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FIGURE 4. Black-tailed deer winter habitat suitability model structure.

Black-tailed deer exhibit three different migratory behaviors. Obligate migrators (individuals that
move at the same time of year regardless of weather conditions) spend the winter in severe winter
habitat. Therefore, for those deer, severe winter habitat must also be adequate mild winter habitat.
Year-round residents (individuals that do not migrate) will move up to 0.75 km from mild winter habitat
to severe winter habitat. Facultative migrators (individuals that move from summer to winter range,
depending on day-to-day changes in weather conditions) will move up to 3.0 km from mild winter
habitat to severe winter habitat (distances interpreted from McNay and Doyle 1987).
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Within a single day, deer require food and cover (primarily stands that intercept snow, thus
maintaining the availability of forage). We assume that the quality of habitat increases as the distance
between these two attributes decreases. The habitat quality of a given location is also constrained by
its aspect and elevation. High-elevation, north-facing slopes tend to receive more snow and retain it
longer (i.e., lower quality) than do low-elevation, south-facing slopes (i.e., higher quality). The quality
of a given location differs between years, and at different times within a winter, because deer require
better snow interception cover during severe winter conditions than during mild winter conditions, and
deer movements are more constrained by deep snow during a severe winter.

The model structure, described above, requires information on the current vegetation cover,
aspect and elevation to be applied. Current vegetation cover in the study area was classified and
mapped by Clements (1985) using the Biogeoclimatic Ecosystem Classification (BEC) method as
described by Klinka et al. (1984). Aspect was mapped using visual interpretation of 1:50000 National
Topographic System (NTS) map sheets. Elevation was mapped directly from 1:50000 NTS map
sheets.

Application of the model structure requires that ratings be applied to the map-based information
for the following variables:

• food quality of a location;

• snow-interception cover quality of a location;

• the proximity of a location to a location with high-quality food and a location with high-quality
cover; and

• the aspect and elevation of the location.

Each BEC map polygon was rated from 0.0 to 1.0 for its ability to provide forage and its ability to
provide snow-interception cover. These ratings (Figures 5 and 6) were based on three factors:
biogeoclimatic variant, soil moisture regime, and stand age. Ratings were applied using the personal
experience of deer biologists with the study area, and the known relationships among the three factors
and understory herb and shrub production and canopy characteristics.

Ratings from 0.0 to 1.0 were developed for the proximity of a given location to locations that
provide high-quality forage and high-quality mild winter and severe winter cover. Cutoffs for high-
quality forage (Figure 5) and high-quality mild and severe winter cover (Figure 6) were arbitrarily
assigned based on the judgement of deer biologists familiar with the area. ‘‘Distance buffers’’ were
rated in terms of the likelihood that a deer would move that distance in shallow or deep snow (Figure 7).
Ratings were based on the distributions of radio-telemetry locations of deer relative to distances from
clearcut-cover edges (Kremsater 1989). Distance buffers around high-quality food and high-quality
cover were automatically calculated and saved as separate map layers. 

Combined aspect and elevation classes were also rated from 0.0 to 1.0 in terms of the constraints
they placed on the ability of current vegetation cover to provide deer habitat (Figure 8). Ratings were
based on judgments of field biologists familiar with black-tailed deer in the area.

The above ratings were used to calculate habitat quality values for mild and severe winter
conditions:

Qsev = (((1-(1-F)1.0 * (1-C)1.0)0.5)1.5 * FD0.75 * CD0.75)0.33 * AE1.0

Qmld = (((1-(1-F)1.6 * (1-C)0.4)0.5)1.5 * FD0.75 * CD0.75)0.33 * AE0.25

where

Q = the habitat quality value under mild winter conditions (mld) and severe winter conditions (sev);
F = the food quality rating;
C = the cover quality rating;

FD = the rating for proximity to high-quality food (F>=0.6);
CD = the rating for proximity to high-quality cover (C>=0.1 for Qmld; and C>=0.7 for Qsev); and
AE = the combined aspect/elevation ratings.
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An inverse geometric mean of the food and cover ratings is used because if either value is high the
location has the potential to be high-quality habitat if it also has high ratings for proximity (i.e., FD and CD).
A weighted geometric mean of the food/cover value and the distance values (the ‘‘vegetation value’’) is
used so that if any of these values is low, the resulting habitat value will be low. The ‘‘vegetation value’’ is
multiplied by the aspect/elevation value because aspect/elevation represents a limiting factor on the overall
habitat quality. The differences in weighting between Qsev and Qmld reflect the fact that snowfall, and thus
snow-interception cover and aspect/elevation, are less of a concern during mild winter conditions than they
are during severe winter conditions.

To create a composite winter habitat quality map, showing both the spatial arrangement of mild and
severe winter habitats, each resultant habitat-quality polygon was categorized as adequate or inadequate
mild winter and severe winter habitat. A habitat-quality value of 0.50 was used as the dividing line between
adequate and inadequate habitat. Map layers representing adequate severe and mild winter habitat were
then overlaid (Figure 9). Distance buffers around adequate severe winter habitat, which included adequate
mild winter habitat within 0.75 km and 3.0 km, represent the migratory behavior types of black-tailed deer,
as described above.

The map presented in Figure 9 represents the results of the first step in the watershed assessment
process: evaluation of current habitat quality. Steps 2 and 3 involve imposing a harvesting scenario and
reevaluating habitat quality after a pre-determined time step. For the purposes of this example, application
of a hypothetical harvesting scenario was assessed, in which most of the remaining low-elevation old
growth would be harvested between 1990 and 2010. The harvesting scenario was applied and the
successional stage of each stand was changed to simulate conditions in the year 2020. A reassessment of
winter habitat quality in 2020 was conducted using the methodology outlined above (Figure 10).

If the objective was to maintain the current quantity and distribution of winter habitat in 2020, then this
objective would clearly not be met (see Figure 11 and compare Figure 9 and Figure 10). The habitat-quality
model predicts that the amount of adequate severe winter habitat will not decrease substantially from 1990
to 2020 (Figure 11), even though most of the low-elevation old growth will be harvested. The reason is that
the model predicts that new severe habitat will develop at the edges between old second growth (which
provides cover) and younger stands (which provide food). An example of this ‘‘ring’’ or ‘‘buffer’’ around
severe winter habitat is clearly visible in the northeastern corner of the map shown in Figure 10. However,
the amount of inadequate mild winter habitat will increase from 50 to 64% of the assessment area during
the planning period and the amount of habitat suitable for supporting facultative migrators will decrease
substantially (Figure 11). In addition, deer winter habitat will be severely fragmented, particularly in the
western portion of the assessment area.




