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I examined ecological relationships and mechanisms of coexistence for

sympatric populations of Columbian white-tailed (Odocoileus virginianus leucurus)

and black-tailed deer (Odocoileus hemionus columbianus) in Douglas County,

Oregon, from September 1997 to August 1998. Horseback transects were used to

describe spatial distributions, population overlap, and habitat use for both species.

Behavioral observations were conducted to examine intraspecific and interspecific

social interactions. Diets were studied with microhistological analysis, and fecal

nitrogen and neutral detergent fiber in fecal samples were used as indices of diet

quality. Interspecific differences in foraging micro-site use and selection were

investigated using vegetative surveys.

Distribution patterns indicated that white-tailed and black-tailed deer

maintained a degree spatial separation during most seasons, with spatial overlap

ranging from 5 to 40% seasonally. White-tailed deer were more concentrated and

tended to occur in the southern portions of the study area, which was characterized by

lower elevations, more gradual slopes, and closer 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 topological relief. Coefficients of

species association were negative suggesting that the species maintained spatial



separation through mutual avoidance. In regions of population overlap, the species

maintained separation by choosing different micro-sites in which to forage.

Habitat use patterns were similar seasonally between white-tailed and black-

tailed deer with overlap ranging from 89 to 96%. White-tailed deer used nearly all

habitats available on the study area except those associated with conifers. They 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.

Columbian white-tailed and black-tailed deer 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, 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 the fall and the least diverse diets in the spring.

Detailed observation of behavioral interactions among white-tailed and black-

tailed deer groups revealed that intraspecific interactions were more likely than

interspecific interactions. Interactions among white-tailed deer groups were equally

likely to be passive or active, while those among black-tailed groups were more likely

to be passive. Interspecific interactions between white-tailed and black-tailed deer

were infrequent. When they did occur, little aggression was observed and evidence of

consistent dominance by either species was lacking.

High overlap in habitat use and diets resulted in high trophic overlap (81 to

85% seasonally) between white-tailed and black-tailed deer; however, the low spatial

overlap reduced the potential for exploitative competition between the species. High

habitat heterogeneity on the study area created diverse niche characteristics that

allowed white-tailed and black-tailed deer to have strong similarities in diets and

habitat use, while coexisting. I hypothesized that the two species were competitively

excluding each other.
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Ecological Relationships Between Columbian White-tailed and Black-tailed Deer
in Southwest Oregon.

INTRODUCTION

White-tailed (Odocoileus virginianus) and mule deer (Odocoileus hemionus)

populations extensively overlap spatially throughout western North America. Few

studies (Martinka 1968, Kamps 1969, Kramer 1971, Kramer 1973, Anthony and Smith

1977) have investigated ecological relationships and the potential for interspecific

competition among sympatric white-tailed and mule deer populations. The co-

occurrence of Columbian white-tailed (0. v. leucurus) and black-tailed deer (0. h.

columbianus) in the Pacific Northwest is the only instance of overlap between these

sub-species. Within this region, the sympatry of these sub-species is rare due to the

limited distribution of the Columbian white-tailed deer. To date, only one study has

investigated the ecological relationships between these sub-species (Smith 1987).

Columbian white-tailed deer historically occurred along the Columbia River

from The Dalles (Wasco County) to Astoria (Clatsop County) and south through the

Willamette Valley to the Umpqua River Basin near Roseburg (Douglas County) (Verts

and Carraway 1998). Early in the 2Øth centiny, the population suffered a great decline

in abundance and distribution as a cumulative result of the loss of native vegetation,

land clearing, fire suppression, and agricultural development in the valleys of the

Willamette River (Thilenius 1968, Suring and Vohs 1979, Smith 1985a). Today, the

entire population is limited to two sub-populations occurring along the lower

Columbia River and in the valleys of the Umpqua River Basin in Douglas County,

Oregon. Due to the limited distribution and threat of agricultural and residential

development to critical lowland habitat, white-tailed deer were listed in the federal

Endangered Species Act of 1967 by the United States Fish and Wildlife Service

(1983) and the Oregon Endangered Species Act of 1987 by the Oregon Department of
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Fish and Wildlife. Trend counts over the past 15 years have suggested an increase in

the Umpqua River Basin white-tailed deer population (Oregon Department of Fish and

Wildlife, unpublished data) which allowed the species to be removed from the State

Endangered Species List in 1995. There has been little evidence, however, to suggest

an expansion in the range of the white-tailed deer population during that period.

Columbian black-tailed deer generally inhabit coniferous forest habitats west

of the Cascade Range in the Pacific Northwest. These habitats are characterized by

dense forests dominated by Douglas fir, with lower elevations dominated by oak

woodlands and open grasslands. Black-tailed deer are known to proliferate quickly in

the early seral forests resulting from timber harvesting or fire events (Hines 1973,

Walimo 1981). Early accounts suggest that Columbian black-tailed deer were not

abundant prior to European colonization of western North America. While some have

attributed the low abundances to a larger complex of predators (Bailey 1936), Verts et

al (1998) suggest that the pristine expanses of mature forests may not have provided

the resource base required to maintain large deer populations. They further suggest

that deer habitat improved with conversion of the forests for agriculture and timber

production early in the 2Øth century. They attributed the tremendous expansion of deer

populations over the past several decades to "an era of protectionism" and increased

conversion of forests into early successional stages.

Intraspecific and interspecific competition have been important evolutionary

forces in natural communities and dominant forces in the structuring of these

communities (Miller 1967, Connell 1983, Schoener 1983). Together these density

dependent mechanisms diversif' resource use and promote ecological diversity among

communities. Interspecific competition, the act of two or more species using common

resources that are in short supply, leads to niche separation, specialization, and

diversification among closely related species (Pianka 1988). Among sympatric

congeners natural selection strongly favors ecological separation (Pianka 1988), and

niche partitioning is perhaps the most widely studied mechanism for ecological
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separation. Mechanisms of resource partitioning that facilitate coexistence of

sympatric African and North American ungulate species include spatial relations

(Lamprey 1963, Kramer 1973, Hirst 1975, Anthony and Smith 1977, Singer 1979,

McCullough 1980, Wydeven and Dahlgren 1985, Smith 1987), habitat use (Lamprey

1963, Kamps 1969, Field and Laws 1970, Telfer 1970, Anthony and Smith 1977,

Dunbar 1978, Singer 1979, McCullough 1980, Wydeven and Dahlgren 1985, Smith

1987), forage resources (Lamprey 1963, Kamps 1969, Jarman 1971, Anthony and

Smith 1977, Dunbar 1978, Krausman 1978, Singer 1979, McCullough 1980, Schwartz

and Ellis 1981, Hanley and Hanley 1982, Leslie et al. 1987), and behavioral

interactions (Kramer 1973, Anthony and Smith 1977, McCullough 1980, Berger

1985).

Two major components of interspecific competition are interference and

exploitation. Interference competition occurs when direct or indirect interactions

among competitors limit access to an important resource. Direct interference includes

aggressive or avoidance behaviors and often operates in a spatial context, such as

territoriality and population overgrowth (Miller 1967, Schoener 1983). Direct

interference may be expressed ecologically as competitive exclusion of one species by

another. Indirect interference includes activities such as chemical marking, as well as

postures and signals that act to interfere with intrusions into a territory or defended

space (Wynne-Edwards 1962). Interference competition is unlikely to evolve unless

there is potential for exploitative competition (Pianka 1981). Exploitative

competition, also referred to as consumptive or resource competition, is a differential

ability between species to exploit the availability of common resources. When

exploitative competition occurs, use of the same resources by two species reduces the

availability to sub-optimal levels for one or both species. In contrast to interference

competition, competitors in exploitative competition are reacting to the level of

available resources (e.g., food, food quality) rather than to each other. Niche overlap
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is a prerequisite to exploitative competition, though overlap does not provide

competition unless resources are in short supply (Pianka 1981).

The niche consists of all of the ways that an individual, population, or species

conforms to its environment (Pianka 1988). While the conceptual and theoretical

basis for the niche have been subject to a number of interpretations and refinements

(MacArthur and Levins 1967, Miller 1967, Levins 1968, MacArthur 1968, Pianka

1969, Roughgarden 1972, Whittaker et al. 1973, May 1974, Schoener 1974), modern

niche theory centers on the utilization distribution. This distribution is a frequency

histogram of use along one or more resource dimensions or niche axes (Schoener

1989). While the range of resource dimensions can include all of the physical and

environmental parameters that define where an organism exists, the dimensions are

generally classified into food, space, and time (Pianka 1969, Schoener 1974). Niche

breadth, or niche width, metrics measure the distribution of organisms within

particular resource states and are useful in assessing the degree of specialization

among species (McCullough 1980, Krebs 1999).

Niche overlap occurs whenever populations or species use the same physical

and environmental variables. However, abundant resources (Gordon 1989) or extreme

predation pressure (Roughgarden and Feldman 1975) could reduce competition despite

extensive niche overlap. Lawlor (1980) proposed that low niche overlap reflects

evolutionary divergence, rather than competitive interactions. A number of niche

overlap measures quantify the degree of overlap in resource use among species in a

community (Krebs 1999).

Interspecific coexistence can theoretically occur by niche partitioning,

interspecific dominance, or niche overlap mediated by abundant resources or extensive

predation. Resource partitioning can be inferred as a mechanism of coexistence

between sympatric species if there is low overlap along important niche dimensions

for the species. Pianka (1988) notes that most competition studies find important

differences in spatial and habitat use, forage composition, and patterns of temporal
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activity. These offer a series of testable hypotheses for the mechanisms of coexistence

for sympatric populations of Columbian white-tailed and black-tailed deer in

southwest Oregon. Due to the possibility of multiple causation of ecological

phenomena (Hilbom and Steams 1982), I used multiple working hypotheses (Platt

1964) to produce a series of potentially falsifiable, but not mutually exclusive,

predictions that will be compared with the results from this research (Bleich et al.

1997). The hypotheses are designed to form a hierarchical gradient, from coarse-scale

to fine-scale resource dimensions, that may elucidate the mechanisms involved in

potential competition between the species.

H1: Spatial segregation is the mechanism for interspecific coexistence among
sympatric populations of Columbian white-tailed and black-tailed deer.

Spatial segregation has been found to be an important factor for sympatric

coexistence among a number of ungulate populations (Lamprey 1963, Allen 1968,

Martinka 1968, Kamps 1969, Hirst 1975, Anthony and Smith 1977, Singer 1979,

McCullough 1980, Wydeven and Dahlgren 1985, Smith 1987, Wood 1989). Spatial

distributions constitute important components of an organisms' niche, and often are

influenced by factors such as climate, topography, forage availability, and habitat

structure. I predicted that spatial segregation would occur between white-tailed and

black-tailed deer during all seasons, but would be less pronounced when resources

were most abundant (i.e., spring and fall).



112: Habitat partitioning is the mechanism for interspecflc coexistence among
sympatric populations of Columbian white-tailed and black-tailed deer.

Habitat partitioning is widely cited for the coexistence of sympatric ungulate

species (Lamprey 1963, Martinka 1968, Kamps 1969, Telfer 1970, Constan 1972,

Anthony and Smith 1977, Hudson 1977, Singer 1979, Smith 1987, Wood 1989). If

habitat use and selection patterns are similar for white-tailed and black-tailed deer,

there will be a high potential for resource competition. Habitat partitioning would

allow the species to maintain greater niche overlap along a spatial dimension, while

potentially avoiding interference competition. I predicted that there would be strong

selection patterns for different habitats that would maintain ecological separation

between white-tailed and black-tailed deer.

H3: Interspecific coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer is mediated by forage resource partitioning.

Competition for forage has been the most extensively studied mechanism for

niche separation (McCullough 1980) and is widely cited for the sympatric coexistence

of many ungulate populations (Lamprey 1963, Jarman 1971, Krausman 1978,

Schwartz and Ellis 1981, Hanley and Hanley 1982, Leslie et al. 1987, Kirchhoff and

Larsen 1998). Studies comparing mule deer and white-tailed deer ecology have

demonstrated high diet overlap and concluded that competition may have been

important in the evolution of the species (Allen 1968, Martinka 1968, Kamps 1969,

Anthony and Smith 1977). Other studies have also reported high diet overlap between

mule deer and white-tailed deer, but concluded that competition was averted through

partitioning of other resources (Kramer 1973, Singer 1979). I predicted that there

would be interspecific differences for important food resources that would maintain

6
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low seasonal diet overlap between white-tailed and black-tailed deer. Since diet

overlap should decrease with decreasing food resources (Dunbar 1978, Schwartz and

Ellis 1981), I further predicted that overlap would be highest during spring and lowest

during summer.

H4: Interspec/Ic coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer is mediated by foraging micro-site partitioning.

Preliminary field observations within regions of population overlap suggested

that Columbian white-tailed and black-tailed deer occurred in similar habitats, though

foraged in locations that differed in plant composition and structure. Foraging micro-

site partitioning may provide a mechanism for species to coexist in the same area and

habitats with high degrees of overlap, while reducing the potential for exploitative

competition. I predicted that in regions of sympatly, the species would demonstrate

strong selection patterns for foraging patches with different plant composition. I also

predicted that interspecific differences in foraging patches would be reflected in the

diet composition of the species.

115: Interspecflc coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer occurs though the behavioral dominance of one
species.

Few studies have explored the role of behavioral dominance in resource

partitioning and the structuring of ungulate communities (Morse 1974, Berger 1985).

Previous studies with mule deer and white-tailed deer have shown instances of both

interference and mutual coexistence (Kramer 1973, Anthony and Smith 1977), though
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Fairman (1962) observed behavioral dominance of mule deer over white-tailed deer

and suggested that white-tailed deer avoided mule deer to prevent interspecific

interactions. Interspecific avoidance could allow ungulates to coexist in common

habitats or could lead to competitive exclusion (Fairman 1962, Kramer 1973). I

predicted that observations would reveal a high frequency of interspecific interactions

with a consistent dominance pattern of one species over the other.

The purpose of this study was to examine ecological relationships between

sympatric populations of Columbian white-tailed and black-tailed deer in southwest

Oregon. I specifically wanted to evaluate the relative importance of mechanisms of

coexistence for these congeneric species. The objectives were to (1) quantify seasonal

spatial distribution and habitat use, (2) determine seasonal diet composition, (3)

document outcomes of social interactions, and (4) report diet quality indices. I tested

five hypotheses regarding interspecific coexistence for sympatric populations of

Columbian white-tailed and black-tailed deer to assess the potential for interspecific

competition.



STUDY AREA

This study was conducted on the North Bank Habitat Management Area

(NBHMA). This 2,663 ha management area is located northeast of Roseburg on the

north side of the North Umpqua River, along County Road 200, and occurs within the

Umpqua watershed in Douglas County, Oregon (Figure 1). The property was obtained

by the Bureau of Land Management (BLM) in 1994 to secure habitat for the federally

endangered Columbian white-tailed deer and other wildlife species of special concern.

Prior to BLM ownership, the property was used for livestock grazing, with much of

the native habitats converted to improved pastures.

