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ABSTRACT We studied resource partitioning between sympatric populations of Columbian white-tailed
(CWTD; Odocoileus virginianus leucurus) and black-tailed (BWTD) deer (O. odocoileus hemionus columbianus)
in western Oregon to understand potential mechanisms of coexistence. We used horseback transects to
describe spatial distributions, population overlap, and habitat use for both species, and we studied diets with
microhistological analysis of fecal samples. Distribution patterns indicated that white-tailed and black-tailed
deer maintained spatial separation during most seasons with spatial overlap ranging from 5%–40% seasonally.
Coefficients of species association were negative, suggesting a pattern of mutual avoidance. White-tailed deer
were more concentrated in the southern portions of the study area, which was characterized by lower
elevations, more gradual slopes, and close proximity to streams. Black-tailed deer were more wide ranging
and tended to occur in the northern portions of the study area, which had higher elevations and greater
topographical variation. Habitat use of different vegetative assemblages was similar between white-tailed and
black-tailed deer with overlap ranging from 89%–96% seasonally. White-tailed deer used nearly all habitats
available on the study area except those associated with conifers. White-tailed deer used oak-hardwood
savanna shrub, open grassland, oak-hardwood savanna, and riparian habitats the most. Black-tailed deer
exhibited high use for open grassland and oak-hardwood savanna shrub habitats and lower use of all others.
The 2 subspecies also exhibited strong seasonal similarities in diets with overlap ranging from 89% to 95%.
White-tailed deer diets were dominated by forbs, shrubs, grasses, and other food sources (e.g., nuts and
lichens). Columbian black-tailed deer diets were dominated mostly by forbs and other food sources. Seasonal
diet diversity followed similar patterns for both species with the most diverse diets occurring in fall and the
least diverse diets in spring. High overlap in habitat use and diets resulted in high trophic overlap (81–85%)
between white-tailed and black-tailed deer; however, the low spatial overlap reduced the potential for
exploitative competition but may have been indicative of inference competition between the species. Diverse
habitat and forage opportunities were available on the study area due to heterogeneous landscape charac-
teristics, which allowed ecological separation between white-tailed and black-tailed deer despite similarities
in diets and habitat use. We make several recommendations for management of CWTD, a previously
threatened species, based on the results of our study. � 2011 The Wildlife Society.

KEY WORDS black-tailed deer, Columbian white-tailed deer, diets, habitat use, resource partitioning, spatial dis-
tributions, western Oregon.

The ecological processes that facilitate sympatric coexistence
among species are highly complex and few unifying para-
digms exist. Natural selection strongly favors ecological sep-
aration among sympatric species (Pianka 1988), and resource
partitioning is one of the most widely studied mechanisms
for coexistence of similar species. Resource partitioning and
spatial segregation are often influenced by factors such as
predation (Sinclair 1985, Lingle 2002), weather sensitivity,

social organization, activity asynchrony (Conradt 1998,
Ruckstuhl 1998), or the potential for interspecific compe-
tition. Although the range of resource dimensions can
include all of the physical and environmental parameters
that define where an organism exists, the dimensions are
often classified broadly into food, space, and habitat use
(Pianka 1969, Schoener 1974).

Spatial distributions constitute important components of
an organisms’ niche and often are influenced by factors such
as climate, forage availability, and habitat availability (e.g.,
vegetation or cover types). Spatial segregation has been
found to be an important factor for sympatric coexistence
among a number of ungulate species (e.g., Anthony and
Smith 1977, Singer 1979, McCullough 1980, Wydeven
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and Dahlgren 1985, Smith 1987, Wood 1989). Spatial seg-
regation can often result from interspecific differences in the
use of physical habitat features (e.g., elevation, slope, and
aspect), which individually represent important resource
dimensions. Spatial segregation also may reflect some degree
of competitive exclusion of one species by another and represent
some form of interference competition (Schoener 1974).

Habitat use of different vegetative assemblages has been
widely cited for the coexistence of sympatric ungulate species
(e.g., Anthony and Smith 1977, Singer 1979, Smith 1987,
Wood 1989, Brunjes et al. 2006). Partitioning of habitats
may allow species to maintain greater overlap along other
resource dimensions, while potentially avoiding exploitive
competition. Forage partitioning also has been extensively
studied in niche separation of cervids (McCullough 1980)
and is widely cited for the sympatric coexistence of many
ungulate populations (e.g., Kirchhoff 1973, Krausman 1978,
Schwartz and Ellis 1981, Hanley and Hanley 1982, Leslie
et al. 1987, Kirchhoff and Larsen 1998). In contrast, another
study reported lack of forage partitioning between sympatric
mule deer and white-tailed deer populations as evidence for
potential competition (Anthony and Smith 1977). Other
studies have reported high diet overlap between these
species but concluded that competition was averted through
partitioning of other resources (Kramer 1973, Singer 1979).

White-tailed deer (Odocoileus virginianus) and mule deer
(O. hemionus) populations overlap extensively throughout
western North America (Brunjes et al. 2006). Several studies
(Martinka 1968, Kramer 1973, Anthony and Smith 1977,
Swenson et al. 1983, Wiggers and Beasom 1986, Wood et al.
1989, Baty 1995, Mackie et al. 1998) have investigated
ecological relationships and mechanisms of resource parti-
tioning among sympatric white-tailed and mule deer popu-
lations. In contrast, the co-occurrence of Columbian
white-tailed (CWTD; Odocoileus virginianus leucurus) and
Columbian black-tailed deer (CBTD; O. odocoileus hemionus
columbianus) in western Oregon is the only instance of
overlap between these subspecies. Within this region, popu-
lation overlap is rare due to the limited distribution of the
CWTD, and only one study has investigated the ecological
relationships between these subspecies (Smith 1987).

The purpose of our study was to examine patterns of
resource use to assess the role of resource partitioning in
coexistence of CWTD and CBTD in western Oregon. Our
objectives were to quantify and compare: 1) spatial distri-
butions and physical use patterns, 2) habitat use, and 3) diet
composition. These resource dimensions are often demon-
strated to be important factors influencing ecological
relations between species (Pianka 1988) and offer a resource
gradient from large to small scale features for assessing
resource partitioning and niche separation. First, we pre-
dicted that spatial segregation would occur between CWTD
and CBTD during all seasons but would be less pronounced
when resources were most abundant (i.e., spring and fall).
Second, we predicted that there would be strong selection
patterns for different habitats that would maintain ecological
separation between the 2 subspecies. Third, we predicted
that there would be interspecific differences in diets that

would maintain low seasonal overlap. Because diet overlap
should decrease with decreasing food resources (Dunbar
1978, Schwartz and Ellis 1981), we further predicted that
overlap would be highest during spring and lowest during the
dry summer months.

STUDY AREA

We conducted our study on the North Bank Habitat
Management Area (NBHMA). This 2,663-ha management
area was located northeast of Roseburg, Oregon, on the
north side of the North Umpqua River along County
Road 200 in Douglas County, Oregon. The property was
obtained by the Bureau of Land Management (BLM) in
1994 to secure habitat for, at that time, the federally endan-
gered CWTD. The NBHMA was closed to motorized
vehicles and received a low level of dispersed recreational
use (e.g., day hiking, horseback riding) and limited hunting
pressure during our study. Prior to BLM ownership, the
property was used for livestock grazing, with much of the
native habitats converted to improved pastures. There was
high potential overlap between the subspecies due to high
deer density. Surveys conducted on the NBHMA estimated
densities for black-tailed deer and white-tailed deer at
9.1 deer/km2 and 5.0 deer/km2, respectively, during our
study (D. Jackson, Oregon Department of Fish and
Wildlife, unpublished data).

