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Introduction

Elk (Cervus elaphus) and mule deer (Odocoileus hemionus) have
overlapping ranges on millions of acres of forests and rangelands in western
North America. Accurate prediction of their spatial distributions within these
ranges is essential to effective land-use planning, stocking allocation and
population management (Wisdom and Thomas 1996). Many habitat variables
influence the distributions of the two ungulates, making predictions a challenging
and sometimes daunting task for resource managers (Johnson et al. 1996, Ager
et al. 2004).

Distance to roads open to motorized vehicles has been identified as a
significant predictor of deer and elk distributions (Thomas et al. 1979). Elk in
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particular have shown disproportionately less use of areas near roads open to
motorized traffic (Lyon 1983; Rowland et al. 2000, 2004). As a result, extensive
road closures have been implemented in the western United States in an attempt
to mitigate the presumed reduction in elk use of habitat near open roads. Often,
road closures are implemented under the presumption that any road open to
traffic, regardless of its construction standard or traffic flow, will cause
avoidance by elk and that closing such roads will mitigate the avoidance (Wisdom
et al. 1986, Thomas et al. 1988). Moreover, mule deer have been assumed to
avoid roads in the same manner as elk (Thomas et al. 1979), although empirical
support for this assumption is limited and imprecise (see Perry and Overly 1977
versus Rost and Bailey 1979).

Despite the assumption that any road open to traffic elicits avoidance,
researchers have suspected that the rate of traffic influences the magnitude of
potential avoidance, especially by elk (Lyon and Christensen 2002). This was
confirmed indirectly by Perry and Overly (1977), Rost and Bailey (1979), and
Witmer and deCalesta (1985), among others, who found less elk use of areas near
primary or main roads than near secondary or primitive roads, presumably due
to a higher rate of traffic on primary roads and a higher level of human activity

“associated with the traffic. In addition, Rowland et al. (2000, 2004) found that elk
showed increasingly strong selection toward areas with increasing distance from
roads open to motorized traffic at the Starkey Experimental Forest and Range
(Starkey). This research was especially compelling, owing to the large number
of radio-collared elk and telemetry locations on which results were based during
three years of study.

Until recently, however, no research has examined the explicit
relationship of mule deer and elk distributions with traffic rates on jointly occupied
range. Johnson et al. (2000) included roads with varying traffic rates as part of
their analysis of resource selection by mule deer and elk at Starkey during spring.
Such data are needed by resource managers charged with answering a myriad
of questions about population and road management for these ungulates. For
example, what traffic rate, if any, elicits avoidance? Is the response the same for
the two species and the same during day versus night? Answers to these
questions are needed to justify and guide efforts to mitigate any negative effects.
Moreover, if traffic causes ungulate avoidance of areas near roads, the reduction
in carrying capacity could be biologically significant (Johnson etal. 1996, Wisdom
and Thomas 1996). '
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In this paper, we build on the earlier analyses by Johnson et al. (2000) at
Starkey to further explore the spatial patterns of mule deer and elk in relation to
roads of varying traffic rates and management. We specifically relate traffic rate
with areas selected by mule deer and elk on spring and summer range. Our
objectives were (1) to assess the degree to which mule deer and elk avoid areas
near roads, based on variation in rates of motorized traffic, (2) to examine
differences in response of mule deer versus elk to traffic, as an explicit test of the
assumption made by earlier investigators that mule deer avoidance of open roads
is similar to that of elk and (3) to describe the implications and potential uses of
results for management.

Study Area and Technologies

Our study took place in the Main Study Area of Starkey in northeastern
Oregon (Wisdom et al. 2004). Starkey features an automated telemetry system
(ATS) that has been used to monitor the movements of a large percentage of
female deer and elk (12 to 25 percent of females per species) in the Main Study
Area since 1991 (Findholt et al. 1996, Rowland et al. 1997). Monitoring with the
ATS has occurred during April to late December each year.

