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Executive Summary
The objective of this project was to develop a query to predict the late-winter
distribution of mule deer (Odocoileus hemionus) in Supply Block F, Prince George
Forest District. On the basis of literature review, the following criteria were identified for
the development of a query to produce predictive maps of mule deer late-winter
distribution: 1) stand composition; 2) age; 3) canopy closure; 4) tree height; 5) tree dbh;
6) basal area; 7) percentage of shrub cover; 8) aspect; and 9) slope. Road surveys
conducted in December 2004 identified five locations with deer tracks on the east side of
the study area. Tracks were within or near polygons with late-successional, coniferousdeciduous stands dominated by pine or spruce, in association with aspen. Canopy closure
was ≥ 50%; tree heights ranged from 24 to >30 m; diameter at breast height, from 24.8 to
31.9 cm. All surrounding stands had a basal area that exceeded 45 m2/ha in merchantable
timber, and were located on ≤ 20% slopes, on west, south-southwest, and north-northeast
aspects.
Literature review and findings on the local distribution of deer led to the
following query: late-successional coniferous-deciduous or coniferous-dominated stands,
with a canopy closure of at least 45%, tree heights ≥ 23 m, tree dbh ≥ 24 cm, basal area ≥
45 m2/ha, and slopes < 60%. Deer might be found on all aspects, but possibly less often
on north, northeast, and east exposures. Weights have been subjectively given to these
criteria for the development of predictive distribution maps. While mule deer are known
to be ecologically flexible, topography, landscape fragmentation, traditional use by the
animals, and human activities (e.g., agriculture) could all have an impact on their winter
distribution in Supply Block F. This query must definitely be field-tested and, if
necessary, adjusted on the basis of new data.
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Background
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” (UWR) 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.
Under FRPA, objectives for UWR are required to provide guidance to Forest
Stewardship Plans (FSPs), and other operational plans. These operational plans will be
required to be consistent with objectives set by government; UWR meeting specific
biological and policy criteria are confirmed under Section 69 of the Operational & Site
Planning Regulations (OPR) of the current Forest Practices Code (FPC) to be considered
in forest management activities regulated by the FPC.
On the basis of forest cover database, Yaremko (2003) identified potential UWRs
for mule deer (Odocoileus hemionus) with Douglas-fir (Pseudotsuga menziesii)-leading
stands with 16-47% slopes on various aspects within the Vanderhoof Forest District
(Bobtail Operating Area). These potential sites were further evaluated according to their
age and canopy closure; this led to the establishment of boundaries that sometimes
included hybrid white spruce (Picea engelmanii x glauca), lodgepole pine (Pinus
contorta), or aspen (Populus tremuloides) stands for additional security cover, foraging
opportunities, and connectivity within UWRs. Brade and Stevenson (2003) also
identified potential UWRs with Douglas-fir-leading stands for the Prince George Forest
District (Pelican Operating Area).
Proulx (2004) assessed Yaremko’s (2003) and Brade and Stevenson’s (2003)
predictive UWR maps in the Bobtail and Pelican Operation Areas. He found that their
queries were not successful in predicting mule deer late-winter distribution in the
inventoried areas. When snow depths ranged from 22 to 47 cm, Proulx (2004) found deer
in late-successional , coniferous-deciduous (e.g. conifer-aspen stands) stands with 0-42%
slopes, ≥45 % canopy closure, and trees with a ≥ 20-m height and > 22 cm diameter at
breast height (dbh) (Proulx 2004). He concluded that the queries used to identify UWRs
failed to recognize the general vegetation makeup of the study areas, and the flexibility of
mule deer in their selection of winter habitats. The Bobtail and Pelican landscapes are
dominated by pure or mixed pine stands; local deer populations have a greater probability
of encountering and using large contiguous pine or spruce stands with proper canopy
cover and browse rather than small, disconnected patches of Douglas-fir.
The ability for a forest stand to intercept snow and provide both thermal cover and
accessible forage are the primary habitat variables influencing deer winter habitat
selection in British Columbia and the Pacific Northwest (Hanley et al.1989, Nyberg et al.
1990, Kirchhoff and Schoen 1987, Armleder et al. 1994). Yaremko’s (2003) and Brade
and Stevenson’s (2003) used Triton’s (2002) literature review and local anecdotes to
develop predictive UWR maps. Triton’s (2002) review recognized the need for forest
cover and forage within winter habitat ranges. However, the literature review largely
focused on Douglas-fir ecosystems (e.g., Ministry of Forests 1989, Dawson et al. 1990,
Waterhouse et al. 1991, D’Arcy and Stork 1998, Armleder et al. 1994, Waterhouse et al.
1994). As a result, Yaremko’s (2003) and Brade and Stevenson’s (2003) queries focused
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on late-successional Douglas-fir stands. While the distribution of late-successional
Douglas-fir stands in the Pelican landscape is very patchy, these stands did not appear to
meet mule deer habitat needs because of their small size and limited available forage
(Proulx, 2004, personal observations). Within any broad habitat or area, mule deer
usually occupy a variety of different “habitat types” or local vegetation-topographic
complexes (Mackie et al. 1982). Exactly how mule deer use any habitat is determined by
both the resource needs of the animals (food, cover, water, space, etc.) and where and
how these resources are distributed in the environment. A diversity of vegetation may be
required to meet mule deer various needs for hiding, escape, and thermal cover; the
degree of interspersion of different food and cover or “habitat types” may be more
important than the occurrence of individual types (Mackie et al. 1982).
Proulx (2004) recommended that queries for mule deer UWRs be revisited to take
into consideration the general vegetation makeup of landscapes and the ecological
flexibility of the species. The objective of this project was to develop a query to predict
the late-winter distribution of mule deer in Supply Block F, Prince George Forest
District.
Study Area
Supply Block F is located approximately 50 km southwest of Prince George,
British Columbia. It is part of the Sub-boreal Spruce Biogeoclimatic Zone. Hybrid white
spruce and subalpine fir (Abies lasiocarpa) are the dominant climax tree species.
Lodgepole pine is common in mature forests in the drier parts of the zone, and both
lodgepole and trembling aspen pioneer the extensive early-successional stands
(Meidinger et al. 1991). Douglas-fir is found in small stands (≈10% of landscape; D.
Bernier, senior ecologist, Timberline Forest Inventory Consultants, Prince George) 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
Identification of criteria based on literature review
The development of a query to produce predictive late-winter distribution maps