The landscape of the North Bank Habitat Management
Area is characterized by undulating topography with moder-
ately steep hills dissected by small drainages. The elevation
generally increases south to north from 158 m to 603 m,
with creek bottom to ridge top topographic relief ranging
from 152 m to 274 m. The climate was characterized by hot,
dry summers, and cool, wet winters. Average annual rainfall
for Roseburg was between 86 cm and 96 cm with most
precipitation occurring from October to April (U.S.
Department of the Interior [USDI] Bureau of Land
Management 2000). During 1997–1998, precipitation on
the area was above average with 123 cm of rain. Average
annual temperature was 12.28C with typical summer maxi-
mum temperatures near 258C and winter minimum tem-
peratures near 08C (USDI Bureau of Land Management
2000). During 1997–1998, annual daily temperature aver-
aged 12.88C with a summer maximum of 39.48C and winter
minimum of 3.38C.

The NBHMA was located within the Interior Valley
Zone of western Oregon (Franklin and Dyrness 1973).
Vegetation represented a transition between the mesic
lowlands of the Willamette Valley and the more xeric low-
lands of northern California (Smith 1985b). A mixture of
grasslands, oak savanna, oak woodlands, and mixed-age
conifer stands dominated the area. Historically, the grass-
lands and oak savanna complexes were maintained through
fire management, grazing, and agricultural conversion to
improved pastures. We categorized plant communities into
8 habitat classes based on general plant associations and the
extent of canopy closure (Ricca 2000). These plant associ-
ations were described by Smith (Smith 1985b) but we pooled
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them to reduce errors associated with aerial photo interpret-
ation according to Ricca et al. (2003). We determined plant
species composition from vegetative analysis conducted as
part of the foraging micro-site component of our study,
a plant list produced by the BLM, and a plant association

study by Smith (1981). Habitat classes and their proportional
representation on the study area included: Oak-hardwood
savanna shrub (814 ha, 30%, Fig. 1a), oak-hardwood
(556 ha, 21%, Fig. 1b), open grassland (376 ha, 14%,
Fig. 1c), oak-hardwood conifer (317 ha, 12%, Fig. 1d),
grass-shrub (176 ha, 7%, Fig. 1e), oak-hardwood savanna
(189 ha, 7%, Fig. 1f), riparian (155 ha, 6%, Fig. 1g), and
conifer forest (103 ha, 4%, Fig. 1h). For more detail on
the description of these vegetative types see Ricca et al.
(2003) or Whitney (2001).

METHODS

For all data collection and subsequent analyses, we defined
the following seasons: fall (21 Sep to 20 Dec), winter (21 Dec
to 20 Mar), spring (21 Mar to 20 Jun), and summer (21 Jun
to 20 Sep). These seasons corresponded to the warm and dry
versus cold and wet portions of the year, which affected
vegetative growth and senescence.

Spatial and Physical Habitat Use
We conducted horseback surveys to determine spatial distri-
butions, inter-specific population overlap, and habitat use of
CWTD and CBTD. Previous research on mule deer (O.
hemionus) and elk (Cervus elaphus) found no measurable
response of either species to horseback activities relative to
no human activity in northeastern Oregon (Wisdom et al.
2004); consequently, we believed that this method of survey
was better than foot surveys for our study. We established 6
fixed transect routes to systematically traverse all regions and
habitats of the NBHMA. Routes followed topographic
features and included both ridges and valley bottoms. We
randomly selected routes and completed them in early morn-
ing or late evening, periods of peak deer activity and move-
ment (Beier and McCullough 1990). We alternately
traversed routes clockwise and counterclockwise to reduce
any bias associated with time sequence of the routes. We used
binoculars to aid in visual observations of deer, and we
recorded species, group size, group composition (e.g., age
and sex), habitat type, activities or behaviors, and locations.
We recorded locations for each deer or group of deer on
7.5-min (1:24,000) United States Geological Survey topo-
graphic maps in the field and later converted them to
Universal Transverse Mercator (UTM) coordinates from
digital photo-orthoquads and topographic maps using a
Geographic Information System (GIS).

We determined spatial distributions for white-tailed and
black-tailed deer by applying a home range estimator to deer
group locations. We used the KernelHR software program
with the Plotcenter sub-routine, which uses the fixed-kernel
method (Worton 1989) to estimate the area of the utilization
distribution (i.e., probability of finding a species at a particu-
lar location on a plane), with no assumptions about the
underlying species distribution. When used with the least
squares cross validation procedure to select the optimal
smoothing parameter, fixed-kernel estimates yield areas with
little bias (Seaman and Powell 1996). Sample sizes for
observed deer groups during each season ranged from 56
to 258 locations, which was >50 locations suggested for

Figure 1. Vegetative associations on the North Bank Habitat Management
Area, Douglas County, Oregon, 1997–1998.
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estimation of utilization distributions with fixed-kernel
methods (Seaman et al. 1999). We collected physical habitat
data by comparing deer group locations to slope, aspect, and
elevation raster coverages generated from 7.5-min
(30 m � 30 m grid cell) digital elevation models of the study
area using GIS. We calculated proximity to water as the
distance from each deer group to the nearest stream or river.

Habitat Use and Selection
We determined seasonal habitat use by the 2 subspecies by
comparing deer locations to a digital habitat map of the study
area using GIS. We generated the digital habitat map by
digitizing habitat patches >1 ha from digital photo-ortho-
quads of the study area (Ricca 2000). We determined habitat
selection patterns by comparing habitat use to availability
within the study area following a design 1 sampling pro-
cedure and protocol A (Manly et al. 1993). Because our data
collection methods did not prevent differential observability
among the different habitat types, we used our results to
compare seasonal interspecific patterns rather than absolute
habitat selection or avoidance.

Diet Composition
To examine diet composition, we collected fresh fecal pellets
from individual deer and combined them into same-species
pellet group samples for each week. We mixed each compo-
site sample, composed of samples from one to several deer,
and froze it in an air-tight plastic bag. We sent composite
fecal samples to the Washington State University Wildlife
Habitat Laboratory for microhistological analysis of plant
fragments (Sparks and Malechek 1968). The diet compo-
sition analysis was based on 25 views of 4 slides from each
composite sample. The level of analysis generally allowed
plant fragments to be identified to genus and species,
although all plant fragments were at least identified to the
forage class level. Due to the problem of differential plant
digestibility with the microhistological analysis technique
(Vavra et al. 1978), diet compositions were adjusted by
seasonal correction factors. At the mid-point of each season
a representative sample of the dominant plants identified by
microhistological analysis were collected from the study area.
We sent samples to the Wildlife Habitat Laboratory to be
processed by in vitro digestion using bovine rumen fluid. The
plant residues from the artificial digestion process were
treated as simulated fecal samples, and the plant fragments
were identified by the microhistological analyses. The cor-
rection factor was calculated as the ratio of the weight of the
plant material to the proportional composition from the fecal
analysis. Corrected diet compositions better reflect the
relative proportions of plants in the diets, as forbs and grasses
are more completely digested by ungulate rumen than shrubs
and trees and therefore underestimated in the original diet
analysis (B. B. Davitt, Washington State University, Pullman,
personal communication). Plant composition in the diets was
expressed as percent relative density (Sparks and Malechek
1968).