Starkey’s Main Area was designed to facilitate large-scale studies of
resource selection by deer and elk under population, habitat and human activity
conditions that mimic conditions in national forests on spring, summer and fall
ranges in the western United States. These design features are described in detail
by Rowland et al. (1997) and Wisdom et al. (2004).

Methods

Deriving Traffic and Road Variables

Over 50 traffic counters were placed throughout the Main Area along
roads not physically blocked to vehicle traffic. Each counter was associated with
a unique road segment. Counters were located immediately beyond a segment’s
intersection with other roads, providing an explicit count of traffic for that
segment. Each counter automatically tallied the number of vehicles passing over
the associated road segment at 15-minute intervals, 24 hours a day, throughout
the study. Rowland et al. (1997) described details about the counters and their use
in collecting traffic data. '
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We used the counts of traffic to characterize the rate of traffic on each
road segment for spring (mid-April to mid-June) and summer (mid-June to mid-
August), 1993 to 1995, with the following steps. First, we summed the counts of
traffic per counter for each hour of each day, and we summed these counts
across like hours for each counter per season per year. Second, we used the
summed counts to identify the 12-hour period of highest vehicle frequency versus
the 12-hour period of lowest vehicle frequency for a generalized 24-hour day for
each counter per season per year; we did this by calculating the ratio of traffic
counted for all possible pairs of 12-hour periods for each counter per season per
year, using a 12-hour moving window analysis, with each 12-hour window
advancing in 30-minute intervals. Third, for a given season and year (season-year
period), we defined day as being the 12-hour portion of the generalized 24-hour
day that had the highest 12-hour ratio of traffic counts for the majority of counters,
and we defined night as the opposite 12 hours. Starting times for the 12-hour
portion defined as day ranged from 0530 to 0700, Pacific Standard Time, among
season-year periods. Fourth, for each season-year period, we examined the
frequency distributions of traffic counts for day and for night among counters and
identified distinctive breaks in the distributions that resulted in five categories of
traffic rate during day and three categories during night (Table 1). Traffic rates

Table 1. Definitions of 11 traffic and road variables and mean nearest distance of 86,000 pixels
to each traffic and road variable, for each of six season-year periods encompassing spring (mid-
April to mid-June) and summer (mid-June to mid-August), 1993 to 1995, Main Study Area,
Starkey, northeastern Oregon. Values of mean nearest distance were used as estimates of the
area available to deer and elk (VAVAIL, as defined in text) for MANOVA and ANOVA tests
of selection in relation to traffic and road variables.

Traffic or road variable Nearest distance of pixels to traffic or road variable in meters
(No. vehicles/12 hrs Spring  Summer Spring  Summer Spring Summer
1993 1993 1994 1994 1995 1995
D5 (>10 day vehicles) - 2,005 1,557 4,310 1,560 4,310 4,310
D4 (>4 day vehicles <10) 2,114 1,225 1,665 1,491 1,658 1,658
D3 (>1 day vehicles < 4) 1,033 1,493 909 1,136 928 944
D2 (>0 day vehicles < 1) 870 883 872 946 901 820
D1 (0 day vehicles) 280 280~ 269 280 279 280
N3 (>1 night vehicles) 1,785 761 4,471 1,388 4471 4,470
N2 (>0 night vehicles<1) - 701 713 585 531 597 591
N1 (0 night vehicles) 236 280 242 263 232 237
Open (All rates possible) 638 638 638 638 638 638
Restr. (All rates possible) 408 408 408 408 408 408
Closed (All rates possible) 398 398 398 398 398 398
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were substantially higher during day, thus accounting for the larger number of
traffic categories for day versus night (Table 1).

Each segment of road was then assigned to one of the five categories of
traffic rate for day and one of the three categories for night, based on the category
that was associated with that segment’s traffic counter. The Main Area was then
subdivided into 86,000 0. 22-acre (30- by 30-meter) pixels, and spatial analysis
software (Ager and McGaughey 1997) used to calculate the distance of each
pixel to the nearest road of each of the categories of traffic. Because segments
of road often changed categories across season-year periods, the mean distance
of the 86,000 pixels to the nearest road of each category of traffic often was
unique for each season-year period (Table 1). Rowland et al. (1997, 1998)
described additional details about the spatial database and the methods used to
derive distance estimates for the traffic variables.

