate security cover and 
catchable prey (Weir 2003). In this study, fisher selected for habitat attributes that related to 
increased levels of forest cover and these attributes were also related to increased use by some 
prey species.  In BC, snowshoe hare, red squirrel, red-backed voles, porcupine, beaver, and 
muskrat composed the top six prey of fishers (Weir et al. 2005).  The variety in prey species 
consumed by fisher is reflected in the wide range of habitats used by fisher for foraging.  Our 
research found that fisher foraging habitat ranged from dense young conifer stands for hunting 
snowshoe hare, to older forests for red squirrels, and stream banks for muskrat (LR Davis, pers. 
observ.).  In all cases where fisher were classified as hunting, the animal was within or on the 
edge of forested stands. Fisher were rarely noted crossing open areas, but when this occurred the 
animals always moved in straight lines across narrow points in the opening or by utilizing 
patches of forest structure.  Other authors have also reported that fisher avoid areas lacking 
overhead cover (Coulter 1966; Kelly 1977; Jones and Garton 1994; Weir 1995).   

Spruce – aspen stands were important habitats for fisher in the Chilcotin and mixed stands of 
coniferous and deciduous tree species have been reported as preferred habitat in other studies as 
well (Kelly 1977; Weir and Harestad 2003).   Riparian stands were also an important foraging 
habitat for fishers in this study and others (Kelly 1977; Jones 1991).  Weir and Harestad (2003) 
attributed the selectivity for stands with a deciduous component to an increase in structural 
diversity and greater numbers of prey species relative to coniferous stands.  In the dry, cold 
Chilcotin climate, productivity is severely limited in most areas (Meindinger and Pojar 1991); 
however, riparian and stands with a spruce component generally have greater moister which 
leads to increased biomass and greater wildlife abundance (Stevens et al. 1995).  These habitats 
had a greater incidence of squirrel use in this study and are likely to be important habitats for 
red-backed voles due to their high water requirement (McManus 1974).  Other species associated 
with riparian areas include beaver and muskrat which are also prey of fishers (Weir et al. 2005).  
Moose carrion is also likely to be more abundant in this habitat given that wetlands are the 
primary wintering habitat for this species in the SBPS.  

The apparent lack of selection for some habitat attributes in this study may be related to fisher 
alternating between prey species, likely in response to availability (Powell and Brander 1977).  
For instance, no selection was noted by fisher for mesoslope position.   However, the analysis of 
prey use identified different mesoslope positions associated with two species of prey. Snowshoe 
hare sign was found primarily at mid to upper slope positions while red squirrels had the 
opposite trend.  Switching between prey species may also help explain the use of different age 
classes of forest.  Fisher selected for older forests which had greater incidence of red squirrel 
sign.  Younger forest stands had the greatest use by snowshoe hare and fisher used this habitat in 
proportion to availability.  When using young stands, foraging by fisher was restricted to areas 
with dense regeneration or residual forest structure indicating that some level of security cover 
must be present for fisher use.  Fisher trailed near areas that had pre-commercial thinning of pine 
avoided the disturbed areas indicating that these habitats may be unsuitable until cover values 
increase.  Habitats with high densities of snowshoe hare may have increased risk for fisher due to 
the presence of larger predators, such as lynx (Lynx canadensis).  There is evidence that two 



fishers from this project fell prey to lynx, and avoidance of larger predators is likely to influence 
habitat selection. 

The top models for fisher foraging at the stand level generally supported the univariate findings 
with stratum, crown closure and riparian stands having the greatest positive influence on fisher 
habitat use.  Increased shrub cover had a negative influence on fisher habitat use and no 
relationship was seen between prey and this variable. Weir and Harestad (2003) also noted that 
fishers avoided areas with very high shrub cover and suggested that overly complex forest floors 
may decrease prey catchability. The avoidance may also reflect increased predation risk for 
fisher in areas with low sight ability.  Aspect was also found in the top models; however, it is 
unclear how this variable relates to fisher ecology.  No relationship was seen for aspect 
categories between any prey species, and cold aspects would be expected to have deeper, softer 
snow which fisher generally avoid (Leonard 1980; Raine 1981).  The multivariate analysis of age 
class indicated that increased stand age was associated with avoidance by fisher; however, 
contrasts revealed that only young forest was selected against. Young forest generally had good 
overhead cover and had moderate levels of prey in this study.  Two track transect based projects 
conducted in the study area found that fisher used young forest in proportion to availability 
(Davis 2003; Davis 2008).  Other researchers have found that young forests were selected for 
during winter (Weir and Harestad 1997; Jones and Garton 1994).  Given that the avoidance of 
young forests found here is not supported elsewhere, this results may be spurious. 