Trophic and Ecological Overlap
The major resource dimensions of spatial distributions,
habitat use, and diets were included in an analysis to

examine seasonal patterns of resource overlap between the
two subspecies. We calculated trophic overlap by multiplying
habitat and diet overlap coefficients, whereas we derived
ecological overlap by multiplying trophic and spatial
overlap coefficients (Jenkins and Wright 1988). The
ecological overlap coefficient is similar to the ‘‘product /’’
competition coefficient developed by Levins (1968) and used
by Anthony and Smith (1977). This multiplicative index may
underestimate true resource overlap if the individual resource
dimensions are not independent (May 1975). Since resource
dimensions are not completely dependent or independent,
the ‘‘summation /’’ competition coefficient, calculated as
the arithmetic mean, was used as an upper bound for the
true ‘‘multidimensional /’’ (May 1975). Trophic overlap
coefficients convey information about the potential for
resource competition, whereas ecological overlap coefficients
reflect the potential for direct competition (McCullough
1980). Taken together, trophic and ecological overlap coef-
ficients can be used to assess the potential for exploitive
competition.

Statistical Analyses

We estimated overlap in spatial distributions between the 2
species with a grid cell analysis on group locations using the
Horn’s (1966) index of similarity (Ro), which produces
unbiased estimates of overlap (Ricklefs and Lau 1980,
Smith and Zaret 1982) and ranges from 0 (no resource
overlap) to 1 (complete resource overlap). We calculated
niche breadth using Hurlbert’s (1978) standardized measure
of niche breadth, which ranges from 0 to 1. We calculated
coefficients of species associations for white-tailed and black-
tailed deer spatial distributions based on grid cell analysis.
We calculated the coefficients with the formula by
Southwood (1966), which ranges from �1 (repulsion) to
þ1 (complete association) and accounts for the number of
groups of each species.

We determined seasonal shifts in species distribution by the
multi-response permutation procedure, a nonparametric
procedure for testing the hypothesis of no difference between
�2 groups (McCune 1999). Because our purpose was to
sequentially compare seasonal distributions, we made
Bonferroni adjustments to the critical value such that we
considered only P-values <0.0125 significant. The chance-
corrected within-group agreement statistic (A) describes the
within-group homogeneity compared with random expec-
tation and is used as a measure of the ‘‘effect size’’ (McCune
1999). When values for the agreement statistic approach one,
within group items are nearly identical, which means that the
between group differences are maximized. Values >0.3,
however, are considered large for community data.

We tested physical habitat parameters (i.e., slope, elevation,
and aspect) and diet comparisons by multivariate analysis
of variance (MANOVA). When significant multivariate
differences (P < 0.05) were detected, univariate analysis of
variance (ANOVA) tests were used to determine which
characteristics were causing the overall differences, and the
Tukey–Kramer multiple comparison procedure was used to
determine significant differences among means (Zar 1999).
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We transformed slope data using the arcsine square root
transformation before we included them in the MANOVA.
We quantified aspect data by compass direction and it
ranged 0–3598. Because these interval data had a circular
distribution, we converted them to rectangular coordinates
to calculate descriptive statistics. We tested interspecific
comparisons for the aspect data using the Watson–
Williams test for two samples (Zar 1999). For the diet
composition analyses, the species and forage class data were
arcsine square root transformed to address the normality
assumptions violated by low and 0 values.

We based niche overlap comparisons for the habitat use and
diet data on Horn’s (1966) index of similarity. We calculated
niche breadth for the habitat dimension by Hurlbert’s (1978)
standardized niche breadth measure. We calculated niche
breadth for the food resource dimension by Levins’ (1968)
measure of niche breadth as standardized by Hurlbert (1978);
we used this niche measure because we did not attempt to
quantify forage availability. We used goodness-of-fit tests,
based on the log-likelihood ratio, to test for interspecific and
seasonal differences in the habitat and diet data (Zar 1999).
We report descriptive statistics and significant differences at
the 0.05 level of significance. Analysis of habitat selection
data followed procedures by Manly et al. (1993). We based
all reported differences between selection ratios on a multiple
comparisons procedure and considered differences signifi-
cant at the 0.05 level.

RESULTS

Spatial and Physical Habitat Use
CWTD and CBTD demonstrated seasonal changes in
population distributions (Fig. 2) and use of physical habitat
components (white-tailed deer, F9,906 ¼ 7.98; P < 0.001,
black-tailed deer, F9,1548 ¼ 7.97; P < 0.001). During fall,
the white-tailed deer population moved northwest from the
summer distribution (P < 0.001, A ¼ 0.019) and expanded
its range to 61% (1,632 ha) of the study area (Fig. 2a).
White-tailed deer used higher elevations during this season
as compared to other seasons (Tukey–Kramer procedure,
q1,021 ¼ 4.29, a ¼ 0.05). White-tailed deer used 29%
(765 ha) of the study area during winter (Fig. 2c), and
their distribution was not distinct from fall (P ¼ 0.073,
A ¼ 0.006). In spring, white-tailed deer used 33%
(882 ha; Fig. 2e) of the study area and shifted to southeast
facing slopes. During summer, the white-tailed deer popu-
lation occupied the eastern portion (P < 0.001, A < 0.08)
and only occupied 21% (551 ha) of the study area (Fig. 2g),
the smallest spatial distribution of all seasons. During
this season, the population was located significantly closer
to creeks and rivers than during the fall or spring (Tukey–
Kramer procedure, q ¼ 4.29, df ¼ 1,026, a ¼ 0.05).

During fall, the black-tailed deer population moved west
from the summer distribution (P < 0.001, A ¼ 0.017) and
used 47% (1,268 ha) of the study area (Fig. 2b). Black-tailed
deer used 56% (1,500 ha) of the study area during
winter (Fig. 2d) and shifted their range to the northwest
(P ¼ 0.039, A ¼ 0.006). During spring, the black-tailed

deer population moved southwest (P < 0.001, A ¼ 0.018)
and used 62% (1,675 ha) of the study area (Fig. 2f).
Similar to white-tailed deer, black-tailed deer shifted east
(P < 0.001, A < 0.08) during summer and used only

Figure 2. Seasonal spatial distributions of Columbian white-tailed and
black-tailed deer on the North Bank Habitat Management Area, Douglas
County, Oregon, 1997–1998.
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33% (893 ha) of the study area (Fig. 2h), the smallest spatial
distribution of all seasons. During summer the population
occurred at lower elevations (Tukey–Kramer procedure,
q ¼ 4.29, df ¼ 1,021, a ¼ 0.05) and closer to creeks and
rivers compared to other seasons.

Spatial overlap between white-tailed and black-tailed deer
was low to moderate (Horn’s index, Ro ¼ 0.05–0.40;
Table 1) during all seasons. In general, white-tailed deer
used portions of the study area with lower elevations and
closer to water than did black-tailed deer. Black-tailed deer
exhibited broader use of space than did white-tailed deer
(1.95 < Z < 4.29, P � 0.05) during all seasons except fall
(Z ¼ 1.82, P ¼ 0.068; Table 1). The greatest spatial overlap
between the 2 subspecies occurred during fall (Horn’s 1966
index, Ro ¼ 0.40) when use of topographic and physical

habitat parameters was most similar. The least interspecific
spatial overlap (Horn’s index, Ro ¼ 0.05) occurred during
winter when the 2 species had greater differences in use of
different elevations despite maintaining similarities in use of
slopes and aspects. Coefficients of species association indi-
cated a negative association between white-tailed and black-
tailed deer during all seasons (fall, Iai ¼ �0.213, winter,
Iai ¼ �0.7, spring, Iai ¼ �0.592, summer, Iai ¼ �0.210),
which was highest during winter and lowest during summer
and fall.

Habitat Use and Selection

Columbian white-tailed deer used nearly all habitats avail-
able on the study area, and habitat use was variable among
seasons (G21 ¼ 40.40, P ¼ 0.013; Fig. 3). Annually,

Table 1. Physical habitat characteristics of Columbian white-tailed (CWTD) and black-tailed (CBTD) deer populations on the north bank habitat
management area, Douglas County, Oregon, 1997–1998.

