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A study conducted May 1978-December 1980 determined that the pre-

sent geographic range of Columbian white-tailed deer, Odocoileus vir-

ginianus leucurus, (CWTD) in Douglas County, Oregon encompassed 1199

km
2 . The area was predominately a Quercus woodland community, typical

of the Interior Valley Zone of western Oregon. The CWTD distribution

was not contiguous throughout its range; the highest densities occurred

along the North Umpqua River between Glide and Wilbur. Ten habitats

were described: grassland, grass-shrub, oak-savanna, open oak, closed

oak, oak-conifer, oak-madrone, madrone, riparian and conifer.

CWTD exhibited a preference (P<0.05) for grass-shrub, oak-savanna,

open oak, closed oak, riparian and conifer habitats while selecting the

remaining habitats less frequently (P<0.05) than was expected from cor-

responding availabilities. Grassland use increased proportionally with

biomass production of grasses and forbs during the spring and with mean

monthly precipitation in the fall; CWTD utilized grasslands more fre-

quently (P<0.05) during the fall than in the spring. Fawns utilized.

woodland and brushland habitats more frequently (P<0.05) than yearlings

and adults; yearlings utilized grasslands more often (P<0.05) and grass-



shrub habitats less frequently (P<0.05) than adults. Adult males oc-

curred less frequently (P<0.05) in grass-shrub and more often (P<0.05)

in conifer habitats than adult females, particularly in the summer.

The population estimates for the 2745 ha study area were 628

and 740 CWTD representing an average density of 22.9 and 27.0 CWTD

per km
2
, respectively. There existed a positive association (P<0.05)

between distribution and abundance of CWTD and the juxtaposition of

suitable habitat to the North Umpqua River. A positive curvilinear

relationship between CWTD density and percent woodland cover was ob-

served; maximum densities occurred in areas supporting approximately

50% woodland cover. Fall herd composition estimates were 52 fawns

and 30 bucks per 100 does. Secondary sex ratios departed from unity

(P<0.05) favoring males when summer rainfall was abnormally low.

Malnutrition and vehicle-inflicted injuries accounted for the

largest proportion of known mortality. The ultimate cause of mortal-

ity among yearling and adult males and females was apparently assoc-

iated with reproduction; these activities were more demanding (P<0.05)

on males. The median age at death for males (1.65) was less (P<0.05)

than that observed for females (2.15). Fawn survival and recruitment

varied inversely with existing population densities and winter severi-

ty. Parasite loads were light and corresponded with observed seasonal

differences in the physical condition of CWTD.

Convex polygon estimates of home range size for CWTD females and

males averaged 21.1 ha and 32.8 ha, respectively. Elliptical home

range estimates were invariably larger than corresponding convex poly-

gon estimates and averaged 44.5 ha and 47.1 ha for females and males,



respectively. Home ranges were stable between years; however, males

and females demonstrated significant shifts in center of activity

among the seasons, behaviors observed to be associated with rutting

and fawning activities, respectively.

CWTD and black-tailed deer demonstrated a local geographic and

ecological segregation; there was a significant inverse correlation

in the relative densities of the two species, and sym patric populat-

ions of black-tailed deer and CWTD differed (P<0.05) in their fre-

quency of occurrence among the ten habitats. Local geographic dis-

tributions and habitat-use patterns indicated that within preferred

habitats, CWTD competitively excluded black-tailed deer.

Lowland riparian systems played a major role in CWTD ecology,

representing an important environmental component in the life histo-

ry of the species and serving as corridors of dispersal and recent

geographic expansion.
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STATUS AND HABITAT USE OF COLUMBIAN WHITE-TAILED DEER
IN DOUGLAS COUNTY, OREGON

INTRODUCTION

There are thirty recognized subspecies of white-tailed deer

(Odocoileus virginianus) in North and Central America; eight sub-

species of O. virginianus occur in South America (Halls 1978). The

northern range includes all the southern Canadian provinces from

Nova Scotia to British Columbia, and extends into the Northwest

Territories (Halls 1978). White-tailed deer inhabit every state

within the contiguous United States (with the possible exception of

Utah), occur throughout Mexico (excluding Baja) and Central America,

and extend as far south as 15° south latitude in South America

(Halls 1978). In the United States, there are only three subspecies

of white-tailed deer that occur west of the Rocky Mountains: the

Coues' whitetail (O.v. couesi) which inhabits southern Arizona and

southwestern New Mexico; the Idaho whitetail (O.v. ochrourus) which

occurs in western Wyoming and Montana, most of Idaho, and portions

of eastern Washington and Oregon; and the Columbian whitetail

(O.v. leucurus), an inhabitant of portions of southwestern Washington,

northwestern Oregon and southwestern Oregon.

The Columbian white-tailed deer, Odocoileus virginianus 

leucurus, was originally described by David Douglas in 1829. This

taxonomic delineation was based on two co-types collected in western

Oregon; one specimen was obtained from the region of the lower

Columbia River and the second was collected in the Umpqua River

valley in southwestern Oregon. Today, Columbian white-tailed deer
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(CWTD) remain allopatric with the other western subspecies; the

nearest geographic race (O.v. ochrourus) is approximately 300 km

east of the eastern-most range of O.v. leucurus.

Historically, CWTD occurred throughout much of western Oregon

and southwestern Washington (Fig. 1). Douglas (1829) reported that

CWTD were common in the fertile prairies of the Cowlitz River and

Multnomah River (Willamette River) within 100 miles of the Pacific

Ocean. Apparently, CWTD preferred the oak woodlands and mixed

prairies of the oak-savanna complex, a vegetative association that

was characteristic of the interior river valley lowlands. Douglas

(1914) reported CWTD throughout the central river bottomlands of

western Oregon as far south as the Umpqua River valleys. Both Bailey

(1936) and Crews (1939) concluded that CWTD originally exhibited a

geographic range that extended south to Grants Pass, Oregon.

Prior to the settlement of Oregon and throughout most of the

19th century, the interior river valleys of western Oregon were

largely uncultivated (Nash 1877, Douglas 1914). During this period,

indians maintained an oak-savanna complex through fire management

practices (Thilenius 1968). Extensive cultivation of western Oregon

since early settlement has supplanted most of the native vegetative

associations, leaving only patches of river bottomland associations

adjacent to the largely agricultural lowlands (Thilenius 1968).

Jewett (1914) and Bailey (1936) presented evidence that CWTD occurred

in the Willamette Valley until late in the 19th century. Since then

however, agricultural practices and curtailment of fires have altered

the native habitat dramatically (Thilenius 1968); CWTD have sub-
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sequently been extirpated from a large part of their historic range

including the Willamette Valley. Today, the distribution of

0.v. leucurus is limited to two remnant populations (Fig. 2); one is

located along the lower Columbia River and the second population

inhabits the interior valleys of Umpqua River in Douglas County,

Oregon.

The limited distribution of CWTD and imminent threat to remain-

ing habitat by encroaching agricultural and residential development

prompted the U.S. Department of Interior to designate the Columbian

white-tailed deer as an endangered species in 1968 (Gavin 1979).

1972, the U.S. Fish and Wildlife Service purchased 2105 ha along the

lower Columbia River and established the Columbian White-tailed Deer

National Wildlife Refuge (CWTDNWR). Interest in the status and

ecological requirements of the refuge population prompted studies on

habitat use by Suring and Vohs (1979) and population ecology by

Gavin (1979).

In 1976, the Columbian White-tailed Deer Recovery Team (CWTDRT)

outlined the objectives of a recovery plan to stop the decline of

CWTD and maintain viable populations within the remaining suitable

habitat; specific objectives included the restoration of the subspecies

to a minimum population of 400 deer distributed among at least four

viable subpopulations in secure habitat throughout their former range.

Prior to 1978, efforts by the U.S. Fish and Wildlife Service resulted

in the identification of at most three independend CWTD populations in

the region of the lower Columbia River; the identification and secure-

ment of a fourth discontinuous population prdcludes any decisions



Figure 1. Historic range of Columbian white-tailed deer (Odocoileus 

virginianus leucurus) as determined from accounts by Douglas (1829,

1914), Jewett (1914), Bailey (1936) and Crews (1939).
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Figure 2. Two geographic areas where remnant populations of Columbian

white-tailed deer (Odocoileus virginianus leucurus) occur. The pop-

ulation along the North Umpqua River was the site of the study area.



Figure 2.
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regarding the removal of 0.v. leucurus from the endangered species

designation.

Surveys conducted by the CWTDRT just prior to the completion

of the 1976 recovery plan documented the occurrence of whitetails

along the North Umpqua River in Douglas County; the status and

ecology of this population however was unknown. The importance of

maintaining a viable population in Douglas County soon became appar-

ent to the recovery team; this population not only represented the

crucial fourth subpopulation, it was the only CWTD population within

the southern three-fourths of the historic range of CWTD. The

members of the CWTDRT and U.S. Fish and Wildlife personnel agreed

that a stable CWTD population in Douglas County would increase the

likelihood of CWTD ever reoccupying major portions of its native

range.

During the winter of 1977-78 and the following spring, pre-

liminary observations conducted by Oregon State University disclosed

that the distribution of CWTD in Douglas County might be limited to

private ranchlands; it was apparent that an impending conflict

existed between increasing agricultural development and the avail-

ability of suitable CWTD habitat. In July of 1978 the U.S Fish and

Wildlife Service included the Douglas County population in the

endangered species designation and immediately initiated efforts to

protect and maintain a viable population. Upon the recommendation of

the CWTDRT and U.S. Fish and Wildlife Service, the Department of

Fisheries and Wildlife, Oregon State University undertook a study

that eventually would provide the ecological basis for the management



of the largest of the four CWTD populations.

This paper examines data recorded during a 27-month ecological

study of CWTD in Douglas County, Oregon. It represents the cul-

mination of an extensive and intense research effort to obtain

fundamental life history information and determine the ecological

requirements of the CWTD population that inhabits the Umpqua River

interior valleys. Since virtually nothing was known about this

population, we sought to document the present-day geographic

distribution and estimate relative abundances within this portion of

the CWTD native range. Of primary importance was defining critical

habitat as well as determining. its relative abundance, distribution

and availability.

In addition to a gross description of the CWTD population, our

general study plan outlined an intense research program to be con-

ducted on a representative portion of the CWTD range. A study by

Crews in 1939 and incidental observations recorded by Bill McCaleb

(ODFW) during the 1950s and 1960s identified relatively high CWTD

density areas and provided the basis for defining our study area.

The objectives of our research effort focused on determining several

population characteristics including total population size, density

and dispersion, sex and age composition, proximate and ultimate

mortality factors and recruitment. We also felt that it was impor-

tant to examine daily and seasonal habitat use with respect to the

availability of these various vegetative associations; this information

would facilitate determining the relative importance of specific

habitats through a calculation of relative preference indices.
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Moreover, an extensive habitat sampling program would provide a

quantitative characterization of the preferred vegetative associations.

Finally, we thought that by monitoring the movements of marked

individuals in the population we could arrive at some understanding

of spatio-temporal activity patterns; examining seasonal home range

dynamics with respect to phenology should provide some insight

into why CWTD exhibited specific habitat preferences. An analysis

of these data within the context of overall population trends,

as determined from past and present-day geographic distributions and

relative abundances, should provide an ecological foundation from

which proper management recommendations can be formulated.
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THE STUDY AREA

The study area is located in Douglas County in southwestern

Oregon (Fig. 2), situated along the North Umpqua River between

Winchester and Glide. It is comprised of portions of sections

11, 14, 20, 23, 29, 32, and 33 in T26S, R5W; portions of sections

7, 16, 17, 18, 19, 20, 21, and 30 in T26S, R4W; and sections 15, 21,

22, 25, 26, 27, and 28 of T26S, R5W, constituting 2745 hectares

(Fig. 3).

The topography is typical of the Umpqua and Rogue interior

valleys with numerous small mountains and rolling foothills pro-

ducing a mosaic of small valleys and ridges. The elevation on the

study area ranges from 135 meters above sea level along the North

Umpqua River to 505 meters above sea level - a ridge crest which

forms a portion of the southern boundary of the study area.

Temperatures along the interior Umpqua valley are moderate; the

mean monthly maximum temperature was 20.2°C in August, and the mean

monthly minimum was 4.9°C in January, the hottest and coldest months,

respectively (United States Department of Commerce 1955-1980). The

mean annual temperature (12.1°C) remains fairly consistent from year

to year, however, annual precipitation may vary considerably

(eg. 55.9 cm recorded in 1978 compared to 90.4 cm recorded in 1979).

The mean annual precipitation 1955-1979 was 84.1 cm, with an average

of 67.8 cm falling from October to March, producing wet winters and

semi-drought summers. Snow cover is uncommon and rarely persists for

more than a few days.

The natural vegetation of the area is classified as Quercus 
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Woodland community, and is typical of the Interior Valley Zone of

western Oregon (Franklin and Dyrness 1973). The Quercus  Woodland

community represents a diverse array of vegetative associations,

ranging from the sparsely stemmed stands of the oak-savannas with

predominately grass understories, to the dense forests with well-

developed mid-stories. Species composition of the oak woodland

community may vary from pure Quercus types to communities with an

abundance of other hardwood and conifer associates; particularly

Arbutus menziesii, Acer macrophyllum, Pseudotsuga menziessi and

Pinus ponderosa.

The oak woodlands are dominated by an overstory of Quercus 

garryana and	 kelloggii, and generally occupy the more xeric sites.

Quercus density decreases and the predominance of grass balds increases

on increasingly xeric sites, particularly southern and southwestern

slopes. The more mesic sites, generally northern exposures and/or

higher elevations, are occupied by open stands of P. menziesii,

P. ponderosa, and Libocedrus decurrens over a well-established

Quercus canopy. The major shrub species are Rhus diversiloba,

Holodiscus discolor, Corylus cornuta, and Rosa elganteria *(asterisk

indicates introduced species). Dominant perennial grasses include

Danthonia californica, Lolium perenne *, Festuca arundinacea *,

and Holcus lanatus *. Bromus mollis *, Cynosurus echinatus *, and

Taeniatherum asperum * represent the predominant annual grasses.

Black-tailed deer (Odocoileus hemionus columbianus) occur through-

out most of the study area, but were generally observed in areas

supporting low whitetail densities. Among the several potential
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Figure 3. The study area situated along the North Umpqua River between

Winchester and Glide, Douglas County, Oregon is outlined in black;

the North Umpqua River represented the northern boundary.



Figure 3.
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predators occurring on the study area, red foxes (Vulpes vulpes)

and stray domestic dogs (Canis familiaris) were encountered most

frequently. Coyotes (Canis latrans) and bobcats (Felis rufus) were

uncommon - owing to an intensive predator control program maintained

by Douglas County.

The earliest detailed accounts of the interior Umpqua Valley

were provided by David Douglas (1914). During his expedition in 1827,

Douglas (1914) noted the predominance of oak woodlands throughout

much of the low-lying interior Umpqua Valley, and emphasized that

much of the area had been burned. Burning was a common practice of

the indians, used to encourage deer to frequent certain feeding

areas (Douglas 1914). With -the arrival of white settlers, many of

the prairies and grasslands which occupied extensive areas of the

interior valleys became forests and woodlands, a consequence of less

frequent fires (Nash 1882). Because of the abundance of native

grasses, livestock production soon became the primary land use (Nash

1882). Increased livestock use and farmland development (i.e. clear-

ing and/or burning) during the years that followed created new grass-

lands and savannas. By the 1920's, about 90% of the study areas was

used for grazing with the remaining 10% under'cultivation (Crews 1939).

Today, the study area is in private ownership (except for Whistler's

Bend County Park and 3 Bureau of Land Management (BLM) parcels

totaling 81.5 ha.). Agricultural development and livestock production

have intensified resulting in greater demands for improved pasture.

Burning and clearing are still practiced over much of the study area -

a consequence of which has been an 18.3% (183.7 ha.) reduction in

available woodland cover since 1972.
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MATERIALS AND METHODS

Field observations were conducted May-August 1978. Data were

collected also during periods of observation conducted on week-end

trips to the study area in September, October and November 1978,

and in January, February and March 1979. Full time field studies

resumed May 1979 and continued uninterrupted through August 1980.

Vegetative data collected during the fall of 1980 and observations

of marked deer during the period September-December 1980 were in-

cluded also. Deer were observed through 9 X 36 binoculars and a

20X spotting scope.

Botanical and zoological nomenclature followed Hitchcock and

Cronquist (1973) and Verts (1978) respectively. Arcsin and square

root transformations were utilized with data expressed as percentages;

the arcsin transformation was employed with data exhibiting a wide

range of values, whereas the square root transformation was used with

percentages between 0-20 or 80-100 (Steel and Torrie 1980:234).

Yates' continuity correction was employed with frequency data when N

was less than 50 (Sokal and Rohlf 1969:590). Unless otherwise noted,

a probability level of less than 0.05 was accepted as indicating

statistical significance.

Geographic Range

An estimate of the geographic range of the Douglas County CWTD

population was obtained by plotting new locations on United States
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Geological Survey topographical maps. Investigations, prompted by

reports of CWTD in previously undocumented areas, provided additional

distribution data. The investigations involved spotlighting those

areas accessible by vehicle, traversing the area on horseback, or

traversing the area on foot during the early morning and/or early

evening hours. The geographic range was then calculated by connecting

all the repeatable (n22) peripheral observations recorded on the

topographic maps to form the smallest polygon that contained all the

locations (Jennrich and Turner 1969). The area of the polygon served

as an estimate of the total geographic area inhabited by the CWTD

population, and was calculated according to the following equation

A= 1/2 E	 (xi y	 - 1+1
1=1 Equation 1

Equation 1 was multiplied by 0.49 to obtain the area of the geographic

range in km2 , as determined from the scale of the map and grid system.

Habitat Description

A general reconaissance of the study area during the initial

field season (May-August 1978) provided the basis for subdividing the

Quercus Woodland community into 10 distinct habitats. Differences in

species composition and structure (e.g. absence or presence of one of

the three major vegetative strata) served as the primary criteria

for delineating habitats. During the period June-August 1979, the

habitats were sampled intensively, 14.2% (388.3 ha.) of the total

study area. Whenever possible, data from 3 replicate areas of each

habitat were collected. The number of plots per sample (n=50 for each
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replicate) was derived from the precision of preliminary samples

(Pieper 1978:9). A random-systematic sampling scheme was devised

such that plots were located along a predefined transect that began

at a randomly selected starting point. The distribution of plots

(i.e. distance between plots) was adjusted among each of the samples

so as to ensure that the entire habitat site would be included in

the sampling procedure.

Herbaceous cover (% crown cover of grasses, forbs, and Rhus 

diversiloba during its first growing season) was estimated within a

2 X 5 dm plot (Daubenmire 1959). A cover class (derived from the

estimated percentage of ground surface covered by vegetation) was

assigned to each herbaceous species which occurred within the plot

(Daubenmire 1959). Cover class estimates of litter and bare ground

were also recorded. Percent frequency of occurrence and relative

dominance (derived from % crown cover) of each species were calculated.

The line-intercept method was employed to estimate shrub crown

cover (Canfield 1941). Intercept lines were incorporated within the

general sampling scheme, extending from each plot site along the

predefined transect. The intercept of each shrub species along a 20

meter intercept line was measured (to the nearest cm) with a metric

tape. The total amount of intercept was summed for each line; cover

and botanical composition were computed (Pieper 1978:81). The

botanical composition served also as an index of relative dominance

(as derived from % crown cover).

An estimate of canopy cover was obtained at each of the 50 plots

within a sample with a forest densiometer (Lemmon 1956). The point-
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centered quarter method (Cottam and Curtis 1956) was employed to

obtain an estimate of tree density and relative dominance (as

derived from basal area). The center of a plot served as the sampling

point, and the distance (in cm) to the nearest tree in each of four

quadrats was measured. In addition to the tree species, and its

diameter at breast height (dbh), basal area and relative dominance

were determined.

An obstruction-of-vision estimate was obtained at each of the

50 plots within a sample with a density board (Wight 1938). A

reading was taken from a point 20 meters beyond the plot along the

predefined transect, and the summed total was recorded. Also, the

slope and aspect of each plot were determined.

Seasonal estimates of herbaceous cover and obstruction-to-

vision were obtained in conjunction with phenological observations

to provide a basis for evaluating white-tailed deer habitat pre-

ferences.

Collection of Habitat-Use Data

Habitat-use observations were conducted from horseback along a

predefined transect (61.5 km), July 1979 - August 1980. The transect

route was designed to include the habitats proportional to their

occurrance on the study area. Starting times and locations differed

systematically so as to collect data from each section of the transect

for all obtainable time periods, and to minimize bias resulting from

differences in individual patterns of behavior. Also, habitat-use

data were collected during early morning and evening observation
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periods, during spotlight censuses and while engaged in other activi-

ties (e.g., vegetation sampling) during the period May 1978 - August

1980. CWTD data were analyzed with multi-dimensional contingency

tables in which the frequency of observations for each age and sex

class were examined with respect to habitat, time of day, season and

activity. Observations of seasonal habitat-use by black-tailed deer

were recorded and compared to CWTD data. Chi-square goodness-,of-fit

tests (Sokal and Rohlf 1969:552) and Chi-square tests of independence

(Sokal and Rohlf 1969:589) determined the statistical significance

of observed departures from the expected, and provided the criteria

for further analysis.

Additionally, seasonal spatial distributions of white-tailed deer

and black-tailed deer throughout the study area were recorded on

aerial photographs. Chi-square tests of independence (Sokal and

Rohlf 1969:589) and the Runs Test (Siegel 1956:57) determined

significant departures of the spatial distributions and sequence of

observations from independence and randomness, respectively.

Capture, Handling and Marking

Deer were captured and marked throughout the entire study

period. Several methods were employed to capture deer; including

the remote injection of an immobilizing drug fired from a Cap-

Chur gun (Palmer Chemical and Equipment Co., Inc., Douglasville,

Gerogia), and live-trapping with a three-sided drop-gate panel trap
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(Oregon Department of Fish and Wildlife). Tranquilizing darts filled

with a combination of ketamine hydrochloride1 and xylazine hydro-

chloride
2
, or nicotine salicylate, were fired at deer from a vehicle

10-40 m away. Selected drug dosages were 2.0 mg/kg, 2.5 mg/kg, and

5.5 mg/kg for xylazine hydrochloride, ketamine hydrochloride, and

nicotine salicylate respectively. Also, during the period June 1979 -

March 1980, six panel traps baited with a mixture of corn oats and

barley, apples, and unprocessed molasses were set and checked daily.

Fawns less than two weeks old were located by walking through

grasslands, brushlands, and woodlands with the aid of a trained

dog; and by observing the behavior of adult females (Downing and

Mc Ginnes 1969). Once located, fawns were either immediately captured

by hand, or with older fawns, pursued by the dog and restrained until

capture was accomplished.

Captured deer were examined closely; sex, age, general physical

condition, and a series of morphological measurements were recorded.

Age determination in fawns followed criteria presented by Haugen and

Speake (1958). External parasites were noted, and collected for

identification. The rectal temperature of fawns along with the

ambient temperature at examination time were recorded. All individuals

were ear-tagged with numbered, color-coded Allflex livestock tags

(Vet Brand, Inc., California). The color and placement of the tags

allowed immediate sex and age determination, while the numbers

facilitated the identification of specific individuals. Fawns cap-

1KetasetR, Bristol Laboratories, Syracuse, NY 13201
2
Rompun , Cutler-Laboratories, Inc., Shawnee, KS 66201
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tured during the 1979 and 1980 fawning seasons were fitted with

motion-sensitive mortality transmitters (Model number LT24-2TS-

HD-MS, Telemetry Systems, Inc., Wisconsin, 1978 catalog). A model

RT20-A receiver and a model A-147-4 Cush Craft 4-element antennae

(Telemetry Systems, Inc., Wisconsin, 1978 catalog) were employed

to locate radio-collared fawns. Tranquilized deer were kept under

constant surveillance until complete recovery was attained. All

deer over 6 months of age were fitted with a white polyvinylchloride

collar bearing large red luminous numerals of reflectant tape. The

numerals were laminated with polyurethane and served to identify

specific individuals.

Estimation of Population Size

The cohort of marked deer (i.e. yearlings and adults) was used

as part of a capture-recapture ratio estimator (Schnabel, in Chapman

and Overton 1966) of population size, in which observations subsequent

to capture served as recaptures. Deer were observed while spot-

lighting (November 1979-January 1980) and during early morning

censuses (November-December 1979 and August 1980) along a 10.5 km

route through the intensive study portion of the study area. The

starting point for each census within a censusing period differed

in an attempt to minimize bias resulting from possible differences

in individual patterns of behavior, whereas starting times within a

censusing period remained consistent. During a census, the total

number of marked and unmarked deer were recorded; the identity of

each marked individual was noted. These data were compiled with other

census data within a census period to provide a continuous total of
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marked and unmarked deer for that period.

There are a number of assumptions inherent in capture-recapture

methods for population estimation. Overton (1971:434) summarized

these in the following statements:

1. There exists a well defined collection (population)
of animals containing N individuals.
2. M of these individuals are marked, for example with
a tag.
3. There exists a sample of n observations of animals
from the population, containing x observations of marked
animals.
4. The average probability 15 of observing a marked
animal is equal to the average  probability Fu of observing
an unmarked animal. That is, p = Tu.

Although a large proportion of the census data was classified

according to age and sex, the small number of marked individuals in

some of these cohorts and the paucity of recaptures of these marked

individuals precluded the use of the census data in a stratified

population estimate. Therefore, an unstratified Schnabel population

estimate was calculated for each census period (i.e. November,

December, January and August) following the method and notation

presented by Chapman and Overton (1966:173). To estimate population

size, let

x = Ex. = number of recaptures
i=1

=
k
 E (nM )

1 I.i=1

where

Equation 2

Equation 3

th.x i is the number of marked animals "captured" in the	 day,
n. is the total numbered captured in the ith day,

th
M. is the number of marked animals in the population in the i

day
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then

N = X/ x+1	 Equation 4

Confidence limits were computed for each population estimate

following Chapman and Overton (1966:174, Table 1) for x<50, where

x approximates a Poisson distribution. When x was greater than 50,

it was necessary to use the normal approximation to the Poisson

to obtain the lower (x) and upper (R) limit (Overton 1971:435),

x = (x+2) + 2 x+1

= (x+2) - 2 x+1

and solve the inequality for N:
X

P{x N	 + 1 - a.

Equation 5

Equation 6

Equation 7

Tests for statistically significant differences in population

estimates among census periods (months) or between census techniques

(i.e. spotlighting versus early morning census) within a census

period employed the following test statistic from Chapman and Overton

(1966:175):
x
o 	 ± 1/2

xo - (x0+xl)X0+Xl

„  o 	 1
(x0--x1)% 

1 
J+X‘
„ 

o 1
X +X)

Equation 8

The Schnabel estimate provided an estimate of the total number

of deer inhabiting the intensive study portion of the study area

(Fig. 4), yet provided no direct means of obtaining a population

density estimate from which the total population size of the entire

study area could be derived.

Density estimates for the intensive study site were derived

from the total area encompassed by the smallest polygon constructed

Z-
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from the peripheral observations of the marked deer within this

portion of the study area and from the area sampled during spot-

light censuses as determined from aerial photographs and a series

of measurements. These measurements incorporated effective indenti-

fication distances (i.e. the maximum distance deer could be accurately

identified), as determined from preliminary spotlight censuses and

provided an estimate of the total area (ha) sampled during a census

when multiplied times the length of the spotlight route.

Similar measurements were obtained within other portions of

the study area and provided a means by which comparable density

indices could be computed for the different habitat structure types.

These relative density indices represent simply an expression of the

total number of CWTD observed within a given habitat structure type

divided by the total area sampled during the census. Assuming a

correspondence between the density index and the Schnabel estimate

obtained for the intensive study area, one could derive an estimate

of total population size for the entire study area. A population

density coefficient (D.C.) was obtained for each habitat structure

type according to the following equation

relative density of habitat structure type D.C. =
relative density of intensive study area Equation 9

The population estimate was calculated with the following expression

N = (D.C.)(total area)(density of intensive area). Equation 10
i 

In order to insure comparable density indices, spotlight censuses

were conducted throughout the study area 'simultaneously with the help

of ODFW personnel and vehicles.



Figure 4. The intensive study portion of the study area. (See

Figure 3 for relative location within entire study area)
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Figure 4.
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Sex and Age Composition

The sex and age composition of the population was derived from

observations recorded during spotlight, early-morning, and horseback

censuses, June 1979-August 1980. Observations were classified

according to the following sex and age classes: adult male, adult

female, yearling male, yearling female, adult unknown, yearling

unknown, fawn, or unknown. During the period December 1-May 1,

adult and yearling females were combined into the single class does;

adult and yearling males were classified as bucks whenever age was

not discernible. Also, an anterless deer category was used during

the priod February 1 - May 31 when males were generally indiscernible.

June 1st was selected as the anniversary date; age delineations

were as follows: fawn, birth-12 months; yearling, 12-24 months and

adult, more than 24 months of age. Behavior, relative size, general

body conformation, particularly the length and shape of the head,

and the presence or absence of antlers served as criteria for

classification (Gavin 1979). Adult and yearling males were dis-

criminated on the basis of the number of tines; justification for

which was provided by observations of known yearling males (n=33).

Collection of Mortality Data

The remains of dead deer were collected and examined throughout

the study period. Road kills were obtained from ODFW, Oregon State

Police (OSP), Douglas County Highway Department (DCHD), and as a

result of reports from local ranchers and residents. Other mor-

talities were obtained through systematic searches conducted period-
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ically, searches conducted within specific areas prompted by reports

from local ranchers, observations of radio-collared fawns and through

incidental observations (i.e. while engaged in other activities).

Once obtained, the sex, age, location, cause of death, and time

of death were recorded. Also, whole weight and a series of

morphological measurements were obtained for intact carcasses. When-

ever possible, detailed necropsies were performed by veterinary

pathologists. Generally however, field examinations were conducted;

information regarding cause of death, physical anomalies and internal

parasites were recorded. Often information concerning cause and

time of death was provided by local ranchers. A physical condition

index (PCI) derived from observed body fat deposits (Kistner et al.