The landscape of the North Bank Habitat Management Area is characterized by

undulating topography with moderately steep (30 - 60 %) hills dissected by small

drainages. The elevation generally increases south to north from 158 to 603 m, with

creek bottom to ridge top topographic relief ranging from 152 to 274 m.

The climate is characterized by hot, dry summers and cool, wet winters. The

average annual rainfall for Roseburg is between 86 and 96 cm, with most precipitation

occurring from October to April (USD1 2000). During the 1997-1998 study period,

the study area precipitation was above average, with 123 cm of rain. The average

annual temperature is 12.2 °C, with typical sunmier maximum temperatures in the mid

20's and winter minimum temperature's near 0 °C (USD1 2000). During the 1997-

1998 study period the annual daily temperature averaged 12.8 °C, with the summer

maximum of 39.4 °C and winter minimum of 3.3 °C.

The NBHMA falls within the Interior Valley Zone of western Oregon

(Franklin and Dyrness 1973). The vegetation represents a transition between the

mesic lowlands of the Willamette Valley and the more xeric lowlands in northern

California (Smith 1 985b). The landscape is dominated by a mixture of grasslands, oak

savanna, oak woodlands, and mixed-age conifer stands. Historically, the grasslands

9
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and oak savanna complexes have been maintained through fire management, grazing,

and agricultural conversion to improved pasture. Plant communities were grouped

into eight habitat classes based on general plant associations and the extent of canopy

closure (Ricca 2000). These plant associations were described by Smith (1981;

1985b), but pooled to reduce potential errors associated with aerial photo

interpretation (Ricca 2000). The plant species composition was determined from

vegetative analysis conducted as part of the foraging micro-site component of the

study, a study area plant list produced by the BLM, and a plant association study by

Smith (1981). The habitat classes used in this study include:

Oak-hardwood savanna shrub: The oak-hardwood savanna shrub habitat

complex comprised 30% (814 ha) of the study area (Figure 2a). This habitat

represented a transitional stage in the natural habitat conversion process and

was composed of an agglomeration of the oak-hardwood, open grassland, oak-

hardwood conifer, grass shrub, and oak-hardwood savanna habitat complexes.

The overstory was primarily dominated by Oregon white oak (Quercus

garryana), Kellogg's oak (Quercus kelloggii), Pacific madrone (Arbutus

menziesii), and early-seral conifers. The extent of tree canopy closure was

variable, but did not exceed 50% (Ricca 2000). The understory was composed

of annual and perennial grasses, forbs, and shrubs.

2. Oak-hardwood: The oak-hardwood habitat comprised 21% (556 ha) of the

study area (Figure 2b). This habitat was generally composed of mature Oregon

white and Kellogg's oak, with greater than 50% canopy closure (Ricca 2000).

These forests were occasionally interspersed with big leaf maple (Acer

macrophyllum) and white alder (Alnus rhombfolia). Understories were

generally open and composed of annual and perennial grasses, forbs, and

occasional shrubs. Due to difficulties associated with distinguishing oak and

madrone forests from digital photo-orthoquads and aerial photos (Ricca 2000),
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other hardwood forests were included in this habitat type. These forests were

dominated by Pacific madrone with understories of poison oak (Rhus

diversiloba), sweetbriar (Rosa eganteria), one-seeded hawthorn (Crataegus

monogyna), and blackberry (Rubus) species.

Open grassland: The open grassland habitat comprised 14% (376 ha) of the

study area (Figure 2c). This habitat type was generally composed of annual

and perennial grasses and forbs. The diversity of grasses included western rye-

grass (Elymus glaucus), California brome-grass (Bromus carinatus), ripgut

brome-grass (Bromus rigidus), common velvet-grass (Holcus lanatus),

orchard-grass (Dactylis glomerata), Italian ryegrass (Lolium multflorum),

rabbitfoot polypogon (Polypogon monspeliensis), common timothy (Phleum

pratense), and ditch polypogon (Polypogon interruptus), but was dominated by

tall fescue (Festuca arundinacea), hedgehog dogtail (Cynosurus echinatus),

medusahead wild-rye (Taeniatherum asperum), and soft brome-grass (Bromus

mollis) (Smith 1981). Dominant forbs included hairy (spotted) cats-ear

(Hypochaeris radicata), narrow-leaved flax (Linum angustfolium), dovefoot

geranium (Geranium molle), field hedge-parsley (Torilis arvensis), wild onion

(Allium species), blue field-madder (Sherardia arvensis), Carolina geranium

(Geranium carolinianum), subterraneum clover (Trfolium subterraneum),

common vetch ( Vicia sativa), least hop clover (Trfolium dubium), and

common St. John's Wart (Hypericum perforatum). Shrub and tree cover were

less than 25% and 5%, respectively (Ricca 2000).

Oak-hardwood conifer: The oak-hardwood conifer habitat comprised 12% (317

ha) of the study area (Figure 2d). This habitat represented a transition between

the oak-hardwood and conifer habitat complexes, with conifers representing

greater than 25% of the total canopy (Ricca 2000). The overstory was

composed of Oregon white and Kellogg's oaks, Pacific madrone, Douglas fir

(Pseudotsuga menziesii), Sitka spruce (Picea sitchensis), and western red cedar
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(Thujaplicata). Understories were generally closed and consisted of poison

oak, sweetbriar, a variety of blackberry species, grasses, and forbs.

Grass-shrub: The grass-shrub habitat comprised 7% (176 ha) of the study area

(Figure 2e). This habitat was composed of a diverse mixture of shrubs

interspersed with a broad complex of grasses and forbs, with the shrub

component representing greater than 25% of the canopy cover (Ricca 2000).

Trees represented less than 5% of the total canopy cover in this habitat

complex. The grass and forb species were similar to those in the open

grassland habitat complex, while the shrub species included poison oak,

sweetbriar, little wild rose (Rosa gymnocarpa), Himalayan blackberry (Rubus

discolor), and pacific blackberry (Rubus ursinus).

Oak-hardwood savanna: The oak-hardwood savanna habitat comprised 7%

(189 ha) of the study area (Figure 2f). This habitat type represented a mixture

of the oak-hardwood and open grassland habitat complexes, with Oregon white

oak, Kellogg's oak, and pacific madrone representing 5 to 25% of the total

canopy (Ricca 2000).

Riparian: Riparian habitat comprised 6% (155 ha) of the study area (Figure

2g). This habitat was composed of wetland plant communities associated with

low elevation and slope regions along annual and perennial streams.

Overstories were dominated by Oregon ash (Fraxinus latfolia), red alder

(Alnus rubra), big-leaf maple, and Oregon white oak, and had canopy closure

ranging from 0 to 50% (Ricca 2000). Dense understories were dominated by

shrub species including poison oak, blackberry species, one-seeded hawthorn,

sweetbriar, and little wild rose. Open riparian areas were often associated with

poorly drained soils and dominated by rushes (Juncus effuses and Juncus

patens), sedges (Carex species), and various grasses and forbs.

Conifer: The conifer habitat comprised only 4% (103 ha) of the study area

(Figure 2h). This habitat was composed of large stands of douglas fir, Sitka



spruce, and western red-cedar, with canopy closure greater than 90% (Ricca

2000). While the stands of timber lacked a well-developed shrub understory,

canopy openings were dominated by a diverse complex of grasses, forbs, and

shrubs.
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METHODS

Horseback surveys

Transects were conducted on horseback from September 1997 to August 1998.

Data from the transects were used to estimate seasonal spatial distributions,

interspecific population overlap, and habitat use patterns for Columbian white-tailed

and black-tailed deer. Six transect routes were designed to maximize the visibility of

deer in all regions and habitats of the NBHMA (Figure 3). I randomly selected routes

and completed them in early mornings and late evenings, which correspond with

periods of peak deer activity and movement (Karnmermeyer and Marchinton 1 977

Beier and McCullough 1990). Routes were traversed alternately clockwise and

counterclockwise, to address bias associated with time sequence of the routes.

Binoculars were used to aid in visual observations of deer, distinguish species, and

note behaviors and activities. Locations for each deer group were recorded on 7.5-

minute (1:24,000) USGS topographic maps in the field and later converted to

Universal Transverse Mercator (UTM) coordinates from digital photo-orthoquad and

topographic map coverages in Arcview (Environmental Systems Research Institute,

Redlands, California, USA, version 3.2).

Behavioral observation surveys

I conducted over 730 hours of behavioral observations from July 1997 to

August 1998 to examine intraspecific and interspecific social interactions among

Columbian white-tailed and black-tailed deer. The behavioral surveys were made

from permanent observation stations located throughout the study area in locations

17



Figure 3. Horseback transect routes on the North Bank Habitat Management Area,
Douglas County, Oregon, 1997-1998.

18

Figure 4. Observation stations on the North Bank Habitat Management Area, Douglas
County, Oregon, 1997-1998.
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that maximized visibility of all habitats (Figure 4). Tree-stand and ground observation

stations were established in positions that offered natural camouflage (e.g., shrubs,

trees, or tall grass) or maximized the use of artificial camouflage (e.g., camouflage

clothing or blinds). Ground stations were used in areas that were depauperate of trees

(n = 15). These consisted of a permanent marker where the observer would be situated

for the duration of the observation period. Tree-stand observation stations were

erected 3 to 6 m above the ground in trees that offered unobstructed visibility (n = 11).

Foliage was altered or removed such that each station allowed nearly 360 observation,

while maintaining maximum natural camouflage.

Observation stations were selected randomly each day and behavioral

observation surveys were completed in the early morning and late evenings. The

observer arrived at the observation stations an hour before the behavioral survey was

scheduled to begin to allow potentially disturbed animals to re-acclimate and return to

their natural behaviors. Morning observation surveys began at sunrise and were

terminated when the last observed deer group had left the field of view or bedded.

Evening observation surveys began in the late afternoon and were terminated at dark.

During the behavioral observation surveys I attempted to visually locate and

follow all deer groups that could be identified from the observation stations. Groups

consisted of one to many individuals that were similar in behavioral and movement

patterns and located within 20 m of each other. Observations were made using

binoculars and 15-45x spotting scopes. The primary data collected for each

observation included date and time, location, group size and species composition,

habitat type, sex, age-class, and activity/behaviors. Locations for each deer group

were recorded on 7.5-minute (1:24,000) USGS topographic maps in the field and later

converted to UTM coordinates from digital photo-orthoquad and topographic map

coverages in Arcview (Environmental Systems Research Institute, Redlands,

California, USA, version 3.2). Animals were classified as fawns, yearlings, or adults.

I recorded the dominant community type in which the group was located. Ancillary



data collected for each behavioral survey included temperature and weather

conditions.

Fecal pellet collection

Fecal pellet groups were collected from individual deer observed during

behavioral observation sessions and horseback transect routes from July 1997 to

September 1998. Individual samples were composited into same sex and species

pellet group samples each week. Each composite sample, composed of samples from

one to several deer, was mixed and frozen in an air-tight plastic bag. The composite

samples were sent to the Washington State University Wildlife Habitat Laboratory

(Pullman, WA) for diet composition and quality analysis.

Spatial distribution estimation

I determined deer spatial distributions by home range estimators that yielded

estimates of the utilization distribution (i.e., probability of finding a species at a

particular location on a plane) on a seasonal basis: fall (September 21 to December

20), winter (December 21 to March 20), spring (March 21 to June 20), and summer

(June 21 to September 20). Sample sizes for observed deer groups during each season

ranged from 56 to 122. Seaman et al. (1999) suggests that 50 locations should be ideal

for fixed-kernel estimation. Fixed-kernel methods (Worton 1989), which make no

assumptions about the underlying species distribution, were used to estimate the area

of the utilization distribution. When used with the least squares cross validation

(LSCV) procedure to select the optimal smoothing parameter, fixed-kernel estimates

yield areas with little bias (Seaman and Powell 1996a). I used KernelHR (Seaman and

20
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Powell 1996b) with the Plotcenter sub-routine (Seaman et al. 1998, available from B.

Griffith, Alaska Cooperative Fish and Wildlife Research Unit, University of Alaska,

Fairbanks) for the analysis. The 99% contour was used for the analysis because the

goal was to describe the distribution of the entire population, minus the very few

outliers that may result in significant deviations from a normal distribution.

Habitat use and selection

Seasonal habitat use by white-tailed and black-tailed deer was determined by

comparing observed deer group locations from horseback transect surveys to a digital

habitat map of the study area using Arcinfo (Environmental Systems Research

Institute, Redlands, California, USA, version 7.2.1). The digital habitat map was

generated by digitizing habitat patches greater than 1 ha from digital photo-orthoquad

coverages of the study area (Ricca 2000). Habitat selection patterns were determined

by comparing habitat use to availability within the study area, following a design 1

sampling procedure and sampling protocol A (Manly et al. 1993). Since the data

collection methods did not preclude differential observability among the different

habitat types, results were used to compare seasonal interspecific patterns rather than

absolute selection or avoidance. Since both ungulate species were similar in body size

and form, I was confident that there was equal deer detectability among habitats and

that interspecific comparisons were valid.

Physical habitat data were collected by comparing deer group locations to

slope, aspect, and elevation raster coverages generated from 30 m digital elevation

models of the study area using Arcinfo (Environmental Systems Research Institute,

Redlands, California, USA, version 7.2.1). The proximity to water was determined by

calculating the distance from each deer group to the nearest stream or river.



Forage micro-site use and selection

Precise forage locations were marked for white-tailed and black-tailed deer

during behavioral observation sessions from January to August 1998. Forage plot

analyses were completed within 3-5 days of deer use and before vegetative structural

characteristics changed. The forage plot consisted of a 10 m radius plot with the

foraging location at plot center (Figure 5). From plot center, 10 m transect lines were

established in each of the 4 cardinal directions, creating two primary axes (north-south

and east-west). Shrub cover was determined by measuring the shrub intercept distance

along both of the axes. To measure the vegetative composition of the forage plot,

sample sub-plots were placed every 2 m along each axis for a total of 21 sub-plots.

Within each sub-plot the percent cover of species was estimated and recorded as cover

classes according to Daubenmire (1959). Due to the difficulty of identifying grasses

throughout the growing season, they were combined into a broad 'grasses' category.

Plant nomenclature followed Hitchcock and Cronquist (1973). Ancillary data

collected for each forage plot included slope exposure, aspect, distance to cover (cover

defined as vegetation taller than 1 m), a general habitat description, and cover quality.

Cover quality was measured using a cover pole placed in the middle of the cover patch

and read at a 15 m distance from each of the four cardinal directions (Griffith and

Youte 1988). When cover patches were greater than 5 m in diameter, cover quality

was also measured with the cover pole located 2 m into the particular cover patch, to

detect whether the patch offered varying degrees of concealment. To measure the

degree of foraging micro-site selectivity, random plots were established and analyzed

in the manner described above. The random plots were located at random direction

and distances from the observed forage plot location, within the same habitat

community. It was possible to select a random distance of zero, meaning that
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Figure 5. Forage plot design for determining foraging site characteristics for
Columbian white-tailed and black-tailed deer on the North Bank Habitat

Management Area, Douglas County, Oregon, 1997-1998.
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the forage plot could also be selected as a random plot. Characteristics of foraging

locations were not included with other resource dimensions for niche overlap and

breadth statistics, because data were only available for three seasons.

