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Executive Summary 
Provincial mule deer winter range management guidelines are not directly applicable to 
the diverse terrain and moderate winters that characterize the Thompson-Okanagan.  
Further, fire suppression of dry Douglas-fir forests has resulted in crowded stands with 
closed canopies at the expense of quality understory shrub species that are key winter 
forage for mule deer.   
 
The Skull Mt Resource Management Zone was designated as critical mule deer winter 
range under the Kamloops LRMP.  As such, it became the study site for timber harvest 
trials designed to mimic the natural historic fire cycles expected for the IDFxh and dk 
subzones in the North Thompson Watershed.  The harvest method was terrain-based, 
with variable retention of all veteran and some mature, dominant-canopy trees on soil 
moisture extremes.  The intention was to create an open stand of healthy, old-growth 
Douglas-fir trees, with full deep canopies to provide snow interception and suitable 
micro-climates, adjacent to early seral components that would provide critical early 
winter browse species.  The predictive hypotheses were a shrub development response to 
opened canopies, and a subsequent mule deer habitat and use response to the vegetation 
effects.  Monitoring harvest and non-harvest treatments occurred in early and late winter 
from 1999 until 2002.  In 2003, wildfires burnt the study area following 4 consecutive 
years of increasing drought; the oldest harvest treatment cutblocks were 4 years. 
 
Track count results showed no significant difference, overall, of deer use between harvest 
and non-harvest treatments, indicating mule deer used both harvested and non-harvested 
areas.  However, detailed browse analyses showed significantly higher availability and 
use of key forage species in harvest treatments.  In particular, Saskatoon, Red stem 
ceanothus, Birch-leaved spirea, and common snowberry, showed significant growth 
response in harvest treatments; Saskatoon was browsed significantly more in harvest 
treatments.  Willow was browsed almost twice as frequently in harvest than in non-
harvest treatments.   
 
Several factors may have mitigated full potential treatment response, either individually 
or by contributing to a compounded effect.  First, below average precipitation for each 
year that coincided with post-treatment time for response likely reduced shrub 
development.  Second, cattle were brought back into the treatment areas 2 years post-
harvest, potentially reducing or prolonging shrub and/or deer response.  And finally, post-
treatment response time was severely reduced by the wildfires of 2003.   
 
However, the results did permit development of management guidelines, based on 
application of the original harvest method within a mature, forested landscape.  Terrain 
should be used to design areas of Douglas-fir retention (10-25stems/ha), block size (40-
90ha), and boundary locations.  Terrain diversity can be directly related to block size, if 
topography provides cover and security.  Retention within the block is critical, and should 
include the largest Douglas-fir trees, with additional mature stems from the dominant 
canopy; retention and terrain features should be used to reduce windspeed, maximize 
solar radiation, and provide oblique cover (security). 
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1.0  Introduction 
 
The Skull Mountain Project was developed to investigate the effects of harvest trials 
intended to mimic natural disturbance regimes (frequent fire return cycle) on stand 
structure, and ultimately on biodiversity (indicated by mule deer, bird communities and 
vegetation).  The predictive hypotheses were that creation of an open stand of old-growth 
trees would stimulate early seral components that would provide quality early winter 
forage for mule deer.  Forest management guidelines for dry Douglas-fir dominant stands 
were intended to be developed based on the results.  The wildfires of 2003, however, 
terminated the post-harvest treatment monitoring program.  A noticeable shrub response 
in harvest treatments had just begun, although the expected results were not fully realized 
as a result of the catastrophic burn.   
 
Operational harvest trials intended to best mimic an expected natural fire cycle were 
completed in phases, with the first blocks harvested in spring/summer 1998.  As a result 
of phased in treatments, the oldest blocks permitted treatment comparison (harvest and 
non-harvest) within the same winter.  The prescription trial was retention of 10-25 
stems/ha including all veteran trees, with the balance from the dominant canopy, applied 
to 40-90 ha cutblocks; approximately 1200ha was harvested.  Silviculture prescriptions 
defined the treatments as clearcuts with reserves or seed tree retention.   
 
Up to 4 years’ post-treatment mule deer winter range and vegetation data had been 
collected (first harvest in 1998, last winter sample 2002-03) in some blocks.  After 2003, 
the project plan was adapted to test the effects of the actual fire.   
 
Datasets from 1999 until 2003 were assessed and combined in 2005-06 for preparation 
for analysis.  Combining datasets with consistent sampling regimes based on review of 
past reports resulted in a dataset of mule deer activity for pre and post-harvest treatment 
monitored from 2001-2003.  Preparing the mule deer activity dataset and a detailed 
vegetation sampling dataset was completed in 2006-07.  Comparative analyses were run 
in 2006 and 2007  to investigate the effects of the harvest treatment.   
 
The fires of 2003 occurred <5 years post-treatment.  As a result, full treatment effects 
were more than likely not realized.  Management guidelines for best levels of retention 
and cutblock design to provide mule deer winter cover and forage have been developed, 
as well as could be, based on the results; these management recommendations are 
intended to be specific to dry Interior Douglas-fir forests (IDFxh2 and dk2, in particular).   
 

1.2  Background and Rationale 
 
Management guidelines currently available for mule deer (Odocoileus hemionus 
hemionus) winter range are not directly applicable to the dry forest ecosystems and 
variable terrain that characterize the Thompson-Okanagan Region of the province.  Mule 
deer can be observed in a variety of habitats that are non-characteristic of “classic” or 
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typical deer winter range documented elsewhere in the province (Nyberg and Janz 1990; 
Armleder et al. 1986).   
 
Mule deer winter range research conducted in the Cariboo Forest Region applies to dry 
Douglas fir forests in plateau landscapes (Armleder et al. 1994) and has been most often 
applied to mule deer management in the Kamloops Forest Region.  Armleder et al. (1986) 
identified thermal cover as a primary management requirement and recommended 
retaining the majority of the volume of mature Douglas fir to maintain canopy closure.  
The geological differences between the Kamloops and Cariboo Forest Regions have 
resulted in dramatic differences in terrain.  In particular, areas in the North Thompson 
River watershed are considerably steeper overall and lack the flat, broad plateaus 
characteristic of mule deer winter range in the Cariboo.  In addition, the combination of 
low winter temperatures and snow accumulations that occur in deer winter ranges in the 
central interior of the province are not directly comparable with the climate in Douglas-fir 
dominated forests in the Kamloops TSA.   
 
Furthermore, shorter winter seasons in the Thompson-Okanagan, with moderate 
temperatures, suggest that forest cover and terrain features, alternative to current mule 
deer winter range guidelines, may be critical for mule deer winter survival.   For example, 
mule deer in dry forest ecosystems in the IDFdk1 and xh2 may take advantage of 
topographic features and various elevations for habitat needs at different periods during 
the winter, under varying conditions (i.e.: forage versus security habitats; early forage 
versus late winter forage habitats).  In addition, mule deer anywhere likely exhibit 
different habitat use patterns in mild winter conditions than in severe winter weather.  As 
a result of several successive mild winters, areas of critical mule deer winter range, 
extensively utilized only during severe winter events, may be overlooked in management 
plans.  In the event of a severe winter, mortality could be significant if key habitat 
components are not suitably managed. 
 
Therefore, critical forage and cover features for mule deer in dry forest ecosystems, 
specific to the Thompson-Okanagan, warrants investigation so that the most appropriate 
management regimes for long-term sustainability of southern interior populations can be 
determined (Sullivan et al. 2008).  In particular, the relative importance of forage to cover 
for wintering mule deer must be determined, where the diversity of terrain may already 
provide thermal cover and escape features (Mysterud and Ostbye 1999).  Forest cover 
managed as per guidelines developed for snow interception, security, and thermal 
suitability, may be unnecessary and at the expense of quality forage.  Active fire 
suppression since the turn of the last century may have altered the abundance and 
condition of browse species.  Douglas fir needle composition of mule deer diets may be 
relatively higher today than in historic populations, which have declined noticeably 
throughout northwestern North American (Peek et al. 2001, 2002).  Quality forage 
production is likely key to mule deer productivity, and may provide critical nutrition in 
early winter and fall such that deer are sustained through a potentially severe winter 
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2.0  Study Site Description 
 

2.1  Biophysical Description 
 
The Skull RMZ occurs within the Kamloops Forest District and Thompson-Nicola 
subregion (between 51o 03’and 51o12’ north and 120 o06’ and 120 o16’ west).  The 
communities of Louis Creek and Barriere are east of the RMZ across the North 
Thompson River.  Tree Farm License 35 borders the RMZ to the west. 
 
The Skull RMZ occurs in the Southern Interior Ecoprovince and Thompson-Okanagan 
Plateau, at the intersection of the Eastern Thompson Upland, Northern Thompson 
Upland, and Thompson Basin ecosections, based on ecological unit classification 
(Demarchi 1988).  The area is considered a Natural Disturbance Type 4 (NDT4) type 
ecosystem; in which frequent low intensity fires were the main source of disturbance 
(Biodiversity Guidebook 1995). 
 
The elevation range is 375 m along the North Thompson River to 1200 m near the 
summit of Mount Hagen.  The RMZ is approximately 8,000 ha in area and is comprised 
of 5 Biogeoclimatic Ecosystem Classification (BEC) variants: the Thompson Interior 
Douglas-fir very dry, hot (IDFxh2) and moist, warm (IDFmw2); the Cascade dry, cool 
(IDFdk2); the Thomson Interior Cedar-Hemlock moist, cool (ICHmk2); and the 
Thompson Montane Spruce dry, mild (MSdm2) (Lloyd et al. 1990).  Approximately 35% 
of the total area is IDFdk2.  The IDFxh2 and IDFmw2 make up approximately 30% and 
25% of the total area, respectively; ICHmk2 comprises approximately 8%, and MSdm2 
makes up about 2%.  Harvest treatments applied in 1998 occurred primarily in IDFdk2, 
with a small area in IDFdk2-xh2 transition. 
 

2.2  Site History and Background 
 
Skull Mountain has been an important area in the North Thompson for hunting, forestry, 
livestock grazing, and recreation.  It has also been important to the Simpcw First Nation 
as a hunting area within their traditional territory.  Under grazing licenses, cattle have 
been present on Skull Mountain for several years and were only absent during the first 2 
years post-harvest treatment. 
 