1980) was obtained for recent intact mortalities. Whenever

available, a rumen sample, fecal sample, skull and lower jaw, right

kidney, right femur and external parasites were collected.

Fecal samples were preserved in polyvinyl alcohol (PVA) and

formalin, and examined by a parasitologist at a later date. The

PVA fecal samples were stained with a modified tri-chrome procedure

(Marken and Voge 1965:292) while the formalin fecal samples were

subjected to a formalin-ethylacetate concentration technique

(Wheatley 1951). Fawn and yearling mortalities were aged according

to tooth replacement (Severinghaus 1949). To age adults, a second

premolar was extracted from each skull or lower jaw, sectioned with a

microtome, decalcified with Cal-Ex II1 and made into permanent

1
Cal-Ex II

R
, Fisher Scientific Company, Fairlawn New Jersey 07410
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stained slides with Paragon stain 2 (Crowe 1972). The slides were

examined at 20-60 X with a binocular microscope and the number of

cementum annuli were recorded.

Home Range Indices

Marked deer were observed from horseback, during early morning

and spotlight censuses, and while engaged in other data collection,

June 1978- December 1980. The location of each observation was

plotted on 3.5 by 3.5 cm aerial photographs (scale: 1 cm = 120 m);

date, time and activity (e.g., feeding, bedded) were recorded. Also,

the age and sex of any deer associated with the marked individual

were recorded. Consistent with previous studies of CWTD (Gavin 1979),

sightings of marked individuals which occurred within 60 minutes

of a previous observation were excluded in order to ensure indepen-

dence of observations. Only location data from deer that were

observed on at least 20 different occasions were included in the

analysis. Adults and yearlings were included only if the total

period during which observations were obtained for a certain

individual exceeded four months. All locations were assigned X-Y

coordinates derived from a master aerial photograph-grid system and

employed in calculations of home range indices.

Home range estimates were obtained with two independent

techniques. The first method involved drawing the smallest convex

polygon that encompassed all of the capture points (excluding

2
Paragon, Paragon C and C Co., Inc., 190 Willow Ave., Bronx, New York
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inaccessible areas); the enclosed area served as an index of the

animal's home range (Jennrich and Turner 1969:228). The capture

points were ordered counterclockwise about their geometric center

and the area of the polygon computed with the following equation

A = 1/2 E (x.y.,, -
i=1 1

Equation 11

where (x.y.) is the ith ordered capture point from a total of n points1 1
and (x

n+1' yn+1 ) 	
(x1,
	 ).

1 , 1

Home range indices were calculated also with a bivariate

normal model described by Jennrich and Turner (1969), as modified by

Koeppl et al. (1975). This model, designed to evaluate non-

circular as well as circular home ranges, portrays the area an

animal occupies during its normal daily activities as a (1-a) X 100

confidence ellipse, and is computed with the determinant of the

capture points covariance matrix. The area of the home range, as

corrected for sample size and orientation of the ellipse (Koeppl

et al. 1975:85), is given by the statistic:

A = s
xT 

s 
yT 2(n-1) Fa(2,n-2)/(n-2)p Equation 12

where s
xT 

and s
yT are transformed standard deviations of the major

and minor axes of the ellipse, respectively, and the expression

2(n-1) F
a(2,n-2) /(n-2) incorporates the F-statistic to adjust for

sample size. The subscript 2 . in the expression A represents the

probability of inclusion for which the home range is being computed,

such that, for p = 0.95, equation 12 represents a home range estimate

which accounts for 95% of an animal's utilization of its habitat
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(Jennrich and Turner 1969). Equations 11 and 12 were multiplied by

0.01486 to obtain the home range size in hectares, as determined by

the scale of the grid system.

Elliptical home range models (Jennrich and Turner 1969, Koeppi

et al. 1975) require that the locational data approximate a

bivariate normal distribution. In their model, Koeppi et al.

(1975) translated and rotated the locational data so that a measure

of variability along the grid X or Y axis corresponded to a measure

of variability along the major or minor axis of the ellipse,

respectively, and so the center of activity was at coordinates

(0,0)(Fig. 5). Additionally, if the difference of the mean X and

mean Y from the coordinates is divided by the respective standard

deviations (i.e. XT=(X-X)/SDx , YT=(Y-11)/SD ), then a set of standard-

ized and rotated coordinates (Z 1 ,Z2 ) with zero mean and unit variance

is defined. The sum of squares of these new coordinates follows

approximately the theoretical Chi-square distribution with k-1

degrees of freedom, where k is the number of classes used in computing

Chi-square (Moore and Stubblebine, in press).

A bivarite normal distribution can be viewed as representing

a series of concentric contours of equal density (Fig. 6). That is,

given n observations distributed among k contours one would expect

n/k observations per contour. Given an expected number of observations

per contour, the conformance of a set of bivariate locations to a

bivariate normal distribution can be evaluated by determining the

observed frequency distribution of locations among the contours and

calculating the Chi-square statistic according to the following
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equation (Sokal and Rohlf 1969:556)

X
2
 = E(f. - f.) 2

 /f.	 Equation 13

where f. is the observed frequency distribution among the contours,1
and f. is the expected frequency distribution among the contours.

This procedure is analagous to a Chi-square goodness of fit test

for continuous univariate distributions; here the cells are replaced

by contours.

To determine the observed frequency distribution, a numerical

value must be computed for each contour according to the following

equation (Moore and Stubblebine, in press)

C. = -2 n(1-i/k)	 Equation 14

whereC.is the ith contour, and k is the total number of contours.1	 --
The contour values represent intervals within which the standardized

and rotated locational data are distributed. The segregation of the

locational data among the respective contour intervals was accomplish-

ed through the mathematical evaluation of Z
1
 and Z

2
 according to

	

2	 2the expression (Z
1 + Z 2). The observed frequency is obtained then

by comparing the resolved sum of squares expression for each

coordinate pair (Z1 ,Z 2) to the respective contour values, and

tabulating the number of coordinate pairs that fall within each

contour interval.

Enumeration of contours for a specific test can be somewhat

arbitrary. To remain consistent when evaluating numerous sets of

locational data however, I have specified two criteria for determining

the number of contours:



Figure 5. Orientation

Y axes. Line segments

ellipse, respectively.

pairs are rotated, and

of ellipse with respect to fixed grid X and

ab and cd represent major and minor axes of

designates angle through which coordinate

(X,Y) denotes the center of activity.
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Figure 5.



Figure 6. Bivariate normal distribution as represented by a series

of concentric contours of equal density.
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(1) A minimum of five observations per cell

(2) The number of contours equals the greatest integer

that can be obtained from n/5 observations.

The first criterion follows the general rule for establishing

classes when employing the Chi-square goodness of fit test for

continuous distributions (Steel and Torrie 1980:474). The second

criterion maximizes the degrees of freedom (d.f. = k-1) and con-

sequently increases the sensitivity of the test, i.e. provides a

smaller tabular critical Chi-square value.

A Fortran IV program designed to test the conformance of

locational data to bivariate normality according to the foregoing

procedure is presented in Appendix A.

The Chi-square goodness of fit test is not conclusive, as it

is not as sensitive to departures from bivariate symmetry (Moore

and Stubblebine, in press). For this reason a test for skewness

(G1)(Sokal and Rohlf 1969:113) was employed in instances when a

significant departure from normality did not occur with the Chi-

square test. If Z 1 and Z2 are jointly distributed, then 	 and Z2

are each normally distributed (Neter and Wasserman 1974:395),

conformance of which can be further substantiated with the univariate

test for skewness.
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RESULTS AND DISCUSSION

GEOGRAPHIC RANGE

The present geographic range of the CWTD population in Douglas

County extends from Oldham Creek - 8.0 km northeast of Oakland, south

to Cow Creek - 4.8 km southwest of Riddle. The southeastern-most

observations were along Morgan Creek - 1.5 km north of its inter-

section with the South Umpqua River, whereas the northwest boundary

extends to the town of Umpqua. The eastern and western boundaries

were Fall Creek - 0.5 km south of Little River, and Hawkins Lake

(BLM), respectively, encompassing a total of 1199 km 2 (463 mil)

(Fig. 7). The whitetail distribution is not contiguous throughout

its geographic range, owing to the interspersion of small mountains

and associated coniferous forests. The highest whitetail densities

were observed in the region between Glide and Winchester, north of

Buckhorn Road and south of the North Umpqua River (Fig. 8)) in which

Quercus woodland predominated.

Crews (1939) reported the distribution of "Oregon white-tailed

deer" (0.v. leucurus) was limited to a small area northeast of

Roseburg, within this same high density region (Fig. 8), and en-

compassed approximately 79 km
2
. Observations recorded during the

1960s, and intensive spotlight counts conducted in 1970 indicated

that the old White-tailed Deer Refuge supported the highest densities

of CWTD (William McCaleb ODFW, unpublished data). This area

described by Crews (1939) and McCaleb (personal communication)

apparently represented the recent center of dispersal for the Douglas

County herd.



Figure 7. Geographic distribution of Columbian white-tailed deer

(Odocoileus virginianus leucurus) in Douglas County, Oregon,

1978-1980.
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Figure 8. Location of Columbian white-tailed deer (Odocoileus 

virginianus leucurus) high-density region within the current

geographic distribution in Douglas County, Oregon.

42



DOUGLAS COUNTY

LEGEND:

EEDCWTD Distribution -1978 -1980.
Mal High CWTD Density

Figure 8.



44

The historical range of Columbian whitetails (Fig. 1) included

the present geographic distribution in Douglas County. From the

time just prior to the settlement of western Oregon until 1939, the

distribution of CWTD was reduced to incorporate only a very small

portion of its native range in Douglas County, apparently a result

of intensive hunting and development practices during that period

(Nash 1882; Crews 1939).

During the period of the White-tailed Deer Refuge, 1928-1952,

CWTD were protected from hunting. A change in ODFW policy in 1952

dissolved the refuge and exposed CWTD to hunting pressure. Annual

spotlight censuses conducted by ODFW since 1952 (unpublished data)

have documented subsequent increases in whitetail distribution.

Since 1939, it appears a 15 - fold increase in geographic range has

occurred. Today, CWTD inhabit approximately 25% of their historical

range in Douglas County.

A close look at the distribution of CWTD within Douglas County,

particularly the peripheral locations, provides some insight into

the pattern of recent dispersal. It is probably not coincidental

that 4 of the 6 reported geographic boundaries represent riparian

lowlands. Further examination reveals that the areas within the

geographic range in which the CWTD distribution is discontinuous are

characterized by small mountains and a paucity of riparian lowlands.

Furthermore, the expansion of geographic range in recent years, as

suggested from ODFW spotlight trend counts, was associated with

riparian zones or immediately adjacent lowland areas. These

observations indicate that CWTD have relied heavily on riparian zones
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as avenues for dispersal and suggest that further geographic ex-

pansion depends upon the distribution and availability of these

riparian avenues and the juxtaposition to suitable habitat.



HABITAT DESCRIPTION

A general reconnaissance of the study area during the initial

field season provided the basis for delineating ten distinct

habitats. Generally, the habitats were segregated according to

species composition and/or structural characteristics of the

vegetative associations. A comprehensive description of each

habitat was accomplished through an extensive vegetative sampling

program. The species composition of the respective vegetative strata

for each of the habitats on the study area is presented in Appendix

B; frequency of occurrence, percent cover and relative dominance

of each plant species within the respective stratum are included.

Grassland. The grassland habitat typically represented areas

supporting primarily herbaceous vegetation with very few (if any)

trees and a sparse shrub component. These areas included some

natural prairies and grass balds but were predominately pasturelands.

Preliminary observations revealed discernible differences between

pasturelands and grasslands that were not recently exposed to

livestock use, and justified a stratified sampling scheme with

separate descriptions of "livestock" and "without livestock" grass-

land habitat. Grasslands represented 922 ha or 33.6% of the total

study area.

Grasslands supporting livestock exhibited a fairly uniform

spatial distribution of herbaceous vegetation; the mean percent

herbaceouscoverwas81.1%(sX =1.48). The mean obstruction-to-

vision value was 20.5 (s.. = 0.04, maximum value = 21) and reflected

46



47

the general scarcity of tall herbaceous vegetation. The most

dominant herbaceous species (in order of their relative dominance)

were hedgehog dogtail (Cynosurus echinatus), medusahead (Taeniatherum 

asperum) and soft brome (Bromus mollis) comprising 51% of the total

herbaceous cover. Calfornia oatgrass (Danthonia californica) was

the only common native grass, occurring in 37% of the plots and

representing an average of 5.7% herbaceous cover. Many of the

pasturelands were subjected to periodic controlled burning and

seeded to sub-clover (Trifolium subterraneum), perennial ryegrass

(Lolium perenne) and tall fescue (Festuca arundinacea).

Grassland areas without livestock averaged 78.1% (s 37 = 1.69)

herbaceouscover;themeamindexofobstructionwas19.6(s_.0.12)

and reflected a somewhat greater vertical density as compared to

livestock grasslands. Dominant herbaceous species included soft

brome, hedgehog dogtail, perennial ryegrass, medusahead, California

oatgrass and foxtail fescue (F. megalura). Native grasses included

California oatgrass, pine bluegrass (Poa scabrella), Sandberg's

bluegrass (P. sandbergii) and blue wildrye (Elymus glaucus). Grass-

lands without livestock were typically free of disturbance and fires;

occassionally, certain portions experienced mowing late in the growing

season to reduce potential fire hazard.

Oak-savanna. Savannas are open woodlands consisting of scattered

trees and shrubs in an otherwise grass-covered region (Dasmann 1959).

Typically, savannas occur as natural boundaries between forest and

grasslands, regions where local differences in soil or microclimate

favor an interspersion of vegetation (Dasmann 1959). In western
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Oregon, those regions exhibiting a natural interspersion of oak

woodland and grassland were historically maintained by indians

through fire management practices. Oak-savannas accounted for 13.2%

(362 ha) of the total study area.

Oak-savanna habitat represented oak-woodland/grassland complexes

with an average tree density of 95.6 stems per hectare (%. = 20.6).

Oregon white oak (Quercus garryana) comprised 95.4% of the existing

basal area while California black oak (Q. kelloggii) and Oregon

ash (Fraxinus latifolia) accounted for 4.2% and 0.4% of the total

basal area, respectively. The mean DBH per stem was 32.9 cm

(s. = 0.87) and mean percent canopy cover was 25.5% (s
x
_ = 2.94). The

average shrub cover was 5.9% (s 2 = 1.33); poison oak (Rhus 

diversiloba) and wild rose (Rosa elganteria) were the predominant

shrub species. Mean percent herbaceous cover was 76.8% ( s5i = 2.32);

dominant grasses and forbs included medusahead, hedgehog dogtail,

California oatgrass, poison oak (new-growth), soft brome, perennial

ryegrass and pale flax (Linum angustifolium). The mean index of

obstruction was 18.4 (s i = 0.46).

Grass-shrub. The grass-shrub habitat comprised 4.4% (121 ha) of the

total study area. Generally, these areas supported very few trees

and exhibited a dense shrub component; the mean percent shrub cover

was 34.4% (s = 1.76). By far the dominant shrub species was poison

oak, occurring in 98.7% of the sampling points and representing 96.2%

of the shrub cover. Wild rose and wild lilac (Ceanothus integerrimus)

accounted for 3.7% and 0.1% of the shrub cover. Mean percent

herbaceouscoverwas73.1%(sX =1.77) and the average index of
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obstructionwas10.1(s_=0.67). New-growth poison oak accounted

for 36.8% of the herbaceous ground cover; additional dominant herbs

included hedgehog dogtail, tall fescue, timber oatgrass (D. intermedia)

and medusahead.

Open oak. Open oak habitat occupied 17.1% (469 ha) of the study

area and represented relatively uniform-aged oak woodlands with a

well-developed overstory and herbaceous understory; the shrub layer

was sparse and often non-existent. The mean percent canopy cover

and herbaceous cover were 69.6% (s 2 = 2.21) and 71.3% (s_ = 2.38),

respectively; shrub cover averaged 6.1% (s 2 = 0.72). The average

tree density was 665.0 stems per acre (s 11 = 62.0) while the mean

DBH per stem was 22.1 cm (s x = 0.59). Oregon white oak and California

black oak were the dominant tree species and accounted for 77.4% and

17.6% of the existing basal area. Poison oak and wild rose averaged

3.7% and 2.3% ground cover, respectively, and accounted for 61%

and 38% of the shrub cover. Dominant grasses and forbs included

hedgehog dogtail, California oatgrass, perennial ryegrass, new-

growth poison oak, Geranium spp., soft brome, California hedge-

parsley (Caucalis microcarpa), tall fescue and least hop-clover

(T. dubium). The average index of obstruction was 14.2 (s2 = 0.61).

Closed oak. Closed oak habitat represented even-aged oak woodlands

with three well-developed vegetative strata; these areas occupied

8.7% (239 ha) of the study area. The overstory was relatively dense

with essentially a continuous canopy. The mean tree density was 1266

stems per hectare (s7 = 118) while the average percent canopy cover

was 90.3% (s7c = 1.53). Oregon white oak and California black oak

accounted for 69% and 25% of the existing basal area, respectively;



themeanDBHwas21.2cm(s_=0.66). The shrub layer averaged

47.6%(s_=3.34) ground cover; poison oak and wild rose occurred

with a frequency of 0.72 and 0.52 and represented 72% and 20% of

the total shrub cover, respectively. Dominant herbaceous species

included new-growth poison oak, orchard-grass (Dactylis glomerata),

hedgehog dogtail, velvet-grass (Holcus lanatus), tall fescue and

blue wild-rye; mean percent herbaceous cover was 58.4% (s R = 2.25).

Oak-conifer. Oak-conifer habitat represented dense mixed oak-

conifer stands averaging 1364 stems per hectare (s_ = 136), and

occupied 11.3% (310 ha) of the study area. The mean DBH per stem

was 21.5 cm (s- = 0.78) and the average canopy cover was 89.7%.

Douglas-fir - (PseudotsUga menziessi), Oregon white oak and madrone

(Arbutus menziesii) were the dominant tree species comprising 40.2%,

28.9% and 18.3% of the existing basal area, respectively. Mean

percent shrub cover was 21.2% (s- = 3.20); poison oak, young madrone

trees and wild rose were the dominant components of the mid-story.

Herbaceous cover averaged 30.5% (s R = 2.99); dominant grasses and

forbs included new-growth poison oak, sword-fern (Polystichum 

munitum) and hedgehog dogtail. The mean index of obstruction was

5.15 (s- = 0.68), indicative of the dense multi-strata structure

of the habitat.

Oak-madrone. On more xeric sites, many woodlands were co-dominant

stands of Oregon white oak and madrone; this vegetative association

occupied 6.1% (167 ha) of the study area. Oak-madrone woodlands

averaged 78.4% (sR = 2.04) canopy cover and had a mean density of

1283stemsperhectare(s_=81.2). Oregon white oak and madrone

50



51

comprised 44% and 32% of the existing basal area; the mean DBH per

stemwas15.7cm(s2 =0.46). The shrub layer averaged 31.7%

(s2 =2.44) ground cover; poison oak predominated accounting for 90%

of the total shrub cover. Mean percent herbaceous cover was 46.5%

(sx = 2.59); dominant grasses and forbs included new-growth poison

oak, hedgehog dogtail, tall fescue, blue wild-rye, California oatgrass

and California hedge-parsley. The mean index of obstruction was

7.32(s2 =0.59) reflecting a relatively dense multi-strata vegetative

association.

Madrone. Fourteen percent (38.5 ha) of the study area was occupied

by essentially monotypic stands of madrone. Madrone habitat re-

presented dense multi-layered woodlands averaging 3762 stems per

hectare; the mean index of obstruction was 3.04 (s 2 = 0.43). The

average DBH per stem was 10.3 cm (s 2 = 0.25) and mean percent

canopy cover was 79.3% (s_ = 2.52). The shrub stratum was predom-

inantly poison oak, occurring with a frequency of 0.71 and accounting

for 98% of the shrub cover; total shrub cover averaged 28.4%

(s2 = 2.76). The understory averaged 25% herbaceous cover; dominant

grasses and forbs included tall fescue, new-growth poison oak,

hedgehog dogtail and iris (Iris tenax).

Riparian. Portions of the study area that were otherwise a part of

the terrestrial environment experienced periodic seasonal flooding.

These areas together with other poorly-drained sites exhibited

vegetative associations that were best characterized as riparian

communities and comprised 3.1% (85 ha) of the total study area. Some

of the riparian sites were without an overstory (eg. seeps, ephemeral
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streams), but typically riparian habitat represented relatively

dense woodlands exhibiting three vegetative strata. The average

tree density was 622 stems per hectare (sR = 80.2) while the mean

DBH per stem was 28.1 cm (s R = 0.72). Within woodland sites, the

canopy was essentially continuous; the overall mean percent canopy

cover was 81.5% (s - 2.21). Oregon white oak and Oregon ash were

the dominant tree species and accounted for 70.0% and 28.5% of the

existing basal area; California black oak and red alder (Alnus rubra)

were also fairly common on a number of sites. The mean percent

shrubcoverwas4.63%(sR =0.81); dominant shrub species included

wild rose, Oregon viburnum (Viburnum ellipticum) and poison oak.

Owing to low-reaching tree canopies and a relatively tall dense

understory, the mean index of obstruction was 10.9 (s i = 0.63).

The average herbaceous cover was 69.1% (s_ = 1.95); the dominant

herbaceous species were common rush (Juncus effusus), tall fescue,

velvet-grass, hedgehog dogtail and sedges (Carex spp.) including dense

sedge (C. densa).

Conifer. Mixed conifer stands occupied the northern slopes at

higher elevations and represented 1.1% (30.1 ha) of the study area.

Typically, the coniferous forests exhibited a continuous canopy

with a relatively sparse shrub layer and intermittent understory.

Theaveragecanopycoverwas92.3%(s X =1.26) while mean percent

shrub and herbaceous cover were 5.83% (s_ = 1.36) and 21.4% (s 2 = 2.49),

respectively. The average tree density was 541 stems per hectare

(s- = 50.5) while mean DBH per stem was 41.8 cm (s- = 1.00). Douglas-

fir was the dominant tree species and comprised 91% of the existing
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basal area. Dominant shrub species included hazelnut (Corylus 

cornuta), wild rose and poison oak while hedgehog dogtail, sword-

fern, lady-fern (Athyrium filix-femina) and velvet-grass were among

the dominant herbaceous species. The mean index of obstruction

was 12.0 (s.. = 0.84).

Comparison of vegetative and structural characteristics. Mean

basal area per hectare differed among the habitats (Appendix C).

Coniferous forests had a substantially greater standing basal area

per hectare (74.25 m
2
) than the remaining woodland habitats;

oak-conifer, closed oak and riparian habitats averaged 49.53, 44.68

and 38.57 m
2 
per hectare, respectively. Kruskal-Wallis one-way

analysis of variance ranks tests (Steel and Torrie 1980:542)

revealed that each of the vegetative and structural habitat parameters

differed significantly among the habitats (Table 1). Subsequent

to each analysis of variance ranks test, a Dunn's multiple comparison

test (Daniel 1978:212) was employed to determine which habitats

were significantly different with respect to each specific parameter.

The oak-savanna habitat exhibited significantly less percent

canopy cover and tree density than the remaining woodland habitats

(Table 1). Open oak, riparian and conifer habitats exhibited similar

percent canopy cover and tree densities, but displayed significantly

fewer stems per hectare than closed oak, oak-conifer and oak-madrone

habitats; madrone exhibited the densest tree stands. Grass-shrub

and closed oak habitats exhibited the densest shrub layer; oak-

madrone and madrone habitats displayed similar percent shrub cover

while oak-conifer stands exhibited significantly less shrub cover.



Table 1. Tree density, mean diameter at breast height, obstruction to vision index, and mean % cover of the
tree, shrub and herbaceous vegetative strata for each of. the habitats on the study area. (Within rows, values
that share common letters are not significantly different, 1)=.0.05)

z

z0c4	 z-

0 9.	
P.
r4

0

Canopy % Cover	 -	 25.5a
	

69.9b	 90.3b	 89.7b	 78.0b	 79.3b	 81.5b	 92.3b

Tree Density (stems/ha) 	 -	 -	 95.6a	 665.h	 1266c	 1364c
	

1283c	 3762d	 622.b	 541.b

1)1311 (cm)	 -	 -	 -	 32.9bc 22.lacb 21.2abc 21.3abc 15.7ab 10.3a 	 28.1abc 41.8c

Shrub % Cover	 -	 -	 34.4d	 5.9a	 6.1a	 47.6d	 21.2b	 31.7c	 28.4c	 4.63a	 5.83a

Herbaceous % Cover	 81.1b	 78.1bc 73.1bc 76.8bc 71.3bc 58.4bcd 30.5ad 46.5acd 25.0a	 69.1bc 21.4a
ab	 ab	 be

Obstruction Index	 20.5e	 9.6e	 10.1cd 18.4de 14.2cde 9.30abc 5.15ab 7.32abc 3.04a	 10.9cd 12.Ode
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Oak-savanna, open oak, riparian and conifer habitats all had a shrub

cover of 6.1% or less.

A significant inverse correlation (r = 0.74) existed between

percent canopy cover and percent herbaceous cover among the habitats.

Generally, grassland, grass-shrub and the more open woodland habitats

exhibited similar understories whereas conifer, madrone and oak-

conifer habitats displayed significantly less herbaceous cover. Also,

a significant inverse correlation existed between the index of

obstruction and corresponding shrub cover (r = 0.71) and canopy

cover (r = 0.78) estimates. Typically, grassland, grass-shrub

and open woodlands exhibited significantly less vertical vegetative

density while madrone, oak-conifer, oak-madrone and closed oak

afforded the greatest obstruction-to-vision.

Phenology and seasonal variation. In western Oregon, herbaceous

growth begins in the fall with the onset of the rainy season

(Sharrow 1979). The increase in biomass production of forbs and

grasses is gradual through mid-March afterwhich a dramatic increase

occurs (Fig. 9). Generally, grasses and forbs on the study area

continued vegetative growth throughout May, at which time maturity

and seed production occurred. Correspondingly, biomass production

drops off dramatically in late May and early June (Fig. 9). Annual

bromes, for example, germinated in the fall, experienced a short

growth burst in the spring and produced seed by the end of May (see

also Harris and Goebel 1976). Perennials however, remained vegetative

throughout their first growing season and exhibited longer growing

seasons than annuals in subsequent years. Tall fescue grew con-
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tinually through the winter and during one year remained green

throughout the summer (see also Rampton 1945). Sanders (1965)

observed that seed production in both tall fescue and perennial

ryegrass did not occur until July 30 - August 8.

Most of the shrub species first displayed signs of new-growth

during mid-April. Poison oak, for example, displayed the first

signs of growth on April 13 during 1979; the first discernible

leaves were observed on April 18. During 1980, corresponding

phenological events occurred on April 15 and April 22, respectively.

By the middle of May, most shrubs were completely leafed-out and

oak trees initiated new-growth. Some tree species including Oregon

ash, big-leaf maple (Acer macrophyllum) and red alder began leafing

out as early as late April. Generally, the woodland canopies were

fully erupted by the first part of June.

Throughout the year, a number of seasonal changes in vegetation

and habitat structure occurred. The most apparent was a decrease

in canopy cover. Except for madrone and conifer stands, a sub-

stantial reduction in percent canopy cover was observed through

autumn and winter. A Kruskal-Wallis one-way analysis of variance

ranks test (Steel and Torrie 1980:542) revealed that significant

changes in herbaceous cover occurred through the seasons among

all of the habitats (Table 2). Generally, herbaceous cover was

significantly greater in spring and summer (Dunn's multiple comparison

test, Daniel 1978:212). The major exception occurred within

coniferous forests; herbaceous cover was significantly greater in

fall, winter and early spring (Table 2). This is not suprising as
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Figure 9. Seasonal dry matter production (kg/hectare/day) of an

improved pasture in western Oregon. (taken from Sharrow 1979)
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the difference in herbaceous growth under a year-round canopy will

generally reflect changes in precipitation rather than sunlight. A

similar phenomenon was observed in madrone habitat where the greatest

herbaceous cover was recorded in winter and early spring.

Concomitant changes in vegetation density were observed (Table

2). A Kruskal-Wallis analysis of variance test (Steel and Torrie

1980:542) disclosed that significant changes in obstruction-to-vision

occurred in all the habitats except oak-savanna, open oak, oak-

conifer and riparian habitats. Riparian and oak-conifer habitats

consistently exhibited the densest vegetative structure. Seasonal

differences in obstruction-to-vision were apparently associated

with changes in herbaceous vertical density and percent shrub cover;

both grassland types displayed changes through the season and the

greatest disparity in obstruction-to-vision occurred within the

closed oak and grass-shrub habitats, two vegetative associations

that exhibited well-developed shrub strata (Appendix B).

The spatial distribution (frequency of occurrence) and abundance

(percent crown cover) of the shrub and herbaceous species among the

habitats are presented in Appendix D and Appendix E, respectively.
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Table 2. Seasonal comparisons of mean percent herbaceous cover and mean obstruction-to-vision among the
habitats on the study area. (Within columns, values that share common letters are not significantly
different, P>0.05)

Summer 70.4 b 75.4 a 57.7 a 75.2 a

Herbaceous % Cover

64.5 a	 65.5 a	 33.0 ab 53.2 a 25.0 ab 66.1 a 24.6 a

Fall 80.4 a 81.4 ab 63.0 b - 41.4 b 41.4 b 26.8 a 40.4 b 17.6 b 46.4 b 39.9 b

Winter 80.1 a 78.1 a 50.0 a 66.5 b 33.0 b 36.5 b 36.9 b 35.2 b 28.2 a 40.9 b 38.2 b

Spring 78.8 ab 84.6 b 51.5 a 65.2 b 60.2 a 58.3 a 34.1 ab 55.2 a 28.6 a 58.6 a 39.2	 b

Obstruction Index

Summer 20.5 ac 19.5 ac 12.6 ab 18.4 a 15.0 a 9.3 a 6.9 a 5.0 a 3.0 a 6.8 a 15.1 ab

Fall 20.2 c 19.0 a 7.4 ac - 15.9 a 7.1 a 5.7 a 3.5 a 2.0 a 4.3 a 14.8 b

Winter 20.9 a 20.0 c 14.5 b 19.7 a 17.7 a 15.4 b 7.6 a 7.8 b 4.3 b 7.1 a 17.5 a

Spring 19.6 b 17.3 b 5.2 c 19.3 a 15.1 a 4.2 c 5.5 a 8.1 b 2.8 a 5.7 a 14.0 ab



HABITAT USE

During the period May 1978-December 1980, 12077 CWTD observations

were recorded; habitat, date, time of day, group size, age, sex and

activity were noted. Each individual represented a single observation

of habitat-use; the total number of individuals observed within a

specific habitat during the period of study provided an estimate of

proportionate use. The total area of each habitat on the study area

was determined using a Bryant Grid (Bryant 1943) and a compensating

polar planimeter (Mosby 1971) with a series of aerial photographs.