Plant cover data from the 21 sub-plots were combined for a total cover score

for each plant within a forage micro-site. Daubenmire (1959) cover classes, rather

than the midpoints of the range of percent cover scores, were used for the data analysis

because they approximate an arcsine-square root transformation (McCune 1994).

Monotonic transformations and relativizations were applied to the plant cover data

when assumptions of normality, linearity, and homogeneity of variance were violated.

In addition, plant species that occurred in less than 5 % of the forage micro-sites were

excluded from the analyses.

Diet composition

Composite fecal samples were sent to the Washington State University

Wildlife Habitat Laboratory for microhistological analysis of plant fragments (Sparks

and Malechek 1968). The diet composition analysis was based on 25 views of four

slides from each composite sample. The level of analysis generally allowed plant

fragments to be identified to genus and species, though all plant fragments were at

least identified to the forage class level. Plant composition was expressed as percent

relative density (Sparks and Malechek 1968).

Due to the problem of differential plant digestibility with the microhistological

analysis technique (Bergerud and Russell 1964, Dearden et al. 1975, 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. The samples were sent

to the Wildlife Habitat Laboratory to be processed by in vitro digestion using bovine
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rumen fluid. The plant residue from the artificial digestion process were treated as

simulated fecal samples, and the plant fragments were identified by the

microhistological analysis techniques. The correction factor was calculated as the

ratio of the weight of the plant material to the proportional composition from the fecal

analysis. The corrected diet compositions better reflect the relative proportions of

plants in the animal diets, since forbs and grasses are more completely digested by the

ungulate rumen and therefore underestimated in the original diet analysis (B. B.

Davitt, Washington State University, Pullman, pers. commun.).

Overlap and niche breadth measures were calculated for diet composition data

at the species level, because overlap for general forage classes has little meaning in the

sense of competition theory. The dominant species within each forage class were

reported and significant differences noted.

Diet quality

The composite fecal samples were analyzed by the Washington State

University Wildlife Habitat Laboratory for fecal nitrogen and neutral detergent fiber.

The total sample size of composite fecal samples available for fecal index analysis

ranged from 17 to 55 seasonally and represented both deer species.

Concentrations of fecal nitrogen were determined from the composite samples

by the Kjeldahl method (Association of Official Analytical Chemists 1980).

Differences in fecal nitrogen values are assumed to reflect differences in apparent

digestibility. Under field conditions, when deer occupy similar habitats and consume

similar diets, fecal nitrogen provides an accurate index to dietary quality. Fecal

nitrogen was measured on an organic matter (ash free) and neutral detergent basis,

which produce more accurate predictions of apparent digestibility, diet quality, and

intake (Wehausen 1995, Hodgman et al. 1996). These considerations are especially
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important, because free-ranging wildlife generally have increased fecal nitrogen

variability due to ingesting inorganic material. Since nitrogen has a direct correlation

with plant protein levels, high fecal nitrogen levels are associated with high quality

diets.

Neutral detergent fiber was measured in the composite samples, because this

measure of dietary quality may provide a more accurate index under field conditions

than fecal nitrogen or metabolic fecal nitrogen (Howery and Pfister 1990). The

laboratory procedures for neutral detergent fiber extraction isolate undigested dietary

material from the fecal samples (Mason 1971, Van Soest 1982) and therefore avoid the

negative effects of secondary plant compounds that bind to the proteins (Holechek et

al. 1982). Therefore, the neutral detergent fiber fecal index measures the less

digestible portions of the diet and high index values represent poor quality diets.

Results from this index were quantified on a dry matter basis.

Behavioral interactions

Intraspecific and interspecific behavioral interactions between Columbian

white-tailed and black-tailed deer were documented during behavioral observation

surveys. Behavioral interactions were inferred when deer groups were separated by

less than 50 m. This distance often magnified the level of behavioral changes to a

detectable level, and other studies have used similar distances for assessing behavioral

interactions in ungulates (Kramer 1973, Anthony and Smith 1977). Behavioral

interactions were classified as interaction events or non-events (i.e., no discernable

behavioral changes).

Interaction events were classified as intraspecific (within same species groups)

or interspecific (between species groups) and active or passive. Active events were

those in which deer groups displayed direct behaviors that elicited behavioral changes
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from the opposing group. Typical behaviors displayed during active events included

chasing, front leg flailing, sparring, and kicking. Passive interaction events were those

in which deer groups displayed indirect behaviors that elicited behavioral changes.

Behaviors typical of passive events included conspicuous watching, mutual feeding,

hard stares, and following. The outcome of all interaction events were noted. Typical

outcomes included group displacement, joining, or following. When group

displacement occurred, the group being displaced was noted, and the opposing group

was considered dominant for that interaction.

Trophic and ecological overlap

The major resource dimensions (i.e., spatial distributions, habitat use, and food

habits) were included in an analysis to examine seasonal patterns ofresource overlap

between Columbian white-tailed and black-tailed deer. Trophic overlap was

calculated by multiplying the seasonal habitat and diet overlap coefficients, while

ecological overlap was derived by multiplying trophic and spatial overlap coefficients

(Jenkins and Wright 1988). The ecological overlap coefficient is similar to the

"product cc' 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 cc"

competition coefficient, calculated as the arithmetic mean, is useful as an upper bound

for the true "multidimensional cc" (May 1975).

Trophic overlap coefficients convey information about the potential for

resource competition, while ecological overlap coefficients reflect the potential for

direct competition (McCullough 1980). Taken together, trophic and ecological

overlap coefficients can be used to assess the potential for competitive exclusion.



Statistical analyses

Population overlap between Columbian white-tailed and black-tailed deer was

determined by applying a grid cell analysis approach to the group location data on a

seasonal basis. Overlap was quantified using the Horn's (1966) index of similarity

R0-
(pij + pik)1og(p + p1k) - p1ogp - p log pik

21og2

where R0 is the Horn's index of overlap for speciesj and k, p, is the proportion

resource i is of the total resources used by speciesj, andp,k is the proportion resource i

is of the total resources used by species k. This measure produces relatively unbiased

estimates of overlap (Ricklefs and Lau 1980, Smith and Zaret 1982). The overlap

measure ranges from 0 (no resource overlap) to 1 (complete resource overlap). Niche

breadth was calculated using Hurlbert's (1978) standardized measure of niche breadth

1

(p / aj)
- a mm

1- a mm

where BA 'is Hurlbert' s standardized niche breadth, p is the proportion of individuals

found in or using resourcej, czj is the proportion of the total available resources

consisting of resourcej, and is the smallest observed proportion of all the

resources. This niche breadth measure ranges from 0 to 1.

Seasonal shifts in species distribution were determined by the multi-response

permutation procedure (MRPP). This procedure tests whether spatial data for any two

seasons comes from the same statistical distribution. A P-value and chance-corrected

within-group agreement statistic (A), which describes the within-group homogeneity

compared with random expectation and is used as a measure of the 'effect size,' are

reported for all MRRP analyses (McCune 1999). When values for the agreement

28
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statistic approach one, the within group items are nearly identical which means that the

between group differences are maximized. Values greater than 0.3, however, are

considered large for community data. Since the purpose of this analysis was to

sequentially compare seasonal distributions, Bonferroni adjustments were made to the

critical value such that only P-values less than 0.0 125 were considered significant.

The direction of the seasonal shift was determined by plotting the average seasonal

location and evaluating the direction of change.

Coefficients of species association were calculated for white-tailed and black-

tailed deer spatial distributions, based on a grid cell analysis approach. The

coefficients were calculated by the formula of Whittaker and Fairbanks (1958) as

modified by Southwood (1966)

Iai = 2[J / (A + B) - 0.5],

where J1 is the number of species A and B groups that occur in the same cells, A is the

number of A groups, and B is the number of B groups. The species association

coefficient ranges from -1 (repulsion) to + 1 (complete association) and takes into

account the number of groups of each species.

Physical habitat parameters (i.e., slope, elevation, aspect) and diet comparisons

were tested by multivariate analysis of variance (MANOVA). The Wilks' lambda test

statistic was reported for MANOVA results. When significant 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). Slope data were transformed using the arcsine square root

transformation before being included in the MANOVA, because slopes were

quantified as the degrees of inclination from 0% (level) to 90% (perpendicular) and

therefore had a binomial distribution. The aspect data was quantified by compass



30

direction and ranged from 0 to 359 degrees. Since these interval data had a circular

distribution, they were converted to rectangular coordinates in order to calculate the

descriptive statistics. Interspecific comparisons for the aspect data were tested on a

seasonal basis 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 zero values.

Niche overlap comparisons for the habitat use and diet data were based on the

Horn's (1966) index of similarity. Niche breadth for the habitat dimension was

calculated by Hurlbert's (1978) standardized niche breadth measure. Niche breadth

for the food resource dimension was calculated by Levins' (1968) measure of niche

breadth, as standardized by Hurlbert (1978)

1

1

BA- ni
wherep is the proportion of individuals found in or using resourcej and n is the

number of possible resource states. This niche measure was used because no attempts

were made to quantify forage availability. Goodness of fit tests, based on the log-

likelihood ratio, were used to test for interspecific and seasonal differences in the

habitat and diet data (Zar 1999). Descriptive statistics and significant differences at

the 0.05 level of significance are reported. Analysis of habitat selection data followed

procedures by Manly et al. (1993). All reported differences between selection ratios

were based on a multiple comparisons procedure and were considered significant at

the 0.05 level.

I used non-metric multidimensional scaling (NMS) (Kruskal 1964, Mather

1976) to determine important physical and biological patterns in forage micro-sites

used by white-tailed and black-tailed deer. NMS is a robust multivariate ordination

technique, based on ranked distances among sample units, that relieves the zero-
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truncation problem presented by heterogenous community data (Beals 1984, Ludwig

and Reynolds 1988). The NMS ordinations summarized the plant cover data for each

sample unit (i.e., forage micro-site) into the primary species composition gradients,

which were then related to the measured physical parameters for each plot through

overlays. The Sorensen proportion coefficient was selected as the distance measure

for the initial calculation of the dissimilarity measure because it is based on city-block

distances and therefore gives less weight to potential outliers (McCune 1999). The

appropriate number of dimensions (axes) for interpretation of the resulting ordinations

were determined by choosing the number of axes beyond which reductions in "stress"

were small. "Stress" is a measure of departure from monotonicity in the relationship

between the distance in the original p-dimensional space and distance in the reduced k-

dimensional ordination space (McCune 1999). The dimensions of the final solution

were checked using the Monte Carlo test to verify that the final dimensions were better

than could have been selected from randomized data. In addition, the stability of the

ordination solution at the number of dimensions selected for analysis and

interpretation was assessed by examining a plot of stress versus iteration number for

all ordinations. To facilitate interspecific comparisons among the forage micro-sites, I

rotated the NMS ordinations to the gradient from white-tailed to black-tailed forage

micro-sites. The proportion of variance explained by each axis was determined by

examining the r2 between distances in the ordination space and distances in the

original space. Overlays of the measured physical parameters were used to determine

whether any parameters explained the patterns of the sample units (forage micro-sites)

in the ordination space. PC-ORD (McCune and Meford 1997) was used for all

ordination and multivariate analyses.

Indicator species analysis (Dufrene and Legendre 1997) was used to explain

the ecological significance of differences among forage micro-sites by identifying the

relative importance of each of the plant species in the forage plots for the two deer

species. This analysis method combines information on plant species abundance and
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frequency within the sample units (i.e., forage micro-sites) into indicator values for

each species for the specified grouping variables (deer species). Indicator values range

from 0-100, with larger values representing species whose occurrence provides

evidence of a particular group. The indicator values were tested for statistical

significance by using a technique based on 1000 Monte Carlo randomizations. In

addition to NMS ordination and indicator species analysis, MRPP was used to test

whether forage micro-sites differed with respect to plant species cover for white-tailed

and black-tailed deer for used and random forage plots.

The effects of species, sex, and season on diet quality were examined by an

analysis of variance (ANOVA). The extra-sum-of-squares F-test was used for model

selection. Differences between seasons were tested with Fisher's LSD multiple-

comparison test. All significance levels were set at the 0.05 level of significance. The

number of composite samples collected during summer 1997 was small, so these data

were pooled with samples collected in summer 1998.

Basic descriptive statistics and percent occurrence were calculated in order to

characterize the nature of behavioral interactions. Logistic regression was used to

compare the odds ratios for particular aspects of the interspecific and intraspecific

behavioral interactions.

All statistical comparisons were performed with SAS (SAS 1988) and NCSS

(Hintze 1998) statistical software.



RESULTS

Spatial distributions

Columbian white-tailed and black-tailed deer demonstrated seasonal trends in

population distributions and use of physical habitat components (white-tailed deer, F =

7.98, d.f. = 9,906, P = 0.000, black-tailed deer, F= 7.97, d.f. = 9,1548, P = 0.000;

Table 1). During fall, the white-tailed deer population moved northwest from the

summer distribution (MRPP, P = 0.000, A = 0.019) and expanded their range to 61%

(1,632 ha) of the study area (Figure 6a). White-tailed deer used significantly higher

elevations during this season as compared with all others (Tukey-Kramer procedure, q

= 4.29, d.f. = 1021, a = 0.05). Their spatial distribution declined to 29% (765 ha) of

the study area during winter (Figure 6c), though the range was not distinct from the

previous season (MRPP, P = 0.073, A = 0.006). In spring, the white-tailed deer

population expanded to 33% (882 ha; Figure 6e) of the study area and shifted to

southeast facing slopes. During summer, the white-tailed deer population moved

eastward (MRPP, P < 0.000, A <0.08) and only occupied 21% (551 ha) of the study

area (Figure 6g). This represented the smallest spatial distribution of all seasons for

white-tailed deer. During this season, the population was located significantly closer

to creeks and rivers than during the fall or spring (Tukey-Kramer procedure, q = 4.29,

d.f. 1026, a = 0.05).

During fall, the black-tailed deer population moved west from the summer

distribution (MRPP, P = 0.000, A = 0.0 17) and used 47% (1,268 ha) of the study area

(Figure 6b). They expanded to 56% (1,500 ha) of the study area during the winter

(Figure 6d), and shifted their range to the northwest (MRPP, P = 0.039, A = 0.006).

During spring, the black-tailed deer population moved southwest (MRPP, P= 0.000, A

= 0.018) and expanded their range to 62% (1,675 ha) of the study area (Figure 6f).
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Table 1. Physical habitat characteristics of Columbian white-tailed (CWTD) and black-tailed (CBTD) deer population
distributions on the North Bank Habitat Management Area, Douglas County, Oregon, 1997 - 1998.

