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EXECUTIVE SUMMARY 
 
One of the goals of the new Forest and Range Practices Act (FRPA) of British Columbia 
is to ensure that forest cover and forage will be conserved over an area necessary for 
winter survival of ungulate species, recognizing regional variance in the ecology of the 
ungulate species. This study assessed the ability of a query to predict late-winter habitat 
use by mule deer (Odooicleus hemionus) in Supply Block F, Prince George Forest 
District, and inventoried signs of other species living in sympatry with deer. 
 
The study was carried out from 2 February to 4 March 2006 in 23 transects totaling 18 
km. A total of 31 deer tracks were encountered during the survey.  All the tracks were 
found in high-quality polygons. The observed frequency of tracks per polygon type was 
significantly different (P < 0.001) from random. Tracks were significantly more abundant 
than expected (P < 0.001) in high-quality polygons, and significantly less abundant than 
expected (P < 0.001)  in medium- and low- quality polygons. All deer tracks were found 
along 1400 Road, in late-successional, conifer-dominated stands with a 50-60% canopy 
closure, tree height > 30 m, dbh > 26 cm, a basal area ranging from 30 to 55 m2/ha, on 
northwest and southwest aspects, slopes < 25%, and 10-20% shrub cover. A total of 722 
tracks of furbearers and other ungulates were also recorded. Since both high- and 
medium- quality polygons encompassed   late-successional forests, it was not surprising 
to find a greater abundance of tracks of squirrel, American marten and fisher in these 
polygons.  In contrast, early to mid-successional species such as snowshoe hare and 
weasels had more tracks in low-quality polygons. 
 
This study showed that, in Supply Block F, deer late-winter habitat corresponded to high-
quality polygons, which included late-successional stands with a well-developed canopy 
that provided thermal protection and snow cover interception.  It also demonstrated that 
the VRI dataset can be advantageously used to develop winter habitat models. This study 
suggests that deer may be present to areas adjacent 1400 road. If this is the case, then the 
selection of mule deer winter range will have to be limited to the eastern portion of 
Supply Block F.  It is therefore recommended that deer track inventories be repeated in 
winter 2007, in other regions of the study area. 
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INTRODUCTION
 
One of the goals of the new Forest and Range Practices Act (FRPA) of British Columbia 
is to ensure that forest cover and forage will be conserved over an area necessary for 
winter survival of ungulate species, recognizing regional variance in the ecology of the 
ungulate species. “Ungulate Winter Range” means an area identified as critical/necessary 
for the winter survival of an ungulate species that considers key life requisites including 
thermal cover, security cover, forage sources, etc.  
 
On the basis of literature review and road surveys conducted in December 2004, Proulx 
et al. (2005) developed a query to predict the late-winter distribution of mule deer 
(Odocoileus hemionus) in Supply Block F, Prince George Forest District.  They 
suggested that mule deer would be found in forests dominated by late-successional 
coniferous-deciduous or coniferous-dominated stands, with a canopy closure ≥45%, tree 
heights ≥23 m, tree diameter at breast height (dbh) ≥24 cm, basal area ≥ 45m2/ha, and 
slopes < 60%.  Deer may be found on all aspects, but possibly less often on north, 
northeast, and east exposures.  Proulx et al. (2005) assigned weights to these criteria for 
the development of predictive distribution maps.  
 
The objectives of this project were to: 

1. Compare the predicted late-winter distribution of mule deer to inventories carried 
out in February-March 2006, in Supply Block F, Prince George District; and 

2. Inventory signs of other species living in sympatry with mule deer.  
 

STUDY AREA 
 
 The study area is part of the Sub-boreal Spruce Biogeoclimatic Zone.  Hybrid 
white spruce (Picea engelmanii x glauca) and subalpine fir (Abies lasiocarpa) are the 
dominant climax tree species.   Lodgepole pine (Pinus contorta) is common in mature 
forests in the drier parts of the zone, and both lodgepole and trembling aspen (Populus 
tremuloides) pioneer the extensive successional stands (Meidinger et al. 1991).  Douglas-
fir (Pseudotsuga menziesii) occurs abundantly on dry, warm, rich sites and as a 
consistent, although small, component of many mesic forests, especially in the 
southeastern part of the zone.   Black spruce (Picea mariana) also occurs occasionally in 
climax upland forest (Meidinger et al. 1991). 