The proportion of the total study area represented by a specific

habitat provided an estimate of habitat availability.

Annual Habitat Use. Generally, the frequency of use among the ten

habitats differed significantly from that commensurate with the

corresponding availability of the habitats (Chi-square goodness-of-

fit test, Sokal and Rohlf 1969:552)(Fig. 10). The z statistic was

employed to compute individual confidence intervals (99.5%) for

the proportion of occurrence in each habitat; the z statistic is a

normal approximation for variables that follow a normal distribution

(Neu et al. 1974). Collectively, the individual intervals represented

a 95% family confidence interval that facilitated simultaneous com-

parisons of the proportion of occurrence in each habitat with the

corresponding availability (Neu et al. 1974). If the expected

frequency of occurrence (as determined from the availability of the

habitat) was greater than the computed interval then the habitat was

utilized significantly less than would be expected; if the expected
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Figure 10. The proportion of Columbian white-tailed deer occurring

among the ten habitats May 1978-December 1980 and the relative

abundance of the habitats represented on the study area in Douglas

County, Oregon.
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use was less than the computed interval, the habitat experienced

significantly greater use. Accordingly, grass-shrub, oak-savanna,

open oak, closed oak, riparian and conifer habitats received sig-

nificantly greater use and were apparently preferred by CWTD (Table

3). Conversely, grassland, oak-conifer, oak-madrone and madrone

habitats were utilized significantly less than would be expected

from their availability (Table 3).

Seasonal Habitat Use. Analysis of the monthly frequency distribution

of occurrence among the ten habitats revealed apparent trends in

CWTD habitat use that corresponded with seasonal climatic and

phenological patterns (Fig. 11). During early spring and fall, CWTD

generally increased their use of habitats that supported a well-

developed herbaceous layer; grassland, grass-shrub, oak-savanna and

open oak habitats each supported herbaceous understories that

averaged more than 70% ground cover (Appendix B) and experienced a

marked increased in use by CWTD during spring and fall (Fig. 11).

Late March to early April typically marks the beginning of the spring

growing season and western Oregon experiences an exponential increase

in herbaceous biomass production through mid-May (Sharrow 1979).

Examination of monthly foraging activity revealed that CWTD exhibited

temporal grazing patterns (i.e. grasses and forbs) that were consis-

tent with seasonal trends in habitat-use (Fig. 12); percent grazing

increased from January through April and from August through November.

The relationship between frequency of habitat use and phenology

was most apparent among grassland habitats; CWTD exhibited a sig-

nificantly greater frequency of grassland habitat use (comparison of



Table 3. Occurrence of Columbian white-tailed deer among the ten habitats represented on the study
area, Douglas County, Oregon, during the period May 1978-December 1980. (notations from Neu et al.
1974)

Proportion Number Proportion Observed 95% Family
Total Of Total Areaa Of CWTD In Each Habitat Confidence

Habitat Area (ha)
(Pio) Observed (Pi) Intervalb

GRASSLAND 922 0.336 2443 0.202 0.192	 pi	0.212

GRASS-SHRUB 121 0.044 1206 0.100 0.091 5 pi 5 0.107

OAK-SAVANNA 362 0.132 2520 0.209 0.199 5 pi 5 0.219

OPEN OAK 469 0.171 2385 0.198 0.188 5. pi 5 0.208

CLOSED OAK. 239 0.087 1484 0.123 0.115 5 p i 5 0.131

OAK-CONIFER 310 0.113 860 0.071 0.064 5 pi 5 0.078

OAK-MADRONE 167 0.061 125 0.010 0.007 5 pi 5 0.013

MADRONE 39 0.014 93 0.008 0.006 5 p i 5. 0.010

RIPARIAN 85 0.031 599 0.050 0.044 5- pi 5 0.056

CONIFER 30 0.011 362 0.030 0.026 5 pi 5 0.034

TOTAL 2744 12077

a
Proportions of total area represent expected Columbian white-tailed deer observations in corresponding

habitat.
b
Individual habitat proportion estimates represent 99.5% confidence intervals.



Figure 11. Monthly frequency distribution of Columbian white-

tailed deer observations among the ten habitats represented on the

study area in Douglas County, Oregon during the period May 1978-

December 1980.
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proportions in independent samples, Snedecor and Cochran 1980:124)

during late spring and early autumn (Table 4). Indeed, the bimodal

pattern of grassland use closely paralleled two important phenological

events: spring growth and maturity of herbaceous vegetation and the

fall green-up (Fig. 13). As biomass production of grasses and forbs

(kg/ha/day) increased through April and May, the frequency of grass-

land habitat use increased proportionally. Also, the frequency

of grazing in grassland habitats during spring (0.30) was sig-

nificantly greater (comparison of proportions in independent samples)

than that observed during the winter (0.24). As forbs and grasses

matured in late May and early June, biomass production, nutrient

content and palatability decreased dramatically (Hulbert 1955,

Harris and Goebel 1976, Sharrow 1979); correspondingly, CWTD use of

grassland habitats (Fig. 13) decreased significantly (comparison

of proportions in independent samples).

A significant increase in grassland habitat use in the fall

(Table 4 and Fig. 13) was accompained by a significant increase in the

frequency of grazing among grasslands from 27.1% in the summer to

38.8% during autumn (comparison of proportions in independent samples,

Snedecor and Cochran 1980:124). Early fall marked the beginning of

the rainy season and as mean monthly precipitation (cm) increased

from August through November, grassland habitat use increased

proportionally. Both the frequency of occurrence and frequency of

grazing in grasslands were highest during autumn and suggests a

strong reliance upon herbaceous forage during this period. Although

grass and forb biomass production is comparably low during this



Table 4. Seasonal occurrence of Columbian white-tailed deer among the ten habitats represented on
the study areal , Douglas County, Oregon, during the period May 1978-December 1980. (notations from
Neu et al. 1974; F.C.I. = family confidence interval)

WINTER
(Jan-Mar)

SPRING
(Apr-Jun)

SUMMER
(Jul-Sep)

AUTUMN
(Oct-Dec)

HABITAT
Pio

pi 	95% F.C.I. p i	 95% F.C.I. p i	 95% F.C.I. pi 95% F.C.I.

GRASSLAND 0.336 0.147a 0.128-0.166 0.224b 0.205-0.242 0.169a 0.150-0.188 0.277c 0.250-0.304

GRASS-SHRUB 0.044 0.117a 0.100-0.134 0.118a 0.104-0.132 0.078b 0.064-0.092 0.074b 0.058-0.090

OAK-SAVANNA 0.132 0.208a 0.186-0.230 0.207a 0.189-0.225 0.221a 0.200-0.242 0.194a 0.170-0.218

OPEN OAK 0.171 0.207a 0.185-0.229 0.191a.0.174-0.208 0.189a 0.169-0.209 0.211a 0.186-0.236

CLOSED OAK 0.087 0.159a 0.139-0.179 0.112b 0.198-0.126 0.124b 0.107-0.141 0.097a 0.079-0.115

OAK-CONIFER 0.113 0.087a 0.072-0.102 0.062b 0.052-0.072 0.076ab0.063-0.089 0.062b 0.047-0.077

OAK-MADRONE 0.061 0.012ab0.006-0.018 0.006a 0.003-0.009 0.016b 0.010-0.022 0.010ab 0.004-0.016

MADRONE 0.014 0.012a 0.006-0.018 0.005a 0.002-0.008 0.007a 0.003-0.011 0.008a 0.003-0.013

RIPARIAN 0.031 0.019a 0.012-0.026 0.052b 0.042-0.062 0.080c 0.066-0.094 0.041b 0.029-0.053

CONIFER 0.011 0.033ab0.023-0.043 0.022a 0.016-0.028 0.040b 0.030-0.050 0.028ab 0.018-0.038

1
Proportions within a specific row that share common letters are not significantly different (P4.05).



Figure 12. Monthly proportion of observations in which Columbian

white-tailed deer were observed foraging on grasses and forbs on

the study area in Douglas County, Oregon during the period May 1978-

December 1980.
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Figure 13. Monthly frequency distribution of grassland habitat use

by Columbian white-tailed deer on the study area in Douglas County,

Oregon during the period May 1978-December 1980. Biomass production

of grasses and forbs (kg/ha/day) in western Oregon (Sharrow 1979) and

mean monthly precipitation (cm) on the study area (U.S. Department of

Commerce) during 1979-1980.
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period, fall herbaceous new-growth represents the most palatable

and nutritious forage available (Steve Sharrow, personal communi-

cation). During the spring, young trees and shrubs are flourishing

and produce palatable and nutritious new-growth. The dependence

upon herbaceous forage during spring is seemingly not as crucial;

CWTD exhibited use of grasslands significantly less during spring

than autumn and significantly increased-their use of grass-shrub and

closed oak habitats (Table 4)(comparison of proportions in independ-

ent samples, Snedecor and Cochran 1980:124). A concomitant increase

in the frequency of browsing was also observed during spring.

CWTD exhibited monthly habitat use patterns that closely

conformed to specific seasonal climatic trends (Fig. 11). Generally,

the frequency of use among woodland habitats varied with temperature

and in some instances precipitation; habitat selection was apparently

associated with reducing thermal stress, or other biological needs

(e.g. water, palatable forage) during corresponding periods of

environmental stress. The most apparent climatic trend occurred

among riparian habitats (Fig. 11): there was a significant positive

correlation (r = 0.86) between ambient temperature and the frequency

of ripiarian habitat use and a significant inverse correlation

(r = 0.79) between mean monthly precipitation and the occurence of

CWTD within riparian habitats. The response by CWTD to changes in

ambient temperature and precipitation represented a significant

increase in the use of riparian habitats (comparison of proportions

in independent samples, Snedecor and Cochran 1980:124) during late

spring and summer (Table 4).
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A similar pattern of use occurred among conifer, oak-conifer

and oak-madrone habitats. CWTD utilized conifer and oak-conifer

habitats most frequently during summer and winter (Fig. 11), periods

when CWTD were exposed to the greatest temperature extremes (U.S.

Department of Commerce 1955-1980). Analysis of diel frequency

distributions among the habitats (see Daily Habitat Use) disclosed

that CWTD more frequently utilized conifer and oak-conifer habitats

during the hottest and coldest times of the day during summer and

winter, respectively. Intensive observations conducted during and

following a snow storm indicated that CWTD preferred conifer, oak-

conifer and oak-madrone habitats for thermal cover. Oak-madrone

apparently provided good thermal cover during. the summer as well;

CWTD significantly increased their use of oak-madrone habitats during

this period (comparison of proportions in independent samples,

Snedecor and Cochran 1980:124).

Daily Habitat Use. Examination of the daily frequency distribution

of CWTD among the ten habitats for six four-hour activity periods

indicated distinct diel patterns of habitat use (Table 5). During

late evening (21:00-24:00) and early morning (01:00-04:00) periods,

CWTD favored grassland, grass-shrub, oak-savanna and open oak

habitats (Table 5). This pattern remained fairly consistent through-

out the year except during late fall and winter when there was an

increase in use among woodland habitats. During mid-morning (09:00-

12:00) and on through late afternoon (13:00-16:00) CWTD increased

their frequency of use of woodland habitats while significantly

decreasing their use of grasslands (comparison of proportions in
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Table 5. Seasonal frequency of Columbian white-tailed deer habitat
use for six 4-hour activity periods May 1978-December 1980, Douglas
County, Oregon. (Within a column, values represent the proportion
of observations occurring in the habitats)

Habitats 01:00-04:00 05:00-08:00 09:00-12:00	 13:00-16:00

WINTER
(Jan-Mar)

17:00-20:00 21:00-24:00

GRASSLAND 0.147 0.060 0.021	 0.073 0.338 0.550
GRASS-SHRUB 0.117 0.138 0.113	 0.105 0.088 0.050
OAK-SAVANNA 0.208 0.198 0.129	 0.184 0.263 0.125
OPEN OAK 0.207 0.235 0.173	 0.216 0.159 0.275
CLOSED OAK 0.159 0.195 0.182	 0.182 0.071 0
OAK-CONIFER 0.087 0.104 0.101	 0.115 0.034 0
OAK-MADRONE 0.012 0.003 0.009	 0.024 0.015 0
MADRONE 0.012 0.004 0.011	 0.028 0.010 0
RIPARIAN 0.019 0.011 0.018	 0.036 0.015 0
CONIFER 0.033 0.050 0.034	 0.038 0.007 0

SPRING
(Apr-Jun)

GRASSLAND 0.221 0.218 0.061	 0.042 0.237 0.310
GRASS-SFLRU3 0.118 0.140 0.108	 0.069 0.119 0.059
OAK-SAVANNA 0.208 0.238 0.161	 0.141 0.210 0.161
OPEN OAK 0.192 0.196 0.175	 0.239 0.187 0.161
CLOSED OAK 0.112 0.097 0.204	 0.180 0.112 0.040
OAK-CONIFER 0.062 0.060 0.185	 0.088 0.033 0.005
OAK-MADRONE 0.006 0.008 0.005	 0.005 0.004 0
MADRONE 0.005 0.005 0.003	 0.005 0.008 0.007
RIPARIAN 0.052 0.016 0.082	 0.167 0.081 0.037
CONIFER 0.022 0.022 0.016	 0.064 0.010 0.020

SUMMER
(Jul-Sep)

GRASSLAND 0.167 0.156 0.034	 0.008 0.227 0.323
GRASS-SHRUB 0.007 0.105 0.081	 0.048 0.053 0.032
OAK-SAVANNA 0.221 0.279 0.105	 0.053 0.132 0.340
OPEN OAK 0.190 0.190 0.152	 0.156 0.258 0.148
CLOSED OAK 0.125 0.109 0.265	 0.138 0.120 0.040
OAK-CONIFER 0.077 0.071 0.136	 0.109 0.057 0.032
OAK-MADRONE 0.015 0.011 0.037	 0.013 0.012 0
MADRONE 0.007 0.003 0.018	 0.021 0.002 0.004
RIPARIAN 0.080 0.023 0.097	 0.207 0.118 0.072
CONIFER 0.040 0.053 0.073	 0.021 0.020 0.008



Table 5 continued.

Habitats	 01:00-04:00	 05:00-08:00	 09:00-12:00	 13:00-16:00	 17:00-20:00	 21:00-24:00

AUTUMN
(Oct-Dec)

GRASSLAND 0.277 0.145 0.103 0.170 0.488 0.456

GRASS-SHRUB 0.074 0.080 0.187 0.019 0.051 0.041

OAK-SAVANNA 0.194 0.170 0.142 0.245 0.216 0.187

OPEN OAK 0.211 0.281 0.241 0.209 0.146 0.176

CLOSED OAK 0.097 0.152 0.088 0.151 0.042 0.031

OAK-CONIFER 0.062 0.088 0.148 0.055 0.016 0.005

OAK-MADRONE 0.010 0.012 0.012 0.022 0.002 0

MADRONE 0.008 0.002 0.027 0.014 0.002 0

RIPARIAN 0.040 0.034 0.033 0.069 0.016 0.104

CONIFER 0.028 0.035 0.018 0.047 0.023 0

77



78

independent samples, Snedecor and Cochran 1980:124), especially in

late spring and summer. As early evening approached (17:00-20:00),

the occurrence of CWTD among grassland, grass-shrub and oak-savanna

habitats increased, particularly during autumn and winter.

CWTD primarily used grassland and oak-savanna habitats during

twilight hours and periods of darkness. An average of 89% and 83%

of the observations recorded in grassland and oak-savanna habitats,

respectively, occurred during the periods 01:00-08:00 and 17:00-24:00

(except during summer when the period 17:00-20:00 was excluded), a

significant departure from random utilization (Chi-square goodness-

of-fit test, Sokal and Rohlf 1969:552). CWTD utilized oak-savanna

habitats significantly more frequently during daylight hours

(R = 0.17) as compared to grasslands (R = 0.11)(comparison of

proportions in independent samples, Snedecor and Cochran 1980:124);

oak-savanna habitats afforded significantly more escape cover than

grasslands (Appendix C)(Wilcoxon Mann-Whitney two sample test,

Steel and Torrie 1980:542) and suggested a significant association

between diel habitat selection and the presence of escape cover.

Indeed, 84% (10112/12077) of the CWTD habitat-use observations

occurred within 25 meters of escape cover. The most apparent

seasonal influence on daily patterns of grassland and oak-savanna

habitat use were associated with changes in daylight-darkness

regimes (Table 5); for example, CWTD utilized grassland habitats

within the 17:00-20:00 activity period significantly more often

during winter (0.34) as compared to summer (0.11)(comparison of

proportions in independent samples).
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Diel patterns of habitat use among woodland habitats suggest

that there were additional environmental variables influencing

habitat selection; the most apparent association was between daily

temperature regimes and what appeared to be selection of thermal

cover (Table 5). During late spring and summer, CWTD significantly

increased the frequency of use of riparian habitats during the time

period 13:00-16:00 (comparison of proportions in independent samples,

Snedecor and Cochran 1980:124), the hottest time of the day (Table

5). Similar patterns of habitat selection during mid-day occurred

among closed oak, oak-conifer, conifer, oak madrone and madrone

habitats during late spring and summer (Table 5). Correspondingly,

a significant decrease in the use of habitats affording less thermal

cover (i.e. grassland, oak-savanna) occurred during these periods

(comparison of proportions in independent samples).

Conifer, oak conifer and closed oak habitats seemingly afforded

good thermal cover during colder periods also. The frequency of use

among these habitats differed significantly with respect to time of

day (comparison of proportions in independent samples, Snedecor and

Cochran 1980:124); 71%, 75% and 70% of the observations recorded

during winter among oak-conifer, conifer and closed oak habitats,

respectively, occurred during the period 21:00-08:00, typically the

coldest part of the day. Open oak habitats received relatively

consistent daily use and were generally preferred throughout the

year (Tables 4 and 5). Open oak habitats were comparably large

contiguous woodland stands and supported a moderately dense canopy

and a well-developed herbaceous layer, characteristics that apparently
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afforded good escape and thermal cover throughout the day and pro-

vided palatable forage year-round.

Habitat Use Among Age Classes. There were apparent differences in

CWTD habitat use among age classes (Fig. 14). Generally, fawns

utilized woodland and brushland habitats more often and occurred

among grasslands less frequently than yearlings and adults. Fawn

utilization of grassland and oak-savanna habitats was significantly

less than adults and yearlings (comparison of proportions in indepen-

dent samples, Snedecor and Cochran 1980:124) however, fawn utilization

of madrone habitats was significantly greater than yearlings and

adults (comparison of proportions in independent samples). Yearlings

and adults differed significantly in the frequency of occurrence

among grassland and grass-shrub habitats (comparison of proportions

in independent samples); yearlings utilized grasslands more frequently

than adults while occurring in grass-shrub habitats significantly

less (Fig. 14).

Generally, CWTD fawns exhibited a preference for grass-shrub,

open oak, closed oak, madrone and riparian habitats while avoiding

grassland and oak-madrone habitats; oak-savanna, oak-conifer and

conifer habitats were utilized proportionally (Table 6). Analysis

of seasonal habitat use patterns revealed that fawns exhibited a

significantly greater preference for grass-shrub and open oak

habitats during late spring and summer (Table 7) while closed oak

habitats received significantly greater use during winter (Table 7)

(comparison of proportions in independent samples, Snedecor and

Cochran 1980:124). Grassland habitats were utilized least frequently



Figure 14. Proportion of Columbian white-tailed deer fawns,

yearlings and adults occurring among the ten habitats represented on

the study area in Douglas County, Oregon during the period May 1978-

December 1980 (within a specific habitat values that share common

letters are not significantly different, P>0.05).
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Table 6. Occurrence of Columbian white-tailed deer fawns, yearlings
and adults among the ten habitats represented on the study area in
Douglas County, Oregon during the period May 1978-December 1980.
(notations from Neu et al. 1974)

Habitat

Proportion	 Proportion Observed	 95% Family
Of Total Areaa	In Each Habitat	 Confidence

(Pio)	 Intervalsb

FAWNS
(n = 448)

GRASSLAND 0.336 0.076 0.041 -. pi 0.111
GRASS-SHRUB 0.044 0.170 0.120	 pi 0.220
OAK-SAVANNA 0.132 0.147 0.100 5 pi 0.194
OPEN OAK 0.171 0.225 0.172 5 pi 0.280
CLOSED OAK 0.087 0.136 0.090	 pi 0.182
OAK-CONIFER
OAK-MADRONE
MADRONE

0.113
0.061
0.014

0.085
0.020
0.038

0.048	 pi
<0.002 5 pi
<0.015 5 pi

0.122
0.039
0.063

RIPARIAN
CONIFER

0.031
0.011

0.078
0.025

0.042 5 pi
0.004 5 pi

0.114
0.046

YEARLINGS
(n = 1322)

GRASSLAND 0.336 0.258 0.224	 pi 5 0.292
GRASS-SHRUB 0.044 0.071 0.051 5 pi 0.091
OAK-SAVANNA 0.132 0.234 0.214	 p i 5 0.254
OPEN OAK 0.171 0.191 0.161 5 pi 5 0.221
CLOSED OAK 0.087 0.105 0.081 5 pi 5 0.129
OAK-CONIFER 0.113 0.057 0.039 5 pi 5 0.075
OAK-MADRONE 0.061 0.010 0.002 5 pi 0.018
MADRONE 0.014 0.004 0.000 5 pi 5 0.008
RIPARIAN 0.031 0.046 0.032 5 pi 5 0.062
CONIFER 0.011 0.024 0.012 5 pi 5 0.036

a
Proportions of total area represent expected Columbian white-tailed
deer observations in corresponding habitat.
b
Individual habitat proportion estimates represent 99.5% confidence

intervals.
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Table 6 continued.

Proportion	 Proportion Observed	 95% Family
Of Total Areaa	In Each Habitat	 Confidence

Habitat
	

(Pio)	 (Pi)	 Intervalsb

ADULTS
(n = 9189)

GRASSLAND 0.336 0.213 0.197	 p i 5 0.229
GRASS-SHRUB 0.044 0.094 0.083 5 pi 0.105
OAK-SAVANNA 0.132 0.220 0.204	 pi 0.236
OPEN OAK 0.171 0.187 0.172 5 pi 5 0.202
CLOSED OAK 0.087 0.124 0.111 5 pi 0.137
OAK-CONIFER 0.113 0.073 0.063 5 p. 5 0.083
OAK MADRONE 0.061 0.009 0.005 5 pt 0.013
MADRONE 0.014 0.006 0.003 5 pi 5 0.009
RIPARIAN 0.031 0.045 0.037	 pi 5 0.053
CONIFER 0.011 0.029 0.022 5 pi 5 0.036

a
Proportions of total area represent expected Columbian white-tailed
deer observations in corresponding habitat.
b
Individual habitat proportion estimates represent 99.5% confidence

intervals.
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Table 7. Seasonal frequency distribution of Columbian white-
tailed deer fawns among the ten habitats on the study area in
Douglas County, Oregon during the period May 1978-December 1980.

HABITAT WINTER SPRING SUMMER FALL

GRASSLAND 0.075 0.089 0.036 0.098

GRASS-SHRUB 0.155 0.223 0.193 0.109

OAK-SAVANNA 0.161 0.143 0.096 0.174

OPEN OAK 0.205 0.250 0.241 0.217

CLOSED OAK 0.199 0.116 0.084 0.098

OAK-CONIFER 0.075 0.098 0.096 0.076

OAK-MADRONE 0.006 0.027 0.012 0.043

MADRONE 0.056 0.009 0.044 0.033

RIPARIAN 0.043 0.036 0.169 0.109

CONIFER 0.025 0.009 0.024 0.043
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during the summer while riparian habitats experienced a significant

increase in use during this period (Table 7)(comparison of proportions

in independent samples). Similar shifts in frequency of use occurred

among oak-conifer habitats during late spring and summer (Table 7)

and among madrone habitats during winter and summer (Table 7).

Seasonal patterns of habitat use among CWTD fawns were

apparently associated with a need for escape and thermal cover.

Young fawns are vulnerable to intense predation pressure and thermal

stress, particularly during late spring and summer. During a three-

year study on the CWTDNWR, radio-collared fawns suffered a predation

rate as high as 86% during the initial ten weeks postpartum (Al

Clark, unpublished data). Also, young mammals are generally poor

thermoregulators (Bartholomew 1977) and their large surface to

volume ratio increases the susceptibility to thermal stress

(Bartholomew 1977, Moen 1973). An effective means of reducing thermal

stress is via behavioral responses (Bartholomew 1977), such as

through habitat selection. The general pattern of frequent use of

woodland habitats during late spring and summer, particularly among

riparian woodlands, can probably be attributed to more favorable

microclimatic conditions. Woodland and brushland habitats also

afforded good escape cover.

Typical fawning habitat (during the first week postpartum), as

determined from sampling 35 capture sites, represented areas ex-

periencing little or no livestock use, averaged 146.2m (s 3-c = 13.5)

from water, supported an Oregon white oak canopy and occurred on

sites with little or no incline (<20%) and a northern exposure.
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Fawns were captured an average of 3.95m from the base of a tree

(DBH>10 cm) in herbaceous vegetation that averaged 38.2 cm (s 2 = 3.6)

in height. Dominant herbaceous species included hedgehog dogtail,

perennial ryegrass and new-growth poison oak; tall fescue, orchard

grass and sedges and rushes occurred on the more mesic sites. The

dominant shrub species were poison oak and wild rose.

Eighty percent of the fawn capture sites occurred among woodland

habitats while a significant disproportion (69%) occurred on portions

of the study area (12%) that experienced no livestock use during the

fawning season. The closed oak woodland was the most preferred

fawning habitat, representing 40% of the capture locations; grass-

lands were the least preferred habitat representing only 2.8% of

the capture sites. The remaining capture sites occurred proportion-

ally among open oak (20%), oak-savanna (11.4%), oak-conifer (5.7%),

oak-madrone (2.8%), madrone (2.8%) and riparian (8.6%) habitats.

Generally, yearling and adult CWTD demonstrated a preference for

grass-shrub, oak-savanna, riparian and conifer habitats and avoided

grassland, oak-conifer, oak-madrone and madrone habitats (Table 6).

Adults also displayed a preference for open oak and closed oak

habitats; yearlings utilized open oak and closed oak woodlands

proportionally (Table 6).

Habitat Use Between Sexes. Adult male and adult female CWTD ex-

hibited similar patterns of habitat use (Fig. 15). Adult males

however, occurred significantly less frequently among grass-shrub

habitats and demonstrated a significantly greater use of conifer

habitats as compared to females (Fig. 15)(comparison of proportions



Figure 15. Proportion of adult Columbian white-tailed deer males

and females occurring among the ten habitats represented on the study

area in Douglas County, Oregon during the period May 1978-December

1980 (* denotes significant difference, P<0.05).
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in independent samples, Snedecor and Cochran 1980:124). Adult males

and females demonstrated a preference for grass-shrub, oak-savanna

and conifer habitats while generally avoiding madrone, oak-madrone,

oak-conifer and grassland habitats (Table 8). Adult females also

exhibited a preference for riparian, open oak and closed oak habitats;

open oak, closed oak and riparian habitats were used proportionally by

adult males (Table 8). The greatest disparity in use of open oak and

closed oak habitats between adult males and females occurred during

late spring and summer and was probably associated with fawning activi-

ties; 60% of the marked fawns in this study were captured in closed

oak and open oak habitats.

Seasonal patterns of habitat use revealed that the greatest

disparity in grass-shrub and conifer habitat use between adult males

and females also occurred during the summer. Adult males increased

their use of conifer habitats from 0.030 during spring to 0.050 during

summer and significantly decreased their use of grass-shrub habitats

from 0.090 to 0.040 during the same period (comparison of proportions

in independent samples, Snedecor and Cochran 1980:124). Analysis of

diel patterns of habitat use suggested that these seasonal patterns of

use by males represented a behavioral response intended to reduce

thermal stress; adult males used conifer and other woodland habitats

almost exclusively during the hottest part of the day while avoiding

grass-shrub and grassland habitats during that same period.