In addition to the traffic variables, we calculated the distance of each
pixel to the nearest road open to motorized vehicles, the nearest road closed to
motorized vehicles and the nearest road restricted to administrative traffic (Table
1, Rowland et al. 1997, 1998). Estimates of these road variables were an
- important complement to the traffic variables because such road variables are
used as imprecise but presumably unbiased indices of traffic rate on national
forests in northeastern Oregon, as well as in large areas of the western United
States, as part of road management for deer and elk. Thus, we wanted to
determine how well the patterns of ungulate selection accounted for by the traffic
variables might also be indexed by the road variables. Unlike the dynamic nature
of the traffic variables, whose distance estimates changed across season-year
periods with shifts in traffic rate across road segments, the mean distance of the
86,000 pixels to nearest road of each type remained static across all season-year
periods (Table 1).

Monitoring Animal Movements

~ We used the ATS during spring and summer, 1993 to 1995, to collect
more than 160,000 locations from 12 to 31 radio-collared females per species per
season-year period. Animals were systematically located approximately once
every 3 to 4 hours (X = 3. 7 hours among season-year periods, SE = 0.6), which
generated an average of 447 locations per female per season-year period (SE =
69). ,
The ATS computed each animal location in Universal Transverse
Mercator (UTM) coordinates. Point estimates of these locations were placed
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within the center of the nearest 0.22-acre (30- by 30-meter) pixel. Location
accuracy of the ATS was + 58 (X = 53 meters, SE = 5. 9) (Findholt et al. 1996).
Findholt et al. (1996), Johnson et al. (1998) and Rowland et al. (1997, 1998)
described additional details about use of the ATS to collect animal locations.

Assessing Deer and Elk Selection in Relation to Traffic and Road Variables

For each season-year period, use for a given radio-collared animal for a
given traffic or road variable was calculated as the mean of all distance values
for the variable taken across all pixels in which the animal was located. Each
location was weighted by a spatially explicit algorithm that corrected for spatial
differences in the rate at which telemetry locations were successfully obtained
(Johnson et al. 1998). Estimates of use (i. €. , mean distance values) for all traffic
and road variables for each animal in each season-year period were then placed
in a use vector, defined as V.

Similarly, availability of each traffic and road variable for each season-
year period was calculated as the mean of all distance values for the variable
taken across all 86,000 pixels (Table 1). Estimates of availability for all traffic and
road variables for each season-year period were then placed in an availability
vector, defined as V avar Each vector of availability was unique to each season-
year period (Table 1) due to the dynamic nature of traffic rates across seasons
and years.

Within-species Selection. For each season-year period, we calculated a
selection vector (Vg ...} of use minus availability of all traffic and road variables

for each radio-collared animal. Specifically, Vg, ... was calculated as a
difference vector of selection values (use minus availability) of all traffic and road
variables resulting from V, minus V, . for each animal and period. Each
selection vector for a radio-collared animal in a season-year period was used as
the unit of observation, or statistical replicate, to evaluate patterns of within-
species selection by the population of deer or elk in relation to the traffic and road
variables.

We used a two-step process to evaluate within-species selection. First,
we used a fixed-effects, factorial multivariate analysis of variance
(MANOVA)(Type III sum of squares [SS], generalized linear procedure
[PROC GLM], SAS Institute, Inc. 1990), with season and year as factors, to
initially test whether within-species selection differed by season, year or both.

This MANOVA was described in detail by Wisdom (1998).
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Second, with the finding of a significant factor effect (P < 0.05) of
season, year or their interaction, we examined each individual analysis of
variance (ANOVAs) to identify which traffic and road variables contributed to
these effects in a biologically significant manner. We defined a biologically
significant effect as any traffic or road variable that was statistically significant
(P < 0.05) for a given factor and whose mean value for that factor was
inconsistent in sign. For example, if use minus availability by season for the open
roads variable was statistically significant and had a positive sign for spring
(suggesting selection of areas farther from open roads than available) but a
negative sign for summer (suggesting selection of areas closer to open roads than
available), results for the two seasons were presented separately. Simple main
effects (individual season-year periods analyzed separately) and partial main
effects (some season-year periods pooled) were reported for any variable having
biologically significant effects due to season, year or both.