Fall Winter Spring Summer

CBTD CWTD CBTD CWTD CBTD CWTD CBTD CWTD

n168 n100 n62 n56 n258 n-105 n157 n=123
Physical Habitat Parameters SE SE SE R SE SE X SE X SE SE

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.

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 (%)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 (0)b 170.3 -- 168.4 -- 193.9 -- 197.8 -- 172.4 * 237.2 -- 152.2 -- * 122.5 --

DistancetoWater(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



0 1 3 4

Miles

0 1 2 3 4 5 6

White-tailed deer Black-tailed deer

WINTER

White-tailed deer R - Black-tailed deer
0

Kilometers

Figure 6. 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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Similar to the white-tailed deer population, the black-tailed deer population shifted

east (MRPP, P < 0.000, A <0.08) during the summer and used only 33% (893 ha) of

the study area (Figure 6h). This represented the smallest spatial distribution of all

seasons for black-tailed deer. During this season the population occurred at lower

elevations (Tukey-Kramer procedure, q 4.29, d.f. = 1021, a = 0.05) and closer to

creeks and rivers, as compared with the other seasons.

Distributional overlap varied between white-tailed and black-tailed deer

(Horn's index, R0 0.05 - 0.40; Table 2) during all seasons, with consistently high

overlap (Horn's index, R0> 0.73; Table 3) in the use of most physical habitat

components. In general, white-tailed deer used portions of the study area with lower

elevations and closer proximity to water than did black-tailed deer. Black-tailed deer

exhibited broader use of space than white-tailed deer (1.95 <Z < 4.29, P 0.05)

during all seasons, except fall (Z= 1.82, P = 0.068; Table 4).

The greatest seasonal spatial overlap between white-tailed and black-tailed

deer occurred during the fall (Horn's index, R0 = 0.40), when both species showed

high overlap (Horn's index, R0> 0.98) in use of all physical habitat components. The

least interspecific spatial overlap (Horn's index, R0 = 0.05) occurred during the winter,

when the species showed reduced elevation overlap (Horn's index, R0 = 0.73), but

maintained high overlap in slope and aspect (Horn's index, R0 0.93). The spatial

overlap increased (Horn's index, R0 = 0.19) during spring, with increasing overlap in

elevation (Horn's index, R0 = 0.77) and high overlap for slope and aspects (Horn's

index, R0> 0.90). Spatial overlap increased (Horn's index, R0 = 0.35) during the

summer, with white-tailed and black-tailed deer showing high overlap (Horn's index,

R0 0.88) for all physical habitat components.

Coefficients of species association indicated a negative association between

white-tailed and black-tailed deer on the NBHMA during all seasons (Fall, 'al = -

0.213, Winter, 'a, = -0.7, Spring, ]1,, = -0.592, Summer, L,,, = -0.210). The low spatial

overlap suggested that the populations were allopatric, while the indices of



Table 2. Indices of resource use overlap between Columbian white-tailed and
black-tailed deer on the North Bank Habitat Management Area, Douglas
County, Oregon, 1997-1998. Overlap is calculated using Horn's (1966)
index of similarity (range of 0 to 1).

Table 3. Indices of overlap for physical habitat components between Columbian
white-tailed and black-tailed deer on the North Bank Habitat Management
Area, Douglas County, Oregon, 1997-1998.
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Season Spatial Overlap Habitat Overlap Dietary Overlap
(5) (H) (D)

Fall 0.40 0.96 0.89

Winter 0.05 0.89 0.91

Spring 0.19 0.89 0.95

Summer 0.35 0.90 0.94

Season Elevation Overlap Aspect Overlap Slope Overlap

Fall 0.98 0.98 0.98

Winter 0.73 0.93 0.95

Spring 0.77 0.90 0.93

Summer 0.88 0.95 0.95



Table 4. 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.

aCalculated using Hurlbert's (1978) standaridized niche breadth (range of0 to 1).

bCalculated using Levins' (1968) standardized niche breadth (range 0 to 1).

* Significant interspecific difference; P 0.05.
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Season CWTD CBTD CWTD CBTD CWTD CBTD

Fall 0.39 0.51 0.66 0.56 0.57 n/a 0.51

Winter 0.33 * 0.47 0.66 0.75 0.53 n/a 0.45

Spring 0.25 * 0.50 0.64 0.56 0.18 n/a 0.20

Summer 0.27 * 0.41 0.55 0.57 0.35 n/a 0.23

Spatial Diversitya Habitat Diversitya Diet Diversityb
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association provided evidence that spatial separation was maintained through passive

avoidance or competitive exclusion. Since distribution overlap between white-tailed

and black-tailed deer was relatively low on the study area, the "product a" is a more

appropriate index to ecological overlap than the "summation oc' (Anthony and Smith

1977). It is likely, however, that the "product o" values are conservative, so the

"summation o" can be used as an upper bounds for the ecological overlap coefficients.

Habitat use and selection

Columbian white-tailed deer used nearly all habitats available on the study

area, and habitat use was variable between seasons (Gadj 40.40, d.f. = 21, P = 0.013;

Figure 7). Annually, 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-

hardwood conifer habitats were used less than 3% of the time. Open grassland was the

most frequently used habitat during spring. Oak-hardwood savanna shrub was the

most used habitat during fall, winter, and summer. Across all seasons use of conifer

and oak-hardwood conifer habitats was low.

Columbian black-tailed deer exhibited high use of open grassland and oak-

hardwood savanna shrub habitats and relatively low use of all others. Annually, open

grassland was the most frequently used habitat (3 9.4%), 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 less

than 4%. There were significant seasonal differences in habitat use (Gadj 72.55, d.f.

= 21, P = 0.000; Figure 7). Across all seasons, open grassland and oak-hardwood

savanna shrub were the most frequently used habitats. Oak-hardwood savanna shrub

habitat was used nearly 50% more often than open grassland during winter. Similar to
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Figure 7. 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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white-tailed deer, use of conifer and oak-hardwood conifer habitats was low during all

seasons.

There was high habitat overlap between white-tailed and black-tailed deer

(Horn's index, R0> 0.89; Table 2) during all seasons and no differences in breadth of

habitat use (-0.21< Z> 0.06, F> 0.39; Table 4). Fall represented the season with the

greatest overlap (Horn's index, R0 = 0.96), with white-tailed and black-tailed deer

showing similar use of conifer, grass-shrub, and oak-hardwood habitats. They 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 (Figure 8). Black-tailed deer also selected grass-

shrub habitats. White-tailed deer avoided oak-hardwood conifer habitats, while black-

tailed deer avoided conifer and riparian areas. The fall white-tailed deer habitat

selection results for oak-hardwood conifer and conifer habitats, and riparian and

conifer habitats for black-tailed deer, can only be regarded as indicative because the

sample counts were less than 5 in these habitats (Manly et al. 1993).

Winter and spring represented the seasons with the lowest habitat overlap

(Horn's index, R0 = 0.89), though habitat overlap was high during all seasons (Table

2). During the winter season, the two species showed similar use of oak-hardwood

conifer, oak-hardwood, and grass-shrub habitats. They were most dissimilar in the use

of oak-hardwood savanna shrub, oak-hardwood savanna, and riparian habitats (Figure

7). White-tailed deer selected oak-hardwood savanna habitats and demonstrated

ambiguous selection and avoidance patterns for all other habitats. Black-tailed deer

selected oak-hardwood savanna shrub and avoided riparian habitats during the winter.

The results for white-tailed deer in oak-hardwood conifer and conifer habitats, and

black-tailed deer in riparian, conifer, and oak-hardwood conifer habitats, were only

indicative due to low use and sample sizes.

During spring, the two species showed similar use for grass-shrub and conifer

habitats. They were most dissimilar in the use of open grassland and riparian habitats.
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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. The vertical bars represent 95%
confidence intervals for individual selection ratios. The 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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White-tailed deer exhibited ambiguous selection patterns for riparian, oak-hardwood

savanna, and open grassland habitats, while avoiding oak-hardwood conifer. Black-

tailed deer, on the other hand, selected open grassland habitats and avoided conifers.

The results for white-tailed deer in oak-hardwood conifer and conifer, and black-tailed

deer in conifer and riparian habitats, should only be considered indicative.

Overlap in habitat use increased slightly in summer (Horn's index, R0 = 0.90),

from 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

avoided oak-hardwood conifer, while black-tailed deer selected open grassland and

avoided oak-hardwood conifer and oak-hardwood habitats. The results for both white-

tailed and black-tailed deer in oak-hardwood conifer and conifer habitats were only

indicative due to low sample counts.

Diet composition

Columbian white-tailed deer diets were dominated by forbs, shrubs, grasses,

and 'other' food sources, though diet composition was variable by season (Table 5;

Figure 9). White-tailed deer diets were most diverse during the fall (BA = 0.57; Table

4) and most reduced during the spring (BA = 0.18). Dominant forbs in the white-tailed

deer diets included Cirsium arvense, Geranium species, Lotus micranthus/Lupinus

bicolor, Plantago lanceolata, Saxfraga species, Trfolium species, and monocot forbs.

Dominant trees and shrubs included Quercus kelloggii, Rubus discolor, Rubus ursinus,

and other Rubus species. 'Other' food items in the white-tailed deer diets included

lichens, ferns, seed and nuts, Phoradendron villosum, and thorns. Primary grasses

included Agrostis alba, Alopecurus pratensis, Bromus species, Dactylis glomerata,



Table 5. 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 percentage a basis. The complete diet inventory is included in Appendix 1.

Plant Species

Fall Winter Spring Summer

CBTD

n11
-x SE

CWTD
n13

x SE

CBTD
n=18

x SE

CWTD
n=12

x SE

CBTD
n=27

x SE

CWTD

n25
x SE

CBTD
n31

x SE

CWTD
n=26

5 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

Pseudolsuga 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
Achilleamillefoliuns 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

Cirsiurn 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

Cryptanthainterniedia 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

Epilobiunz/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

Galluinaparine 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

Monocotforbs 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

Phacelia 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

Saxfraga 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

Senecia 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

Siachysrigida 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

Trfo!iu,,i 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

L.Jnknown 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

Grasses
Agrostisalba 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

Alopecuruspratensis 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

Bronuis 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

Dactylisgiomerata 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



Table 5. Continued.

* Interspecific differences significant at P 0.05

Other

Trees/Shrubs

Deschampsia species

Elymusglaucus
Fesluca species
Holcuslanatus
Hordeum species
Poa species
Stipalemmonii
Unknown grasses

Composite
Polystichum species
Unknown fern species
Insect
Lichen
Moss
Phoradendronvil/osurn
Seed/Nut
Thorn

Berberis species
Ceanothus species
Cralaegus species
Quercus acorn
Quercusgarryana
Quercuskelloggii
Quercus species
Rhusdiversilosa
Rubus discolor
Rubuslaciniatus
Rubus species
Rubusursjnus
Symphoricarposalbus
Unknown shrubs

0.37

0.37
1.44

0.53
0.38
3.41

1.11

1.25

0.94
0.43
0.30
0.68
14.39
2.25
7.51

10.16

0.17

0.25
0.35
0.57
0.00
1.32

2.26
0.27
0.11

2.67

0.39

1.10

2.43

0.68

1.48

0.16

0.27
0.41

0.34
0.31
1.18

0.39
0.34

0.50
0.33
0.29
0.30
3.80
0.76
3.66
3.52
0.12

0.19
0.25
0.20
0.00
0.71

1.16

0.27
0.08
2.19

0.16
0.71

1.16
0.35

0.44

*

*

*

0.13

0.10
0.48
0.27
0.14
4.09
0.28
1.18

0.32
0.26
0.29
1.26

7.81

0.54
1.09

8.84

1.68

0.49
0.11

0.36
0.00
0.90
3.43
0.12
0.21

8.40

1.06

1.93

3.27
0.83
2.28

0.13

0.07
0.22
0.15

0.10
1.30

0.19

0.29

0.26
0.11

0.10
0.38
1.61

0.12
0.59
1.76

0.61

0.27
0.07
0.17
0.00
0.43
1.25

0.12
0.11

3.26
0.45

0.48
1.06

0.46
0.57

0.56
0.18

0.41

0.26
0.48
2.96
0.35

0.76

0.00
1.30

0.91

0.63

26.80
0.23
3.02
0.06
0.11

0.05
0.71

0.69
0.00
0.38
0.83
0.08
0.18
0.74
0.13

0.69
1.07

0.37
0.99

0.41

0.11

0.15

0.12
0.16
0.82
0.11

0.14

0.00
0.63

0.54
0.31

4,49
0.07
0.79

0.05

0.06

0,05
0.28
0.30

0.00
0.13
0.24
0.08
0.08
0.48
0.11

0.23
0.43
0.22
0.16

*

0.27
0.09
1.28

0.48
0.40
4.57
1.70

1.29

0.00
1.63

1.31

0.45
19.00
0.15
1.17

0.22
0.50

0.05
0.82
0.94
0.00
0.55
0.20
0.14
0.24
4.05
0.08
0.73
0.70
0.86
1.00

0.19

0.07
0.39
0.21

0.12
1.00

0.66
0.28

0.00
0.77
0.88
0.15
3.15
0.05
0.32
0.07
0.41

0.03
0.41
0.45

0.00
0.24
0.08
0.14
0.17
1.84
0.03

0.19
0.28
0.52
0.26

0.14
0,15
0.23
0.08
0.38
1.24

0.11

0.74

0.71

0.00
0.02
0.71

4.08
0.84
0.03
0.04
0.33

0.11
0.07
0.12

0.00
2.62
1.48

1.88

0.53

3.91

0.32
2.58
2.90
0.16
1.27

0.06
0.08
0.10
0.04
0.14
0.32
0.05
0.10

0.38
0.00
0.02
0.13
0.93
0.46
0.03
0.03
0.21

0.07
0.07
0.06
0.00
1.20

0.48
0.70
0.16
1.57

0.10
0.60
0.41

0.16
0.22

0.14

0.21

0.12
0.07
0.47
1.21

0.46
0.75

0.91
0.00
0.06
0.70
1.91

0.32
0.06
0.04
0.14

0.01
0.45

0.65

0.19
1.56

1.15

1.92

0.69
4.10
0.40
1.68

2.38
0.11

1.02

0.06

0.14
0.06
0.04

0.28
0.47
0.28

0.14

0.42
0.00
0.03
0.19
0.39
0.13
0.03
0.03
0.08

0.01
0.24
0.48

0.19
0.78
0.54
0.90
0.19
1.03

0.16
0.40
0.37
0.11

0.20

0.00
0.01

0.02
0.16
0.36
0.71
0.00
0.33

1.43

0.04
0.22
1.13

7.42
1.05

2.18
4.43
0.58

0.13
0.35
0.68
13.41

4.47
8.47
1.59

1.35

16.86

0.85

3.53
5.22
2.63
1.73

0.00
0.01

0.02
0.09
0.32
0.31

0.00
0.07

0.38
0.03
0.13
0.26
1.88
0.31
0.83
1.39

0.27

0.08
0.14
0.24
3.62
0.92
1.63

0.47
0.41
4.10
0.35
0.63
1.06

0.61
0.36

*

0.00
0.12
0.37
0.07
0.12
0.69
0.04
0.48

1.61

0.04
0.14
1.51

4.10
0.63
0.95
5.23
1.32

0.13
0.66
0.60
9.82
3.50
5.95
1.08

1.00

17.82
0.26
3.88
6.42
2.37
2.20

0.00
0.12
0.33
0.05

0.08
0.25

0.02

0.10

0.51

0.03
0.10
0.30
1.09

0.41

0.64
1.46

0.53

0.10
0.38
0.32
2.14
0.84
1.51

0.37
0.20
3.70
0.12

0.91

0.94
0.73
0.76
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Figure 9. 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. Asterisks (*) indicate
interspecific differences significant at P 0.05.
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Festuca and Poa species. The conifer and sedge/rush forage classes were not

important constituents of white-tailed deer diets during any season.

