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EXECUTIVE SUMMARY 
 

This study has identified a number of variables that appear to have an influence on 
marten presence at the landscape level.  Variable selection was based on attributes 
identified in studies elsewhere and on data collected locally.  Habitat models were 
developed using the results of a local DNA based inventory for marten.  The best 
approximating models were validated using transect based data and yielded four 
attributes that appear to affect marten habitat selection.  The landscape level attributes 
are: 100+ year old forest, >20% spruce component, the presence of wetlands, and non-
forested areas.  The presence of marten was positively associated with the first three 
variables and negatively with the last.  Studies elsewhere support the preference of 
marten for areas with greater cover in mature to old forest and a greater percentage of 
spruce.  In this study, non-forested areas included lakes, cultivated fields, and urban 
areas, which do not provide the cover or foraging opportunities required by marten. 
 
A preference for wetlands has not been identified elsewhere; however, this habitat may 
still be important in the west Chilcotin.  A previous study in the Anahim Lake area found 
that wetlands containing high brush were preferred by both snowshoe hares and marten.  
Marten have also been shown to hunt edge habitat and the unique vegetation of most 
wetlands may provide increased opportunities for foraging.  In the dry climate of the 
Chilcotin, wetlands are also likely to have a fringe of moister ecosystems that are 
relatively productive in relation to dry uplands.   
 
Other variables, such as area harvested and crown closure, were found to affect marten 
habitat selection elsewhere, but gave mixed results here.  One data set suggested a 
positive association with clearcuts while the next indicated a negative relationship.  
Harvesting greater than 25% of a martens home range has been linked to decreased 
numbers of marten in other studies.  In this study area, clearcuts comprised only 2% of 
the landscape and until the area harvested reaches proportions in excess of 20%, it is 
unlikely that marten will exhibit a strong negative response.  Likewise, low crown 
closure habitats occupied only 10% of the study area and are unlikely to affect marten 
habitat selection at this level. 
 
In the face of the current MPB epidemic, management must focus on providing habitat 
that ensures the persistence of marten in all landscape units.  Management should be 
concentrated in areas that contain landscape level attributes important to marten.  In the 
west Chilcotin, these areas should have abundant wetlands, a significant spruce 
component, and provide a matrix dominated by mature to old forest.  Furthermore, these 
habitats should be supplied in sufficient quantity to maintain viable populations of 
martens through time.  Within each landscape unit, 5000ha of habitat should be managed 
for marten to ensure a minimum viable subpopulation.  This area should be made up of 2-
3 separate locations of 1000-2500ha with connectivity between areas facilitated by 
riparian reserves and patches of un-harvested forest.  This should be implemented in an 
adaptive management framework that includes monitoring and allows for the continued 
improvement of wildlife strategies.   
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1.0 INTRODUCTION 
 
Obtaining landscape level information on the habitat requirements of furbearing species 
and monitoring changes in abundance is critical in maintaining populations through time 
and space.  The Anahim Round Table (ART) Sub Regional Plan has identified the 
protection and maintenance of American marten (Martes americana) habitat as an 
important component of habitat management.  The current mountain pine beetle epidemic 
will result in widespread changes in the availability of mature and old lodgepole pine 
habitat in the SBPS.  As habitats become fragmented, survival and reproduction may be 
lowered for some species as resources become diluted.   
 
The purpose of this project is to supply information on landscape level forest attributes 
that are important in maintaining the presence of American marten in the Anahim Supply 
Block.  Marten have been suggested as an umbrella species for the maintenance of other 
organisms that require large areas of contiguous mature and old forest habitat.  Due to 
this, marten have been proposed as an element of forest monitoring by some managers 
(Proulx 2003).  However, prior to selecting a species it is important to ensure that the 
species responds to forest change as predicted.  This project examines if marten are 
indicative of mature/old forest conditions in the west Chilcotin and the landscape level 
attributes that are important in maintaining marten in the Anahim Supply Block.  
 
Yun Ka Whu’ten Holdings Ltd has conducted two projects to provide information for the 
inventory and management of furbearers within the Anahim Supply Block.  The first was 
a winter furbearer track transect based study (Davis 2003a) and the second was a DNA 
based winter inventory for American marten and fisher (Martes pennanti) (Davis 2003b).  
The combined projects contain information on marten presence over 1000km2 of the 
Anahim Supply Block from approximately 200 locations.   This data is used to construct 
a model of marten requirements at the landscape scale and to validate these results.   
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3.0 STUDY AREA 
 
The study area is located on the Interior Plateau near Anahim Lake, B.C. in the Sub-
boreal Pine-Spruce (SBPS) and Montane Spruce (MS) Biogeoclimatic Zones (BEC) 
(Meindinger and Pojar, 1991)(Figure 1).  The area is bounded by Highway 20 on the 
south, Tweedsmuir Park to the west, Anahim Peak to the north, and includes the 
Corkscrew Creek basin to the east.  Elevations in the study area range from 1100-1500m. 
 