All traffic and road variables deemed not to contribute to season, year
or interaction effects in a biologically significant manner were then brought
forward to test the main effects of within-species selection, all seasons and years
pooled. This test was conducted using a one-sample, fixed-effects, completely
randomized MANOV A (Hotelling’s T2, no intercept option, Type Il SS,PROC
GLM, SAS Institute, Inc. 1990), as described by Wisdom (1998).

Because we had an unequal number of radio-collared replicates among
seasons and years, we used the least square means option (Lsmeans, PROC
GLM, or equivalent programming in PROC MEANS, SAS Institute, Inc. 1990)
for all ANOV As so that variation from radio-collared replicates for each season-
year period contributed equally to univariate tests. We also weighted radio-
collared replicates within each season-year period such that within-species
variation by trap location (radio-collared animals trapped in main study area
versus winter feed ground) was represented equally. Because of large
differences in categories of traffic by day versus by night, we conducted separate
MANOVAs for day and for night.

Between-species Selection. We also evaluated patterns of between-species
selection by deer versus elk in relation to traffic and road variables. We used a
fixed-effects, factorial MANOVA (Type II1 SS, Proc GLM, SAS Institute, Inc.
1990), with season, year, between-species selection, and we used their
interactions as factors as outlined by Wisdom (1998).
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With the finding of a significant interaction (P < 0.05) between any
factors in the MANOVA, we examined the individual ANOVAs to identify
which traffic and road variables contributed to the interaction in a biologically
significant manner. Biologically significant interactions were defined as any
statistically significant interaction that also contained “crossing” (Kirk 1982:356—
359) of the treatment level means for between-species selection and whose
treatment level means for between-species selection were inconsistent in sign
and direction. For example, if the interaction of between-species selection and
season for the open roads variable was statistically significant and indicated that
elk were closer than deer to open roads during spring but farther from open roads
during summer, results for the two seasons were presented separately.

As done for tests of within-species selection, we used the Lsmeans,
procedure (PROC GLM, SAS Institute, Inc. 1990), so variation from radio-
collared replicates from all season-year periods contributed equally to ANOVA
tests of main effects and all interactions for between-species selection.

Results

_ The vector of traffic and road VSELECT by mule deer and by elk was
significantly different (P < 0.05) from zero, both day and night, for the main
effects of within-species selection (Wisdom 1998). Moreover, MANOVA tests
of difference in selection between the two species also were significant (P <0.
05), as described in detail by Wisdom (1998). Univariate contributions of each
traffic and road variable to the significant main effects and to the biologically
significant interactions are described below for all within-species and between-
species MANOVAs.

Within-species Selection: Deer ‘

Both day and night, mule deer selected areas closer to roads that had day
rates of more than 4 vehicles per 12 hours (D4 and D5; Figure 1a, b), closer to
roads that had night rates of more than 1 vehicle per 12 hours (N3; Figure 1c, d),
and closer to roads open to motorized traffic (Open; Figure 1e, f). Mule deer also
selected areas closer to roads that had day rates of more than 1 but less than or
equal to 4 vehicles per 12 hours except during summer, when selection was not
significant (D3; Figure 1a, b).