The Skull Resource Management Zone (RMZ) was established in 1995 under the 
Kamloops Land and Resource Management Plan (LRMP).  The Skull RMZ is considered 
critical mule deer winter range under the LRMP.   
 
As a result of the LRMP special management designation, a biodiversity inventory, 
including mule deer surveys, was conducted between 1995 and 1998 (Falat and Pehl 
1999).  Results of the mule deer survey suggested that, while deer used a variety of 
canopy closure types, they appeared to occur in 16-45% canopy closure most often.  
Browse utilization was highest on Douglas-fir, Saskatoon, Yellow stem ceanothus, and 
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willow species.  Habitat inventory also indicated that seral structure on the Skull RMZ 
was dominated by pole size Douglas-fir.  Early seral habitats, characterized by shrub 
development, as well as old-growth habitats and associated features, were rare.   
 
 
3.0  Methods 
 

3.1  Harvest Treatment 
 
Harvest treatments were intended to restore what was assumed to be historic stand 
structure:  open stands of large diameter, healthy trees with well developed understories 
(Biodiversity Guidebook 1995).  Harvest regimes that could encourage early seral 
components as well as enhance and recruit old-growth features were assumed to best 
mimic the effects of natural fire cycles, and therefore maintain biodiversity.  Furthermore, 
as an indicator, mule deer forage availability and quality could be enhanced through new 
shrub growth and vigour.  The harvest method applied as a treatment to the Skull RMZ 
was developed by Dave Low, RPBio, Ministry of Environment, and implemented by 
Tolko Industries Ltd.  The intended stand structure was very open, comprised of healthy, 
large diameter old-growth Douglas-fir trees with full, deep, well developed canopies 
interspersed with early seral shrub ground cover; large healthy old-growth canopies 
would provide snow interception adjacent to quality browse for mule deer.   
 
To mimic a frequent fire disturbance cycle, the goal of the harvest method was to retain 
all veteran Douglas-fir trees to maintain old-growth features as well as dominant 
Douglas-fir trees (highest canopy layer) as needed for veteran recruitment.  Some mature 
trees (sub-dominant canopy layer) were selected for retention either to best provide 
windfirmness to veteran and dominant trees, or where few trees were available for 
retention within the highest canopy or veteran layer.  Any trees that may have come down 
post-harvest as a result of wind-throw were required to remain on site as coarse woody 
material; Douglas-fir was the target species for all retention. 
 
Harvest treatments were driven by terrain, whereby the largest veteran trees with some 
mature trees were retained on xeric and sub-hygric soil moisture features.  In other words, 
xeric knobs, rock outcrops, steep upper slopes, as well as depressions, steep slope 
bottoms, meadows and riparian adjacency areas determined where patch retention 
occurred.  As such, natural boundaries provided by the topography also determined the 
block size.  Mesic, or moderate soil moisture site types, were targeted for stem removal 
and were the clearcut areas within the block. 
 
Retention also included younger regeneration on terrain features that provided bedding 
sites for mule deer.  Potential bedding sites were identified by microsites where wind 
speed would be reduced and terrain alone or in combination with existing forest cover 
provided concealment from predators, with escape cover (Mysterud and Ostbye 1999).   
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To ensure recruitment of healthy, large diameter trees and early seral understory 
components, only natural regeneration was permitted, with no tree planting post-harvest. 
 
Another goal of the harvest method was to reduce impacts from roads as much as 
possible.  A cable harvest system was therefore implemented, with haul roads deactivated 
post-harvest.   
 
The prescription that was developed by Tolko Industries Ltd. based on Ministry of 
Environment’s harvest method was 10-25 stems/ha within large cutblocks (40-90 ha).  
Most trees were removed from mesic sites within blocks, with retention on xeric and sub-
hygric areas.  Post-harvest silviculture delayed planting for 10 years to permit the effects 
of the treatment response.  The result was blocks of open canopies with well spaced trees 
and others with open areas with retained patches on xeric – sub-xeric knobs (Wildlife 
Tree Patches or WTPS).   
 
Table 1 shows the harvest schedule that was implemented across variants represented in 
the Skull RMZ.  The first harvest treatments were applied to the IDFdk2 variant in 1998 
by Tolko Industries Ltd.  Post-harvest monitoring of treatment blocks continued annually 
until winter 2002-03, while pre-treatment monitoring continued elsewhere in anticipation 
of further planned harvest treatment.  The latest harvest treatment was applied to the 
IDFxh2 in spring of 2003, weeks and days prior to the catastrophic wildfires that burned 
Skull Mountain and the surrounding areas near Barriere, Louis Creek and McLure.  
Harvest was never completed in the IDFmw2. 
 
Table 1.  Harvest treatment schedule implemented at Skull RMZ 1998-2003. 
BEC Variant Cutting Permit and Block Harvest Date 
IDFxh2 208-13 26 June 2001 
IDFxh2 208-7 15 July 2000 
IDFxh2 208-8 15 July 2000 
IDFdk2 847-1 13 June 2000 
IDFdk2 847-2 12 December 1998 
IDFdk2 847-3 25 May 1999 
IDFdk2 847-4 12 December 1998 
IDFdk2 847-5 12 December 1998 
IDFdk2 847-6 4 June 1999 
IDFdk2 847-7 30 November 1999 
IDFdk2 847-8 7 June2000 
 

3.2  Treatment Monitoring 
 
Post-treatment monitoring included standard transect and plot methods applied annually 
as per the Resource Inventory Standards Committee 
(http://ilmbwww.gov.bc.ca/risc/pubs/tebiodiv/grndb/assets/grndb.pdf; 
http://ilmbwww.gov.bc.ca/risc/pubs/tebiodiv/ungulates2k6/ungulate_snow_track.pdf).  
Variations did occur from year to year as a result of lack of snowfall, unseasonable 
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temperatures, etc.  As well, peer review results from year to year contributed to additional 
detail collected in some years and dropped in others.  In 2001-02, peer review results 
included a recommendation to sample vegetation and forest cover comprehensively using 
detailed plot methods only every 3 to 5 years to capture change; monitoring deer use 
using transects was to continue each year.   
 
Ferguson (2007) describes year to year monitoring adjustments, based on peer review 
results; each sampled variable and its definition as applied to transect and plot sampling 
between 1999 and 2003 are also documented.   

3.2.1  Sampling Design 
 
The study area was originally divided into three cutting permits roughly corresponding to 
the division of BEC variants across the landscape.  The intention was to phase in 
harvesting within each variant, permitting pre- and post-treatment monitoring and harvest 
and non-harvest comparisons within each variant.   
 
Harvested and non-harvested treatments were sampled within each variant using 
permanent transects.  Transects were located by stratifying forest cover in harvested (or 
proposed harvested) and non-harvested sites by similar age class and species (lead and 
subdominant) using 1:20,000 forest cover inventory maps.  Aspect was also considered 
during stratification to ensure transects represented the variety of terrain present.  
Transects were placed within the interior of harvest treatment blocks as much as possible, 
and included wildlife tree patches and 150 m of unharvested edge.  In most monitoring 
years, stratified harvested and unharvested transect pairs were compared for sampling and 
analysis.  However, results of successive years of peer review led to grouping transects 
within each BEC variant, and eventually grouping all variants for comparison of 
treatments effects in the IDF in general. 
 
Permanent transects became the basis for locating plots to sample mule deer winter 
habitat features (forest cover, general vegetation, and browse).  Plot centres and transect 
Points of Commencement (POC), Points of Termination (POT) and Changes of Direction 
(COD) were digitally recorded using a Trimble ProXR GPS. 
 
Mule deer winter range sampling was completed each year in early and late winter 
conditions.  Early winter sampling was dependent on adequate snowfall, and generally 
was completed in December/early January to capture soft snow conditions.  Late winter 
sampling was completed in early to mid February to monitor habitat use in crusted snow 
conditions. 
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3.2.2  Field Methods 
 

3.2.2.1  Track Transects 
 

Deer activity and habitat variables were documented along the transect length.  Tracks 
crossing the transect as well as pellet groups and beds within 5 m either side of the line 
were recorded.  Fresh browse was recorded within 1 m either side of the line. Height, age 
class and availability were recorded for utilized browse.  At bed and forage observations 
additional variables including aspect and slope were recorded.  Impacts from cattle or 
other ungulates were noted.   All habitat and deer activity information was collected 
within different canopy closures classes (Class 1, 0-15%; Class 2, 16-35%; Class 3, 36-
60%; and Class 4 >60%).  Habitat information recorded along transects included snow 
depth, slope position, seral stage, and oblique cover recorded at the start of each 50m 
segment.   
 
Permanent transects were used to sample the entire RMZ.  Transects ranged in length 
from 450m to 1650m.  From year to year, total transect lengths sampled within each 
treatment and variant varied.  In the last winter sample, 2002-03, 9 transects were 
sampled in 8 cutblocks in harvested treatments, totaling 9170 m.  In the remaining 
unharvested study area, 15 transects were sampled totaling 14,500 m.  In one pre-burn 
project year (2003), all but 2 transects were sampled due to a low snow pack. 
 

3.2.2.2  Forest and Deer Plots 
 
Sampling followed methodologies outlined in Procedures for Environmental Monitoring 
in Range and Wildlife Habitat Management (1990) and the Resource Inventory Standards 
Committee (RISC) guidelines for deer winter range sampling (RIC 1997).  Macro-plots, 
or forestry plots (r=11m), with nested deer plots (r=1.22m) were placed along transects at 
150m intervals.  Plots were selected for sampling as opposed to continuous strips to 
generate discrete, independent sample units that could be used to generate sample sizes 
for harvested and unharvested areas.  

 
Forest cover variables sampled included lead tree species and age, percent canopy 
closure, and DBH (diameter at breast height). Terrain variables included slope (%), 
aspect, and elevation.  The GPS data provided elevations.  Additional variables measured 
included snow depth (cm), sub-dominant tree species, age, and DBH, percent 
composition of multiple sub-dominant tree species, successional stage, fire history, and 
BEC variant.   
 