Vegetation surveys were conducted in the MSxv (very dry, very cold) subzone, the 
SBPSxc (very dry, cold), and the SBPSmc (moist, cold) subzones as part of the furbearer 
tracking project (Davis 2003a).  Lodgepole pine (Pinus contorta) was the leading species 
in the tree layer on most transects with white spruce (Picea glauca) and trembling aspen 
(Populus tremuloides) leading on a small number of transect segments.  The B1 shrub 
layer (>2m tall) was dominated by lodgepole pine and white spruce with lesser amounts 
of trembling aspen and Salix spp.  Soopolallie (Sheperdia canadensis) and Salix spp 
dominated the B2 layer (<2m tall) with minor amounts of lodgepole pine, common  
juniper (Juniperus communis), and white spruce.  In wetlands, willow (Salix spp.), bog 
birch (Betula glandulosa), and sedge (Carex spp.) were the dominant species.   
 
 

4.0 METHODS 
 
The field portions of this study were conducted using two different procedures.  Both 
portions were conducted during winter around Anahim Lake; however, the track transects 
were surveyed over three years (1990-1992), while DNA was collected only during 1993.   
The track transect project was originally designed to examine stand level habitat features 
of stands used by furbearers (Davis 2003a).  The results of that study indicated that other 
factors, such as landscape level attributes, may be affecting the distribution of marten in 
the West Chilcotin.  The DNA study was designed as a pilot project to examine the 
feasibility of large scale DNA inventory techniques.  With only 96 samples, the DNA 
project lacked the numbers to validate modeling results.  However, the modeling will be 
tested by compiling the transect data at the landscape level.  The following is a brief 
description of the field methodology of both projects followed by the modeling 
techniques used in this paper. 
 
DNA Sampling 
The sampling procedures for the DNA portion of the study follow the methodology 
outlined by Mowat and Paetkau (2001).  The study area contains a variety of ages of 
harvested stands (0-10 years post harvest) and natural stands.  As well, there is a range of 
cut block and natural opening densities.  This type of landscape should have a stable 
furbearer population that reflects modern forest practices.  The study area is 
approximately 400 km2 and divided into 24 4x4 km cells.   Several cells (18, 23, and 24) 
have the community of Anahim Lake contained within them and have been enlarged 
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Figure 1.  Map of project study area near Anahim Lake, British Columbia.   
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to provide approximately 16km2 of available habitat. The cells were sampled four times 
at two week intervals between February 3 and March 30th.  Capture  
stations (1A, 2A, etc.) within cells were randomly located.  When sample points fell 
within the community of Anahim Lake, on private land, or in a water body, the sample  
was dropped and another point was drawn.  Hair traps were fashioned using the design of 
Foran et al (1997).  The design uses two pieces of board (2 x 19 x 60cm) screwed 
together along the long edge to form a triangle.  The trap has four pieces of adhesive 
based mouse trap attached inside that will remove hair from any marten/fisher that enters 
it.  The traps were baited with chicken and commercial marten lure.  The trap is attached 
vertically to a tree with a small board attached as a roof above it.  The trap was moved to 
a new random point within each cell (e.g. 1A to 1B, etc.) in each of the 4 trapping 
sessions to reduce behavioral responses.  To further reduce behavioral responses, each 
capture station had to be at least 1km from any other capture station within a given cell.  
At each capture station, the date of setting and access instructions were recorded using 
the Resource Inventory Form (RIC) form for medium sized carnivore animal capture.  
Habitat information was collected and recorded on an ecosystem field form adapted to 
include snow data. 
 
At the end of each session, a RIC animal observation form was filled out for each capture 
station (trap) detailing the date of removal, trapping success, and the presence of hair.  
When a glue patch had hair on it, it was removed and covered with plastic “write in the 
rain” paper.  Each sample was stored in a paper bag and kept in dry conditions until 
submitted for DNA analysis.  The tracks of species approaching the trap location were 
noted along with the date and trap number.  The hair samples were sent to a commercial 
genetics lab (Wildlife Genetics International, Nelson, B.C.) for sorting to species and 
genetic tagging.   
 
 
Track Transects 
Starting points for transects were located in 1998 along the following main roads in the 
study area: Beeftrail Main, Blackwater trail, Corkscrew Main, Christensen Creek Trail, 
Dean River Road, and Highway 20.  A total of 216 sample sites were chosen to cover a 
wide range of habitat types and represent the three BEC subzones.  The sites were 
required to have little or no human caused habitat disturbance and had to be accessible by 
truck or snowmobile.  Out of the 216 sites, 105 were chosen for conducting track 
transects with 35 in each subzone. 
 
At each site, a compass bearing perpendicular to the road was used to set the transect 
orientation and the starting point was established at 100m from the road edge.  The 
transects were divided into 50m segments and were composed of two parallel 500m long 
legs placed 250m apart.  Data was collected on the 500m long leg “A” on the way in and 
on the 500m long leg “B” on the way out. 
 