Columbian black-tailed deer diets were dominated by forbs and 'other' food

sources, though diet composition showed seasonal variability. The diets were most

diverse during the fall (BA = 0.51; Table 4) and the least diverse during the spring (BA

= 0.20). Throughout all seasons, the most important forbs in the black-tailed deer

diets included Geranium species, Lotus micranthus/Lupinus bicolor, monocot forbs,

Saxfraga species, and unknown forbs. Dominant grasses included Agrostis alba,

Alopecurus pratensis, Bromus species, Daclylis glomerata, Festuca and Poa species.

'Other' food items, including lichens, ferns, and Phoradendron villosum, were

important staples in the black-tailed deer diets over most seasons. The conifer and

sedge/rush forage classes were not important constituents of black-tailed deer diets

during any season.

Based on species composition, there was high dietary overlap between white-

tailed and black-tailed deer (Horn's similarity index, R0> 0.89; Table 2) during all

seasons. Seasonal diet diversity followed similar patterns for both species, with the

most diverse diets occurring in the fall and the least diverse diets in the spring (Table

4). Diet overlap was high (R0 = 0.89) during fall, when both white-tailed and black-

tailed deer used all forage classes, except conifer and sedge/rush. While the fall diets

were similar, black-tailed deer diets had a significantly higher proportion of 'other'

forage items (Tukey-Kramer Multiple-Comparison Procedure, q = 4.29, d.f. = 155, a =

0.05).

Interspecific diet overlap remained high during winter (R0 = 0.91), with white-

tailed deer diets having nearly equal proportions of forbs, grasses, and 'other' forage

items, and black-tailed deer showing concentrated use of the 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
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significantly higher in conifers (Tukey-Kramer Multiple-Comparison Procedure, q

4.29, d.f. = 155, a = 0.05).

Spring diets were nearly identical for white-tailed and black-tailed deer (R0 =

0.95), with both species heavily foraging on forbs and supplementing their diets with

shrubs. There was little diversity in diet composition for either species, and no

interspecific differences.

Diet overlap remained high during summer (R0 = 0.94), with both species

heavily foraging on shrubs and supplementing their diets with forbs and 'other' forage

items. White-tailed deer had higher diet diversity than black-tailed deer and had

significantly higher proportions of grass in their diet (Tukey-Kramer Multiple-

Comparison Procedure, q = 4.29, d.f. = 155, a 0.05).

Diet quality

Fecal nitrogen values provided evidence of interspecific differences (F = 5.43,

P = 0.021; Appendix 2) and seasonal fluctuations (F = 52.52, P = 0.000) in diet

quality on the study area. Mean fecal nitrogen values (Figure 10) for white-tailed deer

( = 3.21) were significantly greater than black-tailed deer ( = 3.05). The fecal

nitrogen values for both species were variable by season (F = 52.52, P 0.000) with

the highest values occurring during spring ( = 3.75) and winter ( = 3.21) compared

to fall (=2.72) and summer ( = 2.85; Fisher's LSD Multiple-Comparison Procedure,

q = 1.98, d.f. = 143, a = 0.05). A reduced regression model for fecal nitrogen, with

only species and season as main effects, explained as much variation as a full model

including sex, species, season, and all possible interactions (Extra sum of squares, F =

1.67, d.f. = 2,140, P = 0.189).

Neutral detergent fiber values suggested that forage digestibility fluctuated

seasonally, though interspecific differences in forage digestibility were lacking.



Figure 10. Average fecal nitrogen (FN) values by season for Columbian
white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank
Habitat Management Area, Douglas County, Oregon, 1997-1998.

Figure 11. Average neutral detergent fiber (NDF) values by season for Columbian
white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank
Habitat Management Area, Douglas County, Oregon, 1997-1998.
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Neutral detergent fiber values (Figure 11) for white-tailed deer (5 = 50.89) did not

differ from black-tailed deer (z = 50.59, F 0.06, P = 0.803; Appendix 3), though

neutral detergent fiber values were variable by season (F = 36.79, P = 0.000) with the

highest levels occurring in summer ( = 59.92) compared to fall ( = 50.62), spring (

= 46.58), and winter (5 = 45.78; Fisher's LSD Multiple-Comparison Procedure, q =

1.98, d.f. = 149, a = 0.05). Results from the neutral detergent fiber analysis show that

a reduced model, including species and seasons as main effects, explained as much

variation as a full model that include all main effects and interactions (Extra sum of

squares F= 0.306, d.f. = 1,147, P = 0.581).

Forage micro-site use and selection

Characteristics of foraging locations for white-tailed and black-tailed deer were

compared to determine differences in their choice of foraging areas. In general,

foraging locations of white-tailed deer were distinct seasonally with regard to plant

species (MRPP, P = 0.000, A = 0.054) and plant life form (P = 0.002, A = 0.046)

composition, with a number of statistically significant (P < 0.05) plant indicator

species for each season (Table 6). There was no evidence to suggest that white-tailed

deer were being selective in their choice of foraging locations within a habitat type,

because there were no broad differences in plant composition (P = 1.0, A = -0.004) or

life forms (P = 0.853, A = -0.004) between used and random forage plots and no

distinct correlations (r < 0.55) with gradients in slope, aspect, habitat type, distance to

hiding cover, hiding cover quality, or shrub cover (Figures 12 and 13).

Columbian black-tailed deer foraging locations also exhibited seasonal

differences with regard to plant species (MRPP, P = 0.000, A = 0.073) and plant life

form (MRPP, P = 0.000, A = 0.122) composition, with a number of statistically

significant plant indicator species for each season (Table 6). In addition,



Table 6. Statistically significant (P 0.05) indicator plant species of Cokunbian
white-tailed and black-tailed deer foraging locations, Douglas County,
Oregon, 1997-1998.

Winter
Cardamine oligosperma
Silybum marianum
Trfolium subterraneum
Veronica arvensis
Ranunculus occidentalis

Spring
Geranium carolinianum

Trfolium dubium
Vicia sativa

Ranunculus occidentalis
Veronica arvensis

Summer
Centaurium umbellatum
Geranium dissectum

Cardamine oligosperma
Ranunculus occidentalis
Trfolium subterraneum
Vicia hirsuta
Allium species
Brodiaea species
Cirsium arvense
Geranium molle
Grass species
Sherardia arvensis
Veronica arvensis

Geranium carolinianum

Trfolium dubium
Vicia sativa
Allium species
Brodiaea species
Cirsium arvense
Geranium molle
Grass species
Sherardia arvensis
Veronica arvensis

Brodiaea congesta
Centaurium umbellatum
Geranium dissectum
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Figure 12. Non-metric multidimensional scaling ordinations for Columbian
white-tailed deer forage plot selection in plant species space, with an
overlay of the associated forage plot variables. The x-axis of the ordination
is centered on the gradient from used forage plots (coded as circles) to
random (coded as triangles) from left to right. R2 cutoff value = 2.00.
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fernlmoss (P = 0.04), forbs (P = 0.00 1), and grass (P = 0.02) life forms were strongly

associated with the winter and spring foraging locations, though no plant life forms

were statistically significant indicators of the summer foraging locations. Similar to

white-tailed deer, there was no evidence to suggest that black-tailed deer were being

selective in their choice of foraging locations within a habitat type, because there were

no broad differences in plant composition (P = 1.0, A = -0.003) and life form

composition (P = 0.968, A = -0.004) between the used and random forage plots and no

strong correlations (r < 0.55) with gradients in slope, aspect, habitat type, distance to

hiding cover, hiding cover quality, or shrub cover (Figure 14 and 15). While the

indicator species analysis did not detect any statistically significant life forms (P>

0.05), Bellis perennis was detected as an indicator species for random plots (P =

0.044).

There were distinct differences in plant species (P = 0.000, A = 0.015) and life

form composition (P = 0.000, A = 0.020) between white-tailed and black-tailed deer

foraging locations, with a number of plant species and life forms associated with

foraging locations uniquely used by each species. The strongest indicator species (P

0.00 1) for foraging locations used by black-tailed deer were Epilobiumpaniculatum,

Erodium cicutarium, Hypochaeris radicata, Linum angustfolium, Lomatium

utriculatum, Lotus micranthus, Plagiobothrys nothofuluvus, and Trtfolium

angustfolium. The amount of open ground also strongly differentiated those foraging

locations used by black-tailed deer (P = 0.001), when compared to white-tailed

foraging locations. A preponderance of forbs and open ground in forage plots

provided significant plant life form indicators of plots utilized by black-tailed deer (P

<0.01). Cirsium arvense, Dipsacus sylvestris, Juncus effusus, Juncus patens, Mentha

pulegium, Ranunculus orthorhynchus, and Vicia hirsuta were the strongest indicator

species (P 0.01) for white-tailed deer forage locations. The presence of free-flowing

water in forage plots differentiated foraging locations utilized by white-tailed
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deer (P = 0.011). Significant plant life form indicators (P < 0.02) for white-tailed deer

forage plots included sedges/rushes, shrubs, and water.

While only weak associations existed between the white-tailed and black-tailed

deer forage plots and site characteristics, the associations strongly resembled the

broader physical habitat characteristics of the species (Figure 16). With regard to

plant species composition, there was a weak association in percent slope (r = 0.52)

that paralleled the gradient in deer species, indicating that the foraging locations for

black-tailed deer were on slightly steeper slopes than those for white-tailed deer.

When plant species were included in the forage plot ordinations (Figure 17), white-

tailed deer foraging locations had a weak association (r > 0.45) with Juncus effusus,

Juncuspatens, and Menthapulegium when compared to other plant species found in

the forage plots. Black-tailed deer, on the other hand, had associations (r > 0.50) with

Linum angustfolium, Hypochaeris radicata, Lotus micranthus, and Epilobium

paniculatum. The plant species associated with the white-tailed deer foraging

locations tend to occur in the more poorly drained soils that are often associated with

lowland riparian areas on the study area, while those for the black-tailed deer tend to

occur in the uplands. With regard to plant life form composition within the forage

locations, there were weak associations (r> 0.45 ) with gradients in percent slope and

shrub cover (Figure 18). The white-tailed to black-tailed deer forage plot gradient was

associated with gradients from low to high slope. The shrub cover gradient had a

slightly stronger association with white-tailed deer forage plots. Finally, the forage

plot ordinations demonstrated that forage plots used by white-tailed deer had weak

associations (r > 0.45) with sedges/rushes and water, while black-tailed deer foraging

locations had weak associations (r > 0.45) with areas of open ground (Figure 19).

For all NMS ordinations, a 3-dimensional solution, based on Sorensen

distance, was selected. Monte Carlo tests of stress in randomized data showed the

final "stress" explained by these axes was less than that expected by chance. The plot
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Figure 16. Non-metric multidimensional scaling ordinations of forage plots in plant
species space, with an overlay of the associated forage plot variables. The

x-axis of the ordination is centered on the forage plot gradient from
Columbian white-tailed (CWTD; coded as circles) to black-tailed (CBTD;

coded as triangles) deer from left to right. R2 cutoff value = 2.00.
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Figure 17. Non-metric multidimensional scaling ordinations of forage plots in plant
species space, with a plant species overlay. The x-axis of the ordination is
centered on the forage plot gradient from Columbian white-tailed (CWTD;
coded as circles) to black-tailed (CBTD; coded as triangles) deer from left
to right. R2 cutoff value = 2.00.
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Figure 18. Non-metric multidimensional scaling ordinations of forage plots in plant
life form space, with an overlay of the associated forage plot variables.
The x-axis of the ordination is centered on the forage plot gradient from
Columbian white-tailed (CWTD; coded as circles) to black-tailed (CBTD;
coded as triangles) deer from left to right. R2 cutoff value = 2.00.
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Figure 19. Non-metric multidimensional scaling ordinations of forage plots in plant
life form space, with a plant life form overlay. The x-axis of the ordination
is centered on the forage plot gradient from Columbian white-tailed
(CWTD; coded as circles) to black-tailed (CBTD; coded as triangles) deer
from left to right. R2 cutoff value = 2.00.
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of stress versus iteration number, for all ordinations, demonstrated a typical curve for

the ordination solutions that stabilized at a relatively low level. Sixty-five to ninety

percent of the cumulative variation present in the data was described by the gradients

produced by each ordination. Cover pole measurements were taken 2 m into cover

patches and at the patch center to determine whether there was a difference in the

cover quality offered at the two locations. There was no statistical difference between

the amount of cover offered at these two locations within a cover patch (two-sample t-

test, P 0.708); therefore the patch center measurements were used for all analyses.

Behavioral interactions

Detailed observation of behavioral interactions between white-tailed and black-

tailed deer provided information on the potential for interference competition. The

odds of a behavioral interaction event when two deer groups, regardless of species,

approached within 50 m was low (i.e., less than 20%) during all seasons. When

interactions did occur, intraspecific interactions were 48 times more likely than

interspecific interactions (Mantel-Haenszel procedure, Z = 11.91, P = 0.000). This

pattern was consistent across seasons.

When interactions occurred between white-tailed deer groups, they were

equally likely to be passive or active. Active interactions among groups of white-

tailed deer were most often characterized by deer groups chasing, closely following,

displaying mating behaviors, and feeding in close proximity (Table 7). Occasionally

these interactions also included touching, fleeing, leg flailing, and head down thrusts.

All of the active interactions among white-tailed deer resulted in groups changing their

activities and behaviors (Table 8). Other behaviors and group displacement were the

most common active interaction outcomes, though occasionally white-tailed deer

groups joined each other. Passive interactions between white-tailed deer were most



Table 7. Frequency (count) of behaviors displayed during active and passive
interspecific and intraspecific group interactions among Columbian
white-tailed (CWTD) and black-tailed (CBTD) deer in Douglas County,
Oregon, 1997-1998. The reported sample size (n) is the number of
behavioral interactions and multiple behaviors per interaction could be
displayed.