Adult males in this study were on the average 27% larger than

adult females; the smaller surface to volume ratio,, smaller mass-

specific endogenous heat production (Bartholomew 1977) and greater
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Table 8. Occurrence of Columbian white-tailed deer adult males and
females among the ten habitats represented on the study area, Douglas
County, Oregon during the period May 1978-December 1980. (notations
from Neu et al. 1974)

Habitat

Proportion	 Proportion Observed	 95% Family
Of Total Areaa	In Each Habitat	 Confidence

(Pio )	 (pi)	 Intervalb

ADULT MALES
(n = 1204)

GRASSLAND 0.336 0.220 0.186
GRASS-SHRUB 0.044 0.065 0.045
OAK-SAVANNA 0.132 0.247 0.212
OPEN OAK 0.171 0.164 0.134
CLOSED OAK 0.087 0.108 0.083
OAK CONIFER 0.113 0.087 0.064
OAK MADRONE 0.061 0.003 0.000
MADRONE 0.014 0.004 0.000
RIPARIAN 0.031 0.042 0.026
CONIFER 0.011 0.059 0.040

ADULT FEMALES
(n = 3985)

GRASSLAND 0.336 0.211 0.193
GRASS-SHRUB 0.044 0.103 0.089
OAK-SAVANNA 0.132 0.212 0.194
OPEN OAK 0.171 0.194 0.176
CLOSED OAK 0.087 0.129 0.114
OAK CONIFER 0.113 0.069 0.058
OAK MADRONE 0.061 0.101 0.012
MADRONE 0.014 0.007 0.003
RIPARIAN 0.031 0.046 0.037
CONIFER 0.011 0.020 0.014

5 pi 5 0.254
5 pi 5 0.085
5 pi 5 0.282
5 p i 5 0.194
5 pi 5 0.133
5 pi 5 0.110
5 pi 5 0.007
5 pi 5 0.009
5 pi 5 0.058
5 p i 5 0.078

pi 5 0.229
5 pi 5 0.117
5 pi 	 •0 2301 

p i 5 0.212
5 pi 5 0.144
5 p. 5 0.080
5 pi 5 0.021
5 p. 5 0.011
5 pi 5 0.055
5 pi 5 0.026

a
Proportions of total area represent expected Columbian white-tailed
deer observations in corresponding habitat.
b
Individual habitat proportion estimates represent 99.5% confidence

intervals.
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thermal inertia (Moen 1968) of adult males would seemingly make them

less susceptible to heat stress (Bartholomew 1977). Correspondingly,

adult females should on the average experience greater thermal stress

during comparable periods; yet, adult females did not exhibit compar-

able seasonal and diel patterns of habitat use. This apparent contra-

diction in behavior can perhaps be explained by examining the addition-

al constraints placed on adult females during the summer. Ordinarily,

adult females have to contend with the energetic demands of lactation

as well as sufficient escape cover for fawns. Conifer habitats did

not support much in the way of palatable forage nor was there adequate

herbaceous and shrub vegetation for good escape cover (as evidenced by

the fact that conifer habitats were rarely if ever used for fawning).

Instead, adult females increased their use of open oak and closed oak

habitats during summer; both of these habitats supported a well-devel-

oped understory (herbaceous forage) and provided good escape cover for

neonates while providing reasonably good thermal cover for both adult

females and fawns. Thus, while habitat use patterns of adult males

during the summer were apparently influenced by a primary concern for

maximizing their net energy budget (via minimizing energy expenditures

for thermoregulation) during the critical period preceding the breed-

ing season, adult females apparently adopted a strategy that provided

an optimum balance among several potentially conflicting needs during

an equally critical period.

There are at least two major assumptions inherent in the methods

we employed to determine habitat use and preference. First was the

assumption that the animal under study was equally observable among
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all habitats. The habitats differed significantly with respect to

the obstruction-to-vision index and one would suspect that correspond-

ing differences in the observability of CWTD existed. Suring and

Vohs (1979) attempted to reduce the bias resulting from differences

in visibility among plant communities by dividing the number of

observations of deer by the percentage of visibility for each community.

Theoretically this procedure should reduce the bias arising from

differences in visibility, however in practice multiplying (or

dividing) data by a correction factor probably increased the bias by

an indeterminable quantity (W. Scott Overton, personal communication).

More important however is the realization that the probability

of observing a deer within a specific habitat is not determined

solely by the obstructive characteristics of the environment, but

rather is determined also by the behavior of deer among the various

habitats, and the mode of data collection and how it affects their

behavior. Behavioral observations recorded in this study indicated

that flight behavior differed significantly among the habitats.

Generally, as the density of the habitat increased and visibility

decreased, the flight distance of CWTD decreased. Also, deer were

much more approachable and observable on horseback than on foot or

from a vehicle. Nevertheless, CWTD were probably under-represented

in some habitats, particularly in dense monotypic stands of madrone.

But my experiences in the field and the behavioral data we collected

suggest that the observability of CWTD essentially did not differ

noticeably among the habitats.
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A key assumption in habitat use and preference studies is that

the proportion of the total environment represented by a specific

habitat represents the availability of the habitat. In reality, that

quantity is the abundance of the habitat; availability is the acces-

sibility of that habitat to the consumer (Johnson 1980) and reflects

both the abundance of the habitat and the behavior of the consumer.

In this study, the abundance of each habitat was probably a

good index of availability with the exception of grasslands.

Behavioral observations indicated that CWTD seldom (16%, 1965/12077)

utilized portions of the study area greater than 25m from cover.

Thus a large portion of grassland habitats were effectively in-

accessible to CWTD and although grasslands represented 33.6% of the

total study area, a much smaller portion was available for use.

We have no means of determining the effective availability of the

grassland habitat and consequently no means of evaluating its

relative preference. However, the consistently high frequency of use

throughout the year provides some indication of its relative

importance.

CWTD habitat use patterns generally reflected a need for

vegetative associations that provided both palatable forage and

adequate escape cover. Suring and Vohs (1979) reported similar

conclusions for CWTD on the CWTDNWR. Seasonal and daily habitat

preferences indicated that the specific needs of CWTD changed

seasonally and throughout the day. Some habitats received in-

frequent use generally, but became highly preferred during critical

periods of environmental stress or during periods characterized by



specific life history events. Much of the variation in habitat use

reflected significant age and sex class preferences. Riparian and

closed oak habitats, for example, were much more important to adult

females and their fawns than was indicated from general patterns of

use. Adult males demonstrated seasonal habitat preferences that

were apparently associated with a need for thermal cover during

summer. Indeed, the relative importance of each habitat differed

with respect to season, time of day, age and sex and availability.

Thus an adequate assessment of critical CWTD habitat can not simply

be a gross comparison of the proportion of use of each habitat to

its corresponding availability, but should also include an in-depth

analysis of habitat selection as it might reflect the critical

environmental periods and important biological events in the life

history of the species.
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POPULATION CHARACTERISTICS

Population Size and Density

Crews (1939) estimated the number of whitetails on the White-

tailed Deer Refuge (7895 ha) at 200 - 300 individuals during 1937-

.1939, representing a density of 2.5 - 3.8 deer per km2	2
(6.6-9.8/mi ).

This estimate was derived from a number of censusing techniques

including general reconnaissance, close observation of sign and talking

with local farmers (Crews 1939). During 1970, William McCaleb (ODFW)

via spotlight counts (i.e. number of deer per linear mile) estimated

the number of whitetails within the White-tailed Deer Refuge area

at approximately 450 - 500 individuals (personal communication), a

density of 5.7 - 6.3 deer per km2
 (14.8-16.3/mi

2
 ). Although these

estimates were not obtained through extended field work nor derived

from rigorous censusing techniques, they provide some information on

general population trend during the 30 year period and reinforce

preliminary conclusions in this study regarding high whitetail

density areas and the recent center of dispersal.

Schnabel estimates of population size were obtained for the in-

tensive study portion of the study area during November and December

1979 and January and August 1980 (Table 9). Separate early morning

and evening estimates obtained during November and December 1979

were not significantly different (P>0.05) and were combined to im-

prove the precision of these monthly estimates. The three monthly

winter estimates (November-January) were not significantly different



Table 9. Schnabel estimates of Columbian white-tailed deer population within
intensive study area, Douglas County, Oregon during November and December 1979,
and January and August 1980. (95% confidence intervals are in parentheses)

Mi ni xi Xa 	
Z statistic

b
— — — —

1979
November 17-20	 15 317 41 4755

X = 4755
N = 113 (82-157)

Nov-Dec

December 12-14 16 153 35 4032 Z = 0.093
December 15-18 17 360 48 5950 P(Z>Z0) = 0.928

X = 9982
N = 119 (97-150)

Dec-Jan
1980

January 2-8
	

17 404 63	 6867
	

Z = -0.50
P(Z>Z0) = 0.617

A = 6867
N = 109 (85-140)

Jan-Aug

August 12-22	 19 570 41 5168
	

Z = 0.626

X = 5168
	 P(Z>Z0) = 0.529

N = 123 (90-171)

a
Mi is the number of marked deer in the population, n i is the total number of
deer observed during census period (i.e. month), and xi is the number of marked
deer observed during the census period; where

k	 k
= X/x+1;	 A= E (niMi), and x= E xi.

i=1	 i=1

b
Employed to test for statistically significant differences in population esti-

	

mates between census periods;	

xo	 (xo+xl)  
A

	

Z
	 A0 + Ai

Al
(xo+xi) 

Ao	
Aci.77) •
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(Table 9); the mean population estimate for the intensive study area

during this period was 114 (s Tc = 23). The August 1980 estimate was

larger than the early winter estimates and probably reflected an in-

crease in the fawn segment of the population realized through a birth

pulse during June-August. Since most of the fawn mortality occurred

during the first ten weeks postpartum (see Fawn Survival and Recruit-

ment), the best estimate of year-round population size supported by

the intensive study area is given by the August 1980 Schnabel esti-

mate (Table 9); the August 1980 estimate was used to compute an esti-

mate of total population size for the entire study area.

CWTD density estimates for the intensive study area incorporated

the August 1980 Schnabel estimate and estimates of total area inhabited

by the study population. The two independent techniques employed to

estimate total area provided different estimates. The biological tech-

nique (1.,e. derived from peripheral locations of marked deer) provided

3.97 km
2
 as an estimate of total area; the measurement technique used

a 50 m tape, a Lietz Range Finder (Forestry Supplies, Inc., Jackson,

Mississippi 39204) and aerial photographs, and gave an estimate of

km23.37 km as the total area. Respective density estimates for the in-

tensive study area became 31.0 CWTD per km2
 and 36.5 CWTD per km

2
.

The CWTD density estimate for the intensive study area served as

the basis for calculating a total population size for the entire

study area (2745 ha). Population density coefficients (Table 10)

derived from the relative density indices (Table 11) were used to com-

pute population estimates for the respective habitat structure types

(i.e. locations) comprising the entire study area (Table 10). These



Table 10. Columbian white-tailed deer population estimates for the different habitat structure
types on the study area, Douglas County, Oregon during the period November 1979-December 1980.
Estimates were calculated from two independently determined densities derived from a biologically
determined area (3.97 km2) and from a measured area (3.37 km2).

3.97 km
2
	3.37 km

2

Page Road 2.02 1.00 63	 74

Newton Creek Road
and Jones' Ranch 3.24 1,14 114	 135

Sunshine Road and
Lindbloom Ranch 18.22 0.58 328	 386

Whistler's Bend Parkc 3.97 1.00 123d	 145

TOTAL	 27.45 628	 740

a
Derived from the following equation:

D.C. = 	 relative density index of location 
relative density index of intensive study area

b
Determined from the following equation:

PopulationNloc = (Total Area)(Density Coefficient)( Intensive	 .
Estimate of

) Study Area

dIntensive study area for which Schnabel estimate was obtained.
Population estimate derived from Schnabel estimate for August 1980.

Location Total Coefficienta bArea (km) Density Population Estimat



Table 11.	 Relative density indices of Columbian white-tailed deer derived from spotlight counts
obtained within calculated sampling areas for the different habitat structure types that occurred
on the study area, Douglas County, Oregon during December 1979 and January 1980.

Locationa Spotlight Counts Area Sampled (ha) Relative Density Index
(CWTD per hectare)

_x.

Page Road 19.3	 0.88	 3 39.7 0.49

Newton Creek Road
and Jones' Ranch

19.2	 1.11	 4 34.6 0.56

Sunshine Road and 35.2	 0.99	 5 124.3 0.28
Lindbloom Ranch

Whistler's Bend Parkb 54.4	 3.32	 7 112.0 0.49

a
Each location represents a majo

of woodland cover, and use (e.g.
b
Intensive study area for which

r different structure type with respect to abundance and distribution
livestock, residential, undisturbed).

Schnabel population estimate was obtained.

0
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values when summed represent the total population size of the entire

study area during the period November 1979 through August 1980.

There are several methods available for estimating population

size of North American cervids (Rasmussen and Doman 1943; Thomas

1969; Lewis and Farrar 1968). Generally however, ratio estimators

are cited as providing the most accurate estimates of total population

size (Rasmussen and Doman 1943; Lewis and Farrar 1968). Capture -

recapture techniques give an unbiased estimate of population size

and variance (Wittes 1972) while multiple recapture techniques have

been demonstrated to provide estimates that are within 2% of the

known population size (Cook et al. 1967).

The accuracy and precision of population estimates derived from

capture-recapture techniques are contingent upon several assumptions

(Overton 1971); foremost of which concerns the question of equal

observability among individuals of the population during the census

period. Unequal observability can result from behavioral differences

between marked and unmarked individuals (i.e. prior experience);

behavioral differences among age and sex groups within the population;

and because the recaptures of marked individuals are not independent

of captures (i.e. the probability of observing marked individuals

is disproportionately greater because recapture routes include

capture sites). Also, there are potential biases associated with

individual patterns of behavior independent of age and sex and

circumstances surrounding capture; however, these differences would

be important only if they affected the mean probability of observing

marked or unmarked deer.
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Observations of marked deer indicated a decrease in observability

for a brief period following capture; presumably a response to the

negative experiences associated with capture. Only once (December)

during all sampling periods was an individual marked immediately

preceding or during a population estimate spotlight census. The

individual was not included in the marked deer category ( qi ) until

the following night's census when it was observed as part of the

total sample (n). This was done in order to ensure that the

recently marked individual was available for recapture and to mini-

mize bias resulting from subsequent aversive behavior.

Variation in observability among age and sex classes has been

documented in white-tailed deer (Gavin 1979; Downing et al. 1977).

Both Gavin (1979) and Downing et al. (1977) however noted seasonal

patterns in observability such that specific sex and age groups

were more equally observable during certain periods. Downing et al.

(1977) observed that fawns were always less observable than does

during the summer, the time they were most easily differentiated

from older deer, and bucks and does were generally observed at the

same rate in August and November. Observations of marked deer during

the census periods (November-January and August) indicated that age

and sex groups were equally observable (Table 12). A significant

departure from the expected did occur between males and females

during December (Table 12). This significant difference resulted

from an increase in the observability of males during this period;

apparently a consequence of increased rutting activity, i.e. tending,

defending or pursuing estrus females. The percent of observed males



Table 12. Comparison of observability of marked Columbian white-tailed deer
within the intensive study area during November and December 1979, and Jan-
uary and August 1980. (asterisk indicates statistically significant, P<0.05)

November

No. Marked No. Observed No. Expecteda

Adult 12 29 29.1
Yearling 3 10 7.3
Fawns 6 12 14.6

X2 = 1.462, df = 2, P>0.25

All Age Classes
Males 5 18 13
Females 10 21 26

X
2
 = 2.885, df = 1, P>0.05

b

Adults
Males 3 10 7.2
Females 9 19 21.8

X
2
 = 1.449, df = 1, P>0.20

b

December

No. Marked No. Observed No. Expected

Adults 13 64 62.0
Yearlings 3 19 14.4
Fawns 6 22 28.6

X
2
 = 3.057, df = 2, P>0.10

All Age Classes
Males 5 35 25.9
Females 11 48 57.1

4.647*, df = 1, P>0.05

Adults
Males 3 21 14.8
Females 10 43 49.2

X
2
 = 3.378, df = 1, P>0.05
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Table 12 continued.

January

No. Marked 
	

No. Observed	 No. Expected 

Adults	 14	 55	 48.1
Yearlings	 3	 8	 10.3
Fawns	 6	 16	 20.6

X
2
 = 2.531, df = 2, P>0.25

All Age Classes
Males	 5	 16	 18.5
Females	 12	 47	 44.5

X
2
 = 0.478, df = 1, P>0.25

Adults
Males	 3
	

10 	 11.8
Females	 11
	

45
	

43.2

X
2
 = 0.350, df = 1, P>0.50

August

No. Marked	 No. Observed	 No. Expected 

Adults	 15	 35	 27.8
Yearlings	 4	 4	 7.4
Fawns	 8	 11	 14.8

X
2
 = 4.403, df = 2, P>0.10

All Age Classes
Males	 5	 8	 10.3
Females	 14	 31	 28.7

X
2
 = 0.785, df = 1, P>0.25b

Adults
Males	 4	 8
Females	 11	 27

X2 = 0.247, df = 1, P>0.50 b

9.3
25.7

aDerived from the proportion of marked individuals during census period.
b
Yates' continuity correction applied to this test.
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engaged in rutting activity was 27% in December as compared to 23%

and 19% for November and January respectively.

The location of initial capture sites along or near subsequent

recapture census routes would generally increase the probability of

observing marked individuals and consequently underestimate the

total population size. For this reason, livetraps were distributed

throughout the intensive study area independent of the proximity to

the predefined census route. Four deer were darted and immobilized

along the recapture route; however, five individuals were marked in

remote portions of the intensive study area independent of the re-

capture route. The starting point for each census within a censusin

period differed so as to minimize the bias resulting from habitual

use of areas by those individuals marked along or near the recapture

route.

Two density estimates were derived for the intensive study

area, both of which incorporated defendable techniques. The popula-

tion density derived from the area encompassing the peripheral

locations of marked deer provided a more biologically meaningful

estimate as it allowed the movements of marked deer to define the

population range, a valid correllary of assumption 1 for mark-

recapture estimators (Overton 1971). That is, given that there

exists a well-defined population of animals containing N individuals,

and the marked sample is representative of this population, it

follows then that the area defined by the movements of the marked

sample should represent the range of the total population. Also,

further examination of the alternate method reveals that there may
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exist certain biases associated with the inclusion of individuals

within a sample (i.e. affinity or aversion to those areas sampled)

which may disproportionately represent the population density of

the intensive study area if calculated from the measured area within

which the sample was obtained. Finally, the biologically derived

population range provided the most conservative density estimate,

and although this generally should not be a primary concern in

biological investigations, it is certainly a worthwhile consideration

when managing an endangered species.

Average white-tailed deer density on the 2745 ha study area as

derived from the running Schnabel estimate (November 1979 - August

1980) was 21.8 deer per km2 (598 deer/27.45 km
2
). Gavin (1979)

employed similar estimating techniques and reported CWTD densities

on the 790 ha study area portion of the CWTDNWR as ranging from 30

deer per km2
 in 1975 to 21.3 deer per km 2

 in 1976. Non-hunted

whitetailed deer populations in other regions have attained similar

or in many instances higher densities. White (1973) reported

approximately 39 deer per km 2
 on the Aransas National Wildlife Refuge

in Texas, and White et al. (1972) observed similar densities on the

Welder Wildlife Refuge. The highest reported whitetail densities

to date occurred on the National Aeronautics and Space Administration's

Plum Brook Station in northern Ohio, a density of 115 deer per km2

(Rice and Harder 1977). Relatively high densities have been reported

for other enclosed whitetail populations: 58 deer per km2 on the

Rachelwood Wildlife Research Preserve (Woolf and Harder 1979) and

39 deer per km
2
 on the George Reserve (McCullough 1979). In contrast,



the Florida Key Deer (0.v. clavium), the only other endangered

subspecies of white-tailed deer, occurred at densities of 8-10

deer per km
2
 on Big Pine Key (Hardin et al. 1976).
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Sex and Age Composition

Sex Ratios. Examination of road kill does during winter and spring

indicated that the primary (in utero) sex ratio of CWTD in Douglas

County did not depart significantly (Chi-square test of independence,

Sokal and Rohlf 1969:589) from an expected 1:1 sex ratio. Five

adult females and one yearling female carried a total of 10 fetuses:

6 males and 4 females.

The sex ratio of newborn CWTD fawns was determined from

descriptive data recorded for individuals that were captured during

the fawning season (May-September). Twenty-seven of 42 captured

fawns were males, suggesting a skewed sex ratio in favor of males

for the period 1978-1980. Statistical analyses of annual fawn sex

ratios revealed that a significant disproportion of male fawns

(9 males :1 female) was born into the population during 1978.

Fawn capture data from 1979 (11 males :6 females) suggested that

male fawns were represented disproportionately in the population

again, but a Chi-square test of independence failed to substantiate

a significant departure (P>0.10) from unity. Unlike the previous two

years, the sex ratio of fawns captured during 1980 (8 males :9 females)

closely paralleled a 1:1 ratio and suggested that male and female

fawns were represented equally in the population during that year.

Buck:Doe Ratio. The sex ratio of yearlings and adults was derived

from observations recorded while on horseback and during spotlight
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censuses in autumn and early winter. Observations of marked

individuals indicated that yearlings, adult males and adult females

were equally observable during this period (Table 12); the observed

sex ratios averaged 30 males per 100 females during November and

December. Thus, sex ratio estimates derived from observations con-

ducted during November and December best reflected the actual pro-

portions of yearling-adult males and females in the population.

Fawn:Doe Ratio. The proportion of fawns to yearling-adult females

in the population was similarly derived from horseback transects and

spotlight censuses. The mean fawn:doe ratio during November and

December was 52 fawns per 100 does. As before, observations of

marked individuals during autumn and early winter indicated that age

groups were most equally observable during this period (Table 12).

Thus, fawn:doe ratio estimates derived during November and December

best reflected the actual proportions of fawns and yearling-adult

females in the population.

Herd Composition. The age and sex composition of the CWTD population

was derived from the population estimate obtained for the entire study

area (598, from Table 3) and the sex and age class ratios determined

from horseback and spotlight censuses (52 fawns:30 bucks:100 does).

During November and December 1979, does comprised 55% of the total

population while bucks and fawns represented 16.5% and 28.5% of the

population, respectively. Thus, the estimated age and sex composition

of the CWTD population on the 2745 ha study area during autumn and

early winter was 329 does, 99 bucks and 170 fawns.

Much of the data in the literature relating to age and sex



110

composition of white-tailed deer populations were derived from harvest

statistics during the fall (Severinghaus and Cheatum 1956; Mansell

1974; Kirkpatrick et al. 1976). Unfortunately, there are a number

of biases inherent in harvest data (Roseberry and Klimstra 1974),

biases that compel one to be suspect of the reliability of derived

age and sex ratios and that render consequent herd composition

estimates incomparable. Even in populations where either-sex hunts

were in operation, hunters still exerted selective hunting pressure

(Severinghaus and Cheatum 1956; Roseberry and Klimstra 1974).

Additionally, sex-specific mortality differences among male and

female fawns during the neonatal period and on into autumn bias

fawn sex ratios derived from fall harvest statistics.

Gavin (1979) derived sex and age composition estimates for

CWTD on the CWTDNWR from herd composition counts during autumn. The

reported buck:doe ratio in November ranged from 29-42 males per 100

females, approximately three does for every buck, while fawn:doe

ratios ranged from 35-60 fawns per 100 does (Gavin 1979). Thus,

bucks on the refuge comprised 17.5-21.2% of the population while does

and fawns represented from 49.5-60.2% and 22.3-31.0% of the population,

respectively (derived from Table 9, Gavin 1979). Similarly, the

CWTD buck:doe ratio in Douglas County approached three females for

every male (30M:100F) during autumn and early winter, and represented

16.5% of the population. Also, fawn:doe ratios in this study (52:100)

were comparable to the CWTDNWR with fawns and does comprising 28.5%

and 55.0% of the Douglas County population, respectively.
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It is somewhat suprising that Gavin (1979) did not observe

more bucks per 100 does on the CWTDNWR; the refuge population had

not experienced a legal harvest since 1967. Correspondingly, the

Douglas County herd experienced intensive selective hunting pressure

through 1977, pressure that removed as many as 4.5 bucks per km
2

(11 per mi 2) on the study area. Since both CWTD populations

experienced different recent treatments (i.e. hunting pressure), one

might expect a greater disparity in buck:doe ratios. The degree of

similarity between the two populations suggest that CWTD respond

quickly to a release from selective mortality pressure. Buck:doe

ratios reported for the CWTDNWR during the period 1972-1977 indicated

that the population reached a "fixed" yearling and adult sex ratio

within five years after a release from hunting pressure and remained

relatively constant for the entire study period (Gavin 1979).

The preponderance of males in primary (in utero) and secondary

(neonatal) sex ratios has been observed within white-tailed deer

populations in different geographic regions (Severinghaus and

Cheatum 1956) under varying environmental regimes. In south Texas,

Illigie (1951) reported 136M:100F, whereas Dahlberg and Guettinger

(1956) reported 151M:100F in Wisconsin. Haugen (1975) observed

122M:100F in Iowa and Kirkpatrick et al. (1976) recorded a sex ratio

of 121M:100 whitetail fetuses in Indiana. The largest departures

from unity reported for fawn and yearling does (198M:100F) were

derived from data presented for white-tailed deer in South Carolina

by Dapson et al. (1979:892), and for adult females (175M:100F) in
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Ohio by Nixon (1971).

Several explanations have been offered regarding the possible

environmental circumstances responsible for eliciting certain sex

ratios, and the underlying adaptive significance of specific sex-

ratio responses to environmental fluctuations. Trivers and Willard

(1973) concluded that as maternal condition declines, such as during

periods of environmental stress, natural selection• would favor

females that produced a larger proportion of female offspring because

females generally breed regardless of physical condition whereas

males of a polygynous species do not. Generally however, the empiri-

cal data reported in the literature are in direct contradiction with

the Trivers-Willard hypothesis. Verme (1969) reported that female

white-tailed deer maintained on a low nutritional plane, such as

that experienced during periods of harsh environmental conditions,

produced a significantly larger proportion (70%) of males. Similarly,

Robinette et al. (1957) reported that mule deer females (Odocoileus 

hemionus) occupying poor ranges carried a preponderance of male

fetuses (65%). Verme (1969) suggested that the larger proportion of

male fawns observed in undernourished does represented a mechanism for

natural regulation of population size. Verme's hypothesis however is

inadequate also as it suggests that the benefit derived from sex-

ratio manipulation (i.e. environmentally mediated response) is

attributed to the population, an argument that is inconsistent with

fundamental Darwinian principles as it requires invoking the highly

criticized group selection hypothesis. Woolf and Harder (1979)

suggested that observed departures of fawn sex ratios from unity
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represented "localized aberrations of a 50/50 ratio"; however,

failure to immediately provide a sound logical explanation for a

biological phenomenon does not necessarily imply that those obser-

vations were only an artifact of the investigative procedures.

According to the literature, disparity within fawn sex ratios

is widespread among North American deer (Odocoileus spp.), and sug-

gests that sex-ratio manipulation (i.e. environmentally mediated

response) associated with fluctuations in environmental quality is

a real biological phenomenon. Woolf and Harder (1979) reported a

significant departure of whitetail fawns from a 1:1 sex ratio and

concluded that the disparity in male and female fawns was associated

with low reporductive performance, a phenomenon that reportedly

results from poor range quality and undernutrition (Robinette et al.

1973; Verme 1969). CWTD females in southern Oregon produced a

preponderance of male fawns during the spring of 1978 and 1979

following years when rainfall and presumably forage quality were

deficient. Conversely, the rainfall prior to the breeding season

in 1979 was above average and the corresponding fawn sex ratio in

the spring of 1980 was almost exactly 1:1. Dapson et al. (1979) also

reported variations in whitetail fawn sex ratios associated with

differences in habitat quality.

The empirical evidence, as reported in the literature, does not

consistently support any of the foregoing hypotheses. There are at

least two explanations as to why this is so. First, much of the data

on fawn sex ratios is not comparable; i.e. it is derived from fall

harvest data that are inherently biased by sex-specific mortality
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schedules in operation during the neonatal period and on into the

fall. More important however is the possibility that the observed

disparity in fawn sex ratios represents not just one but several

biological phenomena; i.e. the result of two or more mechanisms

that may or may not be operating in concert with one another.

Correspondingly, a preponderance of male fawns is produced

both when environmental quality is unusually good and when environ-

mental quality is unusually poor, phenomena that are unlikely the

result of a single selection pressure. McDowell (1962), Verme (1969)

and Dapson et al. (1979) reported that fawn and yearling does pro-

duced a preponderance of male fawns. Generally, as the quality of

the environment improves the relative contribution of fawns and

yearlings to the total population increases (Severinghaus and

Cheatum 1956; Mansell 1974), such that during periods when environ-

mental quality is unusually high, the population realizes a sub-

stantial disproportionate contribution of male fawns from young does.

Additionally, a second mechanism may be operating through adult

females (>28 months) and involves sex ratio manipulation (i.e. real-

ized as a physiological response) by individuals in response to

fluctuating environmental quality. Robinette (1957) reported skewed

sex ratios favoring males among older does on poor range and Verme

reported a high male:female ratio among fawns born to does subjected

to a low nutritional plane. Similarly, CWTD in this study produced a

significantly larger proportion of male fawns during a year when

forage quality was far below average, yet produced equal proportions

of male and female fawns when forage quality was above the norm.
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Furthermore, Dapson et al. (1979) reported that contiguous populations

of white-tailed deer exhibited significantly different fawn sex

ratios in response to different habitat quality; apparent shifts in

demographic parameters in a surprisingly short period of time were

observed in association with subtle changes in the environment.

Thus, unequal fawn sex ratios among populations of Odocoileus 

apparently represent the result of at least two mechanisms operating

in response to fluctuations in environmental quality. But how do

individuals benefit from sex-ratio manipulation? Parents should bias

the sex ratio of their offspring in response to environmental

conditions whenever the disproportionate production of one sex

realizes a net increase in Darwinian fitness; i.e. the gain in

genetic contribution to future generations realized by producing a

preponderance of one sex is greater than the loss in fitness that

results from producing fewer of the other sex. The benefit accrued

to fawn and yearling does is quite obvious. These individuals are

producing males when environmental conditions are ideal, and thus

the probability of fawns surviving and attaining prime condition are

higher. Prime male offspring of a polygynous species contribute

more genes to the population than prime females. Therefore young

does are maximizing their contribution to future generations via

sex-ratio manipulation, i.e. producing a preponderance of male fawns.

It seems then that at least one of the predictions outlined by

Trivers and Willard (1973) is consistent with the foregoing obser-

vations; females should invest disproportionately in males when

environmental quality is high.
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The benefit derived from investing one's energy into males when

environmental conditions are poor is not quite so apparent. As

Trivers and Willard (1973) have already argued, seemingly natural

selection would favor adult females that produce a greater proportion

of female offspring during periods of environmental impoverishment.