The sampling of transects was conducted randomly by the use of a random number list.  
Once all 105 transects had been sampled once, a new list was used to continue sampling.  
Sampling commenced 0.5-37 days after a significant snowfall.  During the sample period, 
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atmospheric conditions that maintained snow quality for accurate track identification 
were required.  Track data was not collected if weather conditions resulted in tracks 
becoming obscured, or if it was not clear that the tracks had been made since the last 
identified snowfall.   
 
At the start of each transect, the observers recorded the starting time, temperature, and 
estimated the snow type for each transect.  Snow depths were taken at a point 5m along 
the line of travel from the start of each segment.  Tracks that crossed the transect line 
were tallied by segment for each species.  Tracks that crossed the transect had to deviate 
by more than 1m perpendicular to the transect before they could be tallied again.  After a 
significant snowfall (>5cm), sampling continued at the discretion of the observers.  As 
long as the observers were able to determine species and time since the last snowfall, 
sampling proceeded. 
 
Statistical Analysis 
Habitat information was gathered from GIS databases.  The information is based on B.C. 
Forest Cover data maps that list forest structure and floristics based on 1:15,000 scale air 
photos and ground plots. Habitat values were gathered from circular windows of various 
sizes around sample sites.  Variables were selected based on previously established or 
hypothesized habitat relationships for marten.  Variables were tested using Spearman 
rank correlation analysis to avoid the use of highly correlated variables.  The DNA results 
were analyzed and coded to distinguish sites that had marten hair captures or tracks 
recorded.  Logistic regression was then used to test the relationship between the habitat 
variables and the probability of detecting a marten.  Model parsimony was compared 
using Akaike’s Information Criteria (AIC) values and model fit using McFadden’s Rho-
squared.  Overall classification accuracy of each model (C) is given as the percentage of 
observations correctly classified. 
 
The global model for the DNA data was first compared between all window sizes using 
model fit and classification accuracy.   The two models with the greatest overall 
performance were then examined using AIC to predict a parsimonious set of models 
containing variables with the greatest influence on marten habitat selection at the two 
window sizes.  These models were then validated using data from the track transect study 
at the same window sizes.  
 
 

5.0 RESULTS 
 
Investigation of the data revealed that correlations between variables tended to increase 
with window size.  For windows up until 5000m radius, the Spearman rank correlation 
was less than 0.7 for all variables, with most below 0.5.  In windows larger than 5000m 
radius, correlations of >0.8 were found for many variables and the analysis was dropped 
at those sizes.  Plots of the relationship between marten presence and habitat variables 
were examined over all window sizes and a set of seven variables that appeared to have 
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an influence on marten presence across most scales were selected for the global model 
(Table 1). 
 
Logistic regression was used to test the global models for all sizes of windows.  The rho-
squared and classification accuracy of the results where plotted for comparison (Figure 
2).  The greatest model fit (Rho-squared) and classification accuracy occurred in the 
1000m and 2000m radius windows.  The windows correspond to areas of 314ha and 
1257ha respectfully.  Values of Rho-squared >0.2 indicate a good model fit (Systat 
2002).   
 
AIC ranking of submodels using the DNA data at 1000m and 2000m radius are found in 
Table 3.  Both window sizes included models 11, 12, and 13 among the top five affecting 
marten habitat selection.  The area of mature+old forest, wetlands, and harvested blocks 
were variables that had a significant (α=.05) positive influence on the probability of 
detecting a marten in both window sizes.  Variables with a significant negative effect on 
the probability of detecting a marten were area of mid-aged forest, non-forested habitat, 
and average patch size. 
 
The global model was also tested on the transect based marten data for all window sizes 
(Figure 3).  The graph shows a different pattern of model fit and classification success 
using the transect data than the DNA data.  With the exception of the 250m window, 
these descriptors increase in value until the 2500m window and then decline.  The model 
fit at 2500m is also extremely high when compared to the DNA data (rho-squared = 0.57 
versus 0.2).  Overall, prediction success is also consistently greater using the global 
model on the transect data. 
 
Table 3 lists the results of fitting the top DNA based models to the transect data.  Models 
based on the 1000m and 2000m radius data had relatively low rho-squared values and 
only moderate classification success.  The results of the AIC ranking rated models 11 and 
13 as the most parsimonious models using the 1000m and 2000m windows.  However, 
none of the individual variables used in any of the models significantly (α=.05) increased 
the probability of detecting a marten.   
 
A post hoc analysis of the 2500m radius data produced a good fit (rho-squared .26-.41) 
for models 10, 12, and 13 with good classification success.  Only one variable, area of 
mature+old forest, had a significant positive influence on the probability of detecting a 
marten, while two variables, patch size and area harvested, had a significant negative 
influence on the probability of detecting a marten. 
 
A post hoc stepwise logistic regression was conducted on the data from all three window 
sizes.  For the 1000m window, all variables were rejected based on a 0.15 entry/removal 
probability.  The 2000m window had an rho-square value of .16 for the backwards 
stepwise regression and non-forested area was the only significant variable.  The test of 
the 2500m radius transect data produced high rho-squared values and improved the 
classification success over the previous models based on this data.  The area of mid-aged 
forest, wetland, and spruce were variables with significant positive effect on the  
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Table 1.  Habitat variables examined in the YKW marten project.  Variables that 
appeared to have a relationship with marten presence were selected for inclusion in the 
global model (G). 
 