Four deer plots were placed randomly within each macro-plot. Variables measured in 
deer plots included pellet groups, browse species and evidence of browse, fresh use of 
browse, past use/availability of browse and age class of browse, snow depth (cm), beds, 
drop antlers, tracks, and trails.  Sampling followed the RISC standards described in 
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Standardized Inventory Methodologies for Components of British Columbia's 
Biodiversity:  Ground-Based Census Techniques for Selected Cervids (RIC 1997), based 
on pellet group counts described by Smith et al. (1969).  
 

3.2.2.3  Line Intercepts 
 
Line intercepts were completed in August 2002 as an implementation of part of a peer 
reviewed recommendation.  Line intercepts were applied to document shrub growth and 
were placed in each treatment, two per block and expected block location (non-harvest).  
All shrubs that intersected the line were documented as distance along transect and height 
above.  Variables to characterize plant age, health, and availability as potential forage 
were measured (Ferguson 2007).  Sampling standards followed Procedures for Habitat 
Monitoring (Habitat Monitoring Committee 1996). 
 

3.3  Preparation of Datasets for Analyses 
 
Multiple years’ of habitat monitoring (1999-2000 to 2002-03) were standardized and 
collated for analysis.  Extensive data formatting was necessary, as well as consulting old 
reports and maps to effectively select and collate datasets similarly sampled.  
Documentation of data collations and standardizations used to create the final datasets for 
statistical analyses can be found in Ferguson (2007).   
 
All datasets were prepared for analyses, including transect (tracking, beds, pellet groups, 
browse), forest and deer (browse) plots, and line intercept data.  
 

3.4  Statistical Methods 
 
Statistical analyses were applied from a coarse to fine filter to compare harvested and 
unharvested treatments.  The first set of broad statistical analyses were completed in the 
2006-07 fiscal year; tracks from all transect replicates were compared between harvested 
and unharvested overall, combining all BEC variants and early and late winter samples 
together.   
 
An alpha level of 0.05 was applied to all statistical tests for detection of a significant 
result. 
 

3.4.1  Coarse Filter Analyses 
 
Snow depth and track counts were log-transformed to normalize distributions. Overstory 
cover was categorized into non-forested, Fd, P (including Pl and Py) and deciduous based 
on leading species. The cover variable was coded in regression analyses relative to the P 
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category. All means are expressed ±1 standard deviation. Predictor variables were 
screened for multi colinearity and all were found to be <0.55.  
 
Data analysis involved the following steps: 
1. Compilation of summary statistics; 
2. Examination of univariate relationships; 
3. Multivariate analysis of habitat relationships without reference to harvesting 
treatments; and, 
4. Specific analysis of harvest responses. 
 
The multivariate analyses of habitat relationships (with and without reference to 
harvesting treatments) determined factors correlated with the number of tracks observed 
in each 50-m transect segment using best-subset multiple linear regression, applying 
Akaiki's Information Criterion (AIC) to identify the most parsimonious model. 
 

3.4.2 Fine Filter Data Comparisons and Analyses 
 
All datasets were investigated initially by graphing and tabulating early and late winter 
data.  If a trend was suspected, the comparison would be analyzed for statistical 
significance and power.   
 
Harvest treatment sample sizes were largest in the IDFdk2, with few samples in the 
IDFxh2; as well, IDFdk2 samples included the first treatment applications and therefore 
were expected to most likely represent treatment effects (shrub response, followed by 
mule deer response/activity).  As a result, comparisons were fine-filtered to investigate 
trends in harvest and non-harvest treatments in the IDFdk2 only for transect and deer plot 
datasets.  The warmer conditions in the IDFxh2 and warmer and moister conditions in the 
IDFmw2, compared with the IDFdk2, suggested shrub growth between variants would 
not be equally comparable.  Comparative analysis of unharvested treatments including in 
all variants and harvested treatments primarily in the IDFdk2 could mask any growth 
response (treatment effects) that did occur in the coldest and one of the driest IDF 
variants (ie: IDFdk2). 
 
Browse data collected in deer plots was analyzed for differences in browse use (evidence 
of browse) between harvest and non-harvest treatments using Chi-squared analyses.  All 
data, including all BEC variants, were compared initially, then IDFdk2 data alone.   
 
Mann Whitney U Tests were used for several detailed treatment comparisons of 
individual browse species, including deer use documented along track transects and in 
deer plots.  The same test was used for deer plot and line intercept data that measured 
shrub response, including variables such as plant height, estimated age class, vigour, 
cover, and availability.  
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4.0  Results 
 

4.1  Coarse Filter Analysis 
 
Initial analysis involved combining early and late winter data within all BEC variants to 
compare harvest and non-harvest treatments.  A detailed report of the results was 
provided in 2006-07 (Wilson 2007). 
 
Data were available for 1010, 50-m segments on 76 transects over 3 winters. Not all 
transects were visited during each winter. As a result, a repeated-measured approach to 
the analysis was not possible and all transects were considered independent.   
 
Track counts were conducted between 0 and 15 days following snowfall (mean 3.58 
± 4.25). Elevations ranged from 380-1180 m. The number of tracks detected per 50 m 
segment ranged from 0 to 28.  The number of tracks detected per segment was weakly 
correlated with snow depth (r2 = 0.025).  Track density was highest in the Fd cover type, 
based only on an examination of 95% confidence intervals.  
 
Tracks were most common in low cover habitats when snow was most shallow, based on 
interpretation of 95% confidence intervals and non-transformed values.  
 
Univariate examination of the entire dataset suggested that the number of tracks increased 
with time since last snowfall, and that the number of tracks decreased with snow depth; 
however, time since last snow fall and snow depth were themselves inversely correlated 
(the longer the time since last snow fall the shallower the snow). As a result, an 
interaction term was included (last snow fall)*(log(snow depth)) in the multivariate 
analysis. 
 
The multivariate analysis indicated that more tracks were correlated with higher 
elevations, older age classes, higher canopy closure and Fd-leading stands. Also the time 
since last snowfall*snow depth interaction was in the top model, but not the variables 
individually. Regression statistics for the relationship between forest and snow variables 
and the number of tracks counted were provided in Wilson (2007). 
  
Analysis of the harvest treatment data was constrained by the wide distribution of 
samples (range=5-419). Few transect segments were available for some treatments and 
BEC combinations. Specifically, sample sizes in WTP treatments, as well as in the 
IDFdk2-xh2 were inadequate for further analysis. Also, there were no harvest treatments 
in the IDFmw2, which resulted in the exclusion of a large number of samples. The 
sample sizes of harvest treatments in the IDFxh2 and ICHmk2 made further stratification 
of the data set infeasible. 
 
To include the effects of BEC subzone variant, 3 separate analyses were conducted on the 
3 subzone variants with sufficiently large sample sizes. Snow variables were included in 
the analysis but elevation excluded because of the stratification by BEC, and canopy 
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closure and age class were not considered because of their correlations with harvest 
treatment.  Regression analysis showed response to harvesting was dependent on BEC 
variant. Non-harvested areas had higher track count densities in the IDFdk2 (p=.450), but 
not in either the IDFxh2 (p<<0.001) or ICHmk2 (0.103), although there were very few 
samples in harvested areas in these latter two variants. Snow variables were generally 
better predictors of track density than harvesting treatment.  The univariate relationships 
suggest it is likely that track count densities are higher in harvested areas under very 
shallow snow conditions, but the relationship could not be demonstrated statistically with 
the available data. 
 

4.2  Fine Filter Investigations and Analyses 
 

4.2.1  Deer Plot Data 
 
Chi-squared tests comparing the number of deer plots with evidence of browse in 
harvested and non-harvested treatments showed no significant difference (χ2=1.68, 
P>0.05); data from the latest year since treatment application was analyzed to compare 
the greatest potential treatment effect (shrub growth).  Figs. 1a and b show the proportion 
of browse use recorded most recently in deer plots in harvested and non-harvested 
treatments.   
 
Mann-Whitney U tests showed significantly higher percent cover (p=0.005) and average 
height (p=0.007) of Saskatoon in non-harvest than harvest treatments, suggesting larger, 
older plants in non-harvest treatments.  The mean ranks test also showed the average 
height of birch-leaved spirea was significantly higher in harvest than non-harvest 
treatments (p=0.014).  No other significant results were found for other browse species 
that were sampled in deer plots. 
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Figure 1.  Proportion of browse use recorded in classes in harvest and non-harvest 
treatments (nil represents those browse species observed that showed no fresh use). 
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No browse, or nil, was the most frequent class encountered during deer plot sampling in 
both treatments, as indicated in Fig.1; non-harvest treatments had a much higher sample 
size (n=33 browse observations) than harvest treatments (n=129 browse observations), 
indicating a higher proportion of unused shrubs in non-harvest than harvest treatments. 
 
Figs. 2a and b show the ‘browse species’ composition and frequency each species was 
observed in deer plots sampled in harvest and non-harvest treatments.  Figs. 2a and b 
show browse species composition for all years of sampling (1999-02 to 2001-02) in the 
IDFdk2 only, the only BEC variant to which harvest treatments were applied in 
reasonable sample size. 
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Figures 2a and b.  Cumulative Frequency Distribution (CFD) of browse species observed 
in deer plots sampled in harvest and non-harvest treatments. 
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Browse species composition was similar in harvested and non-harvested sites.  No 
browse was the most common observation in harvested plots recorded since the first 
winter post-harvest. 
 
The percent cover of each browse species that occurred in deer plots in harvest and non-
harvest treatments is shown in Figs. 3a and b. 
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Figures 3a and b.  Proportion of species composition of shrub cover in harvest and non-
harvest treatments in IDFdk2.   
 
Soopolallie, Saskatoon, and then birch-leaved spirea were the 3 highest species 
comprising percent cover of deer plots sampled in harvest treatments; snowberry, 
soopolallie, and then Saskatoon comprised the most cover of deer plots sampled in non-
harvest treatments.  Cover data includes all data collected since 1999 in the IDFdk2 only. 
 