 
METHODOLOGY 
 

The methodology was based on Resource Information Standards Committee 
(RISC) presence/not detected surveys (RISC, 1998), D’Eon’s (2001) and  Proulx and 
O’Doherty (2006).  
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Development of Predictive Distribution Maps 
 
Predictive maps were developed using the BC Vegetation Resources Inventory (VRI) and 
Proulx et al.’s (2005) query (Table 1).  
 
Table 1.  Proulx et al.’s (2005) query for the development of predictive mule deer late-winter 
distribution maps in Supply Block F. 
Parameters Criteria Weights 
Stand composition Coniferous-deciduous stands with ≥ 80-95% conifers 

(all species)* and 5-20% deciduous (birch, aspen, 
cottonwood) 

6 

 Coniferous-deciduous stands with ≥ 60-<80% 
conifers (all species)* and 19-40% deciduous (birch, 
aspen, cottonwood) 

4 

 Coniferous (≥95%) 2 
 Coniferous-deciduous stands with ≥ 20-<60% conifers (all 

species)* and 40-79% deciduous (birch, aspen, cottonwood)  
1 

 Deciduous (birch, aspen, cottonwood) (>80%) Rejected 
polygon 

Age ≥140 years 2 
 ≥80 years 1 
 <80 years 0 
Canopy closure ≥45-≤80% 3 
 10-<45%, >80% 1 
 0-9% 0 
Tree height ≥23 m 1 
 <23 m 0 
Tree dbh ≥24 cm 1 
 <24 m 0 
Basal area ≥45 m2/ha 2 
 ≥20-<45 m2/ha 1 
 <20m2/ha 0 
% shrub cover ≥10% 1 
 <10% 0 
Aspect S, SE, SW, W, flat 2 
 N, NE, E 1 
Slope <60% 1 
 ≥60% 0 
Potential Range of weights 
High 15-19 
Medium 10-14 
Low ≤9 
 
Weight values were subjectively allocated to criteria used to develop predictive maps of 
winter habitat use by deer (Table 1). The sum of weights led to the classification of map 
polygons into various categories, i.e., excellent- (15-19 points), medium- (14-18 points), 
and low (≤ 9 points).  Observations gathered before track surveys (and qualitatively 
confirmed during inventories) revealed that excellent-quality polygons corresponded to 
mature and old, coniferous stands (≥ 80 years old).  Medium-quality polygons 
represented mature or old coniferous stands with poor ratings for the criteria identified in 
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Table 1, coniferous-deciduous, mature stands richer in deciduous than in coniferous 
species, or young (40-80 years old) coniferous forests. Low-quality polygons were 
immature (1-40 years old) and young stands.  
 
Track Transects  

 
We used a stratified random sampling approach to select sample locations (Krebs 1999).  
Transects were plotted on forestry maps, and starting points were tied by compass 
bearings and distance to distinctive topographic features. It was originally planned to 
conduct surveys over a 2-week period along 15 km of transects (30 x ≥500 m) distributed 
among high-, medium-, and low- quality habitats (Proulx et al. 2005).  However, due to 
irregular snowfalls, the survey lasted from 2 February to 4 March, 2006. In order to take 
advantage of deep snow conditions, and reduce traveling time on forestry roads with 
heavy hauling traffic, the surveys were conducted in 23 transects: 9 short transects (500-
600 m long) and 14 long ones (820-1,075 m long), totaling 18 km (Figure 1). Transects 
were laid out perpendicular to the boundaries of the inventoried sites in order to include 
ecotones used by deer. Transects were ≥ 500m apart. 
 
Transects were snowshoed using a compass and 1:20,000 forestry maps. Only fresh 
tracks (i.e., not melted, deformed or filled with snow, and judged to be < 24 h old) 
crossing transects will be recorded. Tracks were identified in the field following Murie 
(1974). Tracks of white-tailed deer (Odocoileus virginianus) and mule deer cannot be 
distinguished accurately in the field and were therefore combined (Murie 1975). As it is 
not possible to consistently determine if crossings were made by the same individual, all 
crossings were tallied (Raphael and Henry 1990).  Tracks of other species were recorded 
along deer inventory transects, namely marten (Martes americana), fisher (Martes 
pennanti; a species at risk; Proulx et al. 2004), canids, felids, and moose. Because of the 
similarity between fisher and marten footprints (Halfpenny et al. 1995), when mustelid 
tracks were encountered, they were investigated on both sides of transects to find the best 
tracks available. The combination of footprint (size, presence/absence of toe prints) and 
trail (gait, distance between jumps, and dragging of the feet) characteristics were used to 
identify all tracks (Murie 1975, Rezendes 1992, Halfpenny et al. 1995). Tracks of red 
squirrel (Tamiasciurus hudsonicus) and northern flying squirrel (Glaucomys sabrinus) 
cannot be differentiated from each other.  Similarly, all weasel (Mustela spp.) tracks were 
pooled together without distinction at the species level. 