Variable Measurement Comments 
Old forest (G) Hectares Age class 7+ (140 years +) 
Mature+old forest (G) Hectares Age class 5+ (80 years +) 
Mid-aged forest (G) Hectares Age class 3-4 (40-80 years) 
Young forest  Hectares Age class 1-2, includes 

harvested (0-40 years) 
Harvested (G) Hectares Age class 1 (0-20 years) 
Wetland (G) Hectares Wetlands, NPBr, Spruce 

wetlands. 
Nonforested (G) Hectares Open range, cultivated, lake, 

etc. 
Mature+old low crown closure 
(G) 

Hectares Crown closure1-3 

Mature+old moderate crown 
closure (G) 

Hectares Crown closure 4-6 

Mature+old high crown closure Hectares Crown closure 7-9 
Spruce leading  Hectares Spruce >50% 
Spruce secondary Hectares Spruce 20-50% 
Spruce minor Hectares Spruce <20% 
Spruce leading+secondary (G) Hectares Spruce 20-100% 
Length of road Meters Length of mapped road in 

polygon 
Perimeter mat+old Meters Distance around all contiguous 

mature+old polygons. 
Perimeter mat+old+mid Meters Distance around all contiguous 

mature+mid+old polygons. 
Average area of mature+old 
patches (G) 

Hectares Mean length times mean width 
of contiguous mature+old 
polygons. 

Average area of mature+old+mid 
patches 

Hectares Mean length times mean width 
of contiguous mature+old+mid 
polygons. 
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Figure 2.    Comparison of model fit (McFadden’s Rho-squared) and classification accuracy across different size windows using the 
marten DNA based data.
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Table 3.  AIC values and ranking for models based on marten DNA data.  Variables with a significant (α=.05) effect on the probability 
of detecting a marten are in bold. 

 
Window     Model

# 
Model QAIC Evidence

ratio 
∆QAIC

1000 13 Constant -(mid aged forest)-(nonforested)-(patchsize)    60.4 0.00 1.0

1000     12 Constant+(mature+old forest)+(harvested)+(wetland)-
(patchsize) 

61.5 1.19 1.8

1000     17 Constant+(mature+old forest)+(lowCC)+(wetland) 
+(harvested)+(spruce) 

62.4 2.01 2.7

1000 14 Constant+(mature+old forest)+(mid-aged forest)+(non-
forested)+(harvested)+(wetland)-(patchsize) 

58.9   3.57 5.8

1000     11 Constant+(mature+old forest)+(spruce) 64.0 3.61 6.1

1000 Global See table 1 for a list of all variables in the global model 66.8 6.41 24.7 

2000  
  

16 Constant +(Harvested)+(low CC)+(moderateCC) 
+(wetland) 55.0 1.00.00

2000 13 Constant-(mid aged forest)-(nonforested)-(patchsize) 55.5   0.45 1.3
2000     11 Constant+(mature+old forest)+(spruce) 56.3 1.35 2.0
2000  

  
12 Constant +(mature+old forest)+(harvested)+(wetland)-

(patchsize) 56.8 2.51.83
2000  17 Constant +(mature+old 

forest)+(harvested)+(wetland)+(low CC)+(spruce) 57.1 2.05 2.8 
2000 Global See table 1 for a list of all variables in the global model 66.1 11.06 252.3 

      

Note: CC = crown closure 
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Figure 3.    Comparison of model fit (McFadden’s rho-squared) and classification accuracy across different size windows using the 

marten transect based data. 
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Table 3.  QAIC values and ranking for models based on marten transect data.  The parameter rho-squared describes model fit with 
values >0.2 generally having good fit.  C is the proportion of data points classified correctly using the given model.  
Variables with a significant (α=.05) effect on the probability of detecting a marten are in bold. 

 
Window     Model

# 
Model QAIC ∆QAIC Evidence

ratio 
Rho- 

squared 
C 

1000 11 Constant+(mature+old forest)+(spruce) 79.2     0.00 1.0 0.014 81.2
 13 Constant+(mid aged forest)-(nonforested)+(patchsize) 79.7     

     

     

     
     

       

0.48 1.3 0.035 0.81
 

12 
Constant -(mature+old forest) +(harvested) -
(wetland)+(patchsize) 81.8 2.56 3.6 0.035 0.81

 
17 

Constant -(mature+old forest)+(harvested)-(wetland)-(low 
CC)+(spruce) 82.6 3.32 5.3 0.052 0.82

 
14 

Constant-(mature+old forest)-(mid aged forest) -
(nonforested)+(patchsize)-(wetland)-(harvested) 85.4 6.18 22.0 0.04 0.82

 Global See table 1 for a list of all variables in the global model 86.2 6.96 32.5 0.142 0.83
 