was first based on a literature review, which encompassed Triton’s (2002) evaluation of
ungulate winter range criteria, and scientific papers on the ecology of mule deer in subboreal and boreal forests, with special emphasis on pine and spruce ecosystems.
The preliminary identification of criteria was based on two important concepts
used in mule deer winter habitat management: 1) a mixture of plant communities
provides better habitat than any single community (Wallmo 1978, Mackie et al. 1982);
and 2) cover and forage must be properly interspersed in order to meet deer habitat needs.
Kerr (1979) and Hall (1985) suggested a cover:forage ratio of 60:40. Thomas et al.
(1979) considered a 60:40 ratio of forage:cover as optimal for winter mule deer habitat.
In coniferous forests where snow accumulations are heavy, resident deer are dependent
on late-successional forests where canopy cover of trees is sufficiently dense to intercept
snow and provide access to undertsory forage supplies, as well as a source of arboreal
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lichens falling from the canopy (Kie et al. 2003). While snow depth is the factor that
most significantly affects the winter distribution of mule deer (D’Eon 2001), Kirchhoff et
al. (1987) found that the following variables were correlated with snow depths: stand
composition in coniferous species, and net timber volume, which is function of tree
height, basal area, and dbh. Wood et al. (1999) developed a habitat suitability index
model in pine, spruce and fir ecosystems based on the following criteria: tree canopy
closure, tree canopy height, percentage of pine, spruce and fir in tree canopy, distance of
food from access, distance of cover from food, deciduous sapling cover, distance from
cover, and distance of cover from access.
The following criteria were identified as potential criteria to develop a query for
mule late-winter habitats in Supply Block F:1) stand composition; 2) age; 3) canopy
closure; 4) tree height; 5) tree dbh; 6) basal area; 7) percentage of shrub cover; 8) aspect;
and 9) slope. Although most slopes appear to be used by deer (Armleder et al. 1994,
Proulx 2004), those ≥ 60% likely have less potential for deer. Depending upon stand
composition and age, an adequate cover:forage ratio could be maintained in selected
forests; therefore, no criterion was identified to specifically address cover:forage ratio in
the query. Distance of food-rich, early-successional stands to cover was not used as a
criterion because in Supply Block F, early- and late-successional forests are closely
interspersed throughout the landscape.
Road inventories
In order to predict where mule deer might be in late winter, road inventories were
conducted with snowmobiles and a 4x4 truck after a heavy snowfall in December 2004.
Road inventories were based on Resource Information Standards Committee (RISC)
presence/not detected surveys (RIC 1998). Transects were conducted on primary and
secondary forestry roads. Because of hauling traffic and safety issues, only a certain
number of roads were surveyed; these roads crossed a diversity of habitat types
characteristic of the study area (Fig. 1). Only fresh tracks (i.e., not melted, deformed or
filled with snow, and judged to be < 24 h old) crossing transects were 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).
Deer track locations were determined with a GPS unit (Garmin GPSMAP 76S,
Olathe, Kansas); snow depths along roadsides and in adjacent forest stands were also
recorded. Track locations were fed into VRI dataset in order to properly describe site
characteristics. For each selected criterion, values that characterize most track locations
were retained and, along with information from the literature review, they were used to
develop a query for the production of mule deer predictive late-winter distribution maps.
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Figure 1. Roads inventoried within Supply Block F, December 2004.
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Results
Track survey
Deer tracks were encountered at five locations on the east side of the study area
(Fig. 2 and 3). Snow depths along roadsides ranged from 21 to 25 cm. In the surrounding
stands, they ranged from 13 to 16 cm in coniferous-deciduous stands; there was 21 cm of
snow in aspen-dominated stands.
Tracks were within or besides polygons with late-successional, coniferousdeciduous stands dominated by pine or spruce, in association with aspen (Table 1).
Canopy closure was ≥ 50%; tree heights ranged from 24 to >30 m; dbh, from 24.8 to 31.9
cm. All surrounding stands had a basal area that exceeded 45 m2/ha in merchantable
timber, and were located on ≤ 20% slopes, on west, south-southwest, and north-northeast
aspects (Table 1).
Query
Using the criteria selected on the basis of literature review, Proulx’s (2004)
findings, and Table 1, we considered that potential winter ranges for mule deer in Supply
Block F would correspond to late-successional coniferous-deciduous or coniferousdominated stands, with a canopy closure of at least 45%, tree heights ≥ 23 m, tree dbh ≥
24 cm, and basal area ≥ 45 m2/ha. We suggested that deer might be found on all slopes
and aspects, but possibly less often on north, northeast and east exposures. Weights have
been subjectively given to these criteria for the development of predictive winter range
distribution maps (Table 2).
The query emphasizes the importance of coniferous-deciduous stands where most
of the canopy is provided by conifers. In these stands, aspen is the preferred deciduous
species providing deer with forage. We considered that stands with > 95% conifers
provided deer with valuable thermal cover but short-term forage; for this reason, they
received a lower weight. Although stands where deciduous represent >80% of the
vegetation composition were found at deer track crossings, it is unlikely that they would
be used during heavy snow accumulations and cold temperatures in late winter, and we
rejected them. Stands with a canopy closure ranging from ≥45% to ≤80% are judged to
be more valuable than other stands; while they provide deer with thermal protection and
snow-intercepting crowns, they let enter sufficient light to promote shrub growth. Such
stands usually are mature or old. On the other hand, where canopy closure exceeds 80%
and little light reaches the ground, stands offer less forage to deer. Of course, where
canopy is too sparse to intercept snow and allow animals to reach food, stands are of little
potential to deer during deep snow periods. We believe that stands with dense coniferous
canopy and food-rich stands with little canopy may still be used by deer if they are
adjacent to each other. In such cases, animals probably take advantage of the ecotone,
i.e., the first 200 m of each adjoining stand.
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Figure 2. Location of deer tracks (No. 1) along the upper portion of 1400 Road, Supply Block F, December 2004.
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Figure 2. Location of deer tracks along Blackwater Road (No. 5) and lower portion of 1400 Road (Nos. 2 to 4), Supply Block
F, December 2004.
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Table 1. Characteristics of deer track locations, Supply Block F, December 2004.
Location

