


Our review is based on an investigation of habitat use
by 31 radio-collared, black-tailed deer that were located
weekly (n=7 623 re-locations) in a 225 km? area of the
Nanaimo River watershed on southeastern Vancouver
Island (McNay and Doyle 1987). Once entirely old
growth, this area is presently a mixture of old growth,
second growth, and recent clear-cuts. Steep U-shaped
valleys are oriented east to west providing favorable to-
pography for deer winter range.

The main components of the model were the availabil-
ity of nutritious forage (in all seasons) and the proximity
of winter cover. That emphasis was derived from the
knowledge that deer survival is limited by their ability to
over-winter in a healthy state (Harestad 1979, Bunnell
1985). In winter, forest cover provides snow intercep-
tion, which maintains both forage availability and ther-
mal protection. The accessibility and quantity of winter
cover becomes critical during severe winters when the
energetic costs of movement escalate (Parker et al. 1984),
and the quality of forage declines (Rochelle 1980).

The value of food and cover varies with season and to-
pography following seasonal trends in soil moisture and
nutrients and as modified by elevation and aspect. The
need for food and cover also varies seasonally, and with
sex and age (Parker et al. 1993). The seasonal variations
are complicated because winter weather in coastal Brit-
ish Columbia is unpredictable, with severe winters oc-
curring approximately every 18 years. As a result, the
suitability of a particular site varies between years, de-
pending on winter conditions. Expansion of site-specific
habitat characteristics into temporally dynamic condi-
tions has led to the need to model summer habitats and
both mild and severe-winter habitats. Also, three differ-
ent migration tactics have been associated with these
seasonal habitats, each with its own specific patterns for
use of space (McNay 1995). Hence, spatial constraints
attwo scales (i.e., between seasonal ranges, and between
food and cover within a seasonal range) have been rec-
ognized as important aspects of black-tailed deer ecol-

ogy.

Models of wildlife habitat are an attempt to explain the
spatial and temporal variations in animal behavior in
terms of biotic and abiotic components. Some modeling
difficulties arise because processes occur at a variety of
temporal and spatial scales. Also, habitat use is affected
by several behavioral and population regulating factors
such as inter- and intra-specific competition, population
structure, recruitment, dispersal, predation, and site fi-
delity. Lags in responses to habitat changes may hide
evolutionary stable habitat-use tactics through a variety
of climatic fluctuations such as cyclical severe winters.
Simplification of these complex relationships that affect
black-tailed deer are necessary to understand and inte-
grate their habitat needs into the management of forested
lands.

»

Model History
Binary Models

An expert system called Prospector 1l (Campbell et al.
1982) was used to quantify, in a binary format, word
model rules that had been developed over time by wild-
life managers. Five characteristics of winter habitat for
deer were considered: food, cover, suitable aspect, prox-
imity to food, and proximity to cover. Habitat types were
assigned a 1 or 0 based on whether or not they were
suitable for deer. Spatial needs of black-tailed deer were
incorporated in the model by including the proximity-
to-food and proximity-to-cover variables thus altering the
value of a habitat unit based on proximity of a habitat
patch to food or cover (McNay et al. 1987). For each
habitat patch a final score was generated by summing
up the binary variables for the five habitat categories.

GIS Models

With ever-increasing computer power, a more rigorous
approach to habitat interspersion could be pursued to
better represent the relationships among individual habi-
tat polygons. GIS-based models expanded the binary
variable technique (Eng et al. 1989) by assigning expert-
derived habitat scores to the habitat categories.

Food and cover are required on a daily basis and must
be available in close proximity. The closer together these
habitat types are, the higher quality that area is for black-
tailed deer. The ability of a specific site to provide qual-
ity food and cover is constrained by elevation and as-
pect. Higher altitude northern slopes retain snow for
longer periods, and at greater depths, decreasing the
quality of those sites.

Polygons representing different &cosystem types were
classified according to the successional stage of the veg-
etation. A scoring system, based on expert knowledge,
between 0.0 and 1.0 was applied to the sites to describe
forage and cover qualities under different weather con-
ditions. The resulting map contained the scores of mild
winter food and cover, and severe winter food and cover
for each polygon. Maps of distance buffers were gener-
ated around favorable food and cover polygons. The
quality ratings of these buffers was related to the likeli-
hood that a deer would move a certain distance under
different seasonal conditions as indicated by previous
research (Kremsater and Bunnell 1992).