2000        11 Constant+(mature+old forest)+(spruce) 49.0 0.00 1.0 0.057 0.82
 13 Constant-(mid aged forest)-(nonforested)-(patchsize) 51.5     

  
     

     
     

       

2.51 3.5 0.044 0.82
 12 Constant +(mature+old forest)+(harvested)+(wetland)-

(patchsize) 53.0 7.54.02 0.056 0.82
 16 Constant (harvested)+(low CC)+(moderateCC) +(wetland) 53.6 4.66 10.3 0.041 0.82
 17 Constant +(mature+old forest)+(harvested)+(wetland)+(low 

CC)+(spruce) 54.1 5.12 12.9 0.078 0.82
 Global See table 1 for a list of all variables in the global model 57.5 8.52 70.7 0.238 0.84

 

2500       13 Constant-(mid aged forest)-(nonforested)-(patchsize) 23.4 0.00 1.0 0.30 0.87

12 
Constant +(mature+old forest) -(harvested) +(wetland)-
(patchsize) 24.0 0.65 1.4 0.890.38

10 Constant +(mature+old forest)-(moderate CC)-(patchsize) 24.2 0.78 1.5 0.26 0.86
11 Constant+(mature+old forest)-(spruce) 25.8 2.43 3.4 0.03 0.81

14 
Constant-(mature+old forest)-(mid aged forest) -
(nonforested)-(patchsize)-(wetland)-(harvested) 27.9 4.47 9.3 0.40 0.89

2500 Global See table 1 for a list of all variables in the global model 33.0 9.56 119.3 0.58 0.91
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Table 4.   Stepwise logistic regression results for the marten transect data. The parameter rho-squared describes model fit with values 
>0.2 generally having good fit.  C is the proportion of data points classified correctly using the given model.  Variables 
with a significant (α=.05) effect on the probability of detecting a marten are in bold. 

 
Window    Stepwise

direction 
Model Rho-

squared 
C 

1000 Backwards Constant only model selected n/a n/a 
1000 Forwards Constant only model selected 

  
n/a n/a 

   
     
2000 

   
   
    

Backwards Constant -(nonforested)+(wetland)-(low CC)+(spruce) 
 

0.16 0.83 
2000 Forwards Constant-(low CC)-(nonforested)

 
0.07 0.82

 
 

2500 
Backwards 

Constant+(mid aged forest)+(wetland)-(nonforested) 
+(spruce)-(patchsize) 

0.53  

  

   

0.90

2500 
Forwards 

Constant -(patchsize)-(harvested)-(nonforested) 
+(spruce)+(wetland)+(mid-aged forest) 

  

0.56 0.91

     

 

 12



probability of detecting a marten.  Patch size was the only variable with a significant 
negative effect on the probability of detecting a marten. 
 

6.0 DISCUSSION 
 

Variable selection concentrated on important attributes that had been identified elsewhere 
in the literature and on locally derived data.  Tests of the correlations between variables 
identified a trend of increasing autocorrelation with increasing window size.  For 
instance, a significant negative relationship became evident between non-forested areas 
and 100+ year old forest.  As a window became larger, it was more likely to take in 
bodies of water which reduced the area available for forest.  On this basis, window size 
was truncated at 5000m radius which corresponds to an area of 7854ha.  This size of area 
is much larger than any mean marten home range size reported in the literature. 
 
The global model was selected by examining plots of the variables versus marten 
presence, and those that exhibited a relationship were included in the global model.  The 
test of model fit and classification success using logistic regression yielded similar results 
when compared to a study in southeast BC (Pers. comm with Garth Mowat).   That study 
used windows of 100m to 10,000m radius which yielded the best fit at the 100m and 
2000m window size.  The smallest window in this study was 250m due to the layout of 
the track transects, but the 2000m window also had the greatest model fit using the DNA 
data.  Interestingly, the 2500m radius window had the greatest model fit when the 
transect data was tested; however, model fit using the 2000m window was also quite 
high. 
 
The most parsimonious models were selected using AIC techniques on the DNA data.  
The global model had moderate overdispersion, but was less than 4 indicating that the 
model was structurally sound (Burnham and Anderson 2002).  Overdispersion often 
results from count data where variance assumptions cannot be met due to lack of 
independence between some observations.  This was corrected by using quasi-likelihood 
methods and the appropriate modifications to AIC (QAIC)(Burnham and Anderson 
2002).  The top models using this technique generally have evidence ratios of less than 4 
(Burnham and Anderson 2002).  These models were then tested on the transect based 
data to determine which variables exhibited consistent influences on the probability of 
marten detection. 
 