 
Habitat Description 
  
Habitat type along survey transects was recorded as per Table 2. Approximate locations 
of deer tracks along transects were determined using hip chain distances and forestry 
maps. Locations were fed in VRI database in order to identify site attributes (e.g., slope, 
aspect, overstory crown composition and closure, dbh, and shrub cover). Snow data in 
various habitat types and at track intersections were collected; occurrence of browsing 
(qualitative information) was recorded.  
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Figure 1.  Location of inventory transects and deer tracks in Supply Block F.
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Table 2. Forest types and stages of forest ecosystem development (after Proulx and Kariz 2001a,b) 
Forest type Characteristics 

Ecosystem Development Description 
Opening without vegetation Open areas without vegetation, such as roads, frozen ponds, and gravel 

pits.  
Opening with vegetation Recent clearcuts, usually not planted, fields and areas with little or no 

trees, and sparse or dense understory. 
Immature 1 New forest community following a natural or anthropogenic disturbance, 

with trees < 2 m high . 
Immature 2 New forest community following a natural or anthropogenic disturbance, 

with trees ≥2 m high. 
Pole Thick stands of pole trees (7.5 to 12.4 cm dbh), usually with little 

understory.  Trees compete with one another and other plants for light, 
water, nutrients, and space to the point where most other vegetation and 
many trees become suppressed and die. 

Young forest Achievement of dominance by some trees and death of other trees leads 
to reduced competition that allows understory plants to become 
established. The forest canopy has begun differentiation into distinct 
layers.  Vigorous growth and a more open and multi-storied stand than in 
the pole stage.   

Mature forest Even canopy of mature trees, with or without coarse woody debris down 
and leaning logs.  Understories are well developed as the canopy opens 
up. A second cycle of shade tolerant trees may have become established. 

Old forest Old, structurally complex stands composed mainly of shade-tolerant and 
regenerating tree species.   Mortality of tall and large canopy trees, 
canopy gaps, large snags, and large downed woody debris material.   

Deciduous Crown closure ≥ 10%, deciduous species > 75% 
Coniferous 

- Pure 
  - Mixed 

 
 

Crown closure ≥ 10%, coniferous species > 75% 
When  ≥ 80% of the coniferous cover is provided by one species. 
When the coniferous cover is provided by more than one species, neither 
species  ≥ 80% 

Coniferous-deciduous Crown closure ≥ 10%, neither type > 75% 

 
Deer Track Intercepts 
  
At deer track intersects, snow depth was recorded in the habitat (average of 3 
measurements taken 1 m apart) and within deer tracks (average of three consecutive 
tracks) (Telfer 1970, Proulx and Kariz 2001b). Approximate locations along transects 
were determined using hip chain distances and forestry maps. Locations were fed in VRI 
database in order to identify site attributes (e.g., slope, aspect, overstory crown 
composition and closure, dbh, and shrub cover). The VRI information was later 
compared to field observations to ensure that the model-based classification of polygons 
was appropriate. Track locations were inspected for signs of browsing.  
  
Data analyses 
 
The proportion of inventory transects within each polygon was used to determine the 
expected frequency of tracks per polygon type if tracks were distributed randomly among 
polygons (Proulx et al. 2006, Proulx and O’Doherty 2006). Observed vs. expected 
frequencies of track intersects per polygon type was tested with Chi-square statistics 
(Siegel 1956). When expected frequencies were smaller than 5, habitat classes with 
similar characteristics (e.g., canopy cover, understory, etc.) were pooled (Cochran 1954). 
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When Chi-square analyses suggest an overall significant difference between the 
distribution of observed and expected frequencies, comparisons of observed track 
frequencies to expected frequencies for polygon type were conducted using the G test for 
correlated proportions (Sokal and Rohlf 1981).  Probability values ≤ 0.05 were 
considered statistically significant. 
 