Physical habitat
parameters

Fall Winter Spring Slimmer

CBTD
(n ¼ 168)

CWTD
(n ¼ 100)

CBTD
(n ¼ 62)

CWTD
(n ¼ 56)

CBTD
(n ¼ 258)

CWTD
(n ¼ 105)

CBTD
(n ¼ 157)

CWTD
(n ¼ 123)

x SE x SE x SE x SE x SE x SE x SE x SE

Elevation (m)a 410.6 4.8� 325.3 8.1 407.5 5.9� 285.2 8.7 390.8 4.5� 268.1 5.9 351.2 6.7� 259.1 4.6
Slope (8)a 15.4 0.5 14.2 0.6 15.6 0.7 14.9 0.7 15.2 0.4 14.0 0.7 16.7 0.5� 13.5 0.6
Aspect (8)b 170.3 – 168.4 – 193.9 197.8 – 172.4 –� 237.2 – 152.2 –� 122.5 – –
Distance to water (m)a 298.0 10.1� 209.3 14.6 287.0 19.5� 152.6 14.4 267.7 8.5� 174.8 14.6 228.8 10.4� 118.5 10.6

a Interspecific differences determined by Tukey–Kramer multiple comparisons procedure.
b Interspecific differences tested with Watson–Williams test (Zar 1999).
� Interspecific difference significant at P < 0.05 probability level.

Figure 3. Seasonal habitat use patterns for Columbian white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank Habitat Management Area,
Douglas County, Oregon, 1997–1998. CON, conifer; GSH, grass-shrub; GSL, open grassland; HCN, oak-hardwood conifer; HSS, oak-hardwood savanna
shrub; OHWD, oak-hardwood; OS, oak-hardwood savanna; RIP, riparian.
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oak-hardwood savanna shrub was the most frequently used
habitat (25.2%), followed by open grassland (19.2%), oak-
hardwood savanna (14.8%), riparian (14.3%), oak-hardwood
(11.9%), and grass-shrub (11.7%). Conifer and oak-hard-
wood conifer habitats were used <3% of the time. Open
grassland was the most frequently used habitat during spring,
whereas oak-hardwood savanna shrub was used most during
fall, winter, and summer. For all seasons, use of conifer and
oak-hardwood conifer habitats by white-tailed deer was low.

Columbian black-tailed deer exhibited high use of open
grassland and oak-hardwood savanna shrub habitats and
relatively low use of all other types. There were significant
seasonal differences in habitat use (G21 ¼ 72.55, P < 0.001;
Fig. 3). Annually, open grassland was the most frequently
used habitat (39.4%), followed by oak-hardwood savanna
shrub (28.4%), oak-hardwood (9.8%), grass-shrub (8.4%),
and oak-hardwood savanna (7.8%). Riparian, conifer, and
oak-hardwood conifer habitats were used <4% each. Across
all seasons, open grassland and oak-hardwood savanna shrub
were the most frequently used habitats. Oak-hardwood sav-
anna shrub habitat was used nearly 50% more often than was
open grassland during winter. Similar to white-tailed deer,
use of conifer and oak-hardwood conifer habitats by black-
tailed deer was low during all seasons.

There was high habitat overlap between white-tailed and
black-tailed deer (Horn’s 1966 index, Ro � 0.89; Table 2)
during all seasons and no differences in breadth of habitat use
(�0.21 < Z > 0.06, P > 0.39; Table 3). Greatest overlap
occurred during fall (Horn’s index, Ro ¼ 0.96) with the 2
species showing similar use of conifer, grass-shrub, and oak-
hardwood habitats. The 2 species were most dissimilar in the
use of open grassland, riparian, oak-hardwood conifer, and
oak-hardwood savanna habitats. Habitat selection ratios
were similar during fall, with both species selecting open
grassland (Fig. 4). Black-tailed deer also selected grass-shrub

habitats. White-tailed deer avoided oak-hardwood conifer
habitats, whereas black-tailed deer avoided conifer and ripar-
ian habitats. Habitat selection for oak-hardwood conifer and
conifer habitats by white-tailed deer and riparian and conifer
habitats by black-tailed deer during fall was regarded as
suggestive because the sample counts were <5 in these
habitats (Manly et al. 1993).

Lowest overlap in habitat use occurred during winter and
spring (Horn’s index, Ro ¼ 0.89), although habitat overlap
was high during all seasons (Table 2). The 2 subspecies used
oak-hardwood conifer, oak-hardwood, and grass-shrub
habitats similarly during winter. They were most dissimilar
in use of oak-hardwood savanna shrub, oak-hardwood sav-
anna, and riparian habitats (Fig. 3). White-tailed deer
selected oak-hardwood savanna and riparian habitats but
there was no selection or avoidance of all other habitats.
Black-tailed deer selected oak-hardwood savanna shrub and
avoided riparian habitats during the winter. Selection of oak-
hardwood conifer and conifer habitats by white-tailed deer
and riparian, conifer, and oak-hardwood conifer habitats by
black-tailed deer were suggestive due to low use and sample
sizes.

The 2 species used grass-shrub and conifer habitats sim-
ilarly during spring. They were most dissimilar in use of open
grassland and riparian habitats during spring (Fig. 4).
White-tailed deer exhibited no selection or avoidance for
riparian, oak-hardwood savanna, and open grassland habitats,
whereas they avoided oak-hardwood conifer. Black-tailed deer
selected open grasslands and avoided conifers.

Overlap in habitat use was slightly higher in summer
(Horn’s 1966 index, Ro ¼ 0.90) compared to spring, with
similarities in use of conifer, oak-hardwood conifer, oak-
hardwood savanna shrub, and oak-hardwood habitats. Use
was most dissimilar for open grassland and riparian
habitats. White-tailed deer selected riparian habitats and

Table 2. Trophic and ecological overlap indices for Columbian white-tailed and black-tailed deer on the North Bank Habitat Management Area, Douglas
County, Oregon, 1997–1998.

Season
Spatial

overlapa (S)
Habitat

overlapa (H)
Dietary

overlapa (D)
Trophic

overlap (H � D)

Ecological
overlap (S � H � D)

product a

Ecological
overlap (S þ H þ D)/

3 summation a

Fall 0.40 0.96 0.89 0.85 0.34 0.75
Winter 0.05 0.89 0.91 0.81 0.04 0.62
Spring 0.19 0.89 0.95 0.85 0.16 0.68
Summer 0.35 0.90 0.94 0.85 0.30 0.73

a Calculated using Horn’s (1966) index of similarity.

Table 3. Niche breadth indices for Columbian white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank Habitat Management Area, Douglas
County, Oregon, 1997–1998.

Season

Spatial diversitya Habitat diversitya Diet diversityb

CWTD CBTD CWTD CBTD CWTD CBTD

Fall 0.39 0.51 0.66 0.56 0.57 0.51
Winter 0.33� 0.47 0.66 0.75 0.53 0.45
Spring 0.25� 0.50 0.64 0.56 0.18 0.20
Summer 0.27� 0.41 0.55 0.57 0.35 0.23

a Calculated using Hurlbert’s (1978) standardized niche breadth (range of 0–1).
b Calculated using Levins’ (1968) standardized niche breadth (range 0–1).
� Significant interspecific difference; P < 0.05.
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avoided oak-hardwood conifer, whereas black-tailed deer
selected open grassland and avoided oak-hardwood conifer
and oak-hardwood habitats.