This would be true if a female's offspring and their offspring

continued to reproduce effectively, i.e. natality and fawn survival

would not decrease. In reality, a preponderance of female offspring

during hard times would almost certainly result in further degredation

of the environment, a consequence of the fact that females often

breed in spite of their poor condition. Under these circumstances

the natality and fawn survivorship of future generations would decline

and therefore the effective contribution of adult females to future

generations would decrease.

Might it not be more adaptive to invest one's energy into male

offspring whose immediate contribution would not be as great, but

whose average genetic impact on the population at a later point in

time would perhaps surpass the average contributions of female off-

spring in a continually degenerating environment? In reality, the

immediate benefit accrued to mothers of young does is somewhat dubious

as the additional metabolic costs of reproduction on young does

(Moen 1978) during a time when energy is limiting would probably

reduce their probability of survival (Moen, personal communication)

and corresponding genetic contribution to future generations. Also,

concomitant with an increase in the proportion of male fawns would be

a decrease in the number of fetuses per doe, a response to impover-

ished environmental conditions (Verme 1969) that would increase the



relative energetic investment to male fawns and apparently the like-

lihood of male offspring attaining prime condition. The overall

effect of these responses would be a decrease in the immediate

benefits derived from reproduction in exchange for a potentially

greater overall contribution to future generations.
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Dispersion

Preliminary observations of CWTD recorded during spotlight

censuses May-August 1978 revealed that spatial distribution and

relative abundance were disproportionate throughout the study area.

Subsequent observations and corresponding locations indicated that

CWTD exhibited a distinct affinity to the North Umpqua riparian

system (i.e. North Umpqua River and associated vegetation). Of

12031 CWTD locations recorded during the period June 1978-December

1980, 10828 (90%) were observed within 1 km of the North Umpqua

River, a portion of the study area representing approximately 50%

of the total area (Fig. 16). The numbers of CWTD observed in each

portion of the study area, after correcting for sampling •intensity,

were statistically different (Chi-square test of independence,

Sokal and Rohlf 1969:585) and substantiated a positive significant

association between relative abundance of CWTD and the North Umpqua

riparian system.

Also, the distribution of CWTD fawn capture sites within the

intensive study area (Figs. 17a and 17b) was significantly different

(Chi-square test of independence, Sokal and Rohlf 1969:585) from a

random spatial orientation and reflected an inclination toward

selecting woodlands immediately adjacent the North Umpqua River.

Moreover, of 32 marked individuals in the population, 29 (91%)

exhibited home ranges that were located immediately adjacent to the

river and were aligned parallel with the river (eg., Fig. 18).

Seasonal spatial distribution and abundance of CWTD were seeming-
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Figure 16. Orientation of the study area with respect to the North

Umpqua River, Douglas County, Oregon. (diagonal hashmarks designate

portion of the study area within 1 km of the North Umpqua River)
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Figure 16.



Figure 17a. Spatial distribution of Columbian white-tailed deer and

black-tailed deer fawn capture sites on the intensive study portion

of the study area, Douglas County, Oregon for 1978-1980.
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Figure 17b. Spatial distribution of Columbian white-tailed fawn

capture sites on the intensive study portion of the study area,

Douglas County, Oregon for 1978-1980.
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Figure 18. Convex polygon and elliptical home range estimates for

no. 18, a yearling Columbian white-tailed deer female. Observations

conducted during the period May 1978-December 1980, Douglas County,

Oregon.
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ly affected by the distribution and intensity of livestock use

within the study area. All but approximately 80 ha of the study

area was managed primarily for livestock production. An apparent

consequence of this was an observed preference by does during the

fawning season for areas that were either unavailable to livestock

or which received little use. One adult female, for example,

established a separate and additional fawning home range within

which she reared a pair of male fawns (#12 and #27) for about 3 weeks.

Subsequent observations documented that she occupied an annual home

range approximately 2.5 km from the neonatal area (see Home Range

and Movements). From June 28 to January 16 this adult female and her

collared fawns were consistently observed within her annual home

range in an oak woodland immediately adjacent to an improved pasture.

On January 16 a large number of ewes and newborn lambs were moved

into this area, afterwhich fawns 12 and 27 significantly decreased

(Chi-square test of independence, Sokal and Rohlf 1969:585) their

frequency of use of this area. At least three other adult females

exhibited similar behavior and established additional fawning home

ranges that represented portions of the intensive study area with

little or no livestock use. Additionally, portions of the intensive

study area supporting the greatest intensity of livestock use were

avoided by CWTD females seeking suitable fawning habitat; fawn capture

rates during May-August 1978-1980 averaged 1 fawn per 91.4 man-

hours of search time in areas with moderate to heavy livestock use

(greater than 6 AUMsa) as compared to 1 fawn per 7.1 man-hours of

a
Animal Use Month - equivalent to use of an area by a cow and her calf
for a month.
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search time in areas with little or no livestock use (less than

4 AUMsa). Moreover, examination of fawn capture sites revealed

a disproportionate spatial distribution within portions of the inten-

sive study area supporting little or no livestock use (Fig. 17b).

Chi-square tests of independence substantiated a significant neg-

ative association between the intensity of livestock use and the

probability of encountering CWTD fawns.

The discrimination of suitable fawning habitat according to

the intensity of livestock use probably reflected a general aversion

to areas characterized by frequent periods of continued activity

and disturbance. Kramer (1973) and Suring and Vohs (1979) reported

that white-tailed deer generally avoided a close association with

livestock. Also, selection of suitable fawning areas that are

inaccessible to livestock may serve as well to eliminate potential

competition for palatable and nutritious forage. CWTD demonstrated

a significant preference for grassland habitats and grasses and

forbs during spring and early summer (see Habitat-Use, Seasonal),

the period of greatest energy demand for pregnant and lactating

females (Moen 1978). As a consequence, the availability of nutritious

forage could influence the survival rate of fawns. Finally, fawns

that were reared in areas free of intensive livestock use probably

suffered less predation because areas supporting the greatest live-

stock use also would generally experience a greater frequency and

intensity of use by local predators (Danner and Smith 1980).

a
Animal Use Month - equivalent to use of an area by a cow and her
calf for a month.
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The influence of environmental features on the movements and

dispersion of North American cervids has been reported by a number

of investigators. Inglis et al. (1979) reported that boundaries

created by the occurrence of unusual vegetative types, or barriers

such as rivers and lakes limited the movements of white-tailed deer

in Texas coastal prairie brushland. Gavin (1979) observed that

deer on the CWTDNWR avoided entering water and restricted use of

an area to one side of a water boundary. Knowlton (1960) and

Mitchell (1961) reported that a number of far-ranging ungulate

species, notably moose (Alces alses) and wapiti (Cervus elaphus),

exhibited spatial distributions of activity that were restricted

to lake shores and river valleys.

Gavin (1979) reported a significant correlation between the

density of CWTD and the corresponding percent woodland cover for

various portions of the CWTDNWR. Similarly, the relative density

of CWTD within each habitat structure type in this study (Fig. 19)

was correlated (r = .85) with percent woodland cover. The association

between CWTD abundance and woodland cover approximated a power

function correlation, i.e. the density of CWTD generally increased

with increasing woodland cover. However, as percent woodland cover

approached 50% corresponding increases in density decreased such

that portions of the study area with a woodland cover percentage

exceeding 50% supported similar densities of CWTD. This is not

surprising as the white-tailed deer is reportedly a successional

animal and as its environment becomes increasingly overgrown with

woodlands, the amount of suitable habitat diminishes and density of

deer decreases.



Figure 19. Relative densities of Columbian white-tailed deer

throughout the study area in Douglas County, Oregon during the

period May 1978-December 1980. Locations differ with respect

to percent woodland cover.
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Mortality

A total of 206 CWTD mortalities were recorded during the period

June 1978-September 1980. In addition to an estimate of the month

of death and proximate cause of mortality, sex, age and habitat

within which each carcass was located were recorded. The age of

fawns and yearlings was determined according to tooth replacement

(Severinghaus 1949), whereas the age of adults was derived from the

number of annuli cementum observed in a stained microtome section

of the second premolar (Crowe 1972). Several mortalities were

obtained from ODFW and OSP; corresponding cause and time of death

were obtained from these agencies. Also, local ranchers often

provided information regarding probable cause and time of death

for specific individuals. Seven fresh carcasses were examined by

veterinary pathologists and complete necropsy reports of these pro-

vided an evaluation of physical condition including ultimate and/or

proximate cause of death. Field necropsies of some individuals

confirmed preliminary conclusions regarding cause of death and

provided additional information relating to their general physical

condition. Because of the large sample size, the following analyses

and results were assumed to be representative of the population during

the period of study.

Proximate causes of mortality included malnutrition, collisions

with motor vehicles, fence entanglement, predation and disease.

Mortalities for which a cause of death could not be determined were

recorded as unknown. Individuals suffering from malnutrition were
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generally emaciated, exhibited a physical condition index of -.20

(Kistner et al. 1980) and were characterized by depleted femur

marrow fat. Frequently, individuals suffering from malnutrition

were also burdened with ecto- and endoparasites, and often it was

impossible to ascertain which factor had primary importance in

contributing to the initial decline in general physical condition.

In these •ituations, unless it was documented (by veterinary

pathologists) that parasites were the primary mortality factor, the

cause of death was attributed to malnutrition. Also, stillborn and

abandoned fawns presumably suffered mortality as a consequence of

a nutritional deficiency experienced by their mothers and therefore

their cause of death was attributed to malnutrition.

Analysis of the frequency distribution of mortality among the

various proximate mortality factors for the entire study period

revealed that malnutrition (25.7%) and road kills (25.3%) accounted

for the largest portions of known mortality (Fig. 20). Predation,

fence entanglement and disease collectively represented only 12.5%

of the known mortality (15/120) during this period. Correspondingly,

malnutrition and road kills were responsible for the largest pro-

portion of known mortalities during 1978-79 (Fig. 21) and 1979-80

(Fig. 22). During 1978-79 malnutrition (33.4%) accounted for three

times the mortality caused by vehicles (11.1%)(Fig. 21); a significant

disproportion of CWTD suffered mortality from malnutrition during

this period (comparison of proportions in independent samples,

Snedecor and Cochran 1980:124). Conversely, the percentage of

individuals that experienced malnutrition during 1979-80 (15.8%) was
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Figure 20. Monthly frequency distribution of Columbian white-tailed

deer mortality among the proximate mortality factors during the

period May 1978-December 1980, Douglas County, Oregon.



CWTD MORTALITY DISTRIBUTION

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL %
road kill 4 1 4 1 — 4 10 7 7 5 7 3 53 25.7

malnutrition° 7 24 8 — 2 10 — — — — 1 52 25.3

predation 2 1 1 2 2.9

fence 1 2 1 4 1.9

disease 1 2 1 1 5 2.4

unknown 8 13 12 5 4 7 3 2 8 9 5 10 86 41.8

TOTAL 19 39 24 6 6 23 14 10 16 20 13 16 206

% 9.2 18.9 11.6 2.9 2.9 11.2 6.8 4.9 7.8 9.7 6.3 7.8

Figure 20.



Figure 21 . Monthly frequency distribution of Columbian white-tailed

deer mortality among the proximate mortality factors during 1978-

79, Douglas County, Oregon.
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CWTD MORTALITY DISTRIBUTION
1979 —1980

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec TOTAL %

road kill 2 2 1	 - 2 2 - 5 5 7 2 28 36.8

malnutrition a 3 1 2 -	 - 6 - - - - - - 12 15.8

predation 3 1 1 - - 5 6.6

fence 1 2 4 5.3

disease 2 1 1 4 5.3

unknown 2 I 3 1 3 2 4 1 23 30.2

TOTAL 7 2 7 1 12 5 1 8 14 9 10 76

% 9.2 2.6 9.2 1.3 15.8 6.6 1.3 10.5 18.4 11.9 13.2

Figure 22.



Figure 22. Monthly frequency distribution of Columbian white-tailed

deer mortality among the proximate mortality factors during 1979-

80, Douglas County, Oregon.
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CWTD MORTALITY DISTRIBUTION
1978-1979

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL %
road kill 2 1 2 2 3 2 — — — 12 11.1

malnutrItiona 4 23 6 2 1 — — — — — — 36 33.4

predation 1 — 1 0.9

fence 1 — 1 0.9

disease — 1 0.9

unknown 13 7 8 5 4 1 5 5 4 4 57 52.8

TOTAL 19 32 16 5 6 4 4 3 5 6 4 4 108

% 17.4 29.6 14.8 4.7 5.6 3.7 3.7 2.8 4.7 5.6 3.7 3.7

Figure 21.
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less than half the percentage of individuals that suffered road kill

mortality (36.8%)(Fig. 22), and was significantly less than the

number of CWTD that experienced malnutrition during 1978-79 (comp-

arison of proportions in independent samples).

Examination of the climatic statistics for each of the two

annual periods disclosed that the mean winter temperature (Jan-Mar)

and the mean monthly minimum temperature (Jan) during 1978-79

were below average, while the total number of days in which the

minimum temperature was below 0°C and the total number of days in

which the maximum temperature was below 0°C were above the norm

for the study area (U.S. Department of Commerce 1979-80).

Correspondingly, the mean winter temperature during 1979-80 was

above average while the total number of days in which the minimum

temperature was below 0°C and the total number of days in which

the maximum temperature was below 0°C were below the norm. Comparably,

the CWTD mortality distribution in 1978-79 differed statistically

from the 1979-80 mortality distribution (Chi-square test of

independence, Sokal and Rohlf 1969:589), and indicates that during

each of these two years there existed a significant association

between the severity of winter and the proportion of individuals

that suffered mortality from malnutrition.

Monthly distribution among proximate mortality factors. The monthly

distribution of CWTD mortality was examined with respect to the

various proximate mortality factors (Fig. 20). CWTD suffered

significantly more malnutrition during winter and late spring

(Fig. 20)(comparison of proportions in independent samples,
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Snedecor and Cochran 1980:124); 75% (39/52) of malnutrition-

related mortalities for the entire study period occurred during

the period January-March whereas 23% (12/52) occurred in May and

June. During the severe winter of 1978-79, 92% (33/36) of the

mortalities attributed to malnutrition occurred during the winter,

while the remaining 8% (3/36) occurred during late spring.

Except for May, CWTD experienced road kill mortality during all

months of the year (Fig. 20). However, individuals were apparently

most susceptible to vehicle-inflicted mortality during summer and

early fall, as a significant disproportion of road kills occurred

during the period July-September (comparison of proportions in

independent samples, Snedecor and Cochran 1980:124). CWTD experienced

predation predominately in the summer, whereas individuals generally

suffered mortality attributed to disease and fence entanglement

during the fall (Fig. 20).

A significant disproportion of CWTD (33/39)(Chi-square test of

independence, Sokal and Rohlf 1969:589) that experienced malnutrition

during the winter also suffered a profuse diarrhea. Field necropsies

of relatively fresh carcasses and subsequent rumen content analysis

revealed that 76% (13/17) of the individuals that experienced

diarrhea also had rumens that contained exclusively early spring

herbaceous new-growth. During February and early March, the water

content of herbaceous vegetation can exceed 90% in western Oregon

(Steve Sharrow, personal communication). Even as late as April,

water comprises 83% of forage new-growth (Bedell 1971), and although
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the relative nutrient content of dry matter is higher during this

period, the total amount of energy and other nutrients available

per volume consumed is less (Bedell 1971). Correspondingly,

Roosevelt elk (Cervus elaphus roosevelti) were observed to suffer

nutritional deficiencies while foraging on succulent herbaceous

new-growth during winter, reportedly a result of an inability to

realize effective digestive rates required to compensate for the low

absolute nutrient content of the forage (Mereszczak 1979).

Some of the stress experienced by CWTD during late winter and

early spring was probably associated with abrupt changes in diet

composition. Ruminants generally require a gradual transition

period (2-3 weeks) during major changes in dietary composition

(Church 1975); individuals experiencing a low nutritional plane prior

to dietary changes, such as during severe winters, need as long as

six weeks (D.C. Church, personal communication). The effective

digestion of forage hinges on maintaining the proper microfaunal

environment within the ruminant digestive system; abrupt changes in

diet totally disrupt the microfauna, eliminate effective digestion

and often results in profuse diarrhea, acidosis and a number of

pathological disorders (D.C. Church, personal communication).

Additional complications may stem from reported selenium deficiencies

in the forage in Douglas County (Reynolds 1980). Dietary deficiencies

in selenium are reported to contribute to the "unthriftiness" of

yearling and adult ruminants; many of these animals were observed

to develop a profuse diarrhea, were unable to feed properly and in

many instances suffered mortality as a result of complications



143

thereof (Reynolds 1980).

CWTD experienced 45% (24/53) of their road kill mortality

during the period July-September (Fig. 20). Seemingly, the greater

frequency of road kill mortality during this period was a result

of seasonal movement patterns associated with decreasing availability

of water and palatable forage. Allen and McCullough (1976)

observed an increase in road kill mortality among white-tailed deer

in southern Michigan in conjunction with a decrease in forage

availability, and Puglisi et al. (1974) noted a significant assoc-

iation between forage availability and vehicle-inflicted mortality

among white-tailed deer in Pennsylvania. Southwest Oregon generally

experiences semi-drought summers; only 5.8% of the annual precipi-

tation normally falls during the period July-September - of which

half occurs in September (U.S. Department of Commerce 1955-1979).

Even in years when precipitation was above average, seasonal creeks

and watering ponds were completely dry by the end of June (personal

observation). Dramatic phenological changes in the vegetation also

occurred during the summer (see also Hitchcock and Cronquist 1973),

and it became relatively unpalatable and indigestible (see also

Hulbert 1955; Harris and Goebel 1976).

Correspondingly, CWTD exhibited significant seasonal movements;

deer generally utilized upland regions during late winter and spring,

but occupied lowland areas with associated riparian systems during

summer, autumn and early winter. Adult female no. 214, for example,

exhibited two separate home ranges (Fig. 31); during the period

April-July, she occupied wooded uplands and adjacent improved



pasturelands, whereas during the period July-March she occupied

woodlands immediately adjacent the North Umpqua River.

CWTD exhibited a significant increase in the use of riparian

areas during summer while significantly decreasing the frequency

of use of grassland habitats during this period (Fig. 11). They

also tended to aggregate along roadside ditches during late summer

and early fall. The first autumn rains generally began during this

period; much of the rain collected in the roadside ditches and these

areas became the first to experience fall green-up. CWTD apparently

congregated along roadside ditches during this period to take

advantage of the first available new-growth, and thereby increased

their susceptibility to vehicle-inflicted injuries.

Distribution of mortality among age and sex groups. The monthly

distribution of CWTD mortality was examined with respect to age and

sex. The seasonal distributions of yearling-adult male and female

mortality were each statistically different from a random frequency

distribution (Chi-square goodness-of-fit test, Sokal and Rohlf

1969:552); yearling-adult males and females each experienced

significant differential mortality among the seasons. Moreover, the

respective temporal and age-class distributions of yearling-adult

males (Fig. 23) were significantly different from the corresponding

mortality distributions of yearling-adult females (Fig. 24)(comp-

arison of proportions in independent samples, Snedecor and Cochran

1980:124). Yearling-adult males experienced 47% (28/60) of

their mortality during December-February while yearling-
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adult females suffered only 33% (28/85) of their mortality during

this period. The remaining female mortality occurred proportionally

among the seasons (Fig. 24), whereas the remaining male mortality

was distributed disproportionally in late summer and fall (Fig. 23).

Examination of the respective distributions of known mortality

for yearling-adult males and females among the various proximate

mortality factors disclosed that males and females were equally

susceptible to corresponding causes of death. Yearling-adult males

suffered 54% (20/37) of their mortality from vehicle-inflicted

injuries (Fig. 23) as compared to 55% (26/37) for females (Fig. 24).

Malnutrition, predation and fence entanglement accounted for 37.8%

(14/37), 5.4% (2/37) and 2.7% (1/37) of yearling-adult male mortality

(Fig. 23) while representing 38.2% (18/47), 4.3% (2/47) and 2.1%

(1/47) of yearling-adult female mortality, respectively. There

were no yearling-adult male or female mortalities attributed to

disease.

Generally, yearling CWTD were most susceptible to vehicle-

inflicted mortality. Road kills accounted for a significant pro-

portion of known mortality (comparison of proportions in independent

samples, Snedecor and Cochran 1980:124) for both male and female

yearlings; 73% (8/11) and 80% (4/5) of male and female yearling

deaths, respectively, resulted from vehicle-inflicted injuries.

Male yearlings experienced a large proportion of their road kill

mortality during summer (Fig. 23), whereas females were seemingly

more susceptible during the fall and winter (Fig. 24). Both

male and female yearlings experienced few mortalities that were
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Figure 23. Age-class frequency distribution of male Columbian white-

tailed deer mortality among the proximate mortality factors and

monthly during the period May 1978-December 1980, Douglas County,

Oregon.
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Figure 24. Age-class frequency distribution of female Columbian

white-tailed deer mortality among the proximate mortality factors

and monthly during the period May 1978-December 1980, Douglas

County, Oregon.
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attributed to nutritional deficiencies; however, as with adults,

yearlings generally suffered malnutrition during the period January-

March.

Malnutrition, road kills and disease accounted for 91% (29/32)

of known fawn mortality. The largest proportion of known mortality

was attributed to malnutrition (19/32, 59%). Fawns experienced

nutrition-deficient mortalities during the period late spring-early

summer and during winter; fawns that died during June were either

stillborn or succumbed shortly after birth, whereas winter mortalities

were seemingly associated with the rigors experienced therein.

Disease represented 19% (6/32) of the known fawn mortality and gen-

erally occurred among neonates that were born during late summer or

early autumn. These fawns were diagnosed as having suffered

serofibronous pneumonia, a condition characterized by severe lung

congestion, respiratory impairment and a general physical debilitation.

Road kills accounted for 12% (4/32) of the known mortality and

occurred most frequently during late summer. As with yearlings and

adults, vehicle-inflicted fawn mortalities were probably associated

with the semi-drought conditions that existed during late summer.

Male CWTD fawns suffered a significantly greater proportion of

their mortality (8/20, 40%)(Chi-square test of independence, Sokal

and Rohlf 1969:589) during the neonatal period (June-July) as compared

to female fawns (3/31, 10%)(Figs. 23 and 24). Additional evidence

that male fawns suffered significant differential mortality as

neonates was provided by an analysis of the mortality schedules of a

marked sample. A significantly greater proportion of male fawns
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(10/22, 45%) died during June and July as compared to female fawns

(2/14, 14%)(Chi-square test of independence). The incidence of

mortality among female fawns was greatest during the period December-

February (14/31, 45%) and corresponded with the significant dis-

proportion of known mortality among female fawns (Chi-square

goodness-of-fit test, Sokal and Rohlf 1969:552) that was attributed

to malnutrition (Fig. 24). The incidence of malnutrition among male

fawns (8/16, 50%) was also significant (Chi-square goodness-of-fit

test), however the temporal distribution of male fawn mortality

(Fig. 23) differed from that of female fawns (Fig. 24). Also, male

fawns were apparently more susceptible than female fawns to vehicle-

inflicted mortality (Figs. 23 and 24).

Analysis of fall and winter mortality distributions (26 fawns:

37 bucks:44 does) with respect to corresponding herd composition

estimates (52 fawns:30 bucks:100 does) indicated significant dif-

ferential mortality among sex and age groups (Chi-square test of

independence, Sokal and Rohlf 1969:589). Fawns represented com-

parable proportions in both herd composition (52/182, 29%) and

total mortality estimates (26/107, 24%). Yearling and adult females

represented a significantly smaller proportion (44/107, 41%) of

the sample of population mortality (Chi-square test of independence)

as compared to the herd composition estimate (100/182, 55%), and

yearling and adult males accounted for a significantly larger pro-

portion (37/107, 35% vs. 30/182, 16%). Thus, CWTD females suffered

significantly less winter mortality than fawns while males experienced

significantly greater differential mortality (Chi-square test of
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independence). Similarly, Gavin (1979) reported that a significantly

greater proportion of yearling and adult males died during fall and

winter than would be expected from their representation in the

population while females were under-represented in the mortality

sample. Moreover, Gavin (1979) observed that the annual mortality

rate of yearling and adult males (0.345, p. 84) was nearly twice

that of females (0.179, p. 84).

Sex and age specific mortality rates could not be reliably

estimated because critical assumptions regarding stationary age

distribution were violated (Caughley 1977). A quantitative comparison

of male and female age structures was accomplished through the

construction of respective ecological longevity curves. Dapson

(1971, 1972) described the construction and interpretation of

ecological longevity curves, and Gavin (1979) employed this technique

to compare age structure of CWTD males and females within the same

population. Accordingly, the ages at death of CWTD males and females

in this study were examined with respect to their respective fre-

quency of occurrence in the population. A simple linear regression

of relative frequency against age at death defined the median

ecological longevity (MEL) and maximum ecological longevity (MAX)

of males and females in the population. MEL represents the age at

which the probability of occurrence (in the mortality sample) is

0.5, i.e. that age at which half the population has died; half the

population survives beyond MEL. MAX represents the age at which the

probability of occurrence is zero and represents the maximum age

attainable under existing ecological conditions (Dapson 1971, 1972).
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The age at death of males (N = 80) and females (N = 117)

were arranged separately in a chronological fashion from oldest

to youngest. Each individual occurred with a relative frequency

of 1/N; relative cumulative frequencies (RCF) were computed for

individuals of both sexes (Appendix F) by adding successive individual

relative frequencies beginning with the oldest deer. To facilitate

graphical interpretation, RCF was plotted on the Y-axis against

age at death on the X-axis (Dapson 1971). The equation of the line

however was determined through a regression of X on Y. Conventionally,

Y is regressed on X; but RCF is a non-random variable (each RCF is

dependent upon preceding values) and an accurate regression of a

non-random variable on a random variable is not possible (Dapson

1971). Corresponding correlation coefficients (r) defined the

goodness-of-fit of each observation to the line. The respective

X-intercepts represented MAX, and MEL was obtained by solving the

regression equation for Y = 0.5; corresponding confidence intervals

were computed according to conventional formulae for limits about

regression predictions (Dapson 1971).

Several transformations of one or both variables were attempted

to obtain the best regression model according to the following

criteria: a model that provided a MAX that approximated but was

greater than the oldest animal of that sex in the sample; and a model

with the highest correlation coefficient (r)(Gavin 1979). A

regression of the transformed X variable (age at death) against the

r50—respective RCF generated the following equations: 1/ vX'=0.96+0.06Y,

r=0.95, MEL=1.65 with the P{1.54 5-MEL1.76}=0.95, MAX=7.70 with the P

{7.47MAX5-7.93}=0.95 for males (Fig. 25); and 1/ 595 =0.9540.07Y,



Figure 25. Ecological longevity curve for Columbian white-tailed

deer males (Dapson 1971). Derived from observations recorded May

1978-December 1980, Douglas County, Oregon.
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r = .95, MEL = 2.15 with the P{2.06MEL2.24} = 0.95, MAX = 13.0

with the P{12.8�MAX-5.13.2} = 0.95 for females (Fig. 26). A non-_

parametric test of medians (Zar 1974:114) substantiated that median

age at death for females was significantly greater than males; the

maximum ecological longevity of females (Fig. 26) was nearly twice

that of males (Fig. 25). Correspondingly, the oldest observed male

and female in the sample of population mortalities were 5.5 and 10.0

years old, respectively.

Female DUD were appently living longer than males. A portion

of the disparity in age structure between sexes probably resulted

from an intense selective harvest of older males in the population.

The hunting pressure on this population was exerted by a small

number of local ranchers whose attitudes and hunting philosophy

were consistent with such a harvest scheme; trophy bucks were highly

prized and sought after. It is unlikely however that hunting was

solely responsible for the observed disparity in age structure; a

number of non-hunted white-tailed deer populations have exhibited

similar male and female age distributions (White 1973; Roseberry

and Klimstra 1974; Hardin et al. 1976; Gavin 1979). Also, Klein and

Olson (1960) concluded that a skewed sex ration favoring males in

scarcely hunted black-tailed deer populations in Alaska resulted

from higher natural mortality among males. There is evidence that

sex-specific natural mortality associated with life history activities

of white-tailed deer accounts for a significant disproportion of male

differential mortality (Gavin 1979).

The temporal distribution of mortality among yearling-adult

females and males in this study indicated that the ultimate cause of



Figure 26. Ecological longevity curve for Columbian white-tailed

deer females (Dapson 1971). Derived from observations recorded May

1978-December 1980, Douglas County, Oregon.
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mortality resulted from the activities and corresponding energetic

costs associated with reproduction. A significant disproportion of

CWTD males (16/23, 70%) suffered malnutrition during that portion

of the year when bucks generally experience the greatest energetic

deficit, the rut and ensuing winter (October-March)(Chi-square

goodness-of-fit test, Sokal and Rohlf 1969:552). CWTD does however,

experienced a significant disproportion of their malnutrition-

related mortalities (24/29, 83%) during the second half of fetal

development and on into the lactation period (February-July) (Chi-

square goodness-of-fit test). Similarly, Gavin (1979) reported

that natural mortality of males on the CWTDNWR was concentrated

during that period following peak rutting activity. Correspond-

ingly, a large proportion of yearling and adult female mortality

(71%) on the CWTDNWR reportedly resulted from physiological stress

associated with lactation and rearing of young (Gavin 1979).

Gavin (1979) reported that agonistic encounters between CWTD

males did not directly influence mortality; but rather high male

mortality was associated with increased energy demands and movements.

Similarly, male-male encounters during this study appeared stringently

ritulistic and were of such low intensity that injury was very un-

likely. Additional activity and mobility during this period however

apparently increased the incidence of road kill mortality among

rutting males. A significant disproportion of vehicle-inflicted

male mortality (11/24, 46%) occurred during the period mid-October

to mid-January (Chi-square goodness-of-fit test, Sokal and Rohlf

1969:552). Similarly, Allen and McCullough (1976) reported an in-



crease in vehicle-inflicted mortality among male white-tailed deer

during the rut in southern Michigan. Gavin (1979) concluded that

males on the CWTDNWR experienced a greater risk of physical injury

due to increased activity during the rut; 67% of the automobile-

related mortality occurred among yearling and adult males (Gavin

1979:90).