' The magnitude of selection toward D5, D4, N3 and D3 roads appeared
to increase with increasing rate of traffic; roads with the highest rate—D5—had
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Figure 1. Areas selected by mule deer during day (a, c, ) and night (b, d, f) in relation to roads
of different rate of traffic (D1-DS5, N1-N3) and type (closed, restricted, open to vehicles). D1,
D2, D3, D4 and D3 were roads with 0, more than 0 but fewer than or equal to 1, more than 1
but fewer than or equal to 4, more than 4 but fewer than or equal to 10, and more than 10
vehicles per 12 hours during day. N1, N2 and N3 were roads with 0, more than 0 but less than
or equal to 1, and more than 1 vehicle per 12 hours during night. Main effects (all seasons and
years pooled)-are shown in black; partial main effects (some seasons and years pooled) are
shown in white: Partial main effects are shown for variables whose parameter estimates could
not be pooled across certain seasons or years due to interactions by season, year or both.
Significant differences in selection are shown with asterisks ( * =P < 0.05, **=P < 0.0 1).
Positive differences indicate selection away from roads. Negative differences indicate selection
toward roads. Descriptive and test statistics are provided by Wisdom (1998).
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the greatest mean difference of use versus availability, followed by N3, D4 and
D3. The consistency of selection toward these roads also appeared to increase
with increasing rate of traffic; roads with the highest rates—D4 and D5—had no
significant season or year interactions.

In contrast to selecting areas closer to open roads and to roads that had
higher rates of traffic, mule deer selected areas farther from roads that had day
rates of greater than 0 but less than or equal to 1 vehicles per 12 hours (D2; Figure
1a, b) but selected areas closer to roads that had night rates of greater than 0 but
less than or equal to 1 vehicle per 12 hours during spring (N2, Figure 1c, d). Finally,
mule deer showed no selection in relation to roads that received no traffic (D1;
Figure 1a, b; N1; Figure 1c, d) and no selection in relation to roads that were closed
to vehicles or restricted to administrative traffic (Closed and Restricted; Figure

le, ).

Within-species Selection: Elk

Both day and night, elk selected areas farther from roads that had day
rates of more than 1 vehicle per 12 hours (D3, D4 and DS; Figure 2a, b). Elk also
selected areas farther from roads that had night rates of more than 1 vehicle per
12 hours (N3; Figure 2c, d) and farther from roads open to motorized traffic
(Open; Figure 2e, f). During night, summer 1995, however, elk showed no
selection in relation to roads having night rates of more than 1 vehicle per 12 hours
(N3; Figure 2d). Elk also showed no selection during night in relation to open roads
for spring, all years (Figure 2f).

The consistency of elk selection away from roads appeared to increase
with increasing rate of traffic; roads with the highest rates—D3, D4 and D5—
had no significant season or year interactions. Roads with the highest rate of
traffic—D5-—also had greatest mean difference between use and availability.

In contrast to typically selecting areas farther from open roads and
farther from roads that had higher rates of traffic, elk generally selected areas
closer to roads that had little or no traffic. However, the pattern was not consistent
among all season-year periods. Specifically, elk were closer to roads that had day
rates of greater than 0 but less than or equal to 1 vehicle per 12 hours (D2; Figure
2a, ¢, except for spring 1994 during day), were closer to roads with no traffic (D1;
Figure 2a, b, except for spring 1993; and N1; Figure 2¢, d, except for spring 1993)
and were closer to roads that were closed (Closed, Figure 2e, f). However, elk
showed either an opposite or an inconsistent pattern of selection, day versus night,
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Figure 2. Areas selected by elk during day (a, c, €) and night (b, d, f) in relation to roads of
different rate of traffic (D1-D5, N1-N3) and type (closed, restricted, open to vehicles). DI,
D2, D3, D4 and D5 were roads with 0, more than 0 but fewer than or equal to 1, more than 1
but fewer than or equal to 4, more than 4 but fewer than or equal to 10, and more than 10
vehicles per 12 hours during day. N1, N2 and N3 were roads with 0, more than 0 but fewer
than or equal to 1, and more than 1 vehicle per 12 hours during night. Main effects (all seasons
and years pooled) are shown in black; partial main effects (some seasons and years pooled) are
shown in white. Partial main effects are shown for variables whose parameter estimates could
not be pooled across certain seasons or years due to interactions by season, year or both.
Significant differences in selection are shown with asterisks (* = P < 0.05, **= P < 0.01).
Positive differences indicate selection away: from roads. Negative differences indicate selection
toward roads. Descriptive and test statistics are provided by Wisdom (1998).
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in relation to roads that had night rates of greater than 0 but less than or equal to
1 vehicle per 12 hours (N2; Figure 2c, d). During day, elk also selected areas
farther from roads restricted to administrative traffic (Restricted; Figure 2e) but
selected areas closer to these same roads during night (Restricted; Figure 2f).