Diet Composition

Diets of CWTD were dominated by forbs, shrubs,
grasses, and other foods, although diet composition was
variable by season (Appendix; Fig. 5). Diets of white-tailed
deer were most diverse during the fall (BA ¼ 0.57; Table 3)

and least diverse during spring (BA ¼ 0.18). Dominant forbs
in white-tailed deer diets included Canadian thistle (Cirsium
arvense), geranium (Geranium spp.), birds’ foot trefoil (Lotus
micranthus), lupine (Lupinus bicolor), ribwort (Plantago lan-
ceolata), saxifrage (Saxifraga spp.), cover (Trifolium spp.), and
monocot forbs. Dominant trees and shrubs included
California black oak (Quercus kelloggii) and blackberry
(Rubus spp.) Other food items in white-tailed deer diets
included lichens, ferns, seed and nuts, common thistle

Figure 4. Habitat selection ratios for Columbian white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank Habitat Management Area,
Douglas County, Oregon, 1997–1998. Vertical bars represent 95% confidence intervals for individual selection ratios. Horizontal bars represent 95% confidence
intervals between selection ratios based on a multiple comparisons procedure (Manly et al. 1993). Habitat types joined by the same bar are not significantly
different. CON, conifer; GSH, grass-shrub; GSL, open grassland; HCN, oak-hardwood conifer; HSS, oak-hardwood savanna shrub; OHWD, oak-hardwood;
OS, oak-hardwood savanna; RIP, riparian.
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(Phoradendron villosum), and thorns. Primary grasses in
white-tailed deer diets included bentgrass (Agrostis alba),
meadow foxtail (Alopecurus pratensis), cheatgrass (Bromus
spp.), orchardgrass (Dactylis glomerata), fescue (Festuca
spp.), and bluegrass (Poa spp.). The conifer and sedge–rush
forage classes were not important constituents of white-
tailed deer diets during any season.

Diets of CBTD were dominated by forbs and
other foods, although diet composition varied seasonally
(Appendix; Fig. 5). Black-tailed deer diets were most diverse
during fall (BA ¼ 0.51; Table 3) and least diverse during
spring (BA ¼ 0.20). The most important forbs in black-
tailed deer diets for all seasons included geranium, bird’s
foot trefoil, lupine, saxifrage, monocot forbs, and unknown
forbs. Dominant grasses in diets of black-tailed deer included
bentgrass, meadow foxtail, cheatgrass, orchardgrass, fescue,
and bluegrass. Other food items, including lichens, ferns,
and common mistletoe were important in black-tailed diets
over most seasons. The conifer and sedge–rush forage classes
were not important constituents of black-tailed deer diets
during any season.

There was high dietary overlap between white-tailed and
black-tailed deer (Horn’s similarity index, Ro > 0.89;
Table 2) during all seasons. Seasonal diet diversity followed
similar patterns for both species with the most diverse diets
occurring in fall and the least diverse diets in spring
(Table 3). Diet overlap was high (Ro ¼ 0.89) during fall
when both subspecies used all forage classes except conifer
and sedge–rush. Whereas fall diets were similar, black-tailed
deer diets had a significantly higher proportion of other

forage items than did white-tailed deer (Tukey–Kramer
Multiple-Comparison, q155 ¼ 4.29, P ¼ 0.05).

Diet overlap was high during winter (Ro ¼ 0.91) with
white-tailed deer diets having nearly equal proportions of
forbs, grasses, and other forage items, and black-tailed deer
having concentrated use of forb and other forage items.
Despite high overall diet similarity during winter, white-
tailed deer diets had significantly higher proportions of grass,
while the black-tailed deer diets were significantly higher in
conifers (Tukey–Kramer Multiple-Comparison, q155 ¼ 4.29,
P ¼ 0.05).

Spring diets were nearly identical for white-tailed
and black-tailed deer (Ro ¼ 0.95), with both species forag-
ing heavily on forbs and supplementing their diets with
shrubs. There was little diversity in diet composition for
both species and no interspecific differences. Similarly,
diet overlap was high during summer (Ro ¼ 0.94), with both
species foraging heavily on shrubs and supplementing
their diets with forbs and other forage items. White-tailed
deer had higher diet diversity than black-tailed deer
and significantly higher proportions of grass in their diet
(Tukey–Kramer Multiple-Comparison Procedure, q155 ¼
4.29, P ¼ 0.05).

Trophic and Ecological Overlap

Trophic overlap between CWTD and CBTD was high
during all seasons and ranged from 0.81 to 0.85 during
our study, suggesting there was potential for competition
for food and habitat between the subspecies. In contrast,
ecological overlap as computed by product a was relatively

Figure 5. Mean diet composition by forage class for Columbian white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank Habitat Management
Area, Douglas County, Oregon, 1997–1998. �Interspecific differences significant at P � 0.05.
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low, ranged from 0.04 to 0.34, and was highest during fall.
Ecological overlap as computed by summation a was higher
and ranged from 0.62 to 0.75. True ecological overlap was
probably somewhere between these 2 measures because
the resource dimensions were not totally independent.
Ecological overlap was much less than trophic overlap
because of the low overlap in spatial distributions.

DISCUSSION

Although a large volume of literature exists on competitive
relations among ungulate species, less is known about the
ecological relationship between CWTD and CBTD. Smith
(1987) suggested that the 2 subspecies maintain spatial and
habitat segregation and exhibit interspecific avoidance and
found white-tailed deer to be restricted to wooded lowlands
and riparian areas, whereas black-tailed deer used a variety of
environments that included riparian areas, lowlands, and
more open and arid uplands. Smith (1987) further speculated
that white-tailed deer were competitively excluding black-
tailed deer from the riparian lowlands through forage par-
titioning, behavioral interactions, or parasite effects. Smith
(1987) did not investigate diets of the 2 subspecies, so our
results provide additional information on the ecological
relations between the 2 subspecies.

Spatial Segregation and Resource Partitioning
We examined the role of spatial segregation and resource
partitioning in coexistence of CWTD and CBTD, which
have been found important in niche separation in other
ungulate studies (McCullough 1980, Berger 1985). We also
wanted to test the hypothesis that there was forage parti-
tioning between the two subspecies, which has led to com-
petitive exclusion (Smith 1987).

Spatial and physical habitat use patterns.– Spatial segregation
was an important mechanism that allowed white-tailed and
black-tailed deer to maintain ecological separation despite
high trophic (i.e., habitat and forage) overlap on our study
area. Smith (1987) also found spatial segregation between
the subspecies, and our results support the predictions of
Jenkins and Wright (1988), who suggested that high spatial
divergence should occur between species with high trophic
overlap. Local spatial segregation between sympatric species
minimizes the frequency of direct interactions and thus can
reduce the potential for interference competition.

In accordance with our predictions, spatial overlap between
white-tailed and black-tailed deer was generally low except
during fall and summer. Although resource availability
appeared to influence distribution and overlap patterns,
our predictions for spatial segregation according to season
were not always supported. Ecological differences in spatial
distributions likely reflected the respective niche character-
istics of the species (Hirst 1975). Overall, white-tailed deer
were more concentrated and tended to occur at the lower
elevations, on more gradual slopes, and closer to streams,
whereas black-tailed deer were more dispersed and tended to
occur in areas of greater topographical variation and away
from riparian areas. The greatest spatial overlap occurred
during fall, when the white-tailed deer distribution was

almost double the area of the other seasons. High overlap
in spatial distributions during fall contradicted our a priori
prediction that spatial segregation would be most pro-
nounced during periods of high resource availability. Ricca
(2000) found that radio-tagged white-tailed deer had sig-
nificantly larger mean home ranges during fall than other
seasons, with males having greater movements than females,
suggesting that home range and population distribution
estimates for white-tailed deer and black-tailed deer may
be greater during fall due to greater male movement patterns
associated with rutting behavior during the breeding season.
With both species widely spaced across the study area, there
was a high degree of similarity in the use of space and habitats
by both subspecies during fall.