Physiological stress experienced by males during the rut was •

seemingly a result of a marked change in the ratio of energy con-

sumption to energy expenditure. Males were more active during this

period as indicated by a significant increase in their frequency of

occurrence in censuses (Chi-square test of independence, Sokal and

Rohlf 1969:589). Gavin (1979) reported that the major stress

experienced by males on the CWTDNWR resulted from increased energy

expenditure associated with a search for receptive females. Sim-

ilerly, a significant association between an increased activity

of males and rutting behavior was observed in this study (Chi-square

test of independence). In conjunction with an increase in energy

expenditure, bucks generally decrease energy intake. French et al.

(1955) observed that adult white-tailed bucks voluntarily decreased

daily consumption of forage during the rut and continually lost

weight until March. Wood et al. (1962) reported a similar behavior

among several subspecies of 0. hemionus. McCullough (1969) observed

that Tule elk (C. e. nannodes) decreased the frequency and duration

of bedded periods and reduced the proportion of time engaged in

foraging after acquiring a harem of cows; subsequent observations

indicated a continued decline in the physical condition of harem

160



161

bulls. Struhsaker (1967) reported similar behaviors among harem

bulls of Rocky Mountain elk (C. e. canadensis); and Flook (1970)

reported that adult bull elk experienced a rapid depletion of fat

reserves during the rut in association with high physical activity

and reduced forage intake.

The apparent consequence of increased energy expenditure

concommitant with reduced energy intake among rutting males is

higher mortality. Correspondingly, Grubb and Jewell(1974) concluded

that a skewed sex ratio as great as eight ewes per ram among Soay

sheep on St. Kilda island was a result of higher male mortality

that reportedly occurred in association with reduced foraging and

increased activity during the peak mating period. Thus higher male

mortality during the rut and ensuing winter is apparently a common

phenomenon among ungulates exhibiting a polygynous mating system;

and to a large extent accounts for the unbalanced yearling and adult

sex ratio favoring females.

There are also apparent differences in the demographic charac-

teristics of hunted and non-hunted white-tailed deer populations.

Although both the Douglas County and CWTDNWR populations exhibited

similar yearling-adult sex ratios (about 3 females per male), the

refuge population exhibited an older age distribution. On the CWTDNWR,

the median ecological longevity of males (2.97) and females (4.87)

(Gavin 1979:81) were significantly greater (non-parametric test of

medians, Zar 1974:114) than corresponding male and female estimates

for the Douglas County population. Moreover, the maximum ecological

longevity of refuge males (8.37) and females (17.49)(Gavin 1979:81)



162

were nearly twice that of the corresponding estimates in this study.

Intense selective hunting of CWTD in Douglas County apparently

exerted an additive, as compared to compensatory (Errington 1956),

mortality pressure on the adult male segment of this population,

and probably explains much of the disparity in the male age dis-

tribution between the CWTDNWR and Douglas County populations.

Similarly, females in the Douglas County population were harvested

regularly; but females were not subjected to near as intense the

hunting pressure as males (ODFW, unpublished data). Caughley (1974)

illustrated (via population simulation models) that a decrease in

the survival rate of mature animals in the population can over a

short period of time increase the proportion of young individuals

in the population, a consequence of which would be a decrease in

the median age of individuals in the population such as that observed

in the Douglas County population. A similar age structure could

result from an increase in the survival of sub-adults (Caughley 1974);

however in most natural populations, an increase in the survival of

one age group is not independent of a decrease in the survival of

other age groups in the population (Errington 1956). Nevertheless,

one should exercise caution in deriving conclusions regarding the

nature of demographic changes involved in producing an observed age

distribution, particularly when additional demographic statistics

are not available.

Fawn mortality rates among unhunted white-tailed deer populations

are apparently higher than comparable populations experiencing

perennial harvests. Unhunted populations of white-tailed deer have



fawn mortality rates 2 to 4 times higher; White (1973) reported a

summer mortality rate of 60% among white-tailed fawns on the

Aransas National Wildlife Refuge and Cook et al. (1971) observed

comparable mortality rates of 71% and 72% during a two-year study

on Welder Refuge. A.C. Clark (unpublished data) observed summer

mortality rates among radio-collared fawns on the CWTDNWR of 85%

(16/19), 71% (10/14) and 86% (6/7) during the period 1978-1980,

respectively. On the same study site, Gavin (1979) estimated fawn

mortality rates to be as high as 75% in 1975 and 1977, and as high

as 83% in 1976. Comparable mortality rates of radio-collared

fawns in this study were markedly lower; in 1979 only 40% (6/15)

of the collared fawns died during the three months following par-

turition and in 1980 only 13% (2/15) suffered mortality during this

period. Similarly, O'Pezio (1978) reported summer mortality rates

of 22% among white-tailed deer fawns on the Seneca Army Depot in

New York and Teer et al. (1965) observed an average summer mor-

tality rate of 20% for the period 1957-1961 among white-tailed

fawns in the Llano Basin, Texas.

Spatial distritution among habitats. The location of 146 CWTD

carcasses (excluding road kills) were recorded during the period

May 1978-December 1980; subsequent analysis provided a frequency

distribution of mortalities among the ten habitats that occurred

on the study area. A significant disproportion of carcasses were

found in riparian woodlands (Chi-square goodness-of-fit test,

Sokal and Rohlf 1969:552); 60.3% of the mortalities (88/146) were

located in a habitat that represented only 3.1% (85/2745 ha) of the
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total study area. Sick and debilitated deer have been reported to

travel downhill to lowland regions just prior to dying (Robinette

et al. 1954); it appears that CWTD exhibited a preference for

riparian lowlands under similar circumstances.

Gavin (1979) reported a significant disproportion of CWTD

mortalities on a small portion of the CWTDNWR in 1975-76 and suggest-

ed that the apparent concentration of mortalities on such a small

area was associated with a concomitant decrease in habitat and

forage quality. However, examination of the spatial distribution of

yearling and adult white-tailed deer mortalities on the CWTDNWR

(Fig. 9, Gavin 1979) revealed that a significant disproportion of the

carcasses were found in woodlands associated with riparian areas

(Chi-square goodness-of-fit test, Sokal and Rohlf 1969:552).

Although not supported by experimental data, I strongly suspect that

weakened CWTD were selecting riparian woodlands because these areas

provided more cover. Among the four densest habitats (as determined

with density board estimates) in this study, the riparian habitat

was 1 of 2 multi-strata vegetative associations to not exhibit

significant seasonal changes in vegetation density. Furthermore,

93% (54/58) of the remaining deer carcasses were located in the other

three dense habitats. Therefore, it seems that wooded riparian

areas afforded the best escape cover for sick and debilitated

CWTD throughout the year.



Fawn Survival and Recruitment

During the springs and early summers of 1978-1980 CWTD fawns

were live-captured and ear-tagged; in 1979 and 1980 fawns were also

fitted with motion-sensitive mortality trnasmitters. Subsequent

observations of marked individuals provided a schedule of survival

throughout the following year. Annual estimates of recruitment

(recruitment to the first anniversary) expressed as yearlings per

adult female were derived from intensive observations of marked

individuals in the population and from herd composition data re-

corded during five 6-day periods in June of the following year;

the mean of the five 6-day periods provided an estimate of annual

recruitment.

Of the ten fawns that were tagged in 1978, three survived

through the summer representing a postpartum survival rate of 30%

into the fall population; two fawns (20%) survived through the follow-

ing spring. At the end of the summer there were six fawns re-

maining among fifteen recognizable adult females representing a fall

recruitment rate of 0.40. Annual recruitment as determined from

the marked sample was 0.27; the annual recruitment rate derived

from herd composition data in the spring was 0.32.

During 1979, fifteen fawns were collared; 60% (9/15) of which

survived through the summer. One additional fawn died during the

fall and another died during the following spring leaving seven

collared fawns, an annual survival rate of 47% (7/15). In 1979,

fall recruitment and annual recruitment, as determined from herd
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composition data, were 0.52 and 0.60, respectively. The annual

recruitment rate derived from the sample of marked individuals

was 0.65.

Fifteen fawns were collared during 1980. Subsequent observations

recorded through December revealed that 87% (13/15) of the collared

fawns survived through the summer; one additional fawn died during

the fall representing a survival rate of 80% into the winter. All

but one of the remaining fawns was accounted for during brief

observation periods conducted in May of 1981. Thus, the survival

rate of fawns through the spring of 1981 was 73-80% depending upon

the fate of the one unaccounted fawn. The annual recruitment rate

as determined from herd composition data recorded during cursory

observations conducted during May was 0.68; the recruitment estimate

derived from the marked sample was 0.75-0.79.

Annual recruitment rate as defined in this paper is determined

by three population parameters: pregnancy rate, conception rate

and the rate of survival to one year of age. Although corresponding

specific natality rates (Dasmann 1964) were unavailable, there are

inferences that can be drawn from data gathered in this study.

Examination of fawn survival and corresponding annual recruitment

rates reveals a close parallel in the annual dynamics of these two

population statistics; a two-fold increase in fawn survival from

1978 to 1979 was accompanied by a comparable increase in recruitment

suggesting that recruitment during 1978 and 1979 was to a large

extent determined by fawn survival rather than natality. Although it

was not as apparent, a similar trend seemingly occurred in 1981.
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Because of a high recruitment rate in 1979 (0.60), as compared to

1978 (0.32), there was a larger proportion of sub-adult females

in the 1981 spring herd composition as compared to 1980. This

would have had a tendency to bias the estimate by underestimating

the number of fawns per breeding female. An unbiased and pro-

bably more accurate estimate of 1980 recruitment was derived from

the marked Sample (0.75-0.79). The fact that fawn survival (73-80%)

and recruitment (0.75-0.79) were essentially identical indicates

that again in 1980 fawn survival was largely responsible for the

observed recruitment rate.

Fawn survival and recruitment rates in 1979 were significantly

greater than corresponding estimates in 1978 (Chi-square test of

independence, Sokal and Rohlf 1969:589; and Wilcoxon Mann-Whitney

two sample test, Steel and Torrie 1980:542, respectively). During

the winter of 1978-79, an estimated 24% of the CWTD population on

the study died, a substantial reduction in population density.

The significant increase in fawn survival and recruitment in 1979

apparently represented a response to a dramatic decrease in total

population size and suggests an inverse density-dependent relation-

ship between recruitment and existing population density. McCullough

(1979) reported a similar phenomenon among white-tailed deer on

the George Reserve.

Caughley (1976) suggested that the response of ungulate pop-

ulations to changes in environmental quality (such as that realized

through substantial changes in population density) is best character-

ized by a delayed logistic model, a simulation model of ungulate
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population dynamics that incorporates a time lag component. In-

deed, in this study the recruitment rate in 1980, two years following

the population decrease, was greater than that observed in 1979,

and suggests that the population exhibited a one year time-lag

response to a decrease in density. During the two years following

the winter die-off, it appears that the increase in recruitment

was realized primarily through fawn survival; the additional in-

crease in recruitment observed in 1980 over 1979 may reflect

differences in pregnancy and conception rates. If the fall density

does in fact influence reproductive success as Gavin (1979) observed

on the CWTDNWR, then fewer does became pregnant and fewer does

produced twins in the fall of 1978, as compared to 1980, a phenomenon

that would reduce the recruitment rate independent of fawn survival.

Dapson et al. (1979) reported similar responses to differences in

habitat quality by contiguous white-tailed deer populations in

South Carolina.

CWTD females in the fall of 1979 also experienced lower pop-

ulation densities, however the environment presumably had not re-

covered from the detrimental effects of higher densities (Caughley

1976). Consequently, females that were recovering from the previous

severe winter probably entered the subsequent breeding period in

less than prime condition, a phenomenon that directly affects the

productivity of white-tailed deer (Verme 1969). Thus, lower preg-

nancy and conception rates in 1979 probably explains why the response

of CWTD to a substantial reduction in density was not fully realized

until 1980.



Parasites

External Parasites. During the period May 1978-December 1980, 66

live-captured individuals and 62 recent mortalities were examined

for external parasites. Ectoparasites were identified by the U.S.

Department of Agriculture, Agricultural Research Service, Animal

Health Division and included the following: deer louse fly

(Lipoptena depressa), California black-legged tick (Ixodes pacificus),

mite (Euschoengastia numerosa), chewing louse (Tricholipeurus 

lipeuroides) and chewing louse (T. parallelus). Individuals examined

were categorized as lightly infested (parasites not readily apparent

and localized), moderately infested (parasites locally abundant

and apparent throughout) and heavily infested (parasites abundant

throughout).

Generally, ectoparasites were most abundant within the lower

abdominal and inguinal regions and the axillary regions of the

body. Sixty-eight percent (42/62) of the recent mortalities were

characterized as lightly infested with ectoparasites while 24%

(15/62) fell into the moderate category; only 8% (5/62) of the

carcasses examined were categorized as being heavily infested with

external parasites. There possibly existed a bias favoring the

moderate and light categories as not all carcasses were examined

within the same time period after death and some parasties, notably

chewing lice, are known to leave the host as the body approaches

ambient temperature (T.P. Kistner, personal communication).

Among the live-captured deer examined, young fawns consistently
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exhibited the fewest external parasites; 28% (11/40) of the fawns

were free of any ectoparasites (as determined from our examination),

while 67% (27/40) were described as being lightly infested. There

were no fawns classified in the heavily infested category and only

5% (2/40) of the fawns exhibited moderate infestations. Among year-

ling and adults, 50% (13/26) of the individuals examined were

lightly infested with ectoparasites; 46% (12/26) were characterized

as moderately infested and one individual was heavily burdened with

parasites.

Internal Parasites. Field necropsies were performed on 55 of the 62

recent mortalities; seven carcasses were examined by veterinary

pathologists. Among the internal parasites observed, the following

helminths were identified and recorded: Trichostrongylus axei in

the abomassum, Osteratagia spp., O. mossi, and 0. eckerdikmansi in the

abomassum and small intestine, Dictyocaulus eckerti in the lungs and

bronchi, Fascioloides magnum in the liver, and the abdominal worm

Setaria yehi. Nasal bots (Cephnemyia sp.) were observed in the nasal

passages, pharynx and upper bronchi. Only one liver fluke (F. magnum)

was discovered in the 62 carcasses that were examined. Of the seven

carcasses examined by the veterinary pathologist, none were diagnosed

as exhibiting pathological conditions and only one individual was

described as being moderately infested with internal parasites.

Examination of microbiological slide preparations of fresh

fecal samples revealed that the mean number of parasitic species

occuring in the feces during late winter-early spring (4.9) was

significantly greater (Wilcoxon Mann-Whitney two-sample test,



Steel and Torrie 1980:542) than that observed during late spring-

summer (1.1). Moreover, the total number of parasitic eggs and

protozoans observed in the winter fecal samples was on the average

ten times greater than that recorded from summer samples. These

data are consistent with observed seasonal differences in the

frequency of malnutrition-related mortalities and the general

physical condition of the individuals as determined from PCT

indices.
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HOME RANGE AND MOVEMENTS

During the period June 1978-December 1980, 1816 locations of

marked CWTD were recorded. Convex polygon (C.P.) and bivariate

normal (BIV) home range estimates were computed for all (n = 32)

individuals that were observed on at least 20 independent occassions

for a period totaling at least 3 months (Table 13). Whenever

possible, both lifetime home ranges (computed from locations recorded

during the entire period under observation) and age-class home ranges

(computed from observations recorded during a specific age-class

period) were computed (Fig. 27). Home range estimates were also

computed for an unmarked fawn that was observed in association with

a collared adult female. Observations of marked fawns during com-

parable time periods indicated that fawns were associated with adult

females 95.5% (64/67) of the time. On occassions when marked fawns

were observed alone, they occurred within the area of the home range

defined by the corresponding locational data derived from observations

in which they were associated with adult females.

Home Range Size. C.P. estimates ranged from 8.3 - 71.4 ha for females

(yearling and adult) and 5.0 - 127.6 ha for males (Table 13). The

mean C.P. estimates for females and males were 26.7 and 37.0 ha,

respectively. A Wilcoxon Mann-Whitney two sample test (Steel and

Torrie 1980:542) indicated that these means were not significantly

different (P>0.25). Adult, yearling and fawn C.P. estimates ranged

from 1.9 - 65.5, 8.2 - 52.3, and 1.1 - 36.7 ha, respectively. General-

ly,adults	 = 30.6 ha), yearlings (7> = 34.3 ha) and fawns
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(X = 10.8 ha) were significantly different according to a Kruskal-

Wallis k-sample test (Steel and Torrie 1980:544). Adult and yearling

estimates were significantly larger than fawns, however adult and

yearling home ranges were not significantly different (P>0.90) as

as determined with Dunn's Multiple Comparison Test (Hollander and

Wolfe 1973:125). Home ranges exhibited by adult males (X = 43.4 ha)

were significantly larger than adult females (R = 24.8 ha), whereas

fawn male home ranges (3-c = 8.1 ha) and fawn female home ranges

(x = 12.3 ha) were not significantly different according to a

Wilcoxon Mann-Whitney two sample test. Also, adult males demonstrated

significantly larger displacements (Fc = 2307 m)(greatest straight-

line distance between any two locations) than adult females (R = 1743 m)

providing additional evidence that adult males ranged farther and

occupied larger areas than adult females. Home range estimates

were obtained for only three yearlings: two males and one female.

The two yearling males exhibited home ranges of 8.2 and 52.3 ha,

whereas the yearling female estimate was 42.4 ha.

Bivariate normal home range estimates ranged from 15.1 - 170.6 ha

for yearling-adult females and 11.2 - 417.3 ha for males (Table 13).

However, only individuals in which the spatial distribution of loca-

tions did not depart significantly from bivariate normality were

included in further analyses. A Chi-square goodness-of-fit test for

bivariate distributions indicated that 12 of 16 fawn spatial

distributions and 9 of 16 adult spatial distributions did not depart

significantly from bivariate normality; all three yearlings exhibited

significant departures. Subsequent tests of skewness with the G1



Table 13. Home range size indices of Columbian white-tailed deer in Douglas County, Oregon as
derived from both the convex polygon method (C.P.) and the bivariate normal model (BIV), and
the greatest straight-line distance between any two locations for each deer. (asterisk denotes
a significant departure of locational data from bivariate normality)

FEMALES (N = 21)

Deer #

Age at
marking
(months)a

Inclusive months
of observations

No. months
observed-No.
observationsb

Home Range
Size (ha)

C.P.	 BIV

Greatest
distance

(m)

11 1 June 79-Aug 80 14 - 38 36.7 97.2 1524
16 1 June 79-Aug 80 14 - 32 14.7 25.4 564

.	 18 1 July 79-Aug 80 13 - 49 17.7 26.9 864
19 1 July 79-Aug 80 13 - 51 14.1 21.0* 1284
21 1 June 80-Sep 80 4 - 21 2.6 5.1 312
24 1 June 80-Sep 80 4 - 26 4.2 16.8 396
31 1 June 80-Nov 80 6 - 31 17.9 32.3* 648
34 1 July 80-Sep 80 3 - 27 1.9 9.3 264
38 1 June 80-Sep 80 4 - 20 8.9 31.2 624

102 3 Aug	 79-Jul 80 11 - 31 7.1 12.3 540
201 24 June 78-Oct 80 28 - 82 38.8 56.0* 1176
205 25 July 78-Aug 80 25 - 42 17.1 31.6 876
207 12 June 79-Sep 80 15 -104 71.4 76.9* 1920
209 25 July 79-Aug 80 13 - 32 50.0 103.6 2004
211 26 Aug	 79-Sep 80 13 - 61 11.4 15.1* 1680
212 24 June 79-Aug 80 14 - 74 14.5 19.8 1452
213 26 Aug	 79-Oct 80 14 - 56 33.8 77.0* 2676
214 26 Aug	 79-Oct 80 14 - 38 37.1 170.6 2304
215 26 Aug	 79-Aug 80 12 -102 10.3 16.0 912
218 28 Oct	 79-Sep 80 11 - 46 24.2 48.0 2604
220 30 Dec	 79-Aug 80 9 - 51 8.3 17.3 1572



Table 13 continued.

MALES (N = 11)

Age at No. months Home Range Greatest
marking Inclusive months observed-No. Size (ha) distance

Deer # (months)a of observations observationsb C.P.	 BIV (m)

8 1 July 78-Sep 80 26 - 79 12.5	 41.0* 2280
12 1 June 79-Sep 80 15 - 75 5.0	 11.2 2460
22 1 June 80-Sep 80 4 - 26 5.4	 19.8 420
27 1 June 79-Mar 80 10 - 52 19.7	 45.1* 2388
39 1 June 80-Sep 80 4 - 23 7.3	 15.9 420

103 3 Aug	 79-Jun 80 10 - 30 7.1	 12.2 540
204 24 June 78-Jun 79 12 - 35 65.5	 417.3* 2592
208 14 Aug	 78-Aug 80 24 - 29 28.0	 58.1 1500
401 13 July 79-Sep 80 14 -109 80.9	 78.6* 2664
403 28 Oct	 79-Sep 80 11 - 59 52.2	 184.6* 3216
404 27 Sept 79-Aug 80 11 - 36 14.9	 49.0* 1560

UNKNOWN (N = 1)

101 3 Aug	 79-Jul 80 11 - 42 18.0	 42.6* 1476

a
June 1 was selected as the anniversary date for all deer. Age at marking for some individuals

was determined by aging skull after death.

b
Number of months in which this deer was observed-total number of observations for all months.



Figure 27. Convex polygon and elliptical (lifetime and adult) home

range estimates for no. 401, an adult Columbian white-tailed deer

male.
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statistic (Sokal and Rohlf 1969:113) verified prior conclusions

regarding bivariate normality.

Female BIV estimates (yearlings and adults)(R = 55.6 ha) were not

significantly different (P>0.25) from male estimates (R = 34.7 ha) as

determined with a Wilcoxon Mann-Whitney two sample test (Steel and

Torrie 1980:542). Additional comparisons of sex and/or age class

BIV estimates employing a Wilcoxon Mann-Whitney two sample test

indicated that adults (R = 66.0 ha) exhibited significantly larger

home ranges than fawns 	 = 25.7 ha), whereas adult males (Fc = 93.7 ha)

and adult females (5E = 58.1 ha), and fawn males (17 = 16.0 ha) and

fawn females (x = 29.4 ha) exhibited home ranges that were not

significantly different (P>0.20 and P>0.50, respectively).

Home Range Shape, Location and Orientation. The shape of the home

ranges were greatly influenced by their location and orientation with

respect to the North Umpqua River and other riparian areas within

the study area. Twenty-nine of the 32 individuals (91%) for which

C.P. and BIV estimates were obtained exhibited home ranges that were

located immediately adjacent to the North Umpqua River and/or in-

corporated a portion of the river within the estimated home range

area (Fig. 28). Also, 21 of the 29 individuals that were located

along the North Umpqua River (72%) exhibited C.P. home ranges that

had their longest side immediately adjacent to and parallel with the

river. This spatial distribution and orientation of home ranges

represents a significant association between the location of individual

home ranges and the North Umpqua River and its associated vegetation

as determined with a Chi-square test of independence (Sokal and Rohlf
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1969:585). Individuals that did not have home ranges along the

North Umpqua River displayed spatial distributions of activity that

were located immediately adjacent to and/or incorporated portions of

riparian areas that were within 1 km of the North Umpqua River

(Fig. 29).

Spatio-Temporal Activity Patterns. The straight-line distance

between annual geometric centers of activity for CWTD observed as

fawns and yearlings (fawns), yearlings and two-year olds (yearlings),

and as adults in consecutive years (adults)(Table 14) served as an

index of spatio-temporal stability of home ranges between years.

Distance between seasonal centers of activity provided information

concerning the spatio-temporal activity patterns of individuals among

seasons within a specific year (Table 15).

Generally, CWTD exhibited stable home ranges between years as

indicated by the nominal shifts in annual centers of activity (Table

14). Annual center of activity displacements for all males

(R = 150.3 m) and females (X = 157.1 m) were not significantly

different (P>0.90) according to a Wilcoxon Mann-Whitney two sample

test (Steel and Torrie 1980:542). A Kruskal-Wallis k-sample test

(Steel and Torrie 1980:544) indicated that annual center of activity

displacements among adults (R = 162.0 m), yearlings (x - 173.8 m) and

fawns (X = 129.0 m) were not significantly different (P>0.25). Also,

adult males (1 = 174.0 m) and adult females (R = 159.2 m), and fawn

males (7( = 75.5 m) and fawn females (Ye = 155.8 m) were not significantly

different (P>0.25 and P>0.15, respectively) as determined with a

Wilcoxon Mann-Whitney two sample test.



Figure 28. Convex polygon and elliptical home range estimates for

no. 208, an adult Columbian white-tailed deer male.

180



WHISTLERS
PARK ROAD

1

SOUTMBANK DRIVE
NORTH

1
RIVER	 BULL CREEK

Figure 28.



182

Figure 29. Convex polygon and elliptical home range estimates for

no. 11, a yearling Columbian white-tailed deer female.
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Table 14. Straight-line distance between annual geometric centers of
activity during comparable time periods for Columbian white-tailed deer
observed as fawns and yearlings, yearlings and two-year-olds, and as
adults in consecutive years.

FAWN-YEARLING OBSERVATIONSa

FEMALES

	

Deer	 # 
	

Fawn (R	 Yearling (5-C,i) 
	

Distance (m)b 

	11	 (148.7, 127.1)	 (133.7, 111.9)	 260

	

16	 (104.5, 145.8)	 (100.0, 154.0)	 115

	

18	 (108.0, 151.4)	 (122.6, 155.6)	 185

	

19	 (111.1, 267.3)	 (115.1, 263.9)	 63

MALES

	

8	 (106.3, 144.5) 	 (109.2, 146.2)	 42

	

12	 (259.6, 235.2) 	 (266.7, 230.4)	 109

YEARLING-TWO-YEAR-OLD OBSERVATIONSa

FEMALES

	

Deer	 f	 Yearling (X,Y)	 Two-Year-Old (X,Y)	 Distance (m) 

	

207	 (172.6, 242.2)	 (179.7, 251.4)	 142

MALES

	

8	 (109.2, 146.2)	 ( 86.2, 121.8)	 409

	

208	 (254.1, 231.8)	 (250.7, 233.1)	 44

	

401	 (166.8, 235.4)	 (170.9, 242.5)	 100

Deer # 

ADULT-ADULT OBSERVATIONSa

FEMALES

Adult	 (R , i)+1Adult (R,b	 tt	 Distance (m) 

201c	( 65.2, 99.3)	 ( 61.8, 92.4)	 94
201d	( 61.8, 92.4)	 ( 51.3, 89.1) 	 134
205	 (109.7,132.7)	 ( 94.7,119.3)	 245
209	 (139.1,176.6)	 (134.4,123.8) 	 647
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Table 14. Female adult-adult observations continued.

Deer (k Adult	 (5(,'h t Adult	 (R,	 )Lt+1 Distance (m)

211 (215.1, 247.3) (209.1, 247.2) 73
212 (169.8, 240.2) (170.7, 240.8) 13
213 (234.5, 240.2) (232.2, 241.2) 31
214 (231.4, 240.5) (251.0, 234.3) 251
215 (117.4, 150.2) (116.5, 152.2) 27
218 (280.4, 234.2) (285.8,

MALES

231.0) 77

208 (277.8, 234.8) (283.1, 229.3) 93
403 (	 66.5, 100.1) ( 54.3, 83.1) 255

aCenter of activity is reported for individuals for which
variation did not exceed 20%.
b
Computed from the following equation: Distance = (X1-X2)

The computed grid units are multiplied times 12.2 m (i.e.
scale).

cDerived from observations recorded June 1978-May 1979.
d
Derived from observations recorded June 1979-May 1980.

coefficient of

2 + (Y1+Y2 )2.

the grid unit
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Table 15. Straight-line distance between seasonal geometric centers of activity for Columbian white-
tailed deer observed in Douglas County, Oregon during the period June 1978-December 1980. (asterisk
denotes largest displacement for a specific individual)

FEMALES

Deer #
Summer-Fall

(m)

Fall-Winter

(m)

Winter-Spring

(m)

Spring-Summer

(m)

Fall-Spring Winter-Summer

(m)

18 92.8* 50.8 78.9
19 85.0 25.4 282.4 171.1 307.8* 61.7

201 126.3 143.5 148.9*
205 150.3 23.4 96.0 108.9 75.3 153.6*
207 248.5* 140.9 95.1 136.7 233.7 123.9
209
211

170.6
48.4

621.9
66.7

319.4
179.9

476.0
133.9

940.0*
245.9*

787.1
20.9

212 189.0 191.4 59.4 96.4 239.6* 35.6
213 78.8 140.1*
215 31.7 76.8 55.5 54.8 24.7 101.3*
218 46.6 65.7 96.8* 23.2
220 75.5 153.5 226.2*

Grand_
Mean R

Mean X 127.0 133.0 145.2 150.4 245.7 96.0 152.2

MALES

8 104.5 133.2 76.6 301.1* 207.9 31.9
12 70.5 163.8* 120.8 97.6* 47.1 111.9
27 27.1 613.8 640.0*

204 242.3 1016.6* 614.6 420.8 777.4
208 593.5*



Table 15 Males continued.

MALES

Deer #
Summer-Fall

(m)
Fall-Winter

(m)
Winter-Spring

(m)
Spring-Summer

(m)
Fall-Spring

(m)
Winter-Summer

(m)

401
403

34.2
2107.9

134.9
2336.1

33.2
126.0

104.5
369.9

163.1*
2446.6*

162.8

Mean i'i 454.3 733.1 194.2 218.3 657.1 344.8

Grand
Mean
Grand_

418.9
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CWTD exhibited significantly larger displacements in center of

activity among seasons (7 = 265.9 m) than between years (R = 155.0)

according to a Wilcoxon Mann-Whitney two sample test (Steel and

Torrie 1980:542). Also, displacements in center of activity among

the seasons (Table 14) were significantly different for both males

and females according to a Kruskal-Wallis k-sample test (Steel and

Torrie 1980:544), and seasonal displacements for all males

(Fc = 418.9 m) were significantly larger than seasonal displacements

for all females	 = 152.2 m) as determined with a Wilcoxon Mann-

Whitney two sample test.