Between-species Selection: Deer versus Elk

Both day and night, elk were farther than deer from roads that had traffic
rates of more than 1 vehicle per 12 hours (D3, N3, D4, and D5; Figure 3a, b, c,
d) and farther than deer from open roads (Open; Figure 3e, f). By contrast, deer
generally were farther than elk from roads that had lower traffic rates or that
were restricted or closed, especially during night. Specifically, deer were farther
than elk from roads having day rates of greater than 0 but less than or equal to
1 vehicle per 12 hours (D2; Figure 3a, b), farther than elk during night from roads
having night rates of more than 0 but less than or equal to 1 vehicle per 12 hours
(N2; Figure 3d, except for summer 1993), and farther than elk during night from
roads that were restricted or closed (Restricted, Closed; Figure 3f). During day,
however, deer were closer than elk to N2 roads (Figure 3c, except for summer
1993) and closer than elk to restricted roads during spring, all years (Restricted;
Figure 3¢). Finally, we found no difference in deer versus elk selection in relation
to roads with zero traffic (D1, N1; Figure 3a-d), except during night, when deer
were farther than elk (N1; Figure 3d). We also found no difference in deer versus
elk selection during day in relation to closed roads (Closed; Figure 3e).

Discussion

Selection Patterns

A number of strong and surprising patterns emerged from our results.
First, deer and elk selected areas in opposite ways in relation to rate of traffic, with
the magnitude of difference increasing with increasing rate of traffic. Second,
thresholds existed for both species in terms of direction in selection: elk were
generally farther from roads with traffic rates more than 1 vehicle per 12 hours,
both day and night, while deer were closer. By contrast, selection by both species
was inconsistent in relation to roads with little or no traffic (less than or equal to
1 vehicle per 12 hours). Third, the type of road often correctly indexed the
direction in selection shown by both species in relation to rates of traffic; that is,
elk were farther from and deer were closer to roads that were open to all
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Figure 3. Differences in areas selected by mule deer versus elk during day (a, c, €) and night (b,
d, ©) in relation to roads of different type (closed, restricted, open to vehicles) and rate of
traffic (D1-D5, N1-N3). D1, D2, D3, D4 and D5 were roads with 0, more than 0 but fewer
than or équal to 1, more than 1 but fewer than or equal to 4, more than 4 but fewer than or
equal to 10, and more than 10 vehicles per 12 hours during day. N1, N2 and N3 were roads
with 0, more than 0 but fewer than or equal to 1, and more than 1 vehicle per 12 hours during
night. Main effects (all seasons and years pooled) are shown, except when parameter estimates
could not be pooled due to interactions by season, year or both. In such cases, partial main
effects (some seasons and years pooled) or simple main effects (specific season-year periods
analyzed separately) are shown and explicitly identified. Significant differences (P < 0.05) in
selection are denoted by the names of each species above and below the bar. The species
whose name is above the bar indicates it was significantly farther from a road than the species
named below the bar. Descriptive and test statistics are provided by Wisdom (1998).
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vehicular travel, which agreed with the overall direction in selection shown by
both species in relation to most roads that had nonzero rates of traffic (i. e., all
roads having more than 1 vehicle per 12 hours). Moreover, both species showed
a weak or inconsistent pattern of selection in relation to closed or restricted roads,
which agreed with the inconsistent pattern of selection shown by both species in
relation to roads with little or no traffic (<1 vehicle per 12 hours). And fourth, the
type of road sometimes failed to index the magnitude of selection in relation to the
traffic variables. For example, mule deer were approximately 100 to 150 yards
(91-137 m) closer to open roads than available, yet deer were more than 250
yards (229 m) farther from roads of second-highest traffic rate (D4) and more
than 550 yards (505 m) farther from roads of highest traffic rate (D5).