Both white-tailed and black-tailed deer expanded their
distributions from winter to spring, which increased spatial
overlap between the species. Although increased spatial
overlap may have increased the potential for interference
competition, the species maintained a high degree of spatial
segregation through differences in use of elevation and aspect
during these months. Summer was an extended period of hot
and dry weather, which resulted in desiccated forage and
created the most nutritionally challenging season for deer on
our study area (Whitney 2001). As a consequence, both
white-tailed and black-tailed deer had their most reduced
distributions during summer with reasonably high overlap.
Distributions of both species were concentrated in lower
elevations, which retained more succulent forage and offered
increased thermal protection in riparian areas.

Other studies have reported spatial segregation between
sympatric mule deer and white-tailed deer populations as a
mechanism for reducing the potential for interspecific com-
petition (Martinka 1968, Anthony and Smith 1977).
McCullough (1980) reported mule deer and white-tailed
deer populations to be contiguous but not overlapping on
the National Bison Range, Montana and demonstrated that
spatial segregation between the species was primarily accom-
plished through differences in elevation. Anthony and Smith
(1977) reported incidences of both contiguous allotropy and
coexistence, suggesting that desert mule deer (O. h. crooki)
and Coues white-tailed deer (O. v. couesi) segregate spatially
along an elevation gradient in the San Cayetano Mountains,
Arizona, but they were sympatric in their distributions in the
Dos Cabezas Mountains of southeastern Arizona.

Habitat use patterns.– Contrary to our initial prediction and
results of Smith (1987), coexistence of CWTD and CBTD
on our study area was not facilitated by habitat partitioning.
Despite seasonal differences in use of specific habitats by
both subspecies, there was high overlap in use of the major
habitats during all seasons. This high overlap was likely a
function of the degree of habitat interspersion on the study
area, as habitat patches were generally small, intermingled,
and distributed across the study area. Habitat overlap may
have also been a function of the spatial separation between
white-tailed and black-tailed deer, which allowed the species
to use similar habitats but not compete directly. When
habitat partitioning does not occur among sympatric popu-
lations, spatial segregation often explains the apparent
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coexistence (Singer 1979). Singer (1979) reported a high
degree of habitat and dietary overlap between mule deer and
white-tailed deer in Montana but concluded that spatial
separation reduced the potential for competition and thereby
facilitated coexistence. Wood et al. (1989) also reported
substantial overlap in habitat use patterns of mule deer
and white-tailed deer in Montana, but showed that low
spatial overlap was an important factor in coexistence.
Our results are similar to theirs but different from the
suggestions of Smith (1987).

Habitat overlap in our study was highest during fall when
there was no detectable difference in habitat use between
white-tailed and black-tailed deer. The lack of interspecific
differences in habitat use during fall suggested that this
season had the highest potential for resource competition,
although food resources may not have been limited after the
onset of the rainy season. Habitat overlap was also high and
similar during winter, spring, and summer, although differ-
ences in use of specific habitat types likely reflected differ-
ences in life history strategies. Over most of North America,
white-tailed deer are known to prefer more mesic climates
and be associated with woodland cover, whereas black-tailed
deer occur in more open and xeric habitats (Hanley 1984,
Smith 1987).

Habitat use and selection patterns for individual habitat
types in our study were similar to findings of Smith (1987).
Habitat use of CWTD also generally matched that reported
in a study of movements in the local population. Ricca (2000)
reported less use of oak-hardwood savanna shrub habitats
and higher use of oak-hardwood woodlands, although this is
likely attributed to a higher abundance of the oak-hardwood
savanna shrub habitat on the North Bank Habitat
Management Area as compared with the surrounding
areas (M.A. Ricca, U.S. Geological Survey, personal
communication).

Forage use.– Forage partitioning was not a mechanism that
contributed to ecological separation of CWTD and CBTD
on our study area. Contrary to our initial prediction and that
of Smith (1987), there was considerable overlap in diets
between the 2 subspecies. Forbs, shrubs, grasses, and other
forage items dominated diets of both white-tailed and black-
tailed deer in similar proportions. Although there are no
other studies that have examined forage relationships
between CWTD and CBTD, several studies have investi-
gated the diets of sympatric populations of mule deer and
white-tailed deer and reported high dietary overlap. Coues
white-tailed deer and desert mule deer had high diet sim-
ilarities on 2 study areas in Arizona, which contributed to a
potential for resource competition between the species
(Anthony and Smith 1977). McCullough (1980) and Baty
(1995) also reported high diet overlap between sympatric
white-tailed and mule deer in Montana but suggested that
spatial separation maintained ecological separation between
the species. Krausman (1978) reported high diet overlap
between white-tailed and desert mule deer in Texas but
concluded that factors other than forage contributed to
ecological separation between the species. The similarity
in diets between the 2 species in this and other studies is

likely a result of the similar gastrointestinal morphology of
the 2 species (Clauss et al. 2009). Clauss et al. (2009) have
shown that mule deer and white-tailed deer have similar
amounts, sizes, and surface enlargement factors of papillae
and degree of stratification in the rumen, which was highly
correlated with the low amount of grasses in the diet of some
ungulates. Consequently, we should expect to find similar
diets of these 2 closely related species wherever they coexist.

Potential for Interspecific Competition

Demonstrating interspecific competition in field studies
without experimental removals has been challenging and
controversial (Schoener 1974). The hierarchical approach
we used to examine resource partitioning provided an oppor-
tunity to examine the potential for interspecific competition
between white-tailed and black-tailed deer. Although high
trophic overlap along habitat and food resource dimensions
suggested a high potential for interspecific competition
between the subspecies, exploitive competition was likely
avoided through spatial segregation and use of different
micro-sites for foraging (Whitney 2001). In addition, the
low potential for interference competition was reflected by
the extremely low frequencies of direct interspecific encoun-
ters and strong negative associations that occurred between
white-tailed and black-tailed deer (Whitney 2001). Spatial
separation between the 2 subspecies has also been docu-
mented (Smith 1987) and appears to extend to the northern
sub-population of CWTD along the lower Columbia River
(A. C. Clark, U.S. Fish and Wildlife Service, personal
communication). The low potential for interference compe-
tition between white-tailed and black-tailed deer (Whitney
2001) is not surprising given that most studies on North
American ungulates have documented exploitation of
resources rather than interference competition between
species (Mackie 1976). Anthony and Smith (1977) reported
low distributional overlap and high diet overlap among
sympatric white-tailed and mule deer populations in
southern Arizona and concluded that interference compe-
tition was unlikely. However, high overlap in spatial distri-
butions, habitat selection, and food habits lead them to
suggest that there was potential for exploitive competition
in southeastern Arizona. Baty (1995) reported high trophic
overlap for forage and habitats, low ecological overlap due to
differential spatial use, and a lack of interspecific aggressive
encounters and concluded that there was potential for inter-
specific competition between white-tailed and mule deer
populations in Montana.

High trophic overlap along habitat and forage dimensions
in our study also suggested a strong potential for exploitative
competition between white-tailed and black-tailed deer.
Resource overlap does not necessarily indicate competition,
because competition only occurs when species use common
resources that are in short supply, which limits survival,
growth, or reproduction of either species (Begon et al.
1996). Many of the habitats and forage resources common
to the white-tailed and black-tailed deer populations were
available throughout our study area; therefore, high trophic
overlap could occur with little direct competition. Similar
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conclusions have been drawn for studies with other sympatric
ungulate populations (Hobbs and Gill 1983, Schoener
1986). Heterogenous landscapes can increase the opportu-
nity for niche separation (Singer 1979), and habitat diversity
has been shown to promote tolerance for higher levels of
ecological overlap among sympatric populations (Dunbar
1978). Spatial separation and differences in foraging
micro-habitats (Whitney 2001) allowed white-tailed and
black-tailed deer to use habitats and diets without increasing
the potential for competition.