Site
No.

UTM

No. of
tracks

Polygons1

Stand composition
(%)

Age
(yrs)

Canopy
closure2

Tree
height (m)

1400 Road

1

10U 0497454
5931316

2

981a

Pl50/Sw30/At20

153

65

2

10U 0490187
5920671

3

979b
675a

Pl90/At10
At90/Pl10

153/133
83/83

3

10U 0490048
5920412

2

674b
675a

Pl60/At20/Sw20
At90/Pl10

4

10U 0490021
5920355

1

674b
675a

5

10U 0487108
5923622

2

674b
456a

Blackwater

Basal
area
(m2/ha)
50

Aspect

Slope
(%)

>30

Tree
dbh
(cm)
30.6

W/NNE

5-10

%
shrub
cover
10

70
70

30
26.6/24.0

30.4
24.8

60
45

W/NNE
W

5-10
10-20

U
10

≥93
83/83

50
70

≥28
26.6/24.0

31.8
24.8

45
45

W
W

10-20
10-20

10
10

Pl60/At20/Sw20
At90/Pl10

≥93
83/83

50
70

≥28
26.6/24.0

31.8
24.8

45
45

W
W

10-20
10-20

10
10

Pl60/At20/Sw20
Sw60/At30/Pl10

≥93
≥121

50
55

≥28
≥28

31.8
31.9

45
45

W
SSW

10-20
15-20

10
U

1

a = main polygon with track locations; b = adjacent polygon in proximity of tracks.
Value estimated in summer. In winter, deciduous species offer no canopy cover.
U = unknown
2
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Table 2. Query for the development of predictive mule deer late-winter distribution
maps in Supply Block F.
Parameters
Stand
composition