Browse species heights that were sampled in harvest and non-harvest treatment deer plots 
are shown in Figs. 4a and b. 
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There was no significant difference in age class among other browse species, shown in 
Fig. 5, recorded in harvest and non-harvest treatments. 
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Figure 5.  Proportion of age classes that browse species were sampled in within deer plots 
in harvest and non-harvest treatments in the IDFdk2. 
 
The highest proportion of older shrub browse species were observed in non-harvest 
treatment deer plots.  Fig. 5 also shows that harvest treatment plots had a slightly higher 
proportion of plants in younger age classes than those recorded in non-harvest treatments.   
 
Plant age and height contribute to availability of browse plants to a foraging ungulate.  
Fig. 6, including availability classes definitions in Appendix 1, show the availability of 
browse species to mule deer recorded in deer plots. 
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Figure 6.  Proportion of availability classes that browse species were recorded in within 
harvest and non-harvest treatment deer plots in the IDFdk2. 
 
Most browse plants were available to mule deer in both harvest and non-harvest treatment 
deer plots; no significant differences were found between treatments. 
 
Fig. 7 indicates that more old plants were observed in non-harvest treatment plots than in 
harvest plots and Fig. 8 shows which browse species had old plants occurring in both 
treatments.   
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Figure 7.  Proportion of old plants among total plants sampled recorded in sampling years 
1999-2001 in harvest and non-harvest treatment deer plots in the IDFdk2. 
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Figure 8.  Proportion of each browse species recorded as an old plant in harvest and non-
harvest treatment deer plots in the IDFdk2, in sampling years 1999-2001. 
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Just over 60% of browse species recorded in non-harvest treatment plots were considered 
old plants (Fig. 7); just over 20% of browse species sampled in harvest plots were old.  
Saskatoon was the most common species occurring as an old plant in both treatments 
(Fig. 8).  In non-harvest Douglas maple, tall Oregon grape, and snowberry made up the 
proportions of the old plant component; soopolallie, tall Oregon grape, and birch-leaved 
spirea comprised most of the old plant component in harvest treatment (Fig. 8).  
 
Fresh browse use was classified into 5 categories in 2001-02 only and are shown in 
Appendix 1.  In 1999-2001 a simpler method had been employed using a nil, low (1-
10%), medium (>10-50%), and high (>50%) current utilization levels.  Figs. 9a-f show 
the proportions of each browse species that was sampled within each fresh use category, 
in 2001-02. 
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Figure 9a.  Proportion of each browse species sampled that had not been utilized as deer 
browse in 2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
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Figure 9b.  Proportion of each browse species sampled that had slight utilization by deer 
in 2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
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Figure 9c.  Proportion of each browse species sampled that had light utilization by deer in 
2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
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Figure 9d.  Proportion of each browse species sampled that had slight utilization by deer 
in 2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
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Figure 9e.  Proportion of each browse species sampled that had moderate utilization by 
deer in 2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
 



Skull Extension Project:  Final Pre-burn Inventory Report 
 

Cascadia Natural Resource Consultants Inc.  22 

0
10
20
30
40
50
60
70
80
90

100

Alder
B1 Fd regen

B2 Cw regen

B2 Fd regen

birch-leaved spirea

douglas m
aple

Fd litterfall

m
ullein

no browse

paper birch

red osier dogwood

red-stem
 ceonothus

rose
saskatoon

snowberry

soopolallie

tall oregon grape

thistle
trembling aspen

willow

Proportion of Fresh Use Browse Category 5 Samples for Each Browse Species

Harvest Non-Harvest

 
Figure 9f.  Proportion of each browse species sampled that had severe utilization by deer 
in 2001-02 in the IDFdk2 in harvest and non-harvest treatments. 
 
Figs. 9a-f show that ceanothus, willow, rose, Douglas maple, birch, aspen and red-osier 
dogwood were utilized in various amounts in both harvest and non-harvest treatments.  
Western Red Cedar seedlings were browsed in non-harvest treatments; they were not 
used in harvest treatments, although did occur in harvest plots.  As well, willow was not 
used in some non-harvest plots.  Use of cedar seedlings and willow in non-harvest and 
harvest plots, respectively, were likely a result of their relative frequency or availability 
in each treatment.  Tables 2a and b show the sample size of each species that was 
recorded in harvest and non-harvest treatments, as well as the proportions of each that 
occurred within fresh use categories.  Tables 2a and b show the extreme variability in the 
browse data collected in deer plots, both in terms of sample sizes for individual species 
and their use as forage by deer.  The data show the need for large sample sizes of deer 
plots in both treatments and suggest fewer plants were available in harvest compared with 
non-harvest treatments.   
Tables 2a and b.  Incidence of browse species sampled in harvest and non-harvest 
treatments deer plots in 2001-02 in IDFdk2, including sample size and proportional 
occurrence in each Fresh Use Category. 
 Harvest Treatment Sample Sizes (n) and Fresh Use Categories 
Browse Species Observed n 0 1 2 3 4 5 
Alder 6 66.67 33.33 0 0 0 0 
B1 Fd regen 1 0 100 0 0 0 0 
B2 Cw regen 1 100 0 0 0 0 0 
B2 Fd regen 4 100 0 0 0 0 0 
birch-leaved spirea 0 0 0 0 0 0 0 
douglas maple 3 0 33.33 66.67 0 0 0 
Fd litterfall 2 50 0 0 0 0 50 
mullein 3 0 0 0 33.33 0 66.67 
no browse 47 0 0 0 0 0 0 
paper birch 2 0 100 0 0 0 0 
red osier dogwood 0 0 0 0 0 0 0 
red-stem ceonothus 1 0 0 0 100 0 0 
rose 5 40 0 20 0 40 0 
saskatoon 2 50 0 50 0 0 0 
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snowberry 3 33.33 0 33.33 33.33 0 0 
soopolallie 16 100 0 0 0 0 0 
tall oregon grape 0 0 0 0 0 0 0 
thistle 2 0 50 0 50 0 0 
trembling aspen 6 50 0 50 0 0 0 

willow 3 0 33.33 0 0 66.67 0 

 Non Harvest Treatment Sample Sizes (n) and Fresh Use Categories 
Browse Species Observed n 0 1 2 3 4 5 
Alder 0             
B1 Fd regen 3 100 0 0 0 0 0 
B2 Cw regen 2 0 50 50 0 0 0 
B2 Fd regen 12 75 8.33 0 0 0 16.67 
birch-leaved spirea 9 88.89 11. 11 0 0 0 0 
douglas maple 23 17.39 43.48 17.39 17.39 4.35 0 
Fd litterfall 6 0 0 16.67 0 50 33.33 
mullein 0 0 0 0 0 0 0 
no browse 28 0 0 0 0 0 0 
paper birch 9 11.11 22.22 33.33 22.22 11.11 0 
red osier dogwood 1 0 0 0 100 0 0 
red-stem ceonothus 1 0 0 0 0 100 0 
rose 51 37.25 49.02 11.765 0 1.96 0 
saskatoon 28 17.86 14.29 35.71 28.57 3.57 0 
snowberry 53 83.02 15.09 1.89 0 0 0 
soopolallie 31 93.55 6.45 0 0 0 0 
tall oregon grape 2 0 0 50 0 50 0 
thistle 0 0 0 0 0 0 0 
trembling aspen 19 26.32 57.89 10.53 5.26 0 0 

willow 6 16.67 0 0 16.67 16.67 50 

The proportion each seedling species and height class was used by deer is shown in Figs 
10a-b; the same Fresh Use Category definitions shown in Appendix 1 apply. 
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Figure 10a.  Proportionate browse use by deer of each seedling observed in deer plots in 
harvest treatments in 2001-02 in the IDFdk2. 
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Figure 10b.  Proportionate browse use by deer of each seedling observed in deer plots in 
non-harvest treatments in 2001-02 in the IDFdk2. 
 
Western red cedar was browsed only in non-harvest treatments, as shown in Figs. 10a-b.  
Douglas-fir litterfall was encountered twice in harvest treatments and used and not used 
in each plot, respectively, as shown in Appendix 1; Douglas-fir litterfall was used each 
time it was observed in non-harvest treatments (Appendix 1).  Smaller Douglas-fir 
seedlings (B2) showed no fresh use in harvest treatments; in non-harvest treatments they 
were utilized in some plots, including severely.  Taller Douglas-fir seedlings (B1) showed 
no use in non-harvest plots, with 1 seedling being used in a harvest treatment plot 
(Appendix 1).  Overall, Douglas-fir was used more in non-harvest than in harvest 
treatments. 
 

4.2.2  Transect Data 
 
Track counts along transects followed a Poisson distribution, and therefore necessitated 
use of a Poisson distribution and log link function for analysis of variance (ANOVA).  
Overall, tracks were negatively related to snow depth (p<0.001); in other words, tracks 
decreased with increasing snow depth.  In addition to snowfall, tracks were also related to 
date of last snowfall (p<0001).   
 
Harvest and non-harvest comparisons using the same non-parametric ANOVA showed a 
significant relationship between increased tracks in non-harvest treatments with 
increasing time since last snowfall (p<<0.001).  The significant trend continues for early 
winter (p<<0.001), when early and late winter are included in the model; in other words 
tracks were higher in early winter and related to reduced snow depth, date since last 
snowfall, and non-harvest treatments.  Similar results were found for inclusion of canopy 
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closure, and exclusion of harvest treatments (p<<0.001).  Finally, when the model was 
run separately for early and late winter seasons, results show the same trends (p<<0.001).   
 
Frequency of browse use of each forage species is shown in Fig. 11.  Mann-Whitney U 
test results of the shrub characteristics between harvest and non-harvest treatments 
showed a significant difference for 2 species.  Evidence of fresh use of Saskatoon (z = 
2.49; p = 0.01) was higher in harvested stands. In addition, Saskatoon plants were 
younger (z = 3.19; P = 0.001) and shorter (z = 3.43; p = 0.001). The only other 
statistically significant result was that red-stem ceanothus plants were shorter in harvested 
stands (z = 2.97; p = 0.003).  Browse analysis results show a treatment response, in terms 
of Saskatoon and ceanothus growth, along transects in harvested sites. 
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Figure 11.  Frequency of browse species used along harvest and non-harvest treatment 
transects sampled in 2002-03 in the IDFdk2. 
 