Implications for Roads and Habitat Models

Our results have direct bearing on a number of key assumptions and
relationships contained in habitat models for elk. First, our results support the
inclusion of an open-roads variable in spring-summer habitat models, such as
done inmodels by Thomas etal. (1979), Leege (1984), Lyon etal. (1985), Wisdom
et al. (1986) and Johnson et al. (1996). Second, our results corroborate the
assumption by some elk habitat modelers (e. g. , Thomas et al. 1979, Wisdom et
al. 1986) that increasing rate of traffic exerts an increasingly strong effect on elk
selection; this implies that accuracy of elk habitat models could be improved by
substituting a variable on traffic rate for the currently used variable on open roads.
Third, our findings do not support the assumption (Thomas et al. 1979) that
selection by mule deer is similar to that by elk in relation to traffic and road
variables; instead, our findings suggest that separate modeling terms are needed
for each species. Fourth, our results question the use of carrying capacity models
that are strictly nutrition- or forage-based, such as those by Nelson (1984),
Cooperrider and Bailey (1984), Van Dyne et al. (1984), and Schwartz and Hobbs
(1985), due to the strong effect that traffic and traffic-indexed human activities
may have on modeling results. In contrast to these models, our findings justify the
inclusion of traffic variables as a potential decrement to any projections of
carrying capacity for both species.

Our results would be particularly useful when considered as part of
distance band assessment of roads, as recently proposed by Rowland et al.
(2004). Under such an assessment, all roads open to traffic are mapped, and the
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associated landscape is subdivided into distance intervals or bands, according to
the distance of each band to the nearest open road. The probability that elk will
use each distance band, based on prior research on elk distributions in relation to
distance from open roads (Rowland et al. 2000), is then assigned to each band.
These probabilities are then weighted by the area of each distance band occurring
on the landscape being evaluated, and an overall probability is calculated. If open
roads could be further characterized by traffic rates, probabilities of elk use by
distance to nearest road of each rate could be considered. This refinement in the
road-distance band assessment deserves further consideration in future modeling
of elk habitat use at landscape scales, such as watersheds.

Are Elk Displacing Deer?

Perhaps our most intriguing finding relates to the hypothesis of
interference or disturbance competition where, “the mere presence of an animal
intimidates or annoys another animal into leaving the area” (Nelson 1982:416).
In the past, this hypothesis has been tested in relation to potential displacement
of wild ungulates by domestic livestock. For example, many studies have shown

-that elk avoid or decrease their use of areas with the onset of cattle grazing
(Knowles and Campbell 1982, Lonner and Mackie 1983, Wallace and Krausman
1987, Frisina 1992, Yeo et al. 1993, Coe et al. 2001, 2004), suggesting that
interference competition may be operating. _

The interference competition hypothesis, however, has not been tested
rigorously between sympatric species of wild ungulates in North America. In
potential support of this hypothesis in relation to mule deer and elk, a number of
researchers (Cliff 1939, Mackie 1981, Nelson 1982) inferred that elk may out-
compete and potentially displace mule deer on winter ranges that are limited in
size and available forage. Nelson (1982) also believed that mule deer may leave
or avoid areas of heavy use by elk, even if forage is abundant and dietary overlap
with elk is low. Wisdom and Thomas (1996) also suggested that elk may displace
mule deer on jointly occupied ranges when elk exist at moderate to high densities,
due to a number of behavioral and physiological advantages that elk presumably
have over deer. Finally, Cowan (1950:582), working in western Canada, inferred
that, “mule deer and moose have decreased since elk became abundant, and the
causal nature of the two events, though not established, seems probable.”