RESULTS 
 
Environmental Conditions 
 
Temperatures ranged from -12 to 2 oC.  All inventories were conducted ≤ 48h since a 
snowfall or flurries. During the whole study period, there was a crust ≤12 cm from snow 
surface.  On average, there was 55 cm of snow in openings.  In most forested habitats, 
snow depths averaged 33 cm; deer tracks sank 13-22 cm (Table 3). However, snow 
accumulations were markedly less important in one Douglas-fir-dominated coniferous 
stand; deer tracks were only 3 cm deep (Table 3).  
 
Table 3. Snow depths in stands with deer tracks. 

Mean snow depth (cm) Stand composition 
Habitat Deer track 

70Sw 20 Sw 10Pl  32 13 
60Sw 20At 10Fd 33 16 
80Fd 10Pl 10At 6 3 

50Sw 30 Pl 20AT 33 22 
 
Proportions of Transects in Polygon Types 
 
A total of 17,955 m of transects were inventoried across polygons in the following 
proportion: 5,505 m (30.7%) in high-quality, 7,271 m (40.5%) in medium- quality, and 
5,179 m (28.8%) in low-quality polygons.  However, in the case of one transect ranked as 
medium-quality, the vegetation composition of the canopy was 100% Douglas-fir 
according to VRI dataset, but corresponded to a Douglas-fir/Pine/Aspen stand according 
to field observations. In this particular transect, the canopy consisted of two layers. 
Ranking according to the VRI dataset did not take into consideration the second layer, 
and the polygon was ranked as medium-quality when, in fact, it was high-quality. The 
corrected proportion of polygons transected by transects was therefore: 6,425 m (35.8%), 
6,351 m (35.4%), and 5,179 m (28.8%) in high-, medium-, and low-quality polygons, 
respectively.  
 
Frequency of Deer Tracks per Polygon Type  
 
A total of 31 deer tracks were encountered during the survey.  All the tracks were found 
in high-quality polygons. The observed frequency of tracks per polygon type was 
significantly different (χ2 = 56.3, df:1, P < 0.001) from random. Tracks were 
significantly more abundant than expected in high-quality polygons (G = 9.92, df:1, P < 
0.001), and significantly less  abundant than expected in medium- and low- quality 
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polygons (G = 26.6, df:1, P < 0.001). No sign of fresh browsing was observed nearby 
tracks. 
 
Attributes of Polygons with Deer Tracks 
 
All tracks were in late-successional, conifer-dominated stands with a 50-60% canopy 
closure, tree height > 30 m, dbh > 26 cm, a basal area ranging from 30 to 55 m2/ha, on 
northwest and southwest aspects, slopes < 25%, and 10-20% shrub cover (Table 4).  
 
Table 4.  Stand characteristics at deer track locations. 
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2006-2 7 70Fd/20Sw/10Pl 152 60 32.2 39.2 55 NW ≤12 10 
2006-6 1 60Pl/20Sw/10At 152 60 32.1 33.4 55 NW 9 10 
2006-9 19 80Fd/10Pl/10At 92 (Fd = 202) 60 30.1 26.2 30 SW ≤25 10 
2006-16 4 50Sw/30Pl/20At 152 50 35.2 37.4 55 NW ≤11 20 
 
Frequency of Deer Tracks per Habitat Type 
 
The importance of habitat types along inventory transects was as follows: 4,903 m 
(27.3%) in immature and pole stands, 1,004 m (5.6%) in young forests, 10,150 m 
(56.3%) in mature stands, and 1,898 m (10.6%) in old stands.  The observed frequency of 
tracks per habitat type was significantly different (χ2 = 15.74, df:1, P < 0.001) from 
random. Tracks were significantly less abundant than expected in early-successional 
stages (G = 12.9, df:1, P < 0.001). It is noteworthy to mention that 19 of the 31 tracks 
were in Transect No. 9, which had two canopy layers, i.e. 202 yr-old Fd, and 92 yr-old 
FdPlAt.  From a structural point of view, this forest looked ‘early-mature’, i.e., a young 
forest with larger trees. 
 
Distribution of Deer Tracks across the Landscape 
 
All the deer tracks were recorded in four transects, all with a starting point located on 
1400 Road (Figure 1).  The first deer tracks were recorded at 418 m, 439 m, and 528 m 
along 3 transects ranging from 820 to 1000 m in length. The fourth transect was 500 m 
long, and the first deer track was found at 87 m from the starting point. 
 