Othera= Behaviors that cannot be discretely categorized.
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Behaviors

Intraspecific - CWTD Intraspecific - CBTD Interspecific

Active
n16

Passive
n=16

Active
n16

Passive
n=64

Active
n4

Passive
n12

Chasing 26%(8) 7%(1) 30%(9) 0 10%(1) 0

Conspicuous Watching 0 7% (1) 7% (2) 7% (4) 0 12% (2)

Feeding 16% (5) 60% (9) 13% (4) 55% (32) 0 29% (5)

Flailing 3%(1) 0 7%(2) 0 0 0

Fleeing 7%(2) 7%(1) 13%(4) 5%(3) 10%(l) 6%(l)

Following 16%(5) 20%(3) 13%(4) 21% (12) 20%(2) 12%(2)

Hard Stares 0 0 3%(1) 5%(3) 0 0

Head Down Thrusts 3%(l) 0 0 2%(1) 10%(1) 6%(1)

Kicking 0 0 3%(1) 2%(I) 0 0

Mating 16%(5) 0 3%(1) 0 1O%(1) 6%(1)

Othera 7%(2) 0 3%(1) 3%(2) 30%(3) 29%(5)

Snorting 0 0 0 0 0 0

Sparring 0 0 3%(1) 0 10%(1) 0

Touching 7% (2) 0 0 0 0 0



Table 8. Frequency (count) of outcomes resulting from active and passive
interspecific and intraspecific group interactions among Columbian
white-tailed (CWTD) and black-tailed (CBTD) deer in Douglas County,
Oregon, 1997-1998. The reported sample size (n) is the number of
behavioral interactions.
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Intraspecific - CWTD Intraspecific - CBTD Interspecific

Outcomes Active Passive Active
n=16 n=16 n16

Passive

n=64
Active
n4

Passive
n12

Displacement 38% (6) 13% (2) 63% (10) 3% (2) 75% (3) 25% (3)

Joining 13% (2) 75% (12) 0 72% (46) 0 17% (2)

Following 0 13% (2) 13% (2) 14% (9) 25% (1) 17% (2)

Othera 50% (8) 0 25% (4) 11% (7) 0 42% (5)

Othera Outcomes that cannot be discretely categorized.
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often characterized by groups feeding and following each other. Occasionally these

interactions also included chasing, conspicuous watching, and fleeing responses.

Similar to the active interactions among white-tailed deer groups, all of the passive

interactions resulted in changes to group activities and behaviors. Deer groups joining

each other was the most common result from these interactions. Less frequently

groups followed or displaced each other.

When interactions occurred among black-tailed groups, they were more likely

to be passive than active (Z= 7.01, P = 0.000). Active interactions among black-tailed

deer were most often characterized by groups chasing, following, and fleeing from

each other, while feeding in close proximity. Occasionally these interactions also

included conspicuous watching, leg flailing, sparring, hard stares, kicking, and display

of mating behaviors. Group displacement was the most common result of these

intraspecific interactions, though occasionally groups just followed each other.

Passive interactions were most often characterized by black-tailed deer groups

following each other, while feeding in close proximity. Occasionally these

interactions also included conspicuous watching, hard stares, fleeing, head down

thrusts, and kicking. Black-tailed deer groups joining each other was the most

conimon result of these interactions. Less frequently groups followed or displaced

each other.

Interspecific interactions between white-tailed and black-tailed deer were

infrequent (n = 16 observations). When they did occur, they were more likely to be

passive than active (Z = 3.24, P = 0.001). Active interspecific interactions were most

often characterized by white-tailed and black-tailed deer groups closely following,

chasing, exchanging hard stares, displaying mating behaviors, sparring, and fleeing

from each other. White-tailed and black-tailed deer groups displaced or followed each

other as a result of these interactions. In the two active behavioral interactions that

resulted in group displacement, black-tailed deer were dominant over white-tailed deer

in both instances. Passive interactions were most often characterized by white-tailed
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and black-tailed deer groups constantly watching and closely following each other

while feeding in close proximity. Occasionally these interactions also included head

down thrusts, display of mating behaviors, and fleeing. White-tailed and black-tailed

groups displaced each other in 29% of the passive interactions. Interspecific deer

groups joined and followed each other less frequently. In the four passive behavioral

interactions that resulted in group displacement, white-tailed deer were dominant over

black-tailed deer three times.

Trophic and ecological overlap

Indices of overlap in spatial distribution, habitat use, and diet reflected the

allopatric nature of white-tailed and black-tailed deer on the study area (Table 2).

Overlap in spatial distributions averaged 25% and ranged from 5% to 40%. Overlap in

this niche dimension was the lowest for those studied. Overlap in habitat use ranged

from 89% to 96% and averaged 91%. Overlap in diet ranged from 89% to 95% and

averaged 92%. While seasonal patterns in habitat use and diet composition were

similar for the two species, the indices of overlap for these resource dimensions

exhibited an opposite trend. High overlap along one resource dimension compensated

for slightly lower overlap in the other, producing a relatively consistent seasonal

pattern of trophic overlap (Table 9) between the species.

Trophic overlap between white-tailed and black-tailed deer was high across all

seasons, suggesting a considerable potential for exploitative competition. The

potential for exploitative competition fell slightly during winter, when trophic overlap

was the least. Spatial overlap patterns varied independently of trophic overlap and

were low enough during spring and winter to maintain a relatively high degree of

ecological separation between white-tailed and black-tailed deer. The reduced

ecological overlap during spring was likely a function of increased availability of



Table 9. 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.

aCalculated using Horn's (1966) index of similarity.

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

Season Spatial Overlapa Habitat Overlapa Dietary Overlapa Trophic Overlap Ecological Overlap Ecological Overlap
(S) (H) (D) (HxD) (SxHxD) (S+H+D)/3

product a summation a
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quality forage on the study area. During winter, minimal spatial overlap, paired with

lower values for habitat and dietary overlap, produced a greatly reduced ecological

overlap coefficient, suggesting a low potential for direct competition during this

season. Ecological overlap between white-tailed and black-tailed deer was greater

during summer and fall suggesting a higher potential for direct competition during

these seasons.



DISCUSSION

Ecologically similar species that coexist as sympatric populations generally

have important resource or behavioral differences that allow ecological separation.

Without ecological separation, interspecific competition can lead to niche shift,

mortality, and reduced productivity (Pianka 1988). Columbian white-tailed and black-

tailed deer populations are sympatric in western Oregon, though population overlap is

minimal due to the limited distribution of the federally endangered white-tailed deer.

Demographic concerns and wide spread interest in de-listing the white-tailed deer have

raised questions about the ecological relationships between white-tailed and black-

tailed deer. Though a large volume of literature exists for other ungulate species, little

is known about the ecological relationship between these sub-species. Smith (1987) is

the only information on the topic.

The white-tailed deer population exhibited significant seasonal differences in

nearly all resource dimensions on my study area. White-tailed deer were generally

distributed in the lowlands and valleys that occur in the southern portions of the study

area. They inhabited low to moderate slopes that were south, south-east, and south-

west facing. Seasonal differences in the distribution seemed to be driven by climatic

changes, forage availability, and dispersal patterns related to reproduction. During the

dry season (i.e., summer), the white-tailed deer distribution was reduced, tended to

occur at lower elevations and on more gradual slopes, and located closer to water

sources than during other seasons. During the mating season (i.e., fall), the population

was greatly dispersed and occurred at higher elevations. White-tailed deer used a wide

variety of habitats during the annual cycle. They used oak-hardwood savanna shrub

and open grassland habitats most heavily, and actively selected the oak-hardwood

savanna and riparian habitats. In terms of diet, white-tailed deer heavily relied on

forbs through most of the year, but shifted to shrubs during the summer. Forb species

71



72

were likely abundant in the oak-hardwood savanna shrub and grassland habitats and

generally offer the highest nutrition and digestibility.

Similar to white-tailed deer, the black-tailed deer population exhibited

significant seasonal differences in use of nearly all resource dimensions. In tenns of

spatial distribution, black-tailed deer occurred at higher elevations of the study area

and located on moderate slopes that were south-east, south-west, and west facing.

Seasonal differences in the black-tailed distribution were based on climatic conditions

and forage availability. During the dry season (i.e., summer), black-tailed spatial

distributions decreased by nearly 50%, with the population occurring at lower

elevations and closer to water sources than other seasons. Black-tailed deer exhibited

concentrated use of open grassland habitats through much of the year, and used other

habitats to a lesser extent. During the wet season (i.e., late fall and winter), however,

they used oak-hardwood savanna shrub habitats, likely due to increased foraging

opportunities. Black-tailed deer relied heavily on forbs and 'other' food items (e.g.,

nuts, lichens) through most of the year. Similar to white-tailed deer, black-tailed deer

diets shifted to shrubs during the summer, when other forage items were desiccated.

Observations versus hypotheses for interspecific coexistence

Due to the limited Columbian white-tailed deer distribution, it was not possible

to compare fundamental (without black-tailed deer) and realized (with black-tailed

deer) niches. This experimental approach is required to establish a definitive

conclusion for the role of interspecific competition between sympatric populations.

However, I was able to examine five hypotheses involving a suite of variables found

important in congeneric niche separation from other studies. These offered a better

understanding of the mechanisms by which white-tailed and black-tailed deer coexist



and provided insight on the potential role of interspecific competition for these

ecologically similar species.

H1: Spatial segregation is the mechanism for interspecific coexistence among
sympatric populations of Columbian white-tailed and black-tailed deer.

Spatial segregation was an important mechanism that allowed white-tailed and

black-tailed deer to maintain ecological separation on my study area, despite high

overlap along other resource dimensions. High spatial divergence should occur

between species with high trophic overlap (Jenkins and Wright 1988). Through

differences in spatial distributions, sympatric species minimize the frequency of direct

interactions and reduce the potential for interference competition. In accordance with

the predictions of this hypothesis, spatial overlap between white-tailed and black-

tailed deer was generally low, except during fall and summer. While resource

availability appeared to influence distribution and overlap patterns, the predictions for

spatial segregation according to season were not always supported. Ecological

differences in the spatial distributions likely reflected the respective niche

characteristics of the species (Hirst 1975). Overall, white-tailed deer were more

concentrated and tended to occur in the southern portions of the study area, which was

characterized by lower elevations, more gradual slopes, and closer proximity to

streams. Black-tailed deer were more wide ranging and tended to occur in the

northern portions of the study area, which had greater topology and increased

ruggedness.

The greatest interspecific spatial overlap occurred during fall, followed closely

by summer, when the white-tailed distribution was almost double the area of the other

seasonal distributions, occurred in higher elevations, and moved further from water

sources. High overlap in fall contradicted the a priori prediction that spatial

segregation would be most pronounced during periods of high resource availability.
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In a recently completed study on the same population, Ricca (2000) found that radio-

tagged white-tailed deer displayed similar seasonal distribution patterns. Mean home

ranges during fall were significantly larger than the other seasons, and males had

significantly larger mean movements than females. This suggests that home range and

population distribution estimates for white-tailed deer may be greater during fall due

to greater male movement patterns associated with rutting behavior. With the black-

tailed deer distribution spanning nearly half of the study area during fall, the

consequence of the expanded white-tailed deer distribution was increased spatial

overlap. With both species widely spaced across the study area, there was a high

degree of similarity in the physical habitat composition of both species' distributions.

The combination of lower quality forage and an extended period of cool, wet

weather made winter a physically and energetically challenging season for deer on the

study area. Ricca (2000) reported high incidences of adult white-tailed deer mortality

during this season. Reflecting possible differences in life history adaptations, white-

tailed and black-tailed deer occupied nearly exclusive regions of the study area during

the winter season, which suggested an extremely low potential for direct competition.

The spatial segregation was primarily accomplished through separation along an

elevation gradient, as there were strong interspecific similarities among the other

physical habitat parameters. While the black-tailed deer population remained at higher

elevations, the white-tailed deer used the lower portions of their range.

Both white-tailed and black-tailed deer expanded their distributions during

spring which increased spatial overlap between the species. While increased spatial

overlap may have increased the potential for interference competition, the species

maintained a high degree of spatial segregation through differences in elevation and

aspect during these months.

Summer was an extended period of hot and dry weather that desiccated

potential forage and offered the most nutritionally challenging season for deer on the

study area. As a consequence, both white-tailed and black-tailed deer had their most
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reduced distributions during the summer with reasonably high overlap. Both species

concentrated their distributions in the lower elevation valleys, which likely retained

more succulent forage and offered increased thermal protection from the higher

elevation ridge tops. Mackie (1976) reported similar findings for mule deer and white-

tailed deer, in that both species shifted to using bottomlands during summer as forage

became desiccated. With both species moving into similar regions of the study area,

spatial overlap increased, which produced a higher potential for interference and

exploitative competition.

While there are no directly comparable studies that examine spatial segregation

between Columbian white-tailed and black-tailed deer, several studies have

investigated spatial separation between sympatric mule deer and white-tailed deer

populations. McCullough (1980) reported mule deer and white-tailed deer populations

to be contiguous, but not overlapping on the National Bison Range, Montana. She

reported seasonal fluctuations in spatial overlap, with overlap lowest during winter and

highest in summer and fall. She also demonstrated that spatial segregation between

the species was primarily accomplished through differences in elevation. Anthony and

Smith (1977) reported incidences of both contiguous allotropy and coexistence,

suggesting that desert mule deer (0. h. crooki) and Cous white-tailed deer (0. v.

couesi) spatially segregate along an elevation gradient in the San Cayetano Mountains,

Arizona and were sympatric in their distributions in the Dos Cabezas Mountains,

Arizona. Other studies have also reported spatial segregation between sympatric mule

deer and white-tailed deer populations and concluded that a reduced potential for

competition existed between the species (Allen 1968, Martirika 1968). The spatial

distribution patterns between Columbian white-tailed and black-tailed deer also

support Smith's (1987) findings that white-tailed deer prefer the lowlands and riparian

regions, while black-tailed deer generally occur in the more open and xeric uplands.
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H2: Habitat partitioning is the mechanism for interspecific coexistence among
sympatric populations of Columbian white-tailed and black-tailed deer.

Habitat partitioning was not a mechanism that explained sympatric coexistence

of Columbian white-tailed and black-tailed deer on the study area. Contrary to my

predictions, the two species had similar seasonal habitat use patterns that resulted in

high overlap values. The overlap was likely a function of the degree of habitat

interspersion, because habitat patches were generally not contiguous, but were finely

interspersed and widely 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 likely mitigated the effects of resource competition and allowed the

species to use similar habitats. When habitat partitioning does not occur among

sympatric populations, spatial segregation often explains the apparent coexistence

(Singer 1979). In a study with cervids in Montana, Singer (1979) reported a high

degree of habitat and dietary overlap, but concluded that spatial separation reduced the

potential for competition and thereby facilitated mutual coexistence.

Habitat overlap was highest during fall when there was no detectable

difference between habitat use patterns between white-tailed and black-tailed deer.