Competitive Exclusion
The principle of competitive exclusion suggests that con-
generic species should exhibit mutual avoidance and select
habitats for which they are better adapted and competitively
superior (Miller 1967). Although the potential for interfer-
ence and exploitative competition was reduced through
spatial segregation and environmental heterogeneity in our
study, the high trophic overlap and low ecological overlap
suggested that white-tailed and black-tailed deer may have
been competitively excluding each other on our study area.
Smith (1987) speculated that CWTD were competitively
excluding black-tailed deer from the riparian lowlands
through forage partitioning, behavioral interactions, or para-
site effects. Spatial distributions and negative coefficients of
species association for the 2 subspecies in our study indicated
that mutual avoidance played an important role in their
relationships. We thus hypothesize that CWTD and
CBTD coexist through competitive exclusion, but, contrary
to Smith (1987), we believe that black-tailed deer were
excluding white-tailed deer from the higher elevations.
This can be proved only through an experimental approach
where blacktails are reduced in number and the affect on
whitetails evaluated.

MANAGEMENT IMPLICATIONS

Historical distributions suggest that if the white-tailed deer
continue to decline, black-tailed deer will replace them.
Consequently, management actions in the interior valleys
of western Oregon and southwest Washington should be
directed toward protecting and improving lowland habitats
for CWTD. Because CWTD were strongly associated with
riparian habitats (Smith 1985a, Ricca et al., 2003, this study),
managers should enhance and restore riparian and wetland
communities to benefit them. Management practices also
should be designed to restore and improve open grassland,
oak-hardwood savanna shrub, oak-hardwood, and oak-sav-
anna habitats, as these habitats were used extensively by
white-tailed deer.

The NBHMA were purchased by the BLM as a conserva-
tion area for CWTD; therefore, management of the area
should benefit this formerly threatened subspecies.
Management strategies currently under consideration for
CWTD on the NBHMA include livestock grazing, pre-
scribed burning, and translocation (USDI Bureau of Land
Management 2000). Based on our results, we recommend the
following:

1. Experimental use of prescribed fire to improve habitats for
CWTD. Prescribed fire is a habitat management tech-
nique that has been frequently used for ungulates (Hobbs
and Spowart 1984), and historically, fire has been import-
ant in maintaining grassland and oak woodland commun-
ities in the Pacific Northwest (Franklin and Dyrness
1973). The goal of prescribed fire on the NBHMA should
be to increase the forb and grass components, while
maintaining shrubs as summer and fall forage. The effects
of prescribed fire should be evaluated by repeating por-
tions of this study and that of Ricca’s (2000) study before
and after burning.

2. Limit or eliminate the use of cattle grazing as a manage-
ment tool for CWTD on the NBHMA. Other studies
have demonstrated that cattle directly compete with deer
for forage (Kie et al. 1991) and space (Dusek 1975,
Roberts and Tiller 1985), especially at high stocking rates
and during drought conditions (Kie et al. 1991, Ortega
1997, Ortega et al. 1997). Also, CWTD were reported to
avoid areas used by cattle (Smith 1981, M. A. Ricca,
personal communication), which suggests that cattle graz-
ing may negatively affect white-tailed deer. Grass and
forbs were important dietary components for white-tailed
deer during all seasons. Cattle grazing will directly impact
this portion of the biota, so we recommend against high
stocking rates or grazing over extensive areas. We also
recommend protection of riparian areas to cattle grazing
by fencing and implementation of off channel watering
areas and hardened water crossings.

3. We support the recommendations to translocate and
reintroduce CWTD into historical ranges throughout
the Willamette Valley of Oregon. Knowledge of habitat
quality and release locations are factors that have been
attributed to the success of translocation programs
(Griffith et al. 1989). Our results and those of Ricca et
al. (2002) identified oak-hardwood woodlands and cover
types in close proximity to streams as suitable transloca-
tion sites for CWTD.

4. Finally, we recommend an experimental manipulation of
the black-tailed deer population on the NGHMA to test
the hypothesis that competitive exclusion is occurring
between CWTD and CBTD. Competitive release may
allow the white-tailed deer population to expand and re-
occupy their historical range. The potential for competi-
tive exclusion needs to be tested experimentally by reduc-
ing the black-tailed deer population and repeating
portions of our study to evaluate the effect. This exper-
iment would additionally determine whether the entire
NBHMA can be considered suitable habitat for CWTD
for purposes of conservation of the subspecies (USDI
Bureau of Land Management 2000).
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APPENDIX

Dominant forage items found in Columbian white-tailed
(CWTD) and black-tailed (CBTD) deer diets on the North

Bank Habitat Management Area, Douglas County, Oregon,
1997–1998. Data represent average seasonal composition on
a percent basis.

Plant species

Fall Winter Spring Summer

CBTD
(n ¼ 11)

CWTD
(n ¼ 13)

CBTD
(n ¼ 18)

CWTD
(n ¼ 12)

CBTD
(n ¼ 27)

CWTD
(n ¼ 25)

CBTD
(n ¼ 31)

CWTD
(n ¼ 26)

x SE x SE x SE x SE x SE x SE x SE x SE

Conifers
Conifer bark 0.00 0.00 0.00 0.00 0.22 0.09� 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.00 0.00
Pseudotsuga menziesii 0.20 0.12 0.19 0.19 2.74 0.85� 0.14 0.08 0.06 0.03 0.15 0.11 0.17 0.11 0.01 0.01

Forbs
Achillea millefolium 1.55 0.63 0.76 0.33 0.65 0.28 0.48 0.24 1.02 0.43 0.49 0.19 0.19 0.12 0.27 0.15
Astragalus/Vicia 0.27 0.27 0.05 0.05 0.12 0.06 0.22 0.12 1.74 0.41� 1.57 0.34 0.01 0.01 0.80 0.38
Cirsium species 0.31 0.21 1.62 1.17 0.00 0.00 0.00 0.00 0.48 0.25 0.30 0.15 0.04 0.04 0.00 0.00
Cryptantha intermedia 0.21 0.16 0.58 0.24 0.04 0.04 0.00 0.00 0.42 0.15 0.34 0.22 0.62 0.59 0.11 0.08
Epilobium/Oenothera 0.45 0.38 0.07 0.07 0.14 0.14 0.00 0.00 0.35 0.15 0.46 0.20 0.20 0.16 0.15 0.09
Equisetum species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.00 0.00 0.02 0.02� 1.18 0.48
Gaiium aparine 0.00 0.00 0.54 0.30 0.35 0.25 0.80 0.41 0.70 0.25� 1.91 0.48 0.06 0.06 0.10 0.08
Geranium species 1.54 0.71 0.96 0.66 1.21 0.35 1.08 0.45 1.62 0.29 3.24 0.71 0.04 0.04 0.28 0.13
Lotus/Lupinus 3.34 0.88 1.93 0.64 5.50 1.56 6.39 1.89 17.54 1.80 19.38 2.00 1.14 0.48 1.96 0.90
Monocot forbs 0.00 0.00 0.00 0.00 23.66 4.53 18.27 5.85 12.25 3.32 14.48 3.23 0.66 0.36 1.24 0.80
Phaeelia species 0.00 0.00 0.00 0.00 0.24 0.16 0.20 0.11 0.18 0.11� 0.56 0.18 0.00 0.00 0.03 0.03
Plantago species 2.67 1.35 2.51 1.05 0.05 0.05 0.11 0.11 2.07 0.87 2.76 0.65 4.91 1.55 4.25 1.25
Ranunculus species 0.05 0.05 0.60 0.32 0.27 0.17 0.58 0.40 0.42 0.18 0.24 0.13 0.03 0.03 0.00 0.00
Saxifraga species 3.96 2.09 8.10 4.75 0.22 0.10 1.12 0.63 3.98 1.51� 0.85 0.43 0.60 0.26 0.64 0.37
Senecio species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.80 0.83 1.13 0.53 1.12 0.44 0.97 0.67
Stachys rigida 0.16 0.11 0.00 0.00 0.29 0.10 0.21 0.14 0.94 0.25 0.66 0.21 0.18 0.09 1.58 0.89
Trifolium species 6.91 2.90 2.82 1.05 0.75 0.50 0.40 0.22 7.81 2.19 7.72 1.50 0.40 0.19 2.07 0.89
Unknown forbs 8.14 1.74 10.38 1.89 6.25 1.12 6.03 1.09 8.18 0.95 9.10 1.18 1.65 0.56 3.89 1.14
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Appendix (continued )