Males demonstrated significantly larger displacements

(Wilcoxon Mann-Whitney two sample test, Steel and Torrie 1980:542)

among periods of comparison in which the fall season was included

(Fc = 603.6 m) than periods in which fall was not included	 = 254.9 m).

These observations were consistent with spatio-temporal patterns of

activity displayed by individual yearling and adult males during the

rut. Five of the 6(83%) collared bucks, for example, exhibited the

largest single displacement 	 = 1623 m) from their respective

annual center of activity during the rutting period (November-

January), a significant association between individual patterns of

movement and the male phenomena according to a Chi-square test of

independence (Sokal and Rohlf 1969:585). Home range expansion by

bucks in the fall was substantiated further by observations re-

corded for an individual that established an additional home range

during the rut (Fig. 30).

Female CWTD displayed the largest seasonal movements during the



Figure 30. Annual and rutting convex polygon and elliptical home

range estimates for no. 403, an adult Columbian white-tailed deer

male.
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period just prior to fawning. Eight of 11 does (73%) exhibited the

longest seasonal displacements among periods of comparison that

included spring (Table 15); there was a significant association

between individual patterns of movement and this time period (Chi-'

square test of independence, Sokal and Rohlf 1969:585). Evidence

that these movements were associated with fawning activities was

provided by observations in which 7 adult females undertook ex-

tended excursions during the period April 25 - May 20. These

movements represented a mean displacement of 1445 m from their

respective annual centers of activity. Also, 3 adult females

established separate fawning home ranges (eg. Fig. 31) whose centers

of activity averaged 1926 m from the respective annual home range

center of activity.

Generally two methods of evaluating white-tailed deer home

ranges have been employed: non-statistical techniques that require

no assumption about the spatial distribution of the locational data,

and statistical models that calculate home range with the assumption

that the locational data follow some probabilistic distribution.

Non-statistical methods (convex polygon and smallest polygon) are

reported to have a sample size bias, i.e. their estimates tend to

increase as the number of locations increases (Jennrich and Turner

1969), whereas elliptical models are reported to be free of sample

size bias (Koeppl et al. 1975). However, with increasing sample size

the expected error of elliptical estimates decreases such that home

range values derived from the Koeppl et al. model, for example,

decrease on the average with increasing sample size (Madden and
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Marcus 1978). Age-class home range estimates computed from subsets

of locational data used to compute respective lifetime estimates

were invariably smaller (Ti = 51.6 ha) than corresponding lifetime

estimates (Tc = 73.8 ha) ( .g., Fig. 27), substantiation that

elliptical estimates are in reality not totally independent of

sample size. Biases associated with polygon methods become

negligible when the sample size exceeds 20 (Jennrich and Turner 1969).

However, when locational data do not conform to bivariate normality,

elliptical models provide tenuous estimates from which spurious

conclusions will almost certainly arise. For this reason, analyses

and subsequent comparisons of age and sex class BIV estimates were

performed only with individuals whose spatial distribution of

activity did not depart significantly from bivariate normality.

Because elliptical and polygon methods measure similar home-range

properties (Madden and Marcus 1978), home range estimates derived

from the smallest polygon technique are probably more biologically

meaningful when bivariate normality is violated and sample size

stipulations have been satisfied.

Generally, the BIV and C.P. estimates resulted in similar con-

clusions regarding sex and age class home ranges. Examination of

corresponding BIV and C.P. estimates revealed that BIV home ranges

were invariably larger than C.P. estimates (Table 13). Gavin (1979)

reported similar conclusions with elliptical and convex polygon

estimates. Also, the statistically projected elliptical home ranges

incorporated areas with undocumented locations in regions that were

not readily accessible (across the river) to individuals (Fig.32)



Figure 31. Annual and fawning convex polygon and elliptical home

range estimates for no. 214, an adult Columbian white-tailed deer

female.
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in 25 of 30 instances. C.P. estimates incorporated relatively

inaccessible regions in only 8 of 30 instances, and in each example

represented a much smaller total area of undocumented home range

than the corresponding ellipse (egs., Fig. 32 and Fig. 33).

Gavin (1979) reported elliptical estimates for CWTD yearling-

adult males (i = 192.2 ha) and females (R = 158.5 ha) that were

significantly larger (Wilcoxon Mann-Whitney two sample test, Steel

and Torrie 1980:542) than home ranges for adult-yearling males

(R = 34.7 ha) and females (R = 55.6 ha) in Douglas County. Convex

polygon estimates obtained for CWTD yearling-adult males (R = 137.7 ha)

and females (51 = 112.2 ha) on the CWTDNWR (Gavin 1979) were signifi-

cantly larger (Wilcoxon Mann-Whitney two sample test) than comparable

convex polygon estimates obtained for CWTD males (R = 27.1 ha)

and females (R = 21.1 ha) in Douglas County. Also, all age and sex

class elliptical home ranges reported for the CWTDNWR were larger

than corresponding estimates reported herein. I suspect that

possibly some of the reported differences between convex polygon

estimates for the 2 populations were due to appreciable differences

in the average number of observations recorded for CWTDNWR

(R = 97.2) as compared to the number of observations for Douglas

County deer (R = 49.3). However, the observed significant differences

in corresponding elliptical estimates and the magnitude to which the

respective convex polygon home ranges differed indicate real

biological differences in the home range sizes of CWTD on the CWTDNWR

as compared to the individuals within the Douglas County population.

Additionally, home ranges of Douglas County CWTD were smaller



Figure 32. Convex polygon and elliptical home range estimates for

no. 204, an adult Columbian white-tailed deer male (asterick denotes

individuals whose locational data departed significantly from

bivariate normality).
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Figure 33. Convex polygon and elliptical home range estimates for

no. 207, an adult Columbian white-tailed deer female. (asterick

denotes individuals whose locational data departed significantly

from bivariate normality)
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than home ranges reported for white-tailed deer in the literature

(Severinghaus and Cheatum 1956; Progulske and Baskett 1958; Thomas

et al. 1964; Michael 1965; Alexander 1968; Marshall and Whittington

1968; Sparrowe and Springer 1970; Inglis et al. 1979). Progulske and

Baskett (1958) reported adult male and adult female home ranges

= 281 ha and 162 ha, respectively) that were an order of magnitude

larger than corresponding home ranges obtained for CWTD in Douglas

County. CWTD home ranges were most similar to estimates reported

by Kirkpatrick et al. (1976) for white-tailed deer in Indiana.

Carisen and Farmes (1957) presented evidence that home ranges of

white-tailed deer varied with respect to vegetative type, whereas

Marchinton (1968) reported that home range size varied inversely

with density. Similarly, CWTD exhibited relatively small home

ranges in conjunction with locally high densities, and generally

displayed larger home ranges in upland regions nonadjacent the

North Umpqua River where woodlands were discontinuous.

Invariably, home ranges reported in the literature for bucks

were larger than corresponding estimates for does (Progulske and

Baskett 1958; Thomas et al. 1964; Michael 1965; Alexander 1968;

Marshal and Whittington 1968; Sparrowe and Springer 1970; Inglis

et al. 1979), a generalization consistent with CWTD observations.

Also, yearling white-tailed deer have been reported to range farther

and occupy larger areas than older individuals (Carisen and Farmes

1957). Both Gavin (1979) and Sparrowe and Springer (1970) observed

that yearlings exhibited the longest displacements. In Douglas

County, two of three yearling CWTD home ranges were considerably
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larger (36%) than the mean estimate for adults, suggesting a similar

trend for Douglas County CWTD. Sparrowe and Springer (1970)

suggested that this behavior among yearlings represented an "age-

characteristic" phenomenon, a predisposition to wander and roam

associated with dispersal. Subsequent observations of marked

fawns by Michael (1965) demonstrated that natal areas did not become

the centers of home ranges for the respective yearlings. The con-

sequence of far-ranging movements by yearling white-tailed deer and

its proposed role in dispersal has not been documented. However,

the evidence certainly implies that during a period of time following

expulsion by the adult female yearlings tend to wander and range

over relatively large geographic areas, a behavior that apparently

is associated with the procurement of an established home range.

The movements and home ranges of white-tailed deer are affected

by geographic features of the environment (Michael 1965). Inglis

et al. (1979) reported that the spatial distribution of suitable

habitat influenced the "linearity of home ranges"; deer whose home

ranges were associated with homogeneous vegetation types displayed

spatial distributions that "ranged out equally in all directions",

whereas deer whose ranges included several discontinuous vegetation

types displayed home ranges that approached linearity. Similarly,

CWTD in Douglas County exhibited home ranges that reflected the out-

standing geographic features and utlimately the relative availability

and spatial distribution of the various vegetation types. Individuals

that utilized relatively large continuous vegetation types displayed

distributions that approached bivariate normality, whereas locational
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data that departed significantly from bivariate normality characterized

individuals that occupied discontinuous habitats. Water boundaries

also greatly influence the movements and ultimately the shape of

white-tailed deer home ranges. Gavin (1979) reported that CWTD

on the CWTDNWR avoided water and consequently exhibited home ranges

that were restricted to one side of a water boundary. In Douglas

County, the spatial distribution and orientation of home ranges with

respect to the North Umpqua River indicates that the North Umpqua

riparian system (river and associated vegetation) played a vital

role in the home range dynamics of CWTD.

Throughout much of their range, in North America, white-tailed

deer are generally sedentary and characteristically occupy year-

round home ranges (Severinghaus and Cheatum 1956). Seasonal migrations

associated with severe winter conditions have been reported in

Montana (Severinghaus and Cheatum 1956), Minnesota (Hoskinson and

Mech 1976; Nelson 1977) and Michigan (Verme 1973). In South Dakota,

Sparrowe and Springer (1970) observed larger displacements during

fall, winter and early spring, and characterized the behavior as a

response to seasonally changing habitat. Michael (1965) observed the

greatest mobility of whitetails on Welder Wildlife Refuge during the

period January-April, whereas Progulske and Baskett (1958) reported

that white-tailed deer in Missouri exhibited significant seasonal

shifts exclusively in the fall. Generally, CWTD in Douglas County

and on the CWTDNWR were relatively sedentary and occupied year-round

home ranges that were comparably stable between years. However, in

Douglas County significant seasonal shifts were displayed by bucks
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during the fall and does during the spring, behaviors that were

associated with rutting and fawning activities, respectively.

Home range expansion by bucks during the rut has been reported by

a number of investigators (Severinghaus and Cheatum 1956), and

apparently represents a fairly common behavioral phenomenon. But

extensive seasonal movements by does during the spring in conjunction

with the establishment of additional fawning home ranges had not

been documented previously. Sparrowe and Springer (1970) reported

extensive movements by a number of young whitetails during spring

and summer, but these observations probably represented the movements

of evicted yearlings just prior to and following fawning. I

strongly suspect that the seasonal shifts displayed by adult female

CWTD in Douglas County represented a local response to the relative

abundance and spatial distribution of preferred natal areas and

reflected the availability of suitable fawning habitat.



NICHE SEPARATION BETWEEN CWTD
AND BLACK-TAILED DEER

CWTD and black-tailed deer occur sympatrically within the

interior valleys of the Umpqua River in Douglas County, Oregon. To

my knowledge, this is the only area in North America where white-

tailed and black-tailed deer co-occur. Sympatric populations of

mule deer and white-tailed deer have been investigated by a number

of researchers (Kramer 1973, Krausman 1978, Anthony and Smith 1979);

however very little if any information is available regarding the

ecology of sympatric populations of white-tailed and black-tailed

deer.

Historically, the two species apparently maintained a local

segregation; CWTD occupied the river valleys and bottomlands of

western Oregon and southwestern Washington while black-tailed deer

occurred at higher elevations along slopes of the foothills and

along the slopes and high meadows of the mountains (Douglas 1829,

Nash 1877). In western Oregon, blacktails have primarily inhabited

the coniferous forests whereas CWTD were typically a woodland-brush-

land species, an inhabitant of the oak-savanna complex. The settle-

ment of European man in western Oregon was responsible for dramatic

changes in the natural vegetation, particularly in the river valleys

and bottomlands of the Willamette Valley (Thilenius 1968). Extensive

cultivation of western Oregon in recent times has supplanted most of

the native associations, a consequence of which has, been the

extirpation of CWTD from most of its historic range. Since that time,
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black-tailed deer have invaded much of the Willamette Valley; today,

blacktails occur throughout most of the range previously occupied

by CWTD.

In Douglas County, black-tailed deer and CWTD have remained

ecologically segregated. The dispersion of the two species through-

out the study area departed significantly from a random spatial

distribution; CWTD occurred significantly more frequently within

1 km of the North Umpqua River (Chi-square goodness-of-fit test,

Sokal and Rohlf 1969:552). Further analysis indicated that the

two species were spatially segregated on a smaller scale; i.e. once

one species was encountered the probability of encountering the

same species was significantly greater than encountering the second

(Runs test, Siegel 1956). In over 13000 observations, only once

were the two species ever observed in close association, i.e.

less than 25m apart.

There were apparent differences in habitat use between the two

species (Fig. 34). Generally, black-tailed deer utilized grasslands

and the more open upland habitats more frequently while CWTD occurred

more frequently among the woodland habitats. Black-tailed deer

displayed a preference for grass-shrub, oak-savanna and conifer

habitats while avoiding closed oak, oak-conifer, oak madrone and

riparian habitats; grassland, open oak and madrone habitats were

used proportionally (Table 16). Black-tailed deer and CWTD differed

significantly in their use of grassland, grass-shrub, open oak,

closed oak, oak conifer and riparian habitats (Fig. 34)(comparison

of proportions in independent samples, Snedecor and Cochran 1980:124).



Figure 34. Proportion of occurrence of Columbian white-tailed

deer and black-tailed deer among the ten habitats represented on the

study area in Douglas County, Oregon during the period May 1978-

December 1980.
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Table 16. Occurrence of black-tailed deer among the ten habitats
represented on the study area in Douglas County, Oregon during the
period May 1978-December 1980. (notations from Neu et al. 1974)

Proportion
Of Total Areaa

Proportion Observed
In Each Habitat

95% Family
Confidence

Habitats
(Pio (pi) Intervalsb

GRASSLAND 0.336 0.295 0.257 5 pi 5 0.338

GRASS-SHRUB 0.044 0.257 0.221 5 pi 5 0.293

OAK-SAVANNA 0.132 0.222 0.188 5 pi 5 0.256

OPEN OAK 0.171 0.106 0.081 5 pi 5 0.131

CLOSED OAK 0.087 0.030 0.016 5 pi 5 0.044

OAK-CONIFER 0.113 0.022 0.010 5 pi 5 0.034

OAK-MADRONE 0.061 0.022 0.010 5 pi 5 0.034

MADRONE 0.014 0.015 0.005 5 pi 5 0.025

RIPARIAN 0.031 0.010 0.002 5 pi 5 0.018

CONIFER 0.011 0.021 0.009	 pi 5 0.033

a
Proportions of total area represent expected Columbian white-tailed
deer observations in corresponding habitat.
b
Individual habitat proportion estimates represent 99.5% confidence

intervals.
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Although we have no experimental evidence, our data strongly

suggest that the occurrence of CWTD within portions of the study

area precluded extensive use of those areas by black-tailed deer.

For example, black-tailed deer were seldom observed within portions

of the study area supporting high densities of CWTD; indeed, there

was a significant inverse correlation (r = 0.93) between the relative

densities of the two species. Also, the relative density of each

species differed significantly with respect to the second species

(Wilcoxon Mann-Whitney two sample test, Steel and Torrie 1980:542);

black-tailed deer density in areas supporting relatively low CWTD

densities averaged 6.2 deer per mile as compared to 0.6 deer per mile

in areas supporting an average CWTD density of 9.2 deer per mile.

Additionally, black-tailed deer utilized a greater diversity of

habitats in comparable environments supporting lower CWTD densities.

Interstate-5 apparently represented a substantial barrier to CWTD

as their density on the west side of the freeway (R = 1.1/mile) was

significantly less than that observed on the east side (R = 9.2/mile)

(Wilcoxon Mann-Whitney two sample test, Steel and Torrie 1980:542).

Correspondingly, black-tailed deer were observed within riparian

and associated woodland habitats more frequently on the west side

(0.248) as compared to the east side of the freeway (0.168). Also,

the spatial distribution of black-tailed fawn capture sites within

the intensive study portion of the study area (Fig. 176) strongly

suggested that black-tailed females avoided those portions of the

study area that experienced intensive use by CWTD.

Black-tailed deer are apparently able to utilize a relatively
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broad array of habitats; they occur from the crest of the Cascade

Mountains, throughout the interior river valleys to the coastal

woodlands along the Pacific Ocean. CWTD however, are restricted to

the river bottomland regions of the interior valleys, achieving their

highest densities in brushland and woodland communities adjacent

major riparian systems. In ecological terms, black-tailed deer

appear to be more of a generalist whereas CWTD have seemingly

evolved a specialist life history strategy. Miller (1964) described

an included niche model for species that exhibited similar ecological

needs; the niche of the specialist was included within the niche of

a species that displayed a more generalist approach to making a living..

Accordingly, the generalist is able to make use of a broader spectrum

of environmental resources; however, within the region of overlap,

the generalist is outcompeted and effectively excluded by the

specialist. It may prove useful to view CWTD and black-tailed deer

as behaving according to Miller's included niche model.

In addition to providing further insight into the ecological

relationships of the two species, there are some important management

implications. According to Miller's hypothesis, resources exploited

by CWTD are completely contained within the array of environmental

resources exploited by black-tailed deer; thus the potential for

intense competition is greatest. More important however, is the

realization that within that portion of the environment that influences

both species, environmental perturbations will generally favor

black-tailed deer. Since blacktails are able to exploit a greater

diversity of habitats, changes in the environment will more likely
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provide additional black-tailed deer habitat. Moreover, some of

the changes will almost certainly occur within portions of the

environment that include optimum CWTD habitat. Under these

circumsatnces, blacktails are favored directly as a result of the

creation of more suitable habitat and indirectly from a subsequent

reduction in CWTD. The invasion of the Willamette Valley and other

interior valleys by black-tailed deer following the local extirpation

of CWTD is an excellent example of what might occur with major

alterations of the native environment.



SUMMARY AND CONCLUSIONS

The present geographic range of Columbian white-tailed deer in

southwestern Oregon encompasses 1199 km
2
 (463 mi

2
), approximately

25% of its native range in Douglas County, The whitetail distribution

is not contiguous, owing to the interspersion of small mountains and

associated coniferous forests; the highest densities were observed

in the region between Glide and Winchester, north of Buckhorn Road

and south of the North Umpqua River in which Quercus woodland pre-

dominated. In 1939 Crews reported that the CWTD distribution was

limited to approximately 79 km
2
; however, observations recorded

during the 1960's and 1970's by the Oregon Department of Fish and

Wildlife documented a recent expansion in geographic range. The

present geographic distribution in Douglas County together with

recent patterns of dispersal indicate that CWTD relied on riparian

zones as avenues for dispersal and suggest that further geographic

expansion depends upon the distribution and availability of these

riparian corridors and their juxtaposition to suitable habitat.

The natural vegetation of the study area is classified as

Quercus woodland community and is typical of the Interior Valley

Zone of western Oregon. A general reconnaissance of the study area

during the initial field season provided the basis for delineating

ten distinct habitats according to species composition and/or

structural characteristics: grassland, grass-shrub, oak-savanna,

open oak, closed oak, oak-conifer, oak-madrone, madrone, riparian

and conifer. Grassland habitats comprised the largest portion of the

212



213

study area representing 36.6% (922 ha) of the total area; the most

abundant woodland habitat was open oak representing 17.1% (469 ha)

of the total study area. Generally, the habitats differed with re-

spect to percent cover of the three vegetative strata, obstruction-

to-vision (vertical density) and density of trees. Mean percent

herbaceous cover ranged from 81.1% in grasslands to 25.0% in madrone

habitats. Grass-shrub habitats supported the densest shrub layer

averaging 34.4% shrub cover, while conifer stands exhibited the

densest overstory with an average of 92.3% canopy cover. Madrone and

oak-conifer habitats exhibited the greatest vertical vegetation

density; corresponding obstruction-to-vision indices averaged 3.04

and 5.15, respectively. Dominant herbaceous species included hedgehog

dogtail, medusahead, soft brome, perennial ryegrass and tall fescue.

California oatgrass was the only common native grass. Common shrubs

were poison oak, wild rose, ocean-spray and wild lilac, while the

dominant tree species included Oregon white oak, California black

oak, Douglas-fir and madrone. Significant seasonal differences in

percent herbaceous cover occurred among all the habitats; grassland,

grass-shrub, closed oak, oak-madrone, madrone and conifer habitats

exhibited concomitant changes in vertical vegetation density.

CWTD utilized the ten habitats disproportionately with respect

to corresponding availabilities; 95% family confidence intervals

computed for the proportion of occurrence in each habitat revealed

that CWTD demonstrated a significant preference for grass-shrub, oak-

savanna, open oak, closed oak, riparian and conifer habitats. Grass-

land, oak-conifer, oak-madrone and madrone habitats were utilized
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significantly less than was commensurate with respective availabilities.

CWTD exhibited seasonal trends in habitat use that corresponded with

seasonal climatic and phenological patterns. The most apparent

pattern occurred among grassland habitats; percent use of grasslands

increased throughout the spring in proportion to increases in biomass

production of grasses and forbs while frequency of grassland use

during the fall varied with respect to mean monthly precipitation

(i.e. fall green-up). CWTD exhibited a similar bimodal pattern of

forage utilization; grasses and forbs were consumed most often

during late spring and autumn. An increase in grazing accompanied

a significantly greater frequency of grassland habitat use during

autumn and suggests that CWTD relied more heavily on herbaceous

forage during the fall. Monthly habitat-use patterns also conformed

to specific seasonal climatic trends. The frequency of use among

woodland habitats, particularly riparian woodlands, varied with

temperature and in some instances precipitation. Daily patterns of

habitat use reflected seasonal daylight-darkness regimes and climatic

trends and corresponded with diel patterns of behavior and activity.

CWTD exhibited significant differences in habitat use among

sex and age classes. Fawns utilized woodland and brushland habitats

more often and occurred in grasslands less frequently than yearlings

and adults. Yearlings and adults differed significantly in their

frequency of occurrence among grassland and grass-shrub habitats;

yearlings utilized grasslands more often than adults while occurring

in grass-shrub habitats less frequently. During the first week post-

partum, fawns were observed most frequently in woodland habitats;
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80% of the fawn capture sites occurred in woodland habitats with

closed oak being the most preferred. Typical fawning habitat

represented areas that had little or no livestock use, averaged

146.2 m (sTc = 13.5) from water, supported an Oregon white oak canopy

and occurred on sites with little or no incline (<20%) and a

northern exposure. Yearlings and adults preferred grass-shrub, oak-sa-

vannas, riparian and conifer habitats; adults also preferred open

oak and closed oak habitats.

Adult males and females exhibited similar patterns of habitat

use; males however, occurred significantly less frequently in grass-

shrub habitats, and significantly more frequently in conifer habitats.

Females occurred more frequently in open oak and closed oak habitats.

Seasonal and diel patterns of habitat use suggested that the observed

disparity between males and females was associated with differences

in thermal stress and fawning activities. Adult males and females

preferred grass-shrub, oak-savanna and conifer habitats; adult females

also preferred riparian, open oak and closed oak habitats.

CWTD habitat use patterns generally reflected a need for plant

communities that provided both palatable forage and adequate escape

cover. The relative importance of each habitat differed with respect

to season, time of day, age and sex and availability. It is apparent

that a realistic assessment of critical CWTD habitat can not simply

be a gross comparison of the proportion of use of each habitat to its

corresponding availability, but should also include an in-depth

analysis of habitat selection as it might reflect the critical

environmental periods and important biological events in the life



history of the species.

Schnabel estimates of population size were obtained for the

intensive study portion of the study area; density estimates incor-

porated the cumulative Schnabel estimate (November 1979-January 1980

and August 1980) and estimates of the total area inhabited by the

intensive study site population. The total area estimate derived

from peripheral locations of marked deer provided a density estimate

of 31.0 CWTD per km
2
 while an estimate of total area derived from

measurements of the sampling area provided a density estimate of 36.5

CWTD per km
2
. Density estimates for the entire study area were

obtained by extrapolating the cumulative Schnabel population estimate

over the total study area taking into account relative density indices

obtained for the various cover types represented on the study area.

The weighted mean density estimates for the 2745 ha study area were

22.9 and 27.0 CWTD per km
2
 representing a total population size of

628 and 740 individuals, respectively.

The dispersion of CWTD throughout the study area was influenced

by the major environmental features characterizing the region.

Generally, the relative density of CWTD within each portion of the

study area was positively correlated with percent woodland cover with

maximum densities observed in areas supporting approximately 50%

woodlands. Also, there existed a significant association between

spatial distribution and corresponding relative abundance of CWTD and

the juxtaposition of suitable habitat to the North Umpqua River.

Seasonal dispersion was seemingly affected by the distribution and

intensity of livestock use within the study area.

Herd composition data obtained during November and December of
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1979 provided ratio estimates of 52 fawns:l00 does and 30 bucks:

100 does. Accordingly, does comprised 55% of the total population

while bucks and fawns represented 16.5% and 28.5%, respectively;

the estimated age and sex composition of the population during this

period was 329 does, 99 bucks and 170 fawns. Secondary (neonatal)

sex ratios departed from unity favoring males during years when

precipitation was abnormally low while approaching unity when pre-

cipitation was normal suggesting an association between environmental

quality and disparity among fawn sex ratios.

Proximate causes of mortality included malnutrition, road kill,

fence entaglement, predation and disease. Malnutrition (43.3%) and

road kills (44.2%) accounted for the largest proportion of known

mortality. Malnutrition accounted for significantly more mortality

during the severe winter of 1978-79 as compared to 1979-80; 75% of

the malnutrition related mortalities occurred during the period

January-March. Some of the stress experienced by CWTD during late

winter and early spring was apparently associated with abrupt

changes in diet composition. Generally, CWTD experienced road kill

mortality during all months of the year, but were most susceptible

to vehicle-inflicted injuries during late summer and early fall. A

significant disproportion of road kill mortality during this period

was probably a result of seasonal movement and activity patterns

associated with decreasing availability of water and palatable forage.

The temporal distribution of mortality among yearling-adult fe-

males and males indicated that the ultimate cause of mortality re-

sulted from the activities associated with reproduction; a significant
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disproportion of bucks suffered mortality during the rut and ensuing

winter whereas does experienced significantly more mortality during

the second half of fetal development and on into the lactation period.

Yearling and adult males experienced significant differential

mortality during the fall and winter suggesting that the activities

and corresponding energetic costs associated with reproduction were

more demanding on males than females. The median age at death for

males (1.65) was significantly less than that observed for females

(2.15) and probably reflected the differential natural mortality

experienced by males.

Generally, yearling CWTD were most susceptible to vehicle-

inflicted mortality; road kills accounted for 73% and 80% of male

and female yearling deaths, respectively. Malnutrition, road kills

and disease accounted for 91% of known fawn mortality; 59% of the

deaths were attributed solely to malnutrition. Summer mortality

rates derived from radio-collared fawns were 40% and 13% for 1979

and 1980, respectively, and were markedly lower than comparable

estimates reported for white-tailed fawns in unhunted populations.

Fawn survival and recruitment varied inversely with existing

population densities and winter severity. Annual survival rates

for 1978-1980 were 20%, 47% and 73-80%, respectively. Corresponding

estimates of annual recruitment determined from observations of a

marked sample were 0.27, 0.65 and 0.75-0.79, while estimates of

annual recruitment derived from spring herd composition data were

0.32, 0.60 and 0.68, respectively.

External parasites were most abundant within the lower abdominal
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and inguinal regions and axillary regions of the body; 68% (42/62)

of the carcasses examined were characterized as lightly infested

whereas only 8% (5/62) were heavily burdened with ectoparasites.

Analyses of microbiological preparations of fresh fecal samples

revealed that the number of parasitic species and the total number of

parasites recorded were greater in winter samples; these data were

consistent with observed seasonal differences in the physical •

condition of CWTD.

Convex polygon estimates of home range size for CWTD females

and males averaged 21.1 ha and 32.8 ha, respecttvely. Elliptical

home ranges were derived with a bivariate normal statistical model.

Individuals whose locational data did not depart significantly from

bivariate normality were subjected to further analysis; female and

male home ranges averaged 44.5 ha and 47.1 ha, respectively. Ex-

amination of sex and age class estimates resulted in similar con-

clusions with both the convex polygon and bivariate normal methods;

fawn males exhibited the smallest home ranges (I = 8.1 ha and 14.4 ha,

respectively) and adult males displayed the largest home ranges

= 43.4 ha and 93.7 ha, respectively). Home ranges of CWTD in

Douglas County were appreciably smaller than corresponding estimates

for CWTD on CWTDNWR and home ranges reported in the literature for

white-tailed deer. The shape, location and orientation of home ranges

indicated that the North Umpqua riparian system played a vital role in

the home range dynamics of CWTD. Distance between geometric centers

of activity indicated that home ranges were relatively stable between

years, however both males and females demonstrated significant shifts
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among the seasons. Average seasonal shifts displayed by males

= 418.9 m) were significantly larger than corresponding shifts

displayed by females (x = 152.2 m). Males exhibited significantly

larger displacements during autumn whereas females exhibited larger

displacements significantly more often during periods of comparison

that included spring, behaviors observed to be associated with

rutting and fawning activities, respectively.