Early and late winter shrub data were combined for the mean ranks analyses, since it was 
assumed that the difference between fresh browse use that occurred only weeks or 
months apart (ie: during the winter season) was likely not apparent.   
 
Although there were no significant differences for other browsed species recorded along 
early and late transects, Fig. 11 does suggest an overall trend of somewhat higher use by 
deer of deciduous browse species in harvest treatments whereas Douglas-fir seedlings and 
litterfall are used more often in non-harvest rather than harvest treatments.   
 
Pellets and beds were observed too infrequently to generate a large enough sample size to 
run analyses.   
 

4.2.2.1  Harvest and Non-harvest Treatments Compared in Early Winter Conditions 
 
Crown closure classes (ccc) were estimated for each 50m transect segment during 
sampling.  Figs. 12a-b show the transect distance that was sampled within each ccc. 
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Figures 12a and b.  Transect distance (m) sampled within each crown closure class that 
occurred in harvest and non-harvest treatments in the IDFdk2 in early winter. 
 
Crown closure class 1 was the most prevalent canopy type sampled in harvest treatments, 
as shown in Fig. 12a; the small amount of ccc3 was the wildlife tree patches (WTP) 
within the harvested blocks and Fig. 12a also indicates there was no availability of ccc 4 
in harvest treatments.  Fig. 12b indicates ccc 2 and 3 occurred most commonly in non-
harvest treatments. 
 
Deer sign was cumulated for each crown closure class along transects in each treatment; 
the mean number of observations per m for early winter are shown in Figs. 13a-b. 
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Figure 13a and b.  Mean number of deer tracks, pellets, and beds observed along transects 
within each crown closure class in each treatment in the IDFdk2 in early winter. 
 
Overall, Figs 13a-b show more deer sign in non-harvest than harvest treatments, although 
there is little difference in numbers of tracks and pellets in ccc 1 and 2.   
 
Snowdepth (cm) was measured at every 50m transect segment and the means for each ccc 
are shown in Figs. 14a-b for each treatment. 
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Figures 14a and b.  Mean snowdepth (cm) per 50 m transect segment sampled in each 
crown closure class within harvest and non-harvest treatments in the IDFdk2 in early 
winter. 
 
Snowdepths were similar between harvest and non-harvest treatments in open stands, ccc 
1 and 2, as shown in Figs. 14a-b.  Fig. 14a shows that snowdepths were lowest in ccc 4 in 
non-harvest treatments. 
 
Browse was sampled along transects and recorded within 50m segments in harvest and 
non-harvest treatments as shown in Figs 15a-b.   
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Figures 15a and b.  Early winter mean browse use per 50m transect segment within each 
crown closure class in non-harvest treatments in the IDFdk2.   
 
Browse utilization was fairly even across crown closure types sampled in harvest 
treatments and was more exclusively high in non-harvest treatments, as indicated in Figs. 
15a-b.  In both treatments, ccc 1, the most open canopy type with little or no cover, 
received the highest levels of browse utilization.   
 
Incidence of browsed willow observed along transects in early winter was 2.06 per 
1000m in harvest treatments and 0.64 per 1000m in non-harvest treatments; willow is an 
important forage species for mule deer and an expected species to respond to open 
canopies. 
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4.2.2.2  Harvest and Non-harvest Treatment Compared in Late Winter Conditions 
 
Crown closure classes sampled in late winter along transects in harvest and non-harvest 
treatments are shown in Figs. 16a-b. 
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Figures 16a and b.  Transect distance (m) sampled within each crown closure class that 
occurred in harvest and non-harvest treatments in the IDFdk2 in late winter. 
 
Crown closure class 1 was again the most prevalent canopy type sampled in harvest 
treatments, as shown in Fig. 16a.  As well, similarly to early winter sampling, Fig. 16b 
indicates ccc 2 and 3 were most commonly sampled in non-harvest treatments in late 
winter. 
 
The mean number of observations per m for late winter are shown in Figs. 17a-b. 
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Figures 17a and b.  Mean number of deer tracks, pellets, and beds observed along 
transects within each crown closure class in each treatment in the IDFdk2 in late winter. 
 
There is little difference shown in Figs. 17a-b in the mean observations of tracks, pellets, 
and beds between harvest and non-harvest treatments in late winter.  In general, tracks 
and pellets were highest in more closed canopies in harvest treatments, and highest in 
more open canopies in non-harvest treatments.   
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Figure 18a and b.  Mean snowdepth (cm) per 50 m transect segment sampled in each 
crown closure class within harvest and non-harvest treatments in the IDFdk2 in late 
winter. 
 
Snowdepths were similar between treatments, as indicated in Figs. 18a-b.  The deepest 
snow was in ccc 1 in both treatments and there was only a sample size of 1 for ccc 3 in 
the harvest treatment, after a heavy snowfall, negating its value. 
 
Due to the single sample size, ccc 3 was omitted from Fig. 19a, showing mean browse 
use within each crown closure class. 
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Figure 19a and b.  Late winter mean browse use per 50m transect segment within each 
crown closure class in non-harvest treatments in the IDFdk2.   
 
The single datum available in ccc 3 was High browse utilization, which would have 
results in 100% use in one 50m transect segment.  Figs. 19a-b show no browse use in the 
densest canopies, ccc 4, in non-harvest treatments, with many observations of no browse 
available in all crown closure classes in non-harvest treatments.  Little difference is 
shown between low, medium and high browse utilization levels in both harvest and non-
harvest treatments and little difference is shown between treatments. 
 
Incidence of browsed willow observed along transects in late winter was 0.35 per 1000m 
in harvest treatments and 0.15 per 1000m in non-harvest treatments. 
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Overall, the results suggest that deer utilized open stands more in early winter for browse, 
and tended to increase their use of higher canopy classes in late winter as snow depths 
increased; beds particularly showed this trend.  Also, early seral components, such as 
willow, are likely more readily available in harvest than in non-harvest treatments, 
particularly in early winter.   
 

4.2.3  Forest Plot Data 
 

4.2.3.1  Terrain Features 
 
The terrain at Skull Mtn is variable, and part of the original transect stratification 
objectives included equal representation of terrain diversity in both harvest and non-
harvest treatments.  Figs. 20-23 show the terrain features measured in each treatment and 
indicate that, overall, aspect, slope, and soil moisture regimes were similarly represented 
within each treatment.   
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Figure 20.  Proportion of site types sampled in harvest and non-harvest treatment forest 
plots in the IDFdk2 in all sample years. 
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Figure 21.  Mean slopes sampled within forest plots in harvest and non-harvest treatments 
in the IDFdk2 in all forest plot sample years. 
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Figure 22.  Proportion of slope positions documented in forest plots in harvest and non-
harvest treatments in the IDFdk2 in all forest plot sample years. 
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Figure 23.  Proportion of aspects recorded in forest plots in harvest and non-harvest 
treatments in the IDFdk2 in all forest plot sample years. 
 

4.2.3.2  Forest Cover Features 
 
Veteran trees were primarily Douglas-fir in both treatments, with the exception of one 
Aspen recorded in harvest treatment forest plots.  Out of 99 non-harvest treatment plots, 
26 Douglas-fir veteran trees were recorded (26.2%) and out of 69 harvest treatment plots, 
16 Douglas-fir veterans were counted (23.2%); results indicate similar veteran tree 
components between treatments. 
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Figures 24a and b.  Proportion of species recorded as lead tree species in forest plots in 
harvest and non-harvest treatments in the IDFdk2 in all forest plot sample years. 
 
Tables 3a and b.  Lead tree species characteristics recorded in forest plots in harvest and 
non-harvest treatments in the IDFdk2. 
Harvest Lead 
Species 

Sample 
Size (n) 

Mean age 
(years) 

Mean DBH 
(cm) 

Fd 52 53 24.04 
At 1 Not available 13.2 
Pl 4 66 18.23 
- 11 Not available Not available 
Cw 1 0 0 
Non-harvest 
Lead Species 

Sample 
Size (n) 

Mean age 
(years) 

Mean DBH 
(cm) 

Fd 92 39 13.19 
At 4 Not available 16.15 
Ep 2 Not available Not available 
Sx 1 Not available Not available 

 
Crown closure was highest in Douglas-fir and Spruce leading coniferous forest types as 
indicated in Fig. 25.   
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Figure 25.  Mean crown closure (measured in percent of plot coverage) associated with 
each lead species recorded in forest plots in harvest and non-harvest treatments in the 
IDFdk2 in all sample years. 
 
As expected, non-harvest treatments showed the highest plot coverage of forest canopy 
(Fig. 25). 
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Figure 26.  Mean shrub cover (measured in percent of plot coverage) associated with each 
lead species recorded in forest plots in harvest and non-harvest treatments in the IDFdk2 
in all sample years. 
 
Shrub cover in forest plots was highest in Aspen dominated stands in harvest treatments, 
as indicated in Fig. 26. 
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Figures 27a and b.  Proportion of species recorded as sub-dominant tree species in forest 
plots in harvest and non-harvest treatments in the IDFdk2 in all forest plot sample years. 
 
Lodgepole pine was most commonly the sub-dominant species in harvest treatments, 
whereas non-harvest treatments had a variety of sub-dominant species in forest plots 
(Figs. 27a-b); Tables 4a-b suggests sub-dominant trees were smaller in non-harvest than 
harvest treatments. 
 
Tables 4a and b.  Sub-dominant tree species characteristics recorded in forest plots in 
harvest and non-harvest treatments in the IDFdk2. 
Harvest 
Subdominant 
Species 

Sample Size (n) 
Age (years) Mean DBH (cm) 

Fd 2 65 32.60
No trees 57 Not applicable Not applicable
Pl 3 55 17.43
Ep 3 Not available 10.07
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Non-harvest 
Sub-dominant 
Species 

Sample Size (n) 
Mean Age 
(years) Mean DBH (cm) 

Pl 13 38.54 13.95 
At 11Not applicable 3.64 
Ep 14Not available 2.58 
No trees 50Not applicable 0.00 
Cw 5Not available 15.10 
Py 3Not available Not available 
Fd 2Not available Not available 
Sx 1Not available Not applicable 
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Figure 28.  Proportion of forest plots with fire history in harvest and non-harvest 
treatments in the IDFdk2 in all sample years. 
 