Selection patterns were similar for both species and differences in habitat avoidance

patterns represented a lack of the respective habitats within the population range. The

high habitat overlap in fall was likely due to the expansion of the white-tailed deer

population into portions of the study area generally occupied by black-tailed deer. The

shift in the white-tailed deer distribution resulted in reduced use of the riparian, oak-

hardwood savanna, and oak-hardwood habitats and increased use of the open grassland

habitats that are more typical of the upland habitats. 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

during the onset of the rainy season.
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Habitat overlap between white-tailed and black-tailed deer was similar during

winter, spring, and summer, though differences in use patterns of specific habitat types

likely reflected differences 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

(Martinka 1968, Kramer 1973, Anthony and Smith 1977, Krausman 1978, Hanley

1984, Smith 1987). During this study, white-tailed deer had more evenly distributed

habitat use patterns, whereas black-tailed deer had concentrated use of the open

grassland and oak-hardwood savanna shrub habitats. There were, however, no overall

differences in niche breadth between the two species. The white-tailed deer showed

consistently higher use patterns for oak-hardwood savanna and riparian habitats than

black-tailed deer, which is consistent with reported preferences of Columbian white-

tailed deer for lowland and riparjan associated habitats (Smith 1987, Ricca 2000). The

black-tailed deer population exhibited an increased use of riparian habitats during the

summer. Similarly, Martinka (1968) reported that mule deer shifted to using

bottomland type habitats, which he suggested was due to prolonged forage succulence.

The oak-hardwood savanna shrub habitat had consistently high use by both species

during all seasons, except spring. This habitat was the most complex habitat and

provided the highest diversity of cover and forage, therefore was especially important

to both species during all seasons.

The habitat use and selection patterns for white-tailed and black-tailed deer

were similar to findings reported by Smith (1987). Though some results differed

between the studies, they likely reflected differences in study design and habitat

classifications rather than a shift in habitat use patterns between the time of the two

studies. The habitat use patterns for Columbian white-tailed deer also generally match

those reported in a more recent telemetry study with the Douglas County population.

Ricca (2000) reported less use of oak-hardwood savanna shrub habitats and higher use

of oak-hardwood woodlands, though this is likely attributed to a higher abundance of
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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,

Davis, California, pers. conmiun.). While the potential for unequal visibility among

habitat types existed, the habitats were relatively open and any visibility bias would be

minimal.

113: InterspecfIc coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer is mediated by forage resource partitioning.

Forage partitioning was not a mechanism that contributed to the sympatric

coexistence of Columbian white-tailed and black-tailed deer on the study area.

Contrary to my predictions, white-tailed and black-tailed deer had similar seasonal

diets, which resulted in high overlap during all seasons. Forb, shrub, grass, and 'other'

forage items dominated the diets of both white-tailed and black-tailed deer. In general,

white-tailed deer consumed a wider variety of plant species and consumed diets that

offered higher nutrition (i.e., nitrogen), though forage digestibility was similar

between the species.

The seasonal changes in diet quality and digestibility followed expected trends

for both white-tailed and black-tailed deer. Fall diets for both species were dominated

by forbs, shrubs, and 'other' forage items. While the high forb content likely

increased the quality of the fall diets, the desiccated forage produced overall diets low

in digestibility and protein. Winter brought the rainy period that promoted plant

growth. Forbs continued to be important dietary components for both species, though

the white-tailed deer increased their consumption of grasses and 'other' forage items.

Both species reduced their consumption of shrubs during winter. The winter diets

offered higher nutrition and the highest digestibility as compared with the other

seasons. Spring represented the growing season, when the plant nitrogen

concentrations and digestibility were presumably highest (Schwartz and Ellis 1981).
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The spring diets of both species were dominated by forbs and supplemented by shrubs.

The high forb content produced high digestibility and nutritional diets. The common

consumption of forbs and shrubs during spring produced high diet overlap between the

species. The extended hot and dry weather during summer desiccated most forage

items leaving shrubs as the only source of succulent vegetation. Therefore, the

summer diets for both species were dominated by shrubs. High shrub consumption

increased the fibre content of both species' diets, which reduced the digestibility and

nutritional content of the diets during this season. The higher diet overlap during

summer was likely due to the common use of this restricted range of succulent plants.

While there are no other studies that examine forage relationships between

Columbian white-tailed and black-tailed deer, several studies have investigated the

diets of sympatric populations of mule deer and white-tailed deer. Though these

studies demonstrate the importance of forage in interspecific population dynamics, the

results are site specific and difficult to compare among study areas and species.

Anthony and Smith (1977) reported Cous white-tailed deer and desert mule deer to

have high similarities on two study areas in Arizona, which contributed to potential

forage competition between the species. McCullough (1980) reported high diet

overlap between sympatric white-tailed and mule deer populations 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. In general, these studies found browse to be the

dominant forage class in white-tailed deer diets, and browse and forb species to have

seasonal fluctuations in dominance in the mule deer diets (Krausman 1978,

McCullough 1980). These studies show high dietary overlap between mule and white-

tailed deer where they occur sympatrically.



114: Interspeqflc coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer is mediated by forage location partitioning.

While spatial segregation likely operated at the population level, forage

location partitioning was a mechanism that allowed overlapping individuals to avoid

direct interactions. Evidence from the forage plot analysis supported the initial field

observations suggesting white-tailed and black-tailed deer forage in patches that differ

in plant composition and structure. The spatial distribution data offered further

evidence that smaller scale resource partitioning may have occurred between white-

tailed and black-tailed deer, because the species generally shifted to using different

physical habitat components as spatial overlap increased (e.g., summer). Fall offered

an exception since there was both high spatial overlap and strong similarities in the use

of the physical habitat components. Kramer (1973) reported small scale spatial

avoidance (i.e., less than 50 yards) among sympatric white-tailed deer and mule deer

populations and reported this as a potential mechanism for avoiding exploitative

competition between the species.

The preponderance of forbs, including Epilobium paniculatum, Erodium

cicutarium, Hypochaeris radicata, Linum angustfolium, Lomatium utriculatum, Lotus

micranthus, Plagiobothys nothofuluvus, and Trfolium angustfolium; low plant

cover, and steeper slopes characterized forage areas for black-tailed deer. These plant

species and foraging locations are typical of the open and xeric upland regions of the

study area, which have been shown to be important for black-tailed deer based on

spatial, habitat, and physical habitat use characteristics. White-tailed deer foraging

plots generally had a strong shrub and sedge/rush component, with typical species

including Juncus effusus, Juncus patens, Cirsium arvense, Dipsacus sylvestris, Juncus

effusus, Juncuspatens, Menthapulegium, Ranunculus orthorhynchus, and Vicia

hirsuta, and a presence of free-flowing water. These plants and forage plot

characteristics are more typical of the lower elevation and riparian associated habitats

that occur on the study area, and have been shown to be important for white-tailed
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deer based on spatial, physiographic, and habitat use characteristics. For example, the

shrub cover gradient had a slightly stronger association with white-tailed forage plots,

which is further supported by the fact that white-tailed deer showed higher use of

grass-shrub habitats during all seasons, except winter.

H5: Interspecflc coexistence among sympatric populations of Columbian
white-tailed and black-tailed deer is mediated by behavioral dominance.

Direct behavioral dominance was not an important mechanism for maintaining

the coexistence of white-tailed and black-tailed deer in this study. Mutual coexistence

or interspecific avoidance appeared to be more important factors in the dynamics

between these species. Contrary to the predictions of this hypothesis, observation of

interspecific interactions revealed a low frequency of direct interactions with

inconsistent dominance patterns. When interspecific interactions did occur, they were

generally passive and involved white-tailed and black-tailed groups feeding within

close proximity. When groups approached within 50 m, the black-tailed deer often

meandered away leaving white-tailed deer to forage with minimal disturbance. Black-

tailed deer drove off white-tailed deer through more aggressive behaviors, such as hard

stares, chasing, and sparring in only a few instances. While black-tailed deer were

dominant in all aggressive interactions, they were equally likely to avoid direct

interactions by moving away.

Interspecific avoidance between the two species was more prominent than

mutual coexistence, though interspecific avoidance was manifested at a larger scale

than could be directly quantified by the methods employed by this study. Field

observations detailed a number of instances in which a solitary group of white-tailed

deer were foraging on a hillside, and a group of black-tailed deer would emerge onto

the same hillside and forage some distance away. Without the exchange of any

observable behavioral cues, the white-tailed group would move off the hillside. While
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this pattern was not easily quantified, it occurred more often than can be attributed to

chance. The pattern suggested that white-tailed deer were passively avoiding direct

interactions with black-tailed deer, though social dominance was difficult to assess.

Behavioral, chemical, olfactory, and auditory interactions too subtle for my field

methods may have provided mechanisms for larger scale avoidance patterns. For

example, pheromones and scent markers play important roles in ungulate

communication (Muller-Schwarze 1971). Similar large scale avoidance patterns have

been reported for sympatric white-tailed and mule deer populations in Arizona

(Anthony and Smith 1977) and Montana (Fairman 1962). The case for interspecific

avoidance, rather than mutual coexistence, between white-tailed and black-tailed deer

was further supported by strong negative coefficients of species association during all

seasons.

While there are no directly comparable behavioral studies with Columbian

white-tailed and black-tailed deer, these findings corroborate a study by Smith (1987)

in which he cites inversely correlated densities of white-tailed and black-tailed deer as

evidence for interspecific avoidance. He reported a lower incidence of interspecific

behavioral interactions, which he attributed to low population densities at the time of

his study (W. P. Smith, U. S. Forest Service, Juneau, Alaska, pers. commun.). In

addition, Kramer (1973) and Anthony and Smith (1977) reported similar behavioral

patterns with sympatric mule and white-tailed deer populations. In both studies,

interspecific interactions occurred much less frequently than intraspecific interactions.

Anthony and Smith (1977) reported that mule deer were dominant to white-tailed deer

in nearly all encounters where dominance could be determined. They cited large body

size differences between the local populations and concluded that competitive

exclusion and direct competition played strong roles in the relations between the

sympatric populations in southeastern Arizona. With sympatric populations in

Alberta, Kramer (1973) reported that neither species was socially dominant, though

mule deer were more aggressive than white-tailed deer. He presented indirect
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evidence suggesting that mule deer and white-tailed deer optimally showed spatial and

habitat segregation and concluded that interference competition was unlikely. Other

studies have demonstrated similar findings for interspecific interactions among

sympatric species (Berger 1985), leading some to suggest that avoidance of direct

interactions would be mutually advantageous due to reduced energy expenditure and

risk of injury. In a study of behavioral interactions between Great Basin ungulates,

Berger (1985) concluded that behavioral dominance played a minor role, if any, in

niche partitioning due to differences in population demographics, food and habitat

preferences.

Habitat specialist versus generalist

A number of authors have investigated the role of resource specialization in

wildlife population dynamics (Roughgarden 1972, Morse 1974, Roughgarden 1976,

Pulliam 1986, Smith 1987, Ricca 2000). Through resource partitioning, interspecific

competition acts to restrict the range of resources used by each population, which

eventually allows species to become specialized for these conditions. Therefore,

Levins (1968) has suggested that resource specialists will have narrow niche breadths,

while generalists will have broader ones. Optimal foraging theory predicts that

animals should be most specialized when food is most abundant, regardless of climatic

conditions or competition (Pyke et al. 1977, Pianka 1988). Classic competition theory

further predicts that specialists should be better adapted to a particular resource state

and out compete all other species (Smith 1987). The generalist species should be able

to exploit a broader range of resources, thereby occupying a broader ecological niche

(Cody 1975, Smith 1987).

White-tailed and black-tailed deer populations demonstrated both resource

specialization and generalization on my study area. Black-tailed deer had broader
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spatial niche breadths and larger spatial distributions than white-tailed deer during all

seasons except fall. The black-tailed deer population may have adapted to a broader

range of spatial conditions, while white-tailed deer developed specialization for lower

elevation environments that occur in close proximity to streams. Both species were

habitat generalists, using a wide variety of habitats and having consistently broad

habitat niche breadths across seasons. Given the wide variation in spatial distribution

patterns, this offers further evidence that habitat heterogeneity played an important

role for both species. While there were no apparent interspecific differences in diet

niche breadths, both species consumed a wider variety of plant species during fall and

winter, but had more specialized diets during spring and summer. These patterns are

consistent with predictions from optimal foraging theory (Pulliam 1986) which

suggest that as food resources decrease, herbivores should be less selective and show

broader niche breadths.

The findings for Columbian white-tailed deer are similar to those reported by

Ricca (2000), however, the interpretations differ slightly from Smith (1987). Ricca

(2000) reported white-tailed deer to be habitat generalists, though offered some

evidence that they showed specialization for riparian habitats. Smith (1987) reported

white-tailed deer to be strongly associated with lowland riparian habitats and

suggested that white-tailed were habitat specialists. This discrepancy is likely due to

differences in habitat classification, study area, and study design. However, it is

evident from all three studies that Columbian white-tailed deer are strongly associated

with lower elevation environments that occur in close association with riparian

habitats.



Potential for interspecific competition

Demonstrating interspecific competition through non-experimental field

studies has been challenging and controversial. Even when competition seems to

occur as a result of extensive resource overlap, it is difficult to prove that further

analysis would not demonstrate ecological separation at a more fine-grained scale

(Dunbar 1978). Therefore, I took a hierarchical approach towards examining niche

separation among white-tailed and black-tailed deer. This represented a multiple-scale

examination of resource use patterns forming a gradient from coarse-grained (i.e.,

spatial and habitat dimensions) to fine-scaled (i.e., foraging location and diet

composition) resource dimensions. In addition, the study incorporated a detailed

investigation of interspecific behavioral interactions to elucidate potential mechanisms

for niche separation.

While high trophic overlap along habitat and food resource dimensions

suggested a high potential for interspecific competition between white-tailed and

black-tailed deer, it was likely that interference competition was avoided through

ecological separation that involved spatial segregation at the population level and

forage location partitioning at the individual level. The low potential for interference

competition was reflected by the extremely low frequencies of direct interspecific

encounters and strong negative species association that occurred between white-tailed

and black-tailed deer. Spatial separation between white-tailed and black-tailed deer in

this area has also been documented by Smith (1987) and appears to extend to the

northern sub-population of white-tailed deer (A. C. Clark, U. S. Fish and Wildlife

Service, Cathlamet, Washington, pers. commun.). The lack of interference

competition between white-tailed and black-tailed deer in this study is not surprising

given that most studies on North American ungulates have documented exploitation of

resources rather than interference competition between species (Macide 1976).

Anthony and Smith (1977) reported low distributional overlap and high diet overlap
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among sympatric white-tailed and mule deer populations in the San Cayetano

Mountains, Arizona, and concluded that interference competition was unlikely.

However, high overlap in spatial distributions, habitat selection, and food habits lead

them to suggest that direct competition was occurring among the Dos Cabe72s

Mountain populations.

High trophic overlap along habitat and forage dimensions 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

and limit survival, growth, or reproduction (Begon et al. 1996). Environmental

heterogeneity can lead to coexistence between sympatric populations (Pianka 1973).