Marten have been found to be sensitive to the landscape level configuration of habitat in 
other studies (Chapin et al 1998; Hargis and Bissonette 1997; Potvin and Breton 1997; 
Steventon and Major 1982).  In western North America, marten are most frequently 
associated with older, coniferous stands with moderate (30-50%) crown closure (Buskirk 
and Powell 1994; Thompson and Harestad 1994).  There was selection for forested stands 
>100 years in age at a number of scales using both the DNA and transect based data in 
this study.  Forested landscapes in the west Chilcotin are generally dominated by mature 
to old seral stands at this time.  In this study area, 100+ year old coniferous forests 
comprised 60-70% of the stands and 140+ year old forest made up >40% of stands.  
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Given the projected impacts of the current mountain pine beetle (MPB) epidemic on 
mature to old stands, the importance of this habitat type to marten is likely to increase 
with time.   
 
The presence of a significant (>20%) spruce component was found to increase the 
probability of finding a marten using both data sets.  Other authors have suggested that 
marten favor spruce stands (Clark et al 1987; Buskirk and Powell 1994), and a stand level 
study in the west Chilcotin also found greater use by marten of stands containing spruce 
(Davis 2003).  The importance of a spruce component in stands may relate to structural 
characteristics of spruce and the moisture regime associated with this tree species. 
 
Structurally, spruce has greater canopy volume than lodgepole pine and will grow to 
larger diameters.  Typically spruce has more branches, a deeper crown, and a greater 
tendency to form brooms than pine.  These structural differences provide increased cover 
and denning opportunities for marten and its prey.  Larger diameter trees were preferred 
as dens by marten in the Cascade Range (Rafael and Jones 1997).  The deep crowns may 
also provide thermal benefits by decreasing wind circulation .  Marten are known to 
thermoregulate behaviorally by switching habitats and positions within habitats with 
changes in the weather (Buskirk et al 1989).  Wilbert et al (2000) found that when 
temperatures were low and there was recent heavy snow, marten were more likely to rest 
beneath the snow in spruce-fir stands.  In contrast, marten rest sites when weather was 
warmer tended to be above the snow and in stands dominated by lodgepole pine (Wilbert 
et al 2000).  Fidelity of marten to resting sites was also greater in winter than spring when 
the benefits of thermally efficient sites would be expected to offset the costs of longer 
distances traveling to reach them (Wilbert et al 2000). 
 
Generally, spruce is found in moist lower slope positions in the SBPS that are relatively 
productive for trees and vegetation (Meindinger and Pojar 1991).  More productive 
ecosystems are usually more complex which can lead to greater vertebrate species 
abundance and richness (Bunnell et al 1999).  Prey species, such as red squirrels and 
snowshoe hare, were found to make greater use of stands containing spruce in the west 
Chilcotin (Davis 2003a).  For red squirrels, spruce stands may be more attractive due to 
larger seeds, more seeds per cone, and more cones per tree making spruce stands more 
optimal foraging habitat (Smith 1990; Rusch and Reeder 1978; Hurley and Robertson 
1990).  Moist areas with high woody debris levels can also favor the growth of 
hypogeous fungi that are favored by other small mammal prey such as southern red-
backed voles (Clethrionomys gapperi)(Ure and Maser 1982).  Marten may then be 
choosing these sites to access the more diverse and abundant pool of prey found in wet 
ecosystems.  This trend has been observed elsewhere in BC, with greater use of wetter 
sites by marten in the Engelmann-Spruce Sub-Alpine Fir biogeoclimatic zone near 
Sicamous BC (Huggard 1999) and a trend of greater marten numbers in wetter 
ecosystems of the west Kootenays (Garth Mowat, pers. comm.).   
 
The finding of a positive association with wetlands may be linked to the greater moisture 
supply associated with these locations.  Wetlands had a positive influence on the 
probability of detecting a marten at both the 1000m and 2000m radius window using the 
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DNA data and in the stepwise examination of the 2500m radius transect based data.  In 
the SBPS, wetlands are often associated wetter plant associations including spruce 
(Meindinger and Pojar 1991).  In addition, the habitat present in wetlands is also often 
structurally and floristically distinct from uplands areas, which may lead to increased 
prey availability.  Wetlands dominated by tall shrubs contained abundant snowshoe hare 
and were also preferred by marten in a west Chilcotin furbearer study (Davis 2003a).  
Marten have been found to exploit edge habitat (Huggard 1999; YKW unpublished data), 
and the diversity found at riparian edges may result in increased opportunities for 
foraging. 
 
Non-forested areas had a negative influence on the probability of detecting a marten in 
both the 1000m and 2000m radius windows using the DNA data.  This variable was also 
significant in the stepwise examination of the 2000m and 2500m radius transect based 
data.  Non-forested areas in this study were typically water bodies, clay banks, open 
range, and urban areas.  These types of sites generally represent unusable habitat for 
marten due to a complete lack of cover, human/agricultural influences, or inhospitable 
habitat (e.g. lakes).  Hargis and Bissonette (1997) found that the abundance of marten 
was influenced by the fragmentation with few marten captures once >25% of the 
landscape was non-forested.  In that study, clearcuts were included with natural openings 
in the forest and generally had low cover values. In this study, the examination of 
clearcuts resulted in ambiguous results when using the different data sources.  Using the 
DNA data, the presence of clearcuts had a positive influence on the probability of 
detecting marten in both the 1000m and 2000m radius windows.  In contrast, this variable 
was not significant in 1000m or 2000m windows using the transect data and was a 
negative indicator in the 2500m radius window. 
 