Figure 28 indicates that fire history was likely common throughout the Skull landscape, 
however sign had been retained in non-harvest treatments whereas some of it would have 
been lost during harvest. 
 
Figure 29 shows cattle use throughout the monitored area at Skull. 
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Figure 29.  Proportion of forest plots with low, medium, and high levels of cattle use in 
harvest and non-harvest treatments in the IDFdk2 in all sample years. 
 
Figure 30 suggests that arboreal lichen was present in forest plots within harvest 
treatments where trees were retained; few plots in non-harvest areas had high arboreal 
lichen. 
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Figure 30.  Proportion of forest plots with none, low, medium, and high levels of arboreal 
lichen in harvest and non-harvest treatments in the IDFdk2 in all sample years. 
 
Oblique cover was more prevalent in non-harvest than harvest treatment plots, as shown 
in Fig. 31.  The results suggest forest cover likely accounts for most oblique cover in non-
harvest areas, whereas terrain may account for most oblique cover in harvest treatments. 
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Figure 31.  Proportion of forest plots with none, low, medium, high, and very high levels 
of oblique cover recorded in harvest and non-harvest treatments in the IDFdk2 in all 
sample years. 
 

4.2.4  Line Intercept Transect Data 
 
Line intercept transects measured the incidence of shrubs within each treatment, as shown 
in Fig. 32, as well as an indication of 2 dimensions of the potential volume a particular 
shrub can occupy, or an index of length of transect occupied multiplied by height above, 
as shown in Figs. 33a-c.  Results for Figs. 32-36 are presented for IDFdk2 only. 
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Figure 32.  Numbers of observations of shrubs intersecting the line intercept transect in 
harvested and non-harvested  
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Figures 33a-c.  A 2-dimensional index of shrub cover along line intercept transects 
created by multiplying a species’ height directly above the transect by its distance 
occupied along the transect length.  Line intercept results are reported for harvest and 
non-harvest treatments in xeric, mesic, and hygric site types. 
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Figure 34a-c.  Plant vigour observed for mule deer browse species recorded on line 
intercept transects in harvest and non-harvest treatments.  Figure 34a shows species that 
typically grow in mid to drier soil moisture conditions, Fig. 34b approximately mesic 
conditions, and Fig. 34c shows species that can be expected to grow in sub-mesic to 
hygric conditions.  (Post-disturbance, willow has been observed growing in most soil 
moisture conditions; at climax it can dominate riparian areas.) 
 
Appendix 2 shows definitions for each vigour class code sampled.  Browse species that 
characterize drier soil conditions showed somewhat higher vigour in harvest than in non-
harvest treatments; little treatment difference is shown for other species. 
 
Figs. 35a-c show more new growth for Saskatoon, willow, and red-osier dogwood in 
harvest than non-harvest treatments; most other species appear similar in age class 
distribution. 
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Figures 35a-c.  Age classes documented for mule deer browse species recorded on line 
intercept transects in harvest and non-harvest treatments.   
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Figures 36a-c.  Availability of plants as browse for mule deer recorded on line intercept 
transects in harvest and non-harvest treatments.   
 
Highest availability of browse species as forage for mule deer were willow and red-osier 
dogwood in harvest treatments as shown in Figs. 36a-c.  Both treatments showed plants 
with heavy past use as indicated by the amount of hedging. 
 
Mann Whitney U Test was used to compare browse species characteristics between 
harvest and non-harvest treatments.  Table 6 shows the significant results.  Birch-leaved 
spirea, common snowberry, and Douglas-fir showed more availability, younger plants, 
and greater vigour, respectively, in harvest treatments.  Rose showed older plants in 
harvest treatments; Saskatoon had older plants in non-harvest treatments, also with 
greater availability than harvest treatments.  
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Table 6.  Mann Whitney U Test results for line intercept data comparing harvest and non-
harvest treatments by browse species for vigour, age class, and availability. 
  IDFdk2 only   

Birch-leaved spirea   P values Z values 

Availability 
significantly higher in 
Harvest treatments 

P<0.01 Z=3.00 
 

Common snowberry     

Age class 
significantly higher in 
Non-harvest treatments 

p=0.02 Z=-2.31 

Douglas-fir     

Vigour 
significantly higher in 
Harvest treatments 

p=0.04 Z=2.17 

Rose     

Age class 
significantly higher in 
Harvest treatments 

p=0.04 Z=2.02 

 
Overall, line intercept data indicate a treatment response of early seral species growth in 
the shrub layer in harvest areas.   
 
 
5.0  Discussion 
 
Harvest treatment effects on mule deer habitat at Skull Mountain were measured in two 
ways:  vegetation response and mule deer habitat and browse use response to vegetation.  
Open canopies in harvest treatments were expected to stimulate shrub development, 
including higher abundance of quality forage species and plant vigour.  The hypothesis of 
the study was that deer would move into treatment areas and utilize preferred browse 
species that would be more abundant and higher quality than in the non-harvest 
treatments within the same landscape.  The results showed a vegetation response to 
treatment effects through new growth of early seral species.  Although mule deer did not 
show a significant difference between their use of harvest and non-harvest treatments as 
indicated by tracks, they did show significantly higher use of some browse species in 
harvest treatments. 
 
Data analysis of the several years of winter track and plot data progressed from a broad to 
fine scale, including some detailed comparisons to identify potential trends in the data.  
Initially at a coarse level, early and late winter datasets were combined to determine any 
broad trends resulting from harvest treatments.  As examination of the data progressed to 
a fine scale, harvest and non-harvest treatments were compared within the same BEC 
variant, between early or late sample period where possible, and for differences between 
use and availability of individual browse species. 
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Overall, coarse filter analysis examining all data together indicated a correlation of tracks 
with higher elevations, older age classes, higher canopy closure, Fd-leading stands and 
the interaction of increasing time since last snowfall and with lower snow depth.  Higher 
elevations are directly related to increasing snow depth, however by combining BEC 
variants in the model, the indicated trend is likely deer moving to Douglas-fir dominated 
stands that typically occur at elevations above Ponderosa pine; this trend likely becomes 
more apparent as time increases since the last snowfall.  In other words, the model 
suggests that deer tolerate increasing snow depth to some threshold if they can access 
Douglas-fir dominated stands, preferably to stands with less Douglas-fir relative to 
Ponderosa pine that occur with lower snowdepths.  Furthermore, when snow was most 
shallow, tracks were most common in the lowest canopy cover habitats (Wilson 2007), 
suggesting deer use open stands in early winter, where and when browse will be most 
accessible (Figs. 15 and 19).  As snow depth increases, deer tend to move into forest 
cover, although tracks overall may decline in deepest snow if deer have reduced 
movement and/or are no longer traveling, particularly in late winter (Figs. 13, 14, 17 and 
18). 
 
The objective of the forest plot analysis was to relate stand structure with signs of browse 
(indicating mule deer presence).  Since the project objective was to examine the 
vegetation response subsequently followed by the deer response, data was drilled down to 
examine only the most recent forest cover features where post-treatment growth would be 
best realized.  In immediate post-harvest years, before shrub development is underway, 
deer may be passing through harvest treatments only, because vegetation has yet to 
respond.  Fine scale examination of the data pared it to IDFdk2 only, since most 
harvesting occurred in the dk2 variant, with only 2 forest plots in harvest treatments 
extending into adjacent  IDFxh2 (at the time of the last winter sample in 2002-03, 
IDFxh2, CP 208 blocks 9 and 1 for which pre-harvest data had been collected, had not 
yet been harvested, see Table 1). 
 
Forest cover, as sampled in forest plots, was dominated by Douglas-fir in both treatments 
(Figs. 24a-b), although larger and older trees overall were retained in harvest treatments 
(Tables 3a-b, 4a-b).  The objective of creating an open stand comprised of only large, 
mature trees in harvest treatments was achieved (Figs. 25, 27a-b; Tables 3a-b, 4a-b).  As 
expected, mean shrub cover appeared higher in harvest treatments than non-harvest (Fig. 
26).  Spruce and paper birch- dominated stands occurred only in non-harvest treatments, 
where they showed the highest shrub development (Fig. 26).  Indicatively warmer than 
spruce, moist indicating lead species, Aspen and Western Red Cedar, showed highest 
shrub development overall and within harvest treatments.  The response observed in the 
moist and warmest sites may be the characteristic sites indicative of earliest or first 
treatment responses (shrub growth).  The data suggest, then, that vegetation response to 
the harvest treatment was likely just being realized and may have reached its earliest 
stages near the time of the 2003 wildfire.  Cattle use data may substantiate early 
vegetation response, since more harvest than non-harvest treatment plots showed low and 
moderate levels of grazing, whereas non-harvest plots had the highest proportion of 
heaviest grazing (Fig. 29).  With shrub development occurring throughout the treatment 
blocks, cattle would likely have utilized the overall area fairly evenly, however in non-
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harvest stands cattle may have had more selective but heavier impact where they did 
encounter suitable forage opportunities.  As well, cattle may have grazed in harvest more 
than non-harvest treatments, selecting any new grass growth. 
 
Arboreal lichen measured in forest plots appeared to be at least if not more prevalent in 
harvest treatment stands than in non-harvest stands (Fig. 30), suggesting a potential for 
more suitable conditions or greater access for deer to arboreal lichen in open stands.  
Levels of oblique cover, on the other hand, appeared more suitable in non-harvest 
treatments (Fig. 31).  As an important security habitat feature for mule deer, higher 
oblique cover measured in non-harvest plots was likely due to forest cover itself, rather 
than terrain.  The results suggest the importance of patch retention, including size and 
location, in designing a cutblock as part of forest management guidelines for mule deer 
winter habitat.   
 
Forest plot data indicated harvest treatments were mostly represented by mesic site types 
(Fig. 20); non-harvest treatments, on the other hand, are represented across most moisture 
regimes.  Harvest areas were smaller than non-harvest sites, and therefore it was often 
difficult to obtain reasonable samples sizes of plots, spaced at 150m intervals, within each 
soil moisture site type.  The low representation of xeric moisture regimes in harvest 
treatments may have contributed to less deer sign recorded along harvest transects than in 
non-harvest treatments (Figs.13a-b, 17a-b).  Xeric sites can be important for mule deer 
because of lower snowdepths on drier and potentially warmer slopes, which may also 
provide greater access to shrub browse. 
 