Many of the habitats and forage resources common to the white-tailed and black-tailed

deer populations were available throughout the study area. Therefore, high trophic

overlap could occur with little direct or indirect competition. Similar conclusions have

been drawn for studies with other sympatric ungulate populations (Hobbs and Gill

1983, Schoener 1986). Heterogenous landscapes can increase the opportunity for

niche distinctiveness (Telfer 1967, Dunbar 1978, Singer 1979), and habitat diversity

has been shown to promote tolerance for higher levels of ecological overlap among

sympatric populations (Dunbar 1978). Therefore, it is likely that the spatial separation

and differences in foraging locations allowed white-tailed and black-tailed deer to use

habitats and diets without increasing the potential for exploitative competition.

Potential for competitive exclusion

While the potential for interference and exploitative competition was reduced

through spatial segregation and environmental heterogeneity, the high trophic overlap

and low ecological overlap suggested that white-tailed and black-tailed deer were
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competitively excluding each other on my study area. Similar fmdings were reported

by Smith (1987) who compared two hypothesis regarding the dispersion and habitat-

use patterns he observed in the white-tailed deer population and concluded that

competitive exclusion maintained the sympatric coexistence between the species. The

principle of competitive exclusion (Cole 1960, Hardin 1960, Miller 1967) suggests

that congeneric species should exhibit mutual avoidance and select habitats for which

they are better adapted and competitively superior. Behavioral interactions and spatial

distribution patterns for white-tailed and black-tailed deer revealed that interspecific

avoidance played an important role in the population dynamics between the species.

This was further supported by negative coefficients of species association during each

season. The spatial distribution and habitat use patterns revealed important differences

in habitat cover and physical habitat characteristics that generally followed the life

history patterns for the species. This suggests that the species may be better adapted

and potentially competitively superior within these habitats. The high habitat

heterogeneity on the study area, however, created diverse niche characteristics that

allowed white-tailed and black-tailed deer to have strong similarities in trophic

resources, while coexisting through competitive exclusion.

The results of this study led me to hypothesize that Columbian white-tailed and

black-tailed deer coexist through competitive exclusion. This can only be proved

through an experimental approach where one species is reduced and the affect on the

remaining species is measured. While competitive release may allow species to

broaden their niches, species vary in their elasticity, and even in the absence of

interspecific competition, some species do not undergo ecological release

(Roughgarden 1972). Columbian white-tailed deer may have such a strong reliance on

riparian associated habitats that they would not expand into other habitats, even in the

absence of competitors.



MANAGEMENT RECOMMENDATIONS

The coexistence of white-tailed and black-tailed deer on the NBHTvIA resulted

from spatial separation and high habitat heterogeneity, which allowed both species to

access all available habitats and forage. Therefore, the habitat and forage quality

within their separate ranges likely provided the basic biological needs of both species.

This suggests that where there is sufficient healthy habitat in the lowlands, white-

tailed deer will persist. Historical distribution patterns 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 towards protecting and improving lowland habitats for

white-tailed deer.

White-tailed and black-tailed deer demonstrated similar habitat use and diets

(i.e., high trophic overlap) on the NBHIMA suggesting that broad habitat manipulation

will affect both species. Since Columbian white-tailed deer are strongly associated

with riparian habitats (Smith 1985a, Ricca 2000), habitat management practices

should enhance and restore riparian and wetland communities to benefit white-tailed

deer. Management practices should be designed to preserve and improve open

grassland, oak-hardwood savanna shrub, oak-hardwood, and oak-savanna habitats, as

these habitats were important for both white-tailed and black-tailed deer.

Management activities should also preserve and improve forb, grass, shrub, and

alternative (i.e., acorns, lichens) forage classes, as these represent key dietary

components for white-tailed and black-tailed deer.

The specific management techniques currently under consideration for

Columbian white-tailed deer on the NBHMA include livestock grazing, prescribed

burning, and translocation (USD1 2000). Based on the results of this study, I

recommend prescribed burning and translocation over livestock grazing. Prescribed

fire is a habitat management technique that has been frequently used in ungulate
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management (Hobbs and Spowart 1984). Historically, fire has been important in

maintaining grassland and oak woodland communities in the Pacific Northwest

(Franklin and Dyrness 1973). The primary benefits of prescribed fire are to reduce

downed and dead ground litter that impedes access to forage items (Grelen and Lewis

1981, Hobbs and Spowart 1984) and to promote winter grass growth (Hobbs and

Spowart 1984). While changes in forage quality and availability may be short lived

(Wood 1988), winter nutrition and habitat condition may be improved by using

prescribed burning to prolong the period of forage availability (Hobbs and Spowart

1984). Habitat management strategies that incorporate prescribed burning should

consider the burn return intervals, burn size and intensity, and habitat adjacency. The

goal of prescribed fire regimes 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 need to be evaluated by repeating portions of this study after burning.

Translocation and reintroduction are management tools that have been

considered for expanding the current distribution of Columbian white-tailed deer 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). Ricca (2000) identified oak-hardwood

woodlands, riparian areas, and cover types in close proximity to streams as suitable

translocation sites for Columbian white-tailed deer. Results from my study confirm

the importance of these habitats, but also suggest the need for reductions in the black-

tailed deer population within the vicinity of the release area. Because white-tailed and

black-tailed deer are potential competitors, trans location projects should consider

providing white-tailed deer with competitive release by significant reductions in

black-tailed deer. This will provide white-tailed deer with the best chance for re-

establishment within their historical range.

Livestock grazing is a management tool that has been used for ungulate

populations and can improve forage condition for deer by stimulating new growth and

removing decadent vegetation (Suring and Vohs 1979). Columbian white-tailed and
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black-tailed deer use a wide variety of plant species and forage classes, which suggests

that habitat management activities should promote plant diversity. While cattle

grazing has been shown to increase vegetation diversity in some areas (Ortega et al.

1 997b), 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 of cattle and during drought conditions (Kie et al. 1991, Ortega

et al. 1997a). Columbian white-tailed deer are reported to avoid areas used by cattle

(Smith 1981, M.A. Ricca, U.S. Geological Survey, Davis, California, pers. commun.),

which suggests that cattle grazing may impact white-tailed deer. Grass and forb

species are important dietary components for white-tailed and black-tailed deer during

all seasons, except summer. Cattle grazing may directly impact this portion of the

biota, which leads me to recommend against large scale grazing (i.e., high stocking

rates, grazing over extensive areas). If grazing is chosen as a management practice for

the NIBHMA, it should be implemented at a small scale and evaluated as part of an

experimental research design.

Finally, I recommend an experimental manipulation of the black-tailed deer

population to test the hypothesis that competitive exclusion is occurring between

Columbian white-tailed and black-tailed deer. High trophic overlap and low

ecological overlap between Columbian white-tailed and black-tailed deer suggest that

coexistence was maintained through competitive exclusion. Competitive release may

allow the white-tailed deer population to expand and re-occupy historical range.

Therefore, the potential for competitive exclusion needs to be tested by

experimentally reducing the black-tailed deer population and repeating portions of this

study to evaluate the effect. This experiment would serve the additional purpose of

determining whether the entire NBHMA can be considered suitable habitat for

recovery of the Columbian white-tailed deer (USD1 2000).
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Appendix 1. Forage composition of 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 percentage a basis.

Conifers

Fall Winter Spring Summer
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0.00

0.09

0.85 *
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Lonicera hispidula 0.00 0.00 0,34 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lolus/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
Maianthen,u,n sic//alum 0.00 0.00 0.20 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.00 0.00
Ma/va/Sidalcea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.26 0.57 0.18 0.38 0.13 0.48 0.24
Monocot Forb 0.00 0.00 0.00 0.00 23.66 4.53 1827 5.85 12.25 3.32 14.48 3.23 0.66 0.36 1.24 0.80
Monlia species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.35 0.25 0.21 0.00 0.00 0.00 0.00
Os,norhiza chilensis 0.07 0.07 0.34 0.34 0.23 0.13 0.34 0.34 0.66 0.23 0.46 0.18 0.00 0.00 0.42 0.38
Pensemon 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 0.00 0.00 0.00 0.00
Phacelia 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
Planiago 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
Polemoniurn species 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pozenlila gracilis 0.00 0.00 0.00 0.00 0.13 0.11 0.05 0.05 0.24 0.09 0.24 0.11 0.23 0.19 0.22 0.19
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
Rumex species 0.88 0.50 0.53 0.28 0.00 0.00 0.49 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Saxfraga 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
Siachys 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
Siellaria species 0.00 0.00 0.00 0.00 0.15 0.15 0.00 0.00 0.61 0.27 0.42 0.26 0.25 0.19 0.23 0.23
Taraxacun: species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 0.00
Tragopogon dubius 0.00 0.00 0.00 0.00 0.17 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trfo/ium 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
Verairurn insolilum 0.19 0.19 0.76 0.45 0.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.14
Verbascum species 0.14 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viola howe//li 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00

Grasses

Agroslis a/ba 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
Alopecuruspralensis 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
Anihoxanihuni odoraluna 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.09 0.00 0.00 0.00 0.00 0.00 0.00
Bromus carinalus 0.00 0.00 0.00 0.00 0.01 0.01 0.15 0.15 0.00 0.00 0.08 0.05 0.00 0.00 0.08 0.08
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
Cynosurus species 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dacly/is glomnerala 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
Danihonia species 0.13 0.10 0.08 0.08 0.09 0.04 0.21 0.13 0.25 0.16 0.14 0.08 0.04 0.02 0.05 0.04
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
Elynius 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
Fesiuca 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
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Glyceria elata 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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
Hordewn 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
Loliurn species 0.08 0.08 0.19 0.15 0.49 0.34 0.00 0.00 0.27 0.14 0.24 0.09 0.00 0.00 0.03 0.03
Phleurn species 0.00 0.00 0.04 0.04 0.58 0.58 0.00 0.00 0.07 0.05 0.17 0.14 0.00 0.00 0.06 0.04
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 0.3! 0.69 0.25
Slipa Iernmonii 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

Beny 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.14 0.14
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
Fern capsule 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.03 0.23 0.15
Dryopteris species 0.00 0.00 0.00 0.00 0.07 0.07 0.00 0.00 0.00 0.00 0.02 0.01 0.08 0.03 0.49 0.40
Polyslichum 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
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
Flower 0.00 0.00 0.00 0.00 0.12 0.12 0.00 0.00 0.23 0.11 0.96 0.39 0.11 0.11 0.03 0.03
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 villosurn 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
Pod 0.17 0.17 0.20 0.20 0.00 0.00 0.00 0.00 0.34 0.21 0.20 0.20 0.81 0.26 0.89 0.60
Polypod species 0.00 0.00 0.00 0.00 0.08 0.08 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rhizome 0.08 0.05 0.09 0.07 0.00 0.00 0.06 0.06 0.02 0.02 0.08 0.08 0.09 0.09 0.04 0.03
Root 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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
Sphagnum moss 0.18 0.18 0.00 0.00 0.01 0.0! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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

Sedge/Rushes

Carex obn up/a 0.36 0.21 0.06 0.06 0.02 0.02 0.50 0.25 0.34 0.18 0.17 0.12 0.13 0.09 0.03 0.03
Juncuc species 0.00 0.00 0.03 0.03 0.06 0.06 0.04 0.04 0.15 0.12 0.05 0.03 0.00 0.00 0.02 0.02
Scirpus species 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Trees/Shrubs

Acer species 0.07 0.07 0.08 0.08 0.06 0.05 0.00 0.00 0.05 0.05 0.62 0.40 0.28 0.12 0.13 0.09
Alnus rhornbfoIia 0.07 0.07 0.31 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.18
Berberis species 0.25 0.19 0.49 0.27 0.05 0.05 0.05 0.03 0.11 0.07 0.01 0.0! 0.13 0.08 0.13 0.10
Ceanoihus species 0.35 0.25 0.11 0.07 0.7! 0.28 0.82 0.41 0.07 0.07 0.45 0.24 0.35 0.14 0.66 0.38
Chry.soihan:nus species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00



* Interspecific differences significant at P 0.05
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Cornus species 0.10 0.07 0.18 0.07 0.25 0.20 0.07 0.05 0.06 0.04 0.05 0.05 0.04 0.03 0.07 0.04
Cory/uscornula 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.11 0.00 0.00 0.00 0.00 0.06 0.05 0.03 0.02
Cralaegus 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
Fraxinus/anfo/ia 0.32 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gaullheriashallon 0.00 0.00 0.00 0.00 0.18 0.11 0.11 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Holodiscus discolor 0.00 0.00 0.15 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pachisiirnaniyrsini:es 0.00 0.00 0.00 0.00 0.08 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phllade/phuslewisii 0.00 0.00 0.12 0.09 0.03 0.03 0.06 0.06 0.00 0.00 0.00 0.00 0.08 0.08 0.08 0.06
Physocarpuscapitalus 0.16 0.10 0.12 0.07 0.09 0.09 0.03 0.03 0.41 0.14 0.30 0.10 0.20 0.09 0.14 0.08
Populus species 0.19 0.15 0.81 0.32 0.21 0.11 0.00 0.00 0.06 0.06 0.16 0.11 0.00 0.00 0.00 0.00
Prunus species 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
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
Quercusgarryana 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
Quercuskelloggii 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
Rhaninuspurshiana 0.08 0.08 0.16 0.12 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rhododendron species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.02 0.02 0.04 0.04 0.02 0.02
Rhusdiversilosa 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
Ribes sanguineuln 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.15 0.15
Rosa species 0.00 0.00 0.13 0.13 0.01 0.01 0.04 0.04 0.03 0.03 0.17 0.12 0.54 0.27 0.17 0.08
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/acinialus 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
Rubusparv/lorus 0.25 0.17 0.20 0.10 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.33 0.22 0.08 0.08
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
Rubusspeclabilis 0.00 0.00 0.00 0.00 0.11 0.08 0.53 0.35 0.92 0.28 0.80 0.26 0.47 0.34 0.35 0.17
Rubusursinus 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
Sainbucus cerulea 0.00 0.00 0.08 0.08 0.02 0.02 0.00 0.00 0.00 0.00 0.09 0.07 0.17 0.10 0.00 0.00
Sidalcea virgala 0.00 0.00 0.12 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Symphoricapposalbus 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
Vacciniuni species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.05 0.13 0.12 0.27 0.12 0.00 0.00
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Appendix 2. Effects of species and season on fecal nitrogen levels for Columbian
white-tailed (CWTD) and black-tailed (CBTD) deer on the North Bank
Habitat Management Area, Douglas County, Oregon,
1997-1998.

Factor Level x (%) SE n F P

Species

Season

CBTD
CWTD

Fall

Spring
Summer
Winter

3.05

3.21

2.72

3.75

2.85

3.21

0.0428
0.0477

0.0941

0.0585
0.0523
0.0686

82

66

17

44

55

32

5.43

52.52

0.021

0.000

1997-1998.

Factor Level x (%) SE n F P

Species

Season

CBTD
CWTD

Fall
Spring
Summer
Winter

50.6
50.9

50.65
46.59
59.94
45.81

0.81

0.9056

1.8112

1.0779

1.0069

1.2999

85

68

17

48

55

33

0.06

36.79

0.803

0.000