The opposing effect of clearcuts in this study may be related to the low levels of 
harvesting in the area examined.  Harvested areas less than 20 years old comprised only 
2% of the area of the 1000m and 2000m radius windows for the DNA data and only 1% 
of the area for the 2500m radius window transect data.  Even when this habitat is lumped 
with non-forested areas, the total makes up less than 15% of the window area.  This level 
of fragmentation may not have a strong influence on marten use.  Further, some aspects 
of marten ecology, such as foraging in clearcuts during summer (Soutiere 1979) and 
along forest edges (YKW unpublished data; Huggard 1999; Spencer et al 1983), suggest 
that low levels of fragmentation may benefit marten due to increased foraging 
opportunities.  A study in Maine (Chapin et al 1998) found that marten tolerated up to 20-
30% of their home range in regenerating clearcuts and used the clearcuts in proportion to 
availability.  The changes in harvesting as a result of the Biodiversity Guidebook (1995) 
may also have had an influence on marten use of areas with clearcuts in the west 
Chilcotin.  Typically, spruce and deciduous trees have been reserved from harvesting 
resulting is sporadic cover in cut over areas.  Wildlife tree patches and riparian reserves 
are also standard prescriptions that may aid in providing connectivity across open areas in 
winter. Given these factors, marten response may continue to be ambiguous until a 
significant amount of the landscape is in young clearcuts. 
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Marten are associated with moderate (30-50%) crown closure stands (Buskirk and Powell 
1994; Thompson and Harestad 1994), and stands with lower cover values are generally 
not suitable (Buskirk 1984; Spenser et al 1983).  In this study, moderate crown closure 
was defined as 30-60% cover and was only significant when using the 2000m radius 
window and the DNA data.  The lack of significance in the transect based data may be 
due to the amount of moderate (50%) and high (40%) crown closure habitat available in 
the study area.  With low crown closure stands only forming 10% of the forested area, the 
effects of this habitat may not be influencing marten selection.  Furthermore, tree canopy 
cover may not be required where other cover is available.  Spruce-budworm damaged 
stands in Maine typically had less than 30% overstory cover and were used extensively 
by marten (Chapin et al 1997).  The high volumes of woody debris, snags, and dense 
understory present in these stands is thought to provide ample opportunities for hunting, 
resting, and allowing marten to escape predators (Chapin et al 1997; Payer and Harrison 
2000).   
 
Chapin et al (1998) examined marten use relative to patch size and amount of edge.  
Similar to this study, no relationship with amount of edge was found.  However, that 
study found that both the size and isolation of residual patches influenced marten use.  
Marten occupied the larger contiguous pieces of residual forest and adjacent smaller 
patches, but avoided isolated patches (Chapin et al 1998).  In this study, average patch 
size had a negative influence on the probability of detecting a marten.  However, the area 
in young forest in this study is far below the threshold (20-30%) seen in other studies that 
show a fragmentation effect (Chapin et al 1998; Hargis et al 1997).  Further, given that 
patch size was only significant in the post hoc examination of the 2500m radius window, 
it may represent a spurious result. 
 

7.0 CONCLUSIONS 
 

This study has identified a number of variables that appear to have an influence on 
marten presence at the landscape level.  Significant variables were validated using 
transect based data and include: 100+ year old forest, >20% spruce component, the 
presence of wetlands, and non-forested areas.  The presence of marten was positively 
associated with the first three variables and negatively with the last.  Studies elsewhere 
support the preference of marten for areas with greater cover in mature to old forest 
(Buskirk and Powell 1994; Thompson and Harestad 1994) and a greater percentage of 
spruce (Clark et al 1987; Buskirk and Powell 1994).  In this study, non-forested areas 
included lakes, cultivated fields, and urban areas, which do not provide the cover or 
foraging opportunities required by marten. 
 
A preference for wetlands has not been identified elsewhere; however, this habitat may 
still be important in the west Chilcotin.  Wetlands containing high brush were preferred 
by both snowshoe hares and marten in the Anahim Lake area (Davis 2003a).  Marten 
have also been shown to hunt edge habitat (YKW unpublished data; Huggard 1999) and 
the unique vegetation of most wetlands may provide increased opportunities for locating 
prey.  In the dry climate of the Chilcotin, wetlands are also likely to have a fringe of 
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moister ecosystems that are relatively productive.  Marten have been found to prefer 
wetter sites and ecosystems elsewhere (Huggard 1999; Garth Mowat pers. comm.). 
 
Other variables, such as area harvested and crown closure, have been found to affect 
marten habitat selection elsewhere, but gave mixed results here.  Harvesting greater than 
25% of a martens home range has been linked to a decreased probability of maintaining 
marten (Chapin et al 1998; Hargis et al 1997).  However, this effect may be ameliorated 
by the presence of high levels of woody debris and brush (Chapin et al 1997; Payer and 
Harrison 2000).  In this study area, clearcuts comprised only 2% of the landscape and 
may provide increased foraging opportunities at these low levels due to increased edge 
habitat.  Until the area harvested reaches proportions in excess of 20%, it is unlikely that 
marten will exhibit a strong response.  Likewise, low crown closure habitats occupied 
only 10% of the study area and are unlikely to affect marten habitat selection at this level. 
 
In the face of the current MPB epidemic, management must focus on providing habitat 
that ensures the persistence of marten in all landscape units.  Management should be 
concentrated in areas that contain landscape level attributes important to marten.  In the 
west Chilcotin, these areas should have abundant wetlands, a significant spruce 
component, and provide a matrix dominated by mature to old forest.  Furthermore, these 
habitats should be supplied in sufficient quantity to maintain viable populations of 
martens through time. 
 

8.0 MANAGEMENT RECOMMENDATIONS 
 

The current mountain pine beetle epidemic will impact on the landscape level variables 
identified in this study.  Conversion of mature-old pine leading forest to young clearcuts 
is likely to have a negative effect on marten populations once the area exceeds 25% of a 
marten home range size.  In eastern north America, home range sizes vary from 100ha for 
females and in good habitat to 680ha for males when food is scarce (Thompson and 
Colgan 1987).  In Wyoming, mean home range sizes varied from 592ha for females to 
1820ha for males (O’Doherty et al 1997), while northwest BC the mean size was 320ha 
for females and 520ha for males (Lofroth 1993).   
 
Martens are intrasexually territorial, resulting in home ranges that are exclusive within 
but not between sexes.  Typically, a male martens home range will overlap several 
females.  Given this, management should focus on providing suitable habitat for viable 
subpopulations based on retaining at least 10 female home ranges in a landscape unit 
(Hoover and Willis 1984).  In the absence of locally derived data, allowing 500ha for a 
female territory is likely to be conservative.  Data from Chapin et al (1998) suggests that 
home ranges may have up to 20% in regenerating clearcut, but should always have at 
least one patch of contiguous mature forest of at least 250ha (median size patch for male 
territories).  Other patches should be greater than 27ha (median size) and located in 
proximity to the larger patch (Chapin et al 1998). Several researchers also recommend 
partial cutting as a method to maintain marten populations (Thompson and Harestad 
1994; Bissonette et al. 1989). Watt et al. (1996) suggests that partial harvesting can occur 
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in up to 30% of the habitat as long as it retains 50% of the original basal area.  Huggard 
(1999) found that small patch cutting retained more stand level features important to 
marten, such as woody debris and higher canopy closure, than evenly dispersed single 
tree selection. 
 
Areas managed for marten should include wetland complexes and locations with a 
significant component of spruce.  These areas are likely to include high quality winter 
habitat for marten that has greater cover values and an abundant prey supply.  Due to the 
higher spruce component, the areas are also more likely to maintain forest cover during 
the current MPB epidemic.  Even where MPB is affecting these stands, the response of 
marten in the spruce-budworm infested stands of eastern North America suggests that a 
component of beetle killed stands would be acceptable.  Within each landscape unit, 
5000ha of habitat should be managed to ensure a minimum viable subpopulation of 10 
marten (Hoover and Willis 1984).  This area should be made up of 2-3 separate locations 
of 1000-2500ha that have some degree of connectivity.  Riparian reserves and patches of 
unharvested forest should connect areas managed for marten.  Connections do not need to 
be continuous but should not be more than 1-2km across (Watt et al. 1996). 
 
Finally, these recommendations should be implemented using an adaptive management 
framework.  Monitoring is required to provide feedback for both marten management and 
the retention of biodiversity.  Marten have been suggested as an indicator for species 
requiring patches of mature-old interior forest condition (Proulx 2003).  In the Anahim 
Lake area, marten habitat requirements also have an overlap with the winter requirements 
of other important species.  Baker (1990) found that spruce wetlands and spruce forests 
were preferred by moose during winter, while Davis (2003a) found a positive relationship 
between a number of furbearers and spruce in the west Chilcotin.  Given this, the 
successful implementation of marten management may result in significant contributions 
to the maintenance of biodiversity.  Methods of attaining this goal include the use of 
Terrestrial Ecosystem Mapping (TEM) to develop predictive maps for marten habitat.  
This data could provide the basis identifying candidate areas for marten management and 
the design of future monitoring activities.  As salvage harvesting proceeds in the west 
Chilcotin, monitoring is essential to maintain and improve on wildlife management 
strategies.  
 

9.0 LIMITATIONS 
 

This study is based on a limited number of samples and caution must be used when 
interpreting these results.  The models derived using the DNA data are likely to contain 
important information that is applicable to the marten population in the west Chilcotin.  
However, the data are also likely to contain information that does not apply to all marten 
populations as well as spurious results.  However, the use of techniques such as AIC to 
select parsimonious models and validation using a separate data set will increase the 
probability that the identifying variables that are important to most populations in the 
Chilcotin. 
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