Age

Canopy closure

Tree height
Tree dbh
Basal area

% shrub cover
Aspect

Slope

Criteria
Coniferous-deciduous stands with ≥ 80-95%
conifers (all species)* and 5-20% deciduous (birch,
aspen, cottonwood)
Coniferous-deciduous stands with ≥ 60-<80%
conifers (all species)* and 19-40% deciduous
(birch, aspen, cottonwood)
Coniferous (≥95%)*
Coniferous-deciduous stands with ≥ 20-<60%
conifers (all species)* and 40-79% deciduous
(birch, aspen, cottonwood)
Deciduous (birch, aspen, cottonwood) (>80%)

Weights
6

4

2
1

≥140 years
≥80 years
<80 years
≥45-≤80%
10-<45%, >80%
0-9%
≥23 m
<23 m
≥24 cm
<24 m
≥45 m2/ha
≥20-<45 m2/ha
<20m2/ha
≥10%
<10%
S, SE, SW, W, flat
N, NE, E

Rejected
polygon
2
1
0
3
1
0
1
0
1
0
2
1
0
1
0
2
1

<60%
≥60%

1
0

References
Kirchhoff
and
Schoen (1987).
Armleder et al.
(1994).
Wood et al. (1999).
Proulx (2004).
This study (Table 1)

Proulx (2004)
This study (Table 1)
Proulx (2004).
This study (Table 1)
Proulx (2004).
This study (Table 1)
Proulx (2004).
This study (Table 1)
Proulx (2004).
This study (Table 1)
Proulx (2004).
This study (Table 1)
Armleder et al.
(1994)
Proulx (2004).
This study (Table 1)
Armleder et al.
(1994)
Proulx (2004).
This study (Table 1)

Rating
Potential
Range of weights
Polygon color
High
15-19
Red
Medium
10-14
Green
Low
1-9
Yellow
None
Rejected polygons
White
* All stands with ≥30% lodgepole pine will be colored, as per the query, and hatched on 1:20,000 scale
maps.
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In the last 5 years Supply Block F has had an epidemic Mountain Pine Beetle
infestation. It is predicted that within the next 5 years, if all conditions remain relatively
the same, all stands with ≥ 30% mature lodgepole pine will be infested. The canopy
cover as well as the snow-interception levels in such stands will be reduced significantly
thus reducing their potential for deer. All stands with mature lodgepole pine will still be
included in this query (some could remain non-infested) but those with >30% mature
lodgepole pine will be identified on 1:20,000 scale maps.
Map
On the basis of our query (Table 1), an overview map of Supply Block F (Fig. 4)
and corresponding 1:20,000 scale maps were produced. The predictive distribution maps
properly located high and medium potential polygons in areas used by deer in December
2004 (compare Fig. 4 to Fig. 2 and 3). Also, as expected, there is a greater concentration
of high potential polygons on the east side of Supply Block F, which is particularly rich
in agricultural land (Fig. 4). Finally, this map suggests that Supply Block F encompasses
extensive areas with low quality habitats for late-winter use by mule deer.
Discussion
The proposed query was based on limited deer distribution data gathered in
February 2004 (Proulx 2004) and in December 2004 (this study). It stressed the
importance of coniferous-deciduous stands where conifers provide at least 45% of the
cover protection. Because mule deer are known to be ecologically flexible (Mackie et al.
1982), it is not possible, however, to identify all stand associations where deer may be
encountered in late winter. For example, although emphasis is given to coniferousdeciduous stands, it is known that mule deer may use pure coniferous stands (Proulx
2004). Such stands may be valuable to deer if they are adjacent to food-rich areas.
Similarly, openings rich in browse but poor in cover may still be used by deer if they are
adjacent to coniferous stands. Then, animals would benefit from ecotones where both
food and cover are available. Identifying polygons with different potentials using
different colors is simple and effective (Proulx et al. 2005). On the other hand,
identifying ecotones with high potential will have to be done in the field, when assessing
the ability of two adjacent polygons to provide deer with food and cover. Therefore, we
do not suggest that the proposed query will recognize all areas usable by deer in late
winter. Furthermore, topography, landscape fragmentation, traditional use of a specific
area by animals, and human activities (e.g., agriculture) could all have an impact on the
winter distribution of deer in Supply Block F (Mackie et al. 1982). In December 2004,
deer tracks were found only in the eastern portion of the study area. If this is due to
traditional use, it is unlikely that deer will be found in other regions of the study area in
spite of the presence of valuable habitats. This query must definitely be field-tested and,
if necessary, adjusted on the basis of new data.
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Figure 4. Mule deer predictive late-winter distribution map in Supply Block F, Prince George Forest District, British
Columbia.
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