Plant species

Fall Winter Spring Summer

CBTD
(n ¼ 11)

CWTD
(n ¼ 13)

CBTD
(n ¼ 18)

CWTD
(n ¼ 12)

CBTD
(n ¼ 27)

CWTD
(n ¼ 25)

CBTD
(n ¼ 31)

CWTD
(n ¼ 26)

x SE x SE x SE x SE x SE x SE x SE x SE

Grasses
Agrostis alba 1.63 0.38 1.76 0.62 1.98 0.44 2.63 0.71 0.59 0.14 0.49 0.17 0.44 0.33� 0.66 0.22
Alopecurus pratensis 1.23 0.67 2.75 0.78 1.00 0.22� 3.92 1.05 0.36 0.12 0.68 0.19 0.28 0.13 0.49 0.19
Bromus species 3.07 0.84 4.99 1.46 2.65 0.57� 6.96 2.13 0.38 0.13 0.54 0.10 0.63 0.23 0.68 0.17
Dactylis glomerata 0.69 0.19 1.66 0.46 1.41 0.37 1.98 0.56 0.15 0.06 0.26 0.09 0.01 0.01 0.02 0.02
Deschampsia species 0.37 0.16 0.13 0.13 0.56 0.41 0.27 0.19 0.14 0.06 0.14 0.06 0.00 0.00 0.00 0.00
Elymus glaucus 0.37 0.27 0.10 0.07 0.18 0.11 0.09 0.07 0.15 0.08 0.21 0.14 0.01 0.01 0.12 0.12
Deschampsia species 0.37 0.16 0.13 0.13 0.56 0.41 0.27 0.19 0.14 0.06 0.14 0.06 0.00 0.00 0.00 0.00
Elymus glaucus 0.37 0.27 0.10 0.07 0.18 0.11 0.09 0.07 0.15 0.08 0.21 0.14 0.01 0.01 0.12 0.12
Festuca species 1.44 0.41 0.48 0.22 0.41 0.15 1.28 0.39 0.23 0.10 0.12 0.06 0.02 0.02 0.37 0.33
Holcus lanalus 0.53 0.34 0.27 0.15 0.26 0.12 0.48 0.21 0.08 0.04 0.07 0.04 0.16 0.09 0.07 0.05
Hordeum species 0.38 0.31 0.14 0.10 0.48 0.16 0.40 0.12 0.38 0.14 0.47 0.28 0.36 0.32 0.12 0.08
Poa species 3.41 1.18 4.09 1.30 2.96 0.82 4.57 1.00 1.24 0.32 1.21 0.47 0.71 0.31 0.69 0.25
Stipa lemmonii 1.11 0.39� 0.28 0.19 0.35 0.11� 1.70 0.66 0.11 0.05 0.46 0.28 0.00 0.00 0.04 0.02
Unknown grasses 1.25 0.34 1.18 0.29 0.76 0.14 1.29 0.28 0.74 0.10 0.75 0.14 0.33 0.07 0.48 0.10

Other
Composite 0.94 0.50 0.32 0.26 0.00 0.00 0.00 0.00 0.71 0.38 0.91 0.42 1.43 0.38 1.61 0.51
Polystichum species 0.43 0.33 0.26 0.11 1.30 0.63 1.63 0.77 0.00 0.00 0.00 0.00 0.04 0.03 0.04 0.03
Unknown fern species 0.30 0.29 0.29 0.10 0.91 0.54 1.31 0.88 0.02 0.02 0.06 0.03 0.22 0.13 0.14 0.10
Insect 0.68 0.30 1.26 0.38 0.63 0.31 0.45 0.15 0.71 0.13 0.70 0.19 1.13 0.26 1.51 0.30
Lichen 14.39 3.80 7.81 1.61 26.80 4.49 19.00 3.15 4.08 0.93 1.91 0.39 7.42 1.88 4.10 1.09
Moss 2.25 0.76 0.54 0.12 0.23 0.07 0.15 0.05 0.84 0.46 0.32 0.13 1.05 0.31� 0.63 0.41
Phoradendron villosum 7.51 3.66� 1.09 0.59 3.02 0.79 1.17 0.32 0.03 0.03 0.06 0.03 2.18 0.83 0.95 0.64
Seed/Nut 10.16 3.52 8.84 1.76 0.06 0.05 0.22 0.07 0.04 0.03 0.04 0.03 4.43 1.39 5.23 1.46
Thorn 0.17 0.12� 1.68 0.61 0.11 0.06 0.50 0.41 0.33 0.21 0.14 0.08 0.58 0.27 1.32 0.53

Trees/shrubs
Berberis species 0.25 0.19 0.49 0.27 0.05 0.05 0.05 0.03 0.11 0.07 0.01 0.01 0.13 0.08 0.13 0.10
Ceanothus species 0.35 0.25 0.11 0.07 0.71 0.28 0.82 0.41 0.07 0.07 0.45 0.24 0.35 0.14 0.66 0.38
Crataegus species 0.57 0.20 0.36 0.17 0.69 0.30 0.94 0.45 0.12 0.06 0.65 0.48 0.68 0.24 0.60 0.32
Quercus acorn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.19 13.41 3.62 9.82 2.14
Quercus garryana 1.32 0.71 0.90 0.43 0.38 0.13 0.55 0.24 2.62 1.20 1.56 0.78 4.47 0.92 3.50 0.84
Quercus keltoggii 2.26 1.16 3.43 1.25 0.83 0.24 0.20 0.08 1.48 0.48 1.15 0.54 8.47 1.63 5.95 1.51
Quercus species 0.27 0.27 0.12 0.12 0.08 0.08 0.14 0.14 1.88 0.70 1.92 0.90 1.59 0.47 1.08 0.37
Rhus diversilosa 0.11 0.08 0.21 0.11 0.18 0.08 0.24 0.17 0.53 0.16 0.69 0.19 1.35 0.41 1.00 0.20
Rubus discolor 2.67 2.19 8.40 3.26 0.74 0.48 4.05 1.84 3.91 1.57 4.10 1.03 16.86 4.10 17.82 3.70
Rubus laciniatus 0.39 0.16 1.06 0.45 0.13 0.11 0.08 0.03 0.32 0.10 0.40 0.16 0.85 0.35 0.26 0.12
Rubus species 1.10 0.71 1.93 0.48 0.69 0.23 0.73 0.19 2.58 0.60 1.68 0.40 3.53 0.63 3.88 0.91
Rubus ursinus 2.43 1.16 3.27 1.06 1.07 0.43 0.70 0.28 2.90 0.41 2.38 0.37 5.22 1.06 6.42 0.94
Symphoricarpos albus 0.68 0.35 0.83 0.46 0.37 0.22 0.86 0.52 0.16 0.16 0.11 0.11 2.63 0.61 2.37 0.73
Unknown shrubs 1.48 0.44 2.28 0.57 0.99 0.16 1.00 0.26 1.27 0.22 1.02 0.20 1.73 0.36 2.20 0.76

� Interspecific differences significant at P < 0.05.
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