Lack of direct, cause-effect evidence, however, limits firm conclusions.
On the other hand, an additional analysis at Starkey (M. J. Wisdom, unpublished
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data) supports the assumption that mule deer change their distributions within our
study area in relation to opposite changes in distribution by elk. In this additional
analysis, elk were significantly farther (P <0. 05) from roads that had highestrate
of traffic (D5) during summer 1994 (use minus availability = 338 yards), while
mule deer were closer (use minus availability = - 412 yards). During a one-month,
either-sex bow season on elk that immediately followed summer 1994, however,
elk shifted their distributions significantly closer to these same roads (use minus
availability = - 227 yards) while deer moved significantly farther away (use minus
availability = 388 yards). Simultaneous with the shift by elk toward the D5 roads
during the bow hunt was the inclusion of the D5 roads within a no-hunting area
that extended 400 yards outward from these roads. Thus, the most plausible,
logical explanation for these distributional shifts is that elk are sensitive to traffic
but are more sensitive to hunting pressure, and mule deer are sensitive to the
presence of elk. The results, we believe, are distributions of mule deer and elk that
existand shift in dynamic, opposite ways, in both direction and magnitude and, in
agreement with the interference competition hypothesis.

Similar findings and inferences were made from earlier analyses of mule
deer and elk interactions at Starkey by Johnson et al. (2000), Coe et al. (2001,
2004) and Stewart et al. (2002). In each of these analyses, investigators found
strong evidence, although observational, that mule deer were avoiding elk. For
example, Johnson et al. (2000) found that the strongest coefficient in explaining
resource selectiqn by mule deer was resource selection by elk. While mule deer
occupied areas largely avoided by elk, the opposite was not true. That is, resource
selection by elk could not be explained by selection patterns of mule deer.

Although such discussion is compelling, manipulative experiments are
needed to formally test and validate the interference competition hypothesis
under varying levels of deer and elk densities and rates of traffic, under the
presumption that certain ungulate densities and certain traffic rates work together
to cause elk to avoid areas near roads and to cause mule deer to select areas near
roads as a means of avoiding elk. Ideally, such manipulative experiments would
be designed to measure effects on population performance of both species. To
date, analyses of the effect of vehicle access on survival (such as Cole et al. 1998
for elk) and reproduction of both species on jointly occupied range has not been
conducted. :

It also is important to note that some researchers have speculated that
mule deer are attracted to areas near roads when roadsides have been seeded
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with nutritious grasses and forbs (Wallmo et al. 1976). However, attraction to
forage along roadsides would not plausibly account for the large differences in
mule deer selection that we observed in relation to varying rates of traffic.
Moreover, the distributional shifts described above for mule deer versus elk
before versus during the 1994 bow hunt provide compelling support for the
interference competition hypothesis, which does not accommodate the notion
that mule deer selected areas near roads due to superior roadside forage.

Limits of Inference

Our findings particularly are relevant to spring and summer ranges that
are jointly occupied by deer and elk under conditions of moderate to high densities
of elk. These are the conditions under which our study was conducted. However,
these conditions are common across large areas of western North America. By
contrast, inferring results from our study to other areas where mule deer are
common and elk are absent or sparse, would be inappropriate and likely
unreliable. Inferring results of our study to spring and summer ranges occupied
solely by mule deer, in particular, could be especially unreliable, given the high
potential for mule deer distributions in our study area to be affected strongly by
selection patterns of elk. In the absence of moderate or high densities of elk, mule
deer may exhibit different distribution and selection patterns in relation to roads
and traffic than we observed at Starkey.

Management Implications

Differences in selection by mule deer and elk in relation to traffic could
be considered in the management of motorized vehicles and traffic-related
human activities on spring-summer ranges where both species occur, and where
elk exist at moderate to high densities. Our results suggest that spring-summer
habitat models for elk may not account for patterns of resource selection by mule
deer on jointly occupied range and that resource needs of each species must be
addressed separately.

Our results also suggest that inclusion of road or traffic variables in
habitat models is essential to accurate portrayal of selection patterns for both
species. Forage- or nutrition-based habitat models that exclude road or traffic
variables have the potential to be highly inaccurate, given the large magnitude of
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difference in selection shown by sympatric populations of deer and elk in relation
to rates of traffic and types of roads. Manipulative experiments are needed to
validate the presumption that rate of traffic acts as a mechanistic cause for
differences in selection patterns between mule deer and elk and to validate these
selection patterns across a diversity of environments in which both species occur.
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