CWTD and black-tailed deer demonstrated a local geographic and

ecological segregation; whitetails exhibited a strong affinity for

riparian systems, occurring significantly more often within portions

of the study area that were less than 1 km from the North Umpqua

River. There existed a significant inverse correlation in the rela-

tive densities of the two species; i.e., high densities of CWTD

precluded extensive use of corresponding portions of the study area

by black-tailed deer. Comparable environments supporting low

densities of CWTD supported significantly higher densities of black-

tailed deer. Wherever black-tailed deer and CWTD occurred

sympatrically, they differed significantly in their frequency of

occurrence among the ten habitats; CWTD preferred woodland and brush-

land habitats while blacktails occurred more often in grasslands and

open uplands. In areas supporting few or no CWTD, black-tailed deer

utilized woodland habitats more frequently.

Historic and current geographic distributions of the two species

suggest that black-tailed deer exploit a broad array of environmental

resources while CWTD are restricted to a narrow range of habitats;

i.e., black-tailed deer have adopted a more generalist approach to



making a living whereas CWTD have evolved as specialist. Habitat-

use patterns indicated that within preferred CWTD habitats, black-

tailed deer were competitively excluded; however, modification of

the native environment has historically favored black-tailed deer

and resulted in local extinctions of CWTD.

It is apparent that lowland riparian systems have played a

major role in the ecology of CWTD. The rivers and streams of the

interior Umpqua valleys provided corridors of dispersal through

which CWTD have expanded their geographic range in the last 30

years. Riparian systems also represented an important component of

the CWTD environment; indeed, the dispersion of CWTD throughout the

study area was significantly influenced by the North Umpqua River.

The location and orientation of individual home ranges, seasonal

movement and activity patterns and the spatial distribution of

fawning sites are evidence of the critical role that riparian

systems have played in the life history of this species. The

continued existence of CWTD in western Oregon is clearly contingent

upon the existence and availability of native riparian systems

within an environment that affords additional suitable habitat.
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Appendix A. Fortran IV program: Chi-square goodness-of-fit test
for bivariate normality.
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Appendix B. Species composition of the respective vegetative strata for
each of the habitats on the study area.

GRASSLAND HABITAT-L1

Herbaceous

Species Frequency % Cover Relative Dominance

Cynosurus echinatus 0.887 17.495 0.2089
Taeniatherum asperum 0.693 15.736 0.1879
Bromus mollis	 . 0.800 7.966 0.0951
Lolium perenne 0.340 5.900 0.0704
Danthonia californica 0.373 5.739 0.0685
Trifolium dubium 0.480 4.842 0.0578
Festuca megalura 0.427 3.317 0.0396
Linum angustifolium 0.513 3.240 0.0387
Juncus bufonius 0.300 2.466 0.0294
Briza minor 0.527 2.233 0.0267
Trifolium subterraneum 0.173 1.861 0.0222
Juncus effusus 0.187 1.530 0.0183
Juncus patens 0.060 1.416	 • 0.0169
Geranium spp. 0.267 1.000 0.0119
Plantago lanceolate 0.140 0.935 0.0112
Navaretia squarrosa 0.307 0.933 0.0111
Cerastium viscosum 0.333 0.917 0.0109
Stachys palustris 0.040 0.583. 0.0070
Leontodon nudicaulis 0.133 0.567 0.0068
Erodium cicutarium 0.173 0.517 0.0062
Bromus rigidus 0.093 0.483 0.0058
Bromus sterilis 0.027 0.483 0.0056
Agrostis tenuis 0.020 .	 0.450 0.0054
Sherardia arvensis 0.127 0.400 0.0048
Centaurium umbellatum 0.093 0.317 0.0038
Galium spp. 0.100 0.250 0.0030
Holcus lanatus 0.060 0.233 0.0028
Hypericum perforatum 0.080 0.200 0.0024

IL denotes grassland areas which were subjected to livestock use during the
study period.
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Appendix B.	 Grassland Habitat-L, Herbaceous continued.

Species Frequency % Cover Relative Dominance

Caucalis microcarpa 0.040 0.183 0.0022
Vicia angustifolia 0.040 0.183 0.0022
Brodiaea coronaria 0.067 0.167 0.0020
Rumex acetosella 0.033 0.167 0.0020
Carex spp. 0.020 0.133 0.0016
Madia spp. 0.040 0.100 '0.0011
Poa pratensis 0.040 0.100 0.0011
Sisyrinchium angustifolium 0.040 0.100 0.0011
Lathyrus spp. 0.033 0.083 0.0010
Penstemon spp. 0.033 0.083 0.0010
Veronica arvensis 0.033 0.083 0.0010
Achilles millefolium 0.020 0.050 0.0006
Epilobium spp. 0.020 0.050 0.0006
Leontodon autumnalis 0.020 0.050 0.0006
Myosotis discolor 0.020 0.050 0.0006
Eremocarpus setigerus 0.013 0.033 0.0004
Matricaria chamomilla 0.013 0.033 0.0004
Capsella bursa7pastoris 0.007 0.017 0.0002
Cirsium arvense 0.007 0.017 0.0002
Cirsium vulgare 0.007 0.017 0.0002
Eriophyllum lanatum 0.007 0.017 0.0002
Potentilla spp. 0.007 0.017 0.0002
Sidalcea virgata 0.007 0.017 0.0002
Zigadenus venenosus 0.007 0.017 0.0002

Summary Statistics 

Mean
	 95% C.I.	 sz

Herbaceous % Cover 81.1 78.2-84.0 1.48 150

Obstruction Index 20.5 20.4-20.6 0.04 150



Appendix B. continued.

GRASSLAND HABITAT-WL1

Herbaceous 

Species Frequency 2 Cover Relative Dominance

Bromus mollis 0.720 8.982 0.1692
Cynosurus echinatus 0.760 7.650 0.1441
Lolium perenne 0.400 6.540 0.1232
Taeniatherum asperum 0.610 4.699 0.0885
Danthonia californica 0.290 3.622 0.0682
Festuca megalura 0.380 3.050 0.0574
Holcus lanatus 0.200 1.850 0.0348
Bromus rigidus 0.290 1.824 0.0344
Festuca arundinacea 0.060 1.224 0.0231
Bromus spp. 0.110 0.900 0.0170
Rhus diversiloba 0.060 0.852 0.0160
Cerastium viscosum 0.290 0.849 0.0160
Juncus bufonius 0.170 0.799 0.0150
Linum angustifolium 0.190 0.725 0.0137
Briza minor 0.230 0.700 0.0132
Geranium spp. 0.200 0.625 0.0118
Poa spp. 0.050 0.600 0.0113
Centaurium umbellatum 0.220 0.550 0.0104
Brodiaea coronaria 0.210 0.525 0.0099
Mvosotis discolor 0.180 0.450 0.0085
Caucalis microcarpa 0.130 0.450 0.0085
Navarretia squarrosa 0.130 0.450 0.0085
Callum spp. 0.160 0.400 0.0075
Potentilla spp. 0.110 0.400 0.0075
Trifolium dubium 0.140 0.350 0.0066
Veronica arvensis 0.140 0.350 0.0066
Juncus effusus 0.090 0.350 0.0066
Carex spp. 0.130 0.325 0.0061
Leontodon nudicaulis 0.080 0.325 0.0061
Sisyrinchium angustifolium 0.110 0.275 0.0052
Hypericum perforatum 0.100 0.250 0.0047

1WL denotes grassland areas which have not had recent livestock use.
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Appendix B.	 Grassland Habitat-WL, Herbaceous continued.

Species Frequency % Cover Relative Dominance

Madia spp. 0.090 0.225 0.0042
Cirsium vulgare 0.040 0.225 0.0042
Stachys palustris 0.040 0.225 0.0042
Bromus sterilis 0.030 0.200 0.0038
Erodium cicutarium 0.030 0.200 0.0038
Plantago lanceolata 0.070 0.175 0.0033
Eremocarpus setigerus 0.060 0.150 0.0028
Trichostema lanceolatum 0.060 0.150 0.0028
Vicia angustifolia 0.040 0.100 0.0019
Achilles millefolium 0.030 0.075 0.0014
Eriophyllum lanatum 0.030 0.075 0.0014
Sherardia arvensis 0.030 0.075 0.0014
Astragalus spp. 0.020 0.050 0.0009
Prunella vulgaris 0.020 0.050 0.0009
Rumex acetosella 0.020 0.050 0.0009
Zigadenus venenosus 0.020 0.050 0.0009
Agrostis tenuis 0.010 0.025 0.0005
Elymus glaucus 0.010 0.025 0.0005
Juncus patens 0.010 0.025 0.0005

Summary Statistics 

Mean
	 95% C.I.	 sR

Herbaceous % Cover 78.1 74.7-81.5 1.69 100

Obstruction Index 19.6 19.4-19.8 0.12 100



Appendix B. continued.

GRASS-SHRUB HABITAT

Shrubs 

Species Frequency Z Cover Relative Dominance

Rhus diversiloba 0.987 33.130 0.9624
Rosa elganteria 0.220 1.277 0.0371
Ceanothus intergerrimus 0.020 0.017 0.0005

Herbaceous 

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.707 23.083 0.3685
Cvnosurus echinatus 0.787 10.135 0.1618
Festuca arundinacea 0.207 4.649 0.0742
Danthonia intermedia 0.173 2.999 0.0479
Taeniatherum asperum 0.260 2.020 0.0322
Bromus mollis 0.367 1.982 0.0316
Linum angustifolium 0.373 1.790 0.0286
Briza minor 0.447 1.533 0.0244
Galium spp. 0.227 1.384 0.0221
Festuca megalura, 0.187 0.883 0.0141
Hypericum perforatum 0.273 0.850 0.0136
Bromus rigidus 0.200 0.750 0.0120
Danthonia californica 0.202 0.750 0.0120
Caucalis microcarpa 0.293 0.733 0.0117
Myosotis discolor 0.187 0.716 0.0114
Lolium perenne 0.113 0.700 0.0112
Pteridium aquilinum 0.087 0.550 0.0088
Plantago lanceolata 0.107 0.517 0.0083
Elynus glaucus 0.127 0.483 0.0077
Veronica arvensis 0.180 0.450 0.0072
Lathyrus spp. 0.047 0.433 0.0069
Geranium spp. 0.167 0.417 0.0067
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Appendix B.	 Grass-Shrub Habitat, Herbaceous continued.

Frequency % Cover Relative DominanceSpecies

Poa pratensis	 . 0.067 0.417 0.0067

Astragalus spp. 0.020 0.366 0.0058

Trifolium dubium 0.107 0.350 0.0056

Festuca spp. 0.013 0.349 0.0056

Polystichum munitum 0.020 0.300 0.0048

Achilles millefolium 0.080 0.283 0.0045

Cerastium viscosum 0.100 0.250 0.0040

Holcus lanatus 0.033 0.250 0.0040

Carex spp. 0.027 0.233 0.0037

Madia spp. 0.087 0.217 0.0035

Sherardia arvensis 0.087 0.217 0.0035

Leontodon nudicaulis 0.053 0.217 0.0035

Iris tenax 0.020 0.133 0.0021

Brodiaea coronaria 0.047 0.117 0.0019

Bromus carinatus 0.013 0.117 0.0019

Erodium cicutarium 0.040 0.100 0.0016

Lolium multiflorum 0.007 0.100 0.0016

Stachys palustris 0.007 0.100 0.0016

Sisyrinchium angustifolium 0.033 0.083 0.0013

Centaurium umbellatum 0.027 0.067 0.0010

Eriophyllum lanatum 0.027 0.067 0.0010

Fragaria spp. 0.027 0.067 0.0010

Koelaria cristata 0.027 0.067 0.0010

Trientalis latifolia 0.027 0.067 0.0010

Dactylis glomerata 0.020 0.050 0.0008

Navarretia squarrosa 0.020 0.050 0.0008

Myosotis spp. 0.020 0.050 0.0008

Potentilla spp. 0.020 0.050 0.0008

Juncus effusus 0.013 0.033 0.0005

Agrostis tenuis 0.007 0.017 0.0003

Berberis repens 0.007 0.017 0.0003

Phleum pratense 0.007 0.017 0.0003

Vicia angustifolia 0.007 0.017 0.0003



Appendix B. Grass-Shrub Habitat continued.

Summary Statistics 

Mean	 95% C.I.	 s2	 n

Shrub % Cover 34.4 30.9-37.9 1.76 150

Herbaceous % Cover 73.1 69.6-76.6 1.77 150

Obstruction Index 10.1 8.77-11.4 067 150
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Appendix B. continued.

OAK-SAVANNA HABITAT

Trees

Species	 Basal Area (m2 )
	

Relative Dominance

Quercus garryana 
	

- 29.969
	

0.9538
Quercus kelloggii 
	

1.323
	

0.0421
Fraxinus latifolia
	 0.129
	

0.0041

Shrubs

Species Frequency % Cover Relative Dominance

Rhus diversioloba 0.270 5.575 0.9489
Rosa elganteria 0.060 0.300 0.0511

Herbaceous

Species Frequency % Cover Relative Dominance

Taeniatherum asperum 0.550 12.615 0.2154
Cynosurus echinatus 0.890 12.054 0.2059
Danthonia californica 0.280 5.721 0.0977
Rhus diversiloba 0.200 4.643 0.0793
Bromus mollis 0.680 4.426 0.0756
Lolium perenne 0.230 4.274 0.0730
Linum angustifolium 0.520 2.550 0.0436
Briza minor 0.600 2.374 0.0406
Festuca arundinacea 0.090 1.926 0.0329
Festuca megalura 0.320 1.300 0.0222
Bromus rigidus 0.240 1.099 0.0188
Sherardia arvensis 0.160 1.025 0.0175
Geranium spp. 0.140 0.600 0.0103
Elymus glaucus 0.080 0.450 0.0077
Caucalis microcarpa 0.150 0.375 0.0064
Veronica arvensis 0.150 0.375 0.0064
Achillea millefolium 0.130 0.325 0.0056
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Appendix B.	 Oak-Savanna Habitat, Herbaceous continued.

Species Frequency % Cover Relative Dominance

Cerastium viscosum 0.130 0.325 0.0056
Navarretia squarrosa 0.100 0.250 0.0043
Myosotis discolor 0.090 0.225 0.0038
Trifolium dubium 0.080 0.200 0.0034
Erodium cicutarium 0.030 0.200 0.0034
Eremocarpus setigerus 0.020 0.175 0.0030
Koeleria cristata 0.020 0.175 0.0030
Poa ptantensis 0.060 0.150 0.0026
Astragalus spp. 0.010 0.150 0.0026
Hypericum perforatum 0.050 0.125 0.0021
Galium spp. 0.030 0.075 0.0013
Plantago lanceolata 0.030 0.075 0.0013
Centaurium umbellatum 0.020 0.050 0.0009
Lathyrus spp. 0.020 0.050 0.0009
Madia spp. 0.020 0.050 0.0009
Brodiaea coronaria 0.010 0.025 0.0004
Carex spp. 0.010 0.025 0.0004
Dactylis glomerata 0.010 0.025 0.0004
Festuca idahoensis 0.010 0.025 0.0004
Fragaria spp. 0.010 0.025 0.0004

Summary Statistics

s2 nMean	 95% C.I.

Canopy % Cover 25.5 19.6-31.3 2.94 100

Tree Density (stems/ha) 95.6 54.8-136.4 20.59 100

Diameter at Breast Height (cm) 32.9 31.2-34.6 0.87 400

Shrub % Cover 5.9 3.3-8.5 1.33 100

Herbaceous % Cover 76.8 72.2-81.4 2.32 100

Obstruction Index 18.4 17.5-19.3 0.46 100



Appendix B. continued.

OPEN OAK HABITAT

Trees

Species
	 Basal Area (n2 )
	

Relative Dominance

Quercus garryana	 7.782	 0.774
Quercus kelloggii	 1.770	 0.176
Arbutus menziesii	 0.291	 0.029
Pseudotsuga menziesii	 0.155	 0.015
Pinus ponderosa	 0.048	 0.005
Pyrus malus	 0.004	 0.001

Shrubs

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.300 3.724 0.6093
Rosa elganteria 0.340 2.304 0.3770
Amelanchier alnifola 0.020 0.083 0.0137

Herbaceous

Species Frequency % Cover Relative Dominance

CynOsurus echinatus 0.900 14.880 0.3125
Danthonia californica 0.493 6.369 0.1338
Lolium perenne 0.320 4.204 0.0883
Rhus diversiloba 0.260 2.619 0.0550
Geranium spp. 0.267 1.749 0.0367
Bromus mollis 0.320 1.717 0.0361
Caucalis microcarpa 0.527 1.317 0.0277
Festuca arundinacea 0.073 1.316 0.0276
Trifolium dubium 0.193 1.233 0.0259
Bromus rigidus 0.167 0.999 0.0210
Holcus lanatus 0.080 0.997 0.0209
Veronica arvensis 0.340 0.949 0.0199
Plantago lanceolate 0.080 0.700 0.0147
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Appendix B.	 Open Oak Habitat, Herbaceous continued.

Species Frequency % Cover Relative Dominance

Carex spp. 0.047 0.683 0.0143
Cerastium viscosum 0.187 0.633 0.0133
Linum angustifolium 0.200 0.583 0.0122
Juncus effusus 0.060 0.550 0.0116
Briza minor 0.133 0.417 0.0088
Hypericum perforatum 0.153 0.383 0.0080
Bromus sterilis 0.047 0.367• 0.0077
Myosotis discolor 0.140- 0.350 0.0074
Sherardia arvensis 0.093 0.317 0.0067
Poa pratensis 0.060 0.317 0.0067
Taeniatherum asperum 0.060 0.317 0.0067
Koelaria cristata 0.033 0.315 0.0066
Elymus glaucus 0.087 0.300 0.0063
Galium spp. 0.120 0.300 0.0063
Potentilla spp. 0.080 0.283 0.0059
Poa spp. 0.047 0.283 0.0059
Festuca megalura 0.067 0.250 0.0053
Vicia angustifolia 0.093 0.233 0.0049
Lolium multiflorum 0.027 0.233 0.0049
Festuca spp. 0.020 0.216 0.0045
Sisyrinchium angustifolium 0.047 0.200 9.0042
Deschampsia elongata 0.013 0.200 0.0042
Eriophyllum lanatum 0.027 0.150 0.0032
Fragaria spp. 0.053 0.133 0.0028
Achillea millefolium 0.040 0.100 0.0021
Leontondon nudicaulis 0.007 0.100 0.0021
Madia spp. 0.033 0.083 0.0017
Juncus bufonius 0.020 0.050 0.0010
Lathyrus spp. 0.020 0.050 0.0010
Navarretia squarrosa 0.020 0.050 0.0010
Brodiaea coronaria 0.013 0.033 0.0007
Centaurium umbellatum 0.013 0.033 0.0007
Iris tenax 0.007 0.017 0.0004
Prunella vulgaris 0.007 0.017 0.0004
Stachys palustris 0.007 0.017 0.0004



Appendix B. Open Oak Habitat continued.

Summary Statistics

nMean	 95% C.I.

Canopy % Cover 69.9 65.5-74.2 2.21 150

Tree Density (stems/ha) 665.0 543-787 61.97 150

Diameter at Breast Height (cm) 22.1 20.9-23.3 0.59 600

Shrub % Cover 6.1 4.7-7.5 0.72 150

Herbaceous % Cover 71.3 66.6-76.0 2.38 150

Obstruction Index 14.2 13.0-15.4 0.61 150

244



Appendix B. continued.

CLOSED OAK HABITAT

Trees

Species	 Basal Area (m2)
	

Relative Dominance

Quercus garryana	 6.753	 0.6918
Quercus kelloggii	 2.395	 0.2454
Pseudotsuga menziesii 	 0.511	 0.0523
Fraxinus latifolia	 0.063	 0.0064
Abies grandis	 0.040	 0.0041
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Species

Rhus diversiloba 
Rosa elganteria 
Symphoricarpos albus
Amelanchier alnifolia 
Holodiscus discolor 

Shrubs

Frequency	 % Cover

	

0.720	 33.875

	

0.520	 9.355

	

0.120	 2.660

	

0.060	 1.285

	

0.030	 0.425

Relative Dominance

0.7117
0.1965
0.0559
0.0270
0.0089

Relative Dominance

Herbaceous 

Species	 Frequency	 % Cover

Rhus diversiloba	 0.660	 10.736	 0.3206
Dactylis glomerata 	 0.430	 4.521	 0.1350
Cynosurus echinatus	 0.590	 4.348	 0.1298
Holcus lanatus	 0.270	 3.550	 0.1060
Festuca arundinacea	 0.170	 1.522	 0.0455
Elymus glaucus	 0.230	 1.200	 0.0358
Danthonia californica 	 0.100	 0.976	 0.0291
Bromus sterilis	 0.200	 0.874	 0.0261
Caucalis microcarpa	 0.320	 0.800	 0.0239
Lolium perenne	 0.060	 0.688	 0.0206
Satureia douglasii 	 0.150	 0.624	 0.0186
Iris tenax	 0.040	 0.476	 0.0142
Galium spp.	 0.190	 0.475	 0.0142
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Appendix B.	 Closed Oak Habitat, Herbaceous continued.

Species Frequency % Cover Relative Dominance

Deschampsia elongata 0.020 0.400 0.0119
Pteridium aquilinum 0.020 0.300 0.0090
Vicia angustifolia 0.070 0.300 0.0090
Danthonia intermedia 0.040 0.224 0.0067
Festuca rubra 0.010 0.150 0.0045
Poa spp. 0.050. 0.125 0.0037
Achillea millefolium 0.040 0.100 0.0030
Myosotis discolor 0.040 0.100 0.0030
Oxalis spp. 0.040 0.100 0.0030
Potentilla spp. 0.040 0.100 0.0030
Hypericum perforatum 0.030 0.075 0.0022
Juncus effusus 0.030 0.075 0.0022
Phleum pratense 0.030 0.075 0.0022
Sherardia arvensis 0.030 0.075 0.0022
Thalictrum occidentale 0.030 0.075 0.0022
Linum angustifolium 0.020 0.050 0.0015
Madia spp. 0.020 0.050 0.0015
Poa pratensis 0.020 0.050 0.0015
Veronica arvensis 0.020 0.050 0.0015
Athyrium filix-femina 0.010 0.025 0.0007
Bromus mollis 0.010 0.025 0.0007
Bromus rigidus 0.010 0.025 0.0007
Centaurium umbellatum 0.010 0.025 0.0007
Cerastium viscosum 0.010 0.025 0.0007
Fragaria spp. 0.010 0.025 0.0007
Lathyrus spp. 0.010 0.025 0.0007
Lolium multiflorum 0.010 0.025 0.0007
Polystichum munitum 0.010 0.025 0.0007

Summary Statistics

Mean	 95% C.I.	 st	 n

Canopy % Cover 90.3 87.3-93.3 1.53 100

Tress Density (stems/ha) 1266 1032-1500 118 100

Diameter at Breast Height (cm) 21.2 19.9-22.5 0.66 400



Appendix B. Closed Oak Habitat, Summary Statistics continued.

Mean 957 C.I. s- n

Shrub % Cover 47.6 41.0-54.2 3.34 100

Herbaceous % Cover 58.4 53.9-62.9 2.25 100

Obstruction Index 9.3 7.8-10.8 0.75 100
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Appendix B. continued.

OAK-CONIFER HABITAT

Trees

Species

T F 1.gamenziesii 3.594
2.586

0.4020
0.2893Quercus garryana

Arbutus menziesii 1.635 0.1829

ausmas kelloggii 1.086
0.032

0.1215
0.0036Acer macrophyllum

Fraxinus latifolia 0.006 0.0007

Shrubs

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.440 20.135 0.9493

Arbutus menziesii 0.060 0.480 0.0227

Rosa elganteria 0.070 0.270 0.0127

Holodiscus discolor 0.030 0.225 0.0106

Corylus cornuta 0.010 0.100 0.0047

Herbaceous

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.660 9.686 0.3860

Polystichum munitum 0.130 4.952 0.1974

Cynosurus echinatus 0.510 3.726 0.1485

Festuca spp. 0.230 1.200 0.0478

Caucalis microcarpa 0.460 1.150 0.0458

Athyrium filix-femina 0.080 0.826 0.0329

Danthonia intermedia 0.220 0.550 0.0219

Astragalus spp. 0.020 0.524 0.0209

Thalictrum occidentale 0.170 0.425 0.0169
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Appendix B.	 Oak-Conifer Habitat, Herbaceous continued.

Species Frequency % Cover Realtive Dominance

Holcus lanatus 0.010 0.375 0.0149
Galium spp. 0.110 0.275 0.0110
Festuca arundinacea 0.090 0.225 0.0090
Iris tenax 01020 0.175 0.0070
Madia spp. 0.060 0.150 0.0060
Elymus glaucus 0.050 0.125 0.0050
Geranium spp. 0.050 0.125 0.0050
Satureia douglasii 0.040 0.100 0.0040
Hypericum perforatum 0.030 0.075 0.0030
Achilles millefolium 0.020 0.050 0.0020
Bromus rigidus 0.020 0.050 0.0020
Cerastium viscosum 0.020 0.050 0.0020
Sherardia arvensis 0.020 0.050 0.0020
Veronica arvensis 0.020 0.050 0.0020
Vicia angustifolium 0.020 0.050 0.0020
Cirsium vulgare 0.010 0.025 0.0010
Lathyrus spp. 0.010 0.025 0.0010
Poa pratensis 0.010 0.025 0.0010
Poa spp. 0.010 0.025 0.0010
Trientalis latifolia 0.010 0.025 0.0010

Summary Statistics 

Mean 95% C.I. s2

Canopy % Cover 89.7 86.3-93.1 1.72 100

Tree Density (stems/ha) 1364 1094-1634 136. 100

Diameter at Breast Height (cm) 21.5 20.0-23.0 0.78 400

Shrub % Cover 21.2 14.9-27.5 3.20 100

Herbaceous % Cover 30.5 24.6-36.4 2.99 100

Obstruction Index 5.15 3.80-6.50 0.68 100



Appendix B. continued.

OAK-MADRONE HABITAT

Trees

Species	 Basal Area Cm
2
)
	

Relative Dominance

Quercus garryana	 2.237	 0.4354
Arbutus menziesii	 1.648	 0.3208
Pseudotsuga menziesii	 0.662	 0.1290
Quercus kelloggii	 0.537	 0.1044
Pinus ponderosa	 0.054	 0.0104

Shrubs

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.827 28.530 0.9012
Arbutus menziesii 0.180 2.227 0.0704
Rosa elganteria 0.167 0.587 0.0185
Ceanothus intergerrimus 0.033 0.313 0.0099

Herbaceous

Species Frequency % Cover Relative Dominance

Rhus diversiloba 0.660 10.586 0.3768
Cynosurus echinatus 0.783 6.861 0.2442
Festuca arundinacea 0.173 1.812 0.0645
Elymus glaucus 0.267 1.167 0.0415
Danthonia californica 0.133 1.066 0.0379
Caucalis microcarpa 0.313 0.866 0.0308
Satureja douglasii 0.080 0.617 0.0220
Iris tenax 0.140 0.600 0.0214
Holcus lanatus 0.053 0.383 0.0136
Festuca spp. 0.040 0.350 0.0125
Veronica arvensis 0.127 0.317 0.0113
Linum angustifolium 0.093 0.317 0.0113
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Appendix B. Oak-Madrone Habitat, Herbaceous continued.

Species	 Frequency	 % Cover	 Relative Dominance

Astragalus spp. 0.027 0.300 0.0107
Bromus mollis 0.073 0.266 0.0095
Briza minor 0.093 0.233 0.0083
Hypericum perforatum 0.093 0.233 0.0083
Fragaria spp. 0.087 0.217 0.0077
Madia spp. 0.053 0.217 0.0077
Festuca idahoensis 0.020 0.216 0.0077
Cerastium viscosum 0.073 0.183 0.0065
Galium spp. 0.067 0.167 0.0058
Lathyrus spp. 0.067 0.167 0.0058
Danthonia intermedia 0.047 0.117 0.0042
Myosotis discolor 0.047 0.117 0.0042
Vicia angustifolia 0.047 0.117 0.0042
Achilles millefolium 0.033 0.083 0.0030
Poa pratensis 0.033 0.083 0.0030
Trifolium dubium 0.027 0.067 0.0024
Centaurium umbellatum 0.020 0.050 0.0018
Plantago lanceolata 0.020 0.050 0.0018
Taeniatherum asperum 0.020 0.050 0.0018
Rumex acetosella 0.013 0.033 0.0012
Sherardia arvensis 0.013 0.033 0.0012
Sisyrinchium angustifolium 0.013 0.033 0.0012
Trientalis latifolia 0.013 0.033 0.0012
Bromus rigidus 0.007 0.017 0.0006
Geranium spp. 0.007 0.017 0.0006
Janus effusus 0.007 0.017 0.0006
Lolium perenne 0.007 0.017 0.0006
Polystichum munitum 0.007 0.017 0.0006

Summary Statistics 

Mean	 95% C.I.	 sR	 n

Canopy % Cover 78.0 74.0-82.0 2.04 150

Tree Density (stems/ha) 1283 1122-1444 81.2 150

Diameter at Breast Height (cm) 15.7 14.8-16.6 0.46 600
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Appendix B. continued.

MADRONE HABITAT

Trees

Species	 Basal Area (n
2
)
	

Relative Dominance

Arbutus menziesii 1.852 0.9105
Pseudotsuga menziesii 0.107 0.0526
Quercus garryana 0.039 0.0192
Quercus kelloggii 0.028 0.0138
Pinus ponderosa 0.008 0.0039

Shrubs 

Species	 Frequency	 % Cover	 Relative Dominance

Rhus diversiloba 0.710 27.805 0.9785
Rosa elganteria 0.180 0.610 0.0215

Herbaceous

Species Frequency % Cover Relative Dominance

Festuca arundinacea 0.350 8.260 0.3837
Rhus diversiloba 0.490 6.186 0.2873
Cynosurus echinatus 0.460 4.333 0.2013
Iris tenax 0.190 0.475 0.0221
Danthonia californica 0.070 0.425 0.0197
Danthonia intermedia 0.060 0.275 0.0128
Poa pratensis 0.030 0.200 0.0093
Poa spp. 0.070 0.175 0.0081
Hypericum perforatum 0.060 0.150 0.0070
Linum angustifolium 0.