The analysis of patch level attributes using paired plots support the findings of others that fishers 
avoid areas with soft snow (Leonard 1980; Raine 1981).  We often observed fisher trails zig-
zagging from spruce to spruce where they appeared to be using the shallower snow found 
beneath this tree species for traveling.  Spruce has a deeper crown, often extending close to the 
ground that provides greater snow interception than pine (L.R. Davis, pers. observ.).  Riparian 
spruce – aspen sites were used more by fisher than other associations at this level of selection 
and riparian sites were also used much more by squirrels and the combined prey category.  A 
greater proportion of fisher use sites had prey sign than paired random plots indicating that 
fishers are able to discern patches are more likely to contain prey.  Powell (1994) noted that 
fishers appeared to have a cognitive map of where suitable patches of prey were within their 
home ranges and used different strategies depending on the prey being pursued.  When searching 
for high density prey such as hare, fishers changed direction often trying to increase the 
probability of encountering the animals (Powell 1994).  In contrast, fisher traveled in relatively 
straight lines when in habitats with low prey densities, only deviating to capture animals 
opportunistically (Powell 1994).  Fishers in the Chilcotin were observed using both of these 
strategies.  Fisher tracks followed through patches with high densities of hare tracks, changed 
direction repeatedly in the patch often crossing their own trail, whereas fisher trails through 
habitats with low densities of prey sign would deviate to inspect CWD or rock projecting 
through the snow, but otherwise traveled in relatively straight lines. 

These findings suggest that fisher in the Chilcotin are less selective at the patch level than at the 
stand level for foraging habitat.  Most of the forested stands in the study area are relatively 
homogeneous with respect to the attributes that we examined.  Patches of increased ground level 
structure are often lacking especially during winter when snow covers CWD that is close to the 
ground.  Other researchers have also suggested that fishers are less selective for foraging habitat 



than for rest sites (Arthur et al. 1989; Jones 1991; Powell 1994).  Despite this, fishers were able 
to find patches with greater probability of prey sign than at randomly located sites.   This suggest 
that fishers may be selecting foraging habitats based on attributes that we have not measured, by 
visiting patches where they have learned that prey are usually present, or some combination of 
habitat cues and learning. 

 

MANAGEMENT IMPLICATIONS 

Fisher foraging habitat is characterized by continuous forest cover and corresponds with the 
habitats of their preferred prey species (Powell 1993).  In BC, the main winter prey species of 
fisher are snowshoe hares, red squirrels, and red-backed voles. Fisher in the Chilcotin made 
greater use of mature to old forest, spruce-aspen associations and riparian stands.  Mature and 
old forests receive greater use by red squirrels in this study and their preferred habitat is 
dominated by large diameter white spruce (Stevens and Lofts 1988).  Likewise, red-backed voles 
are considered ecological indicators of old growth conditions in the Rocky Mountains (USDA 
Forest Service 1985) due to their close association with late successional stands (Clough 1987, 
Nordyke and Buskirk 1991).   Fisher also used younger stands in proportion to availability which 
likely relates to foraging for snowshoe hare.  The young stands used by fisher for foraging were 
relatively old (15 – 20 years post harvest) with forest cover values sufficiently recovered to 
receive relatively intense use by snowshoe hare. 