Inventory of other Animal Tracks 

A total of 799 tracks of furbearers and other ungulates were recorded: 377 squirrel, 238 
snowshoe hare (Lepus americanus), 12 weasel, 27 marten, 20 fisher, 4 lynx, 2 fox 
(Vulpes vulpes), 48 coyote (Canis latrans), 2 wolf (Canis lupus), 66 moose (Alces alces), 
and 3 elk (Cervus elaphus) tracks. Most squirrel, marten, fisher, and canid tracks were in 
high- and medium- quality polygons. Tracks of snowshoe hares and weasels were 
relatively more abundant in low-quality polygons.  Moose tracks were more abundant in 
high- and medium- quality polygons (Figure 2). 
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Figure 2. Abundance of animal tracks other than deer in high-, medium-, and low- quality polygons. 
 
 
DISCUSSION 
 
This study showed that, in Supply Block F, deer late-winter habitat corresponded to high-
quality polygons, which included late-successional stands with a well-developed canopy 
that provided thermal protection and snow cover interception.  Contrary to Yaremko’s 
(2003) habitat model for mule deer in Supply Block F. which suggested that mule deer 
winter range consisted of Douglas-fir leading stands with 16-47% slopes on S, SE or SW 
aspects, this study showed that mixed-coniferous stands with slopes < 25% on western 
aspects provided deer with adequate habitats at a time of year when snow was deep 
enough to incite animals to seek preferred canopy cover. Indeed, deer energy 
expenditures increase by 50% in 25 cm of snow, and more than double in 40 cm (which 
represents about 60% of brisket height) (Parker et al. 1984). As predicted by Proulx et al. 
(2005), stands with an aspen component were being used by deer.  Although this study’s 
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model differs markedly from Yaremko’s (2003) model, both queries were right in 
suggesting that Douglas-fir provides an important winter cover for the species. This was 
particularly apparent along one transect where snow accumulations were less than 10 cm.  
 
This study demonstrated that the VRI dataset can be advantageously used to develop 
winter habitat models, as it was also pointed out by Proulx (2006) and Proulx et al. 
(2006). However, in the presence of Douglas-fir veterans, the ranking of the polygons 
may be biased by the first canopy layer. It is therefore recommended that a new series of 
predictive maps be developed, and that particular attention be paid to the presence of two 
layers in some areas, in order to properly classify polygons.  
 
Because of the current Mountain Pine Beetle (Dendroctonus ponderosae) infestation in 
Supply Block F, it was originally intended to differentiate mixed-coniferous stands with 
>30% of lodgepole pine stems from stands with less pine stems (Proulx et al. 2005). 
However, in this pine-dominated landscape, it became apparent that, independently of the 
number of pine stems/ha, every coniferous stand had some dead patches. Therefore, no 
attempt was made to separate stands on the basis of pine density. Dead pine patches result 
in a loss of canopy cover and the creation of shrub-rich openings, which create horizontal 
and vertical heterogeneity within forests.  In mixed-coniferous stands where cover is still 
provided by spruce and Douglas-fir, animals may find both overhead protection and 
browse. This was apparent with moose, which were particularly abundant in high-quality 
deer polygons. Since both high- and medium- quality polygons encompassed   late-
successional forests, it was not surprising to find a greater abundance of tracks of 
squirrel, American marten and fisher in these polygons.  In contrast, early to mid-
successional species such as snowshoe hare and weasels had more tracks in low-quality 
polygons. 
 
In December 2004, Proulx et al. (2005) found deer tracks only in the eastern portion of 
Supply Block F, along 1400 road and adjacent agricultural lands. They suggested that if 
the distribution of deer in this area is due to traditional use and geography (the eastern 
portion of Supply Block F is directly connected with Blackwater River area, which has a 
well-established mule deer population; Proulx, pers. observ.), it is unlikely that deer will 
be found in other regions of the study area in spite of the presence of valuable habitats.  
In this study, deer tracks were absent from high-quality polygons located along Pelican 
Road. Obviously, this aspect of deer distribution warrants further investigation. If Proulx 
et al.’s (2005) hypothesis is right, then the selection of mule deer winter range will have 
to be limited to the eastern portion of Supply Block F.  It is therefore recommended that 
deer track inventories be repeated in winter 2007, in other regions of Supply Block F, 
namely along 688Road and in the Punchaw Lake area, and on the north side of the study 
area (e.g., the Gregg Creek FSR).  
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