Aspect and elevation polygons for the study area were
manually delineated on 1:50 000 topographic maps.
Field biologists scored combined aspect/elevation poly-
gons from 0 to 1.0 based on expected heat loading for
each polygon. Maps of each of the scored habitat cat-
egories were combined in the GIS to generate a com-
posite map. The resulting data was rated in each habitat
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polygon for severe [1] and mild [2] winter scenarios:

Qsev= (1]

(((‘I _(‘] _F)T (‘I _C)1).5)1 .S*SF D‘75*SCD‘75)'333*AE

Qmild= 2]

(((‘] _('] 'F)] 6*(1 _C)A).S)].5*MFD.75*MCD.75).333*AE,5

where:

Qsev = habitat quality value in severe winter conditions;

Qmild = habitat quality value in mild winter conditions;

F= the winter food quality rating;

C= the winter cover quality rating;

SFD = the rating for proximity to quality food severe winter
rating;

SCD = the proximity to quality cover severe winter rating
(C=0.7);

MFD = proximity to quality food mild winter rating;

MCD = proximity to quality cover mild winter rating (C=0.1);
and,
AE = the combined aspect/elevation rating.

The exponents used to weight the equation components
are based on expert knowledge.

To clarify the model equation, if both the food and cover
rating for a habitat polygon are high, then the location
has the potential to be of high quality to black-tailed
deer, as expressed by the inverse geometric mean of the
food score and the cover score. Alternatively, if a habitat
polygon has high quality black-tailed deer cover and is
in proximity to a polygon with quality food, then it too
would be scored as high quality deer habitat. Similarly,
a habitat polygon would be scored high if it has high
quality food and is close to quality cover. This compen-
satory relationship is calculated in the modeling equa-
tion by using the weighted geometric mean of scores
for: a) the value for food and cover, b) the distance to
food, and c) the distance to cover. Aspect and elevation
are limiting factors, therefore, we multiplied the weighted
geometric mean of food and cover and their intersper-
sion by a combined aspect and elevation score to gener-
ate the final score. The model of black-tailed deer mild
winter habitat use weighted food as more important than
cover, allowed greater distances between habitats, and
weighted topography less than the model of severe win-
ter habitat use.

Model Limitations

In trying to validate the habitat model, we encountered
several problems that limited the potential usefulness of
the model. For example, the radio-collared black-tailed
deer that we studied did not experience the extreme win-
ter conditions that can kill adult deer, making it impossi-
ble to properly validate our predicted habitat use under
severe winter conditions. Furthermore, time lags in re-
sponses to habitat or climatic change can hamper vali-
dation by individuals surviving with poor habitat choices

when not all biotic/abiotic effects act against them dur-
ing the time of the study.

A synthesis in a GIS of landscape factors affecting deer,
produces a mosaic of data that is difficult to interpret.
The detail must be reduced to generate a product more
readily understandable to a manager. However, arbitrary
decisions made to simplify the data, and the thresholds
between simplified classes can affect the interpretation
of the results. Another confounding factor is that pre-
dicted future habitats may not exist in the present (e.g.,
60-year-old second-growth). This makes it impossible to
evaluate black-tailed deer habitat response to projected
forests.

When conducting use/availability analysis of telemetry
data to validate the model in our study, we partitioned
the data into different categories. Each of the deer were
classified into one of three behavioral groups: obliga-
tory migrators, facultative migrators, and residents. We
did comparisons of use parameters and their relation to
factors of interest including behavior, season, and sex
(McNay 1995). For example, we looked at how habitat
use patterns shifted seasonally for the different behavioral
groups of deer. Resident deer stay in moderate quality
summer habitat that is also moderate quality winter habi-
tat. Whereas migrators move from high quality summer
to high quality winter habitat. However, the reduced sam-
ple size in some categories caused instability in the data
analysis. A model with a lot of noise may not fail a test of
validation, or conversely it may not reveal habitat selec-
tion or avoidance. If the telemetry data had not been
initially partitioned, the sample size problem could have
been overcome. By using an individual-based model,
the variation between individuals and among groups
could have been more rigorously evaluated.

Further refinement of the model may be possible by
adopting an empirically based model of habitat use. The
Mahalanobis distance statistic could be used to develop
a habitat model. This statistic measures the dissimilarity,
based on the standard squared distances, between an
ideal habitat, as determined by telemetry locations, and
the habitat that is available in each map cell (Clark et al.
1993). This technique would generate a map of
Mahalanobis distances that can be recoded to probabili-
ties that reflect the habitat selection of deer. The results
of this analysis could then be compared and incorpo-
rated with the expert-based habitat scoring.

Some unfortunate limitations became obvious with the
standard GIS approach to wildlife modeling. A lot of ef-
fort was required to modify the model to respond to
changes in any of the input data. For example, if a habi-
tat score needed adjustment, new maps had to be gener-
ated, overlays re-done, and new evaluations made, re-
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