In pine dominated areas of the central interior, clear cut harvesting followed by natural or 
artificial regeneration is the dominant silviculture method.   Clear cut areas are unlikely to be 
used by fisher until cover values are restored sufficiently to allow use by snowshoe hare.  
Accelerating forest recovery in clear-cut areas will allow fisher to use the areas more quickly. 
Practices that may decrease the time required for these stands to recover include protecting 
advanced regeneration while harvesting, retaining patches of residual trees, protecting cull piles 
in harvested areas, and prompt regeneration after harvesting.  Fishers have been observed using 
residual forest patches to cross otherwise unsuitable clear cut habitat (R.L. Davis unpublished 
data; Weir and Harestad 2003).   The protection of patches of advanced regeneration while 
harvesting provides areas of habitat for snowshoe hare and red-backed voles that may hasten the 
recovery of prey in the new stand (Davis and Calabrese 2009).  Slash piles retained in young cut 
blocks were used by fisher in the Chilcotin as rest sites (L.R. Davis, unpublished data) and may 
also provide access to prey.  Slash piles were preferred by yellow-pine chipmunks over areas 
lacking this cover and were used by both red-backed voles and deer mice in a study near 
Williams Lake, BC (Davis and Calabrese 2009).   

Mature-old forest, mixed coniferous – deciduous forests, and riparian stands have been identified 
as important foraging habitats for fishers in the Chilcotin and elsewhere (Kelly 1977; Weir and 
Harestad 2003).  During cut block layout for harvesting, wildlife tree patches and other retention 
areas should focus on these habitats.  Mature and old forest stands of this species are important 
for some prey species and also provide key habitats for fisher rest sites and reproductive den 
sites.  Rust brooms in spruce trees were the most often used rest feature during this study and 
were also regularly used east of Williams Lake (Weir and Harestad 2003).  Cavities in deciduous 



species are used as fisher den sites in eastern north America (Paragi 1996; Powell et al. 1997; 
Gilbert et al. 1997) while cottonwood (Populus balsamifera spp. Trichocarpa) and balsam poplar 
trees (Populus balsamifera spp. Basamifera) were used in central BC (Weir and Harestad 2003; 
Weir 2003).   Den trees in the Chilcotin were dominated by coniferous species, but aspen still 
composed 35% of the trees.  Aspen den trees were usually located in riparian areas or seepage 
sites where increased moisture contributes to larger diameter stems.   

Areas that have been pre-commercially thinned have decreased abundances of snowshoe hare 
(Sullivan and Sullivan 1988) and are unlikely to be used by fisher until cover values are 
sufficiently recovered to allow high levels of prey use.  Fishers that were followed in the 
Chilcotin avoided thinned blocks (L.R. Davis, pers. observ.) and we noted that hare levels were 
also low in this habitat.  Research on the effects of thinning indicates that reserving areas from 
treatment can ameliorate the impacts of the treatment; however, data on the configuration and 
proportion of area to leave un-thinned is not conclusive (Elsworth and Reynolds 2006).  Studies 
on this aspect of habitat management are required to understand hare requirements. 

The current mountain pine beetle (MPB) epidemic and salvage harvesting are heavily impacting 
pine dominated areas of the central interior of BC.  Forest management practices provided here 
to address fisher habitat are consistent with recommendation for salvage harvesting provided by 
others (Eng 2004; Bunnel et al. 2004; Snetsinger 2005; Klenner 2006).  In landscapes heavily 
impacted by MPB, increased retention in wildlife tree patches is recommended (Eng 2004; 
Bunnel et al. 2004; Snetsinger 2005; Klenner 2006).  Landscapes that are heavily harvested are 
not likely to receive significant use by fisher until cover values return.  Despite this, increased 
retention that is strategically arranged may provide connectivity that allows fishers to disperse 
and the structural legacies in the new stands will shorten the time for fisher to reuse the area.  
Finally, sustaining fishers in managed forests may require limiting salvage harvesting in some 
landscapes to maintain sufficient area with forest cover.  These areas will become sources for re-
populating areas that have been heavily harvested.  Candidate landscapes should be in areas with 
moderate to high fisher habitat values and large enough to ensure viable population sizes. 

 

LIMITATIONS 

This data for this study was collected in three BEC units, however, sample sizes were very low 
in the IDFdk4 (two animals) and animals only made marginal use of the MSxv.  Further study 
within the Interior Douglas-fir BEC unit that includes areas of the IDFdk3 would provide greater 
ability to identify patterns and confidence in the results.  Despite this problem, the findings are 
consistent with other research.  Maintaining habitat for fisher and their prey will ensure that 
foraging opportunities are retained in managed forests. 
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