Forest plots were used to characterize the stand structure to provide a context to describe 
the trends observed in the browse data (Figs. 2-11).  Early and late winter forest plot 
samples were too small to be separated to investigate any seasonal differences in deer use 
of terrain within forest cover context.  Overall, terrain documented in forest plots 
appeared to be similar between treatments (Figs. 20-23), meeting one of the original 
stratification objectives to have comparable slopes and aspects represented in each 
treatment. 
 
Browse use was sampled along transects and within deer plots; availability was sampled 
only in deer plots.  At a broad scale, there was little difference between harvest and non-
harvest treatments in terms of overall species occurrence (Figs. 2-3, 11).  Early and late 
winter were not separated when progressing to a finer detailed investigation of browse 
data, since it was assumed that distinction could not be made in late winter between early 
and late seasonal browse use within the same winter.   
 
However, progressing to a finer scale to investigate differences among individual browse 
species and their use by deer did show significant differences between treatments (Tables 
3-4; Fig. 9).  In particular, availability, use, and shrub characteristics of Saskatoon were 
significantly indicative of a harvest treatment response.  Cover and height (Figs. 3-4) 
were significantly higher in non-harvest treatments suggesting older, potentially less 
palatable and/or accessible plants were present in non-harvest sites.  Furthermore, 
significantly younger plants as well as higher fresh use of Saskatoon in harvest than non-
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harvest treatments suggests the larger plants that occurred in non-harvest treatments were 
potentially senescent; any new growth that may have occurred on old plants was likely 
out of reach of foraging mule deer (Fig. 6; Appendix 1).  Figures 5, 7, and 8 show that 
plants tended to be older, overall, in non-harvest compared with harvest treatments.   
 
Of all browse species present, Saskatoon was one of the first to show the expected shrub 
response to opening the stand using the harvest treatment.  Other species that showed 
initial stages of the same trend were Birch-leaved spirea and Red stem ceanothus (Figs. 
4a-b).  As a low shrub (ie:  characteristically shorter than Saskatoon), Birch-leaved spirea 
responded significantly in height to harvest treatment effects.  Red stem ceanothus, a low 
woody stemmed shrub, was significantly shorter in harvest treatments, suggesting young 
plants of a potentially slower responding species compared with birch-leaved spirea and 
Saskatoon.   
 
Incidence of deer use of willow sampled along transects was considered separately 
between early and late winter and was simply tallied for harvest and non-harvest 
treatments.  Willow is regarded as a quality browse species for mule deer (Wood et al. 
1999) and considered an early seral stage species (Esser et al. 1992).  Willow was 
browsed most heavily in harvest treatments in early winter, at a rate of 2.01 times per 
1000m, compared with 0.64 times per 1000m in non-harvest treatments.  In late winter, 
when less of the plant would be expected to be accessible due to deeper snow, harvest 
treatments showed 0.35 browse incidence per 1000m compared with 0.15 per 1000m in 
non-harvest treatments.  As an early seral response to harvest treatments, willow has 
provided approximately twice the amount available browse in harvest compared with 
non-harvest treatments. 
 
The data suggest that some of the first species to show a growth response to the open 
canopy created by the harvest treatment tend to be those that prefer drier conditions, 
particularly ceanothus, birch-leaved spirea, and Saskatoon (Lloyd et al. 1990).  The 
wildfires of 2003 followed 4 years of drought, with declining precipitation from 2000 
until the driest year of 2003 (Ball 2006).  Immediate post-treatment years when treatment 
effects were monitored, therefore, were the driest period of a broader increasing moisture 
regime that began circa 1900.  It is highly likely that a 3 year post-treatment period 
during any other time within the soil moisture cycle would have resulted in a greater 
treatment response.  Ball (2006) indicates that both rainfall and snow levels were both 
below normal from 2000 until 2003.  Both factors would have reduced soil moisture, 
permitting only the most drought tolerant species to experience a normal growth period.  
Furthermore, the preceding moister years would have resulted in an increase in plant 
biomass, likely accounting for existing growth observed in non-harvest treatments 
(Marshal et al. 2005, Ball 2006).  As a result of the 4 dry years, of which 2003 was the 
driest, the intensity of the wildfires was in part created by the accumulated dry biomass 
(Ball 2006). 
 
Fig. 21 shows the lack of hygric plots represented in the harvest treatment, resulting from 
the lack of riparian area available to meet the spatial area requirement to obtain a 
reasonable sample size (1 plot per 150m).  Line intercepts, however, are a continuous 
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sample transect, therefore a more detailed representation of hygric areas was possible in 
harvest treatments.   
 
At a glance, the hygric sites appear to have the greatest treatment response (Figs. 33a-c).  
Paper birch and Douglas maple showed the greatest area occupied along line intercept 
transects in terms of the index of height multiplied by transect length (Figs. 33a-c).  
However, riparian areas were not actually harvested because they were targeted for 
retention as part of the harvest treatment method.  Therefore, large old plants may have 
been present and remained after harvest treatments were implemented.  In fact, Fig. 35b 
shows a considerably higher proportion of age class 4 (old plant) in harvest treatments 
(Appendix 2); remaining plants appear to be younger in both treatments.  Other species, 
such as Saskatoon, rose, kinnikinnick, willow, and red-osier dogwood appear to show a 
greater treatment response in terms of higher proportion of young plants (Figs. 35a-c) 
with greater vigour (Figs. 34a-c) and availability as browse (Figs. 36a-c) compared with 
plants growing in non-harvest treatments.   
 
Line intercept results (Table 6) tended to agree with winter transect and deer plot browse 
results.  Species that showed a significant shrub response in harvest treatments included 
birch-leaved spirea, common snowberry, and Douglas-fir seedlings (Table 6).  Birch-
leaved spirea showed higher forage availability in harvest treatments; since it is a low 
shrub and does not grow beyond reach of foraging deer, the higher availability codes 
likely indicate it has been more heavily browsed in harvest treatments compared with 
non-harvest treatments.  Winter use of birch-leaved spirea appeared higher in harvest 
treatments (Fig. 11), although it was not significant, however plants were significantly 
taller in harvest treatments.   
 
Line intercept results also showed common snowberry plants were younger and Douglas-
fir seedlings tended to be more vigourous in harvest treatments (Table 6).  Higher age 
classes of rose in harvest treatments may be due to their earliest response in some of the 
oldest blocks in IDFdk2 (3 and 4 years) or a result of old plants that were retained during 
harvest.   
 
Line intercept results showed no difference for Saskatoon between treatments in IDFdk2 
alone, whereas transect and deer plot data showed significant results when IDFdk2 was 
considered alone.  When all BEC data were combined, line intercept results showed 
significantly younger Saskatoon plants were more available as browse in harvest than in 
non-harvest treatments.  The results may indicate that larger sample sizes would better 
represent the entire area of treatments.  Line intercept transects involved detailed samples 
within a small area: 2 transects per harvested block treatment, ranging from 12 to 24 
meters long, whereas winter tracking transects tended to be a minimum of 1000 meters 
long, with 4 deer plots sampled every 150m.   
 
The best treatment response in terms of shrub release might be expected in hygric sites, 
where moisture should be a growth advantage compared with mesic and xeric sites.  
However, during the driest years of the past decade that led to the 2003 wildfires, the 
results strongly suggest that browse species that tolerate drier conditions, such as mesic 
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and/or xeric, may have responded first to open stand structures (Figs. 33-36, Table 6); in 
fact, Ball suggested this (2006).  It is expected that cattle would have been drawn into the 
treatment areas from the non-harvest treatments to access any new forage production 
(Roberts and Tiller 1985); it is expected that this response from cattle may have been 
exacerbated by the excessively dry conditions.  In fact, cattle sign was consistently 
observed throughout treatment sites during the latter monitoring period (Fig. 29).  At the 
very least, the presence of cattle can affect the distribution of deer and may have 
potentially delayed or, rather, prolonged deer response to treatment effects (Roberts and 
Tiller 1985).  Therefore, it is highly likely that extremely dry conditions, either alone or 
compounded by the presence of cattle, mitigated the full potential treatment effects, 
particularly shrub response, during the 3-4 year post-harvest phase.  Furthermore, the 
shrub growth in non-harvest treatments during wetter years preceding 2000 would have 
comparatively reduced the post-harvest effect when shrub response was occurring during 
the subsequent dry period.   
 
The original harvest prescription implemented at Skull was intended to mimic the effects 
of fire to stimulate quality shrub development and subsequent mule deer use.  Early seral 
components, particularly quality browse species, have been excluded in dry Douglas-fir 
forests because of fire suppression, implemented through forest management policies of 
the past several decades (Sullivan et al. 2006; Silva Forest Foundation 1998).  As a result, 
stand structures have changed in terms of smaller trees at higher densities crowding out 
understory development.  Early seral components, such as ceanothus, were recognized as 
far back as the 1930s for importance as winter deer food (Edwards 1942).  In 1932 in 
Oregon, managers were concerned about the reduction in ceanothus on critical mule deer 
winter ranges.  Ceanothus was identified as the most limiting factor to overpopulated deer 
at the time, and recommendations were being made for its restoration to prevent 
significant levels of winter mortality (Edwards 1942).  Ceanothus has been documented 
as a fire-dependent species (Parish et al. 1996).  Interestingly, deer mortality documented 
during a severe winter in Utah, 1948-49, showed a clear link between mortality and 
forage supply (Robinette et al. 1952).  In this particular Utah study, cover was not even 
considered during the most severe winter recorded at that time.  Rather three winter 
ranges exhibiting variable quality forage availability were compared for mortality, and 
the winter range with the best forage supply, measured as green forage weight present in 
early winter, had the least mortality.   
 
Current mule deer winter range management is been based on closed Douglas-fir canopy 
forests, which are intended to provide both snow interception and forage in the form of 
needle fall for wintering mule deer (Armleder et al. 1986).  It is likely that with the 
suppression of understory shrub species development that provide quality browse for 
mule deer, Douglas-fir litterfall has become a dietary replacement in early winter; rather, 
litterfall is likely important in late winter only, when rooted forage is unavailable in open 
stands and deer are avoiding the deep snow to conserve energy.  In fact, studies 
completed in past decades that indicate management problems due to deer overpopulation 
(Edwards 1942) suggest that the current reduction in understory browse species through 
fire suppression on most winter ranges has likely reduced historic carrying capacities. 
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However, ungulates have been shown to change their dietary pattern in response to 
change in quality and/or quantity of available forage, particularly after a burn (Spowart 
and Hobbs 1985, Weckerly 1994).  Harvest treatment effects at Skull were likely a slower 
response than what a light ground fire may have induced, particularly during such a dry 
period, however the results do indicate a response.  There is likely a delay in the deer 
response to the vegetation, as vegetation responds to treatment effects of open stands 
through shrub development.  Deer may gradually switch to browse species in early winter 
almost completely as shrubs develop (Wood et al. 1999), and likely resort to Douglas-fir 
needles and seedlings more predominantly in late winter as a result of plant phenology in 
preferred forage species.  As such, Figs. 10 and 11 suggest a potentially emerging trend 
of higher utilization of Douglas-fir seedlings in non-harvest than harvest treatments, 
although no significant difference was detected.  There may be some response time or 
adaptation period as deer select changing types of forage availability before a significant 
response can be detected (Weckerly 1994).  In particular, when a clearly significant 
difference is realized between use of more than one browse species (ie:  Saskatoon, 
willow), perhaps a switch from Douglas-fir will be more apparent, as indicated by 
Spowart and Hobbs (1985).   
 
Fisher and Wilkinson (2005) found mule deer in North American boreal forests utilized 
burned sites for forage that were adjacent to mature stands that provided cover.  
Furthermore, mule deer in boreal forests utilized early seral stage development in both 
burnt and harvested stands most commonly immediately post-disturbance.  Boreal forest 
results suggest that security and thermal cover requirements provided by mature forests in 
a plateau landscape may be provided by terrain in diverse topography.  Mysterud and 
Ostbye (1999) suggest that lowering windspeed is the critical factor in providing thermal 
cover, which can be provided by forest cover or topography.  
 
Edge is also likely important for deer in order to optimize use of open and closed canopy 
habitats (Mysterud and Ostbye 1999, Wood et al. 1999).  Terrain may provide oblique 
cover where it is steep and broken, and this may permit more open surrounding forest 
(Mysterud and Ostbye 1999).  There is growing agreement among biologists that thermal 
requirements for ungulates in winter may have been overestimated.  Most ungulate 
species that occur in British Columbia have likely evolved to tolerate cold temperatures 
in winter during the ecological influence of frequent fires in summer, resulting in 
abundant early seral stage features.  Therefore, it is more likely quality forage is more 
critical than thermal cover, at least in early winter, and should be thus considered in forest 
management.   
 
The harvest method applied to Skull was driven by terrain.  Xeric and sub-hygric 
features, where terrain was diverse, were targeted for retention to provide security, snow 
interception, and therefore potential bedding sites.  Mesic areas, or moderate soil 
moisture sites, where terrain was more homogeneous, were targeted for harvest, and as a 
result provided early seral components for browse adjacent to cover.  The cutblock design 
provided accessibility to key forage species in early winter with security cover and some 
snow interception capability.  By late winter, browse nutritional values had likely 
deteriorated with plant phenology.  In deeper snow, the adjacency of treatment cutblocks 
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to mature Douglas-fir forest provided more snow interception to save energy during 
travel as well as security cover.  Habitat variability is likely critical, and has been noted 
as a key determinant in large ungulate habitat use (Said and Servanty 2005).  The 
cutblock design at Skull within the forested landscape context appears to have provided 
the habitat variability necessary for mule deer winter range, since deer appeared to use 
both harvest and non-harvest treatments equally, with significantly more browse 
availability and use in harvest treatments.   
 
Douglas-fir dominated landscapes with diverse, broken terrain, including steep southern 
exposures, characterize mule deer winter range in the dry southern interior of British 
Columbia.  Therefore, the habitat variability utilized by wintering mule deer in the 
southern interior should be incorporated into management guidelines specific to the 
southern interior. 
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6.0  Management Guidelines and Conclusions 
 
Given the driest period during which post-treatment monitoring occurred and the 
emerging trend of the vegetation and mule deer response observed, the degree of 
openness that was created through treatment harvest appears to be adequate.  Although 
deer did seek canopy cover, particularly in late winter and/or in deeper snow depths, there 
was no significant difference between their use of treatments, suggesting the harvest and 
non-harvest treatments were equally utilized.  The results indicated that neither treatment, 
harvest nor forested, was selected or avoided, overall.  Combining early and late winter 
tracking data across all BEC variants showed tracks were significantly correlated with 
higher canopy cover and elevation during deeper snow conditions and harvested, open 
stands had a significantly higher forage use of Saskatoon, as well as significantly better 
shrub quality characteristics for some other key browse species.  The emerging treatment 
response, quality shrub forage development, appears to have been mitigated by 
uncharacteristically dry conditions; the presence of cattle during this dry period may have 
contributed to reducing a full potential response.   
 
As such, the results support the harvest treatments within the landscape context in which 
they occurred on Skull Mtn before the wildfires of 2003; although confidence limits 
regarding anticipated levels of use or tolerance levels of block size were not possible 
from the data collected.  The original prescription appears to be suitable to wintering 
mule deer.  Defined as clearcuts with reserves or seed tree retention, the prescription 
included retention of the oldest and mature trees at a density of 10-25 stems/ha, within 
larger blocks (40-90 ha).   
 
As a result of snow conditions, mule deer are likely utilizing the landscape for different 
reasons in early and late winter.  Harvest treatments with emerging shrub response are 
intended for critical early winter forage, and non-harvest adjacent areas are likely 
important for late winter and periods of deeper snowfall.  Forest management in the 
IDFxh and dk subzones for mule deer winter range, therefore, should be directed at two 
scales:  stand and landscape.  Forest cover type should be considered for management 
practices based on broad terrain characteristics at the landscape scale, and then for 
retention levels at the micro-site level.  The results found for the Skull project can only be 
directly applied to the stand level, however the context of the results include a largely 
intact, mature forest landscape.   
 
Terrain should be used to design cutblocks both in terms of size and retention levels and 
locations.  Dry and moist areas should be targeted for retention patches, and all veteran 
Douglas-fir trees throughout the block should by excluded from harvest.  The dominant 
Douglas-fir canopy layer should contribute to retention throughout the block to a 
minimum of 10 stems/ha.  The objective is to retain the largest and oldest Douglas-fir 
trees on site, and recruit healthy old-growth trees from existing sub- or co-dominant 
Douglas-fir trees.  Younger regenerating trees should be retained where they occur on 
xeric knobs, near benches, rock ledges, etc. (ie: areas where deer may bed), or where they 
can provide windfirmness to larger trees specifically targeted for retention.   
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At sites where terrain is less diverse and gently rolling, retention will be more important 
to provide security, thermal and forage habitat features (Mysterud and Ostbye 1999).  
Therefore, retention should increase to 35 stems/ha derived from the dominant canopy.  
Development of large, deep healthy canopies on old-growth trees will provide snow 
interception as well as favourable micro-climates that will reduce windspeed, providing 
thermal needs. 
 
Treatment blocks were 40-90ha at Skull Mountain.  Diverse terrain across a mature 
Douglas-fir forested landscape should permit similar large block sizes.  Larger cutblocks 
within diverse terrain will necessitate more frequent retention patches at xeric and sub-
hygric features, although with potentially more open intervening areas (mesic) than 
gentler terrain might permit.  In larger blocks, cutblock design should involve 
consideration of the effects of terrain diversity on micro-climate; wind speed should be 
reduced wherever possible and solar radiation should be optimized. 
 
Roads should be minimized.  At Skull, harvesting was completed using cable systems and 
main access roads were deactivated post-harvest.  As well, planting was restricted to 10 
years post-harvest to permit understory development and use by deer.  After 10 years, 
succession will likely reduce the quality of browse species that characterize early seral 
components that responded to the harvest treatment. 
 
In summary, terrain should drive retention, in terms of patch size and location within a 
cutblock, as well as dictate the landscape mosaic of seral stages (forest age classes).  
Where terrain does not offer security and/or thermal features (steep south aspects and 
ridges), retention should compensate, either in the form of single trees or increased size 
of reserves, driving a different mosaic than broken terrain would.   
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Appendix 1.  Definitions of variables collected as categorical data in 
deer plots. 
 
Definitions of availability classes indicating the amount of browse species plants that 
were available to foraging ungulates of mule deer height. 
Availability 
Class Definition 

1 All of plant available, little/no hedging 
2 All of plant available, moderately hedged 
3 All of plant available, severely hedged 
4 Plant partly available, little/no hedging 
5 Plant partly available, moderately hedged 
6 Plant partly available, severely hedged 
7 Plant not available (ie:  inaccessible due to height or another reason)

 
Definitions of Fresh Use Categories used for sampling browse utilization in deer plots in 
2001-02. 
Fresh Use Category Fresh Use Category Definition 
0 nil 
1 slight; 1-15% 
2 light; 16-35% 
3 moderate; 36-65% 
4 heavy; 66-80% 
5 severe; >80% 
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Appendix 2.  Definitions of shrub characteristic variables collected as 
categorical data along line intercept transects. 
 
Class codes and their definitions for Vigour, Age Class, and Availability sampled along 
line intercept transects at harvest and non-harvest treatments. 

Vigour     
0 dead 

1 poor 

2 fair 

3 good 

4 excellent 

    

AgeClass   
0 seedling 

1 sapling 

2  juvenile 

3 mature 

4 old plant 

5 snag/dead 

6 fallen/CWD 

    

Availability   
1 all available; little or no hedging 

2 all available; moderately hedged 

3 all available; severely hedged 

4 partly available; little or no hedging 

5 partly available; moderately hedged 

6 partly available; severely hedged 

7 unavailable 

8 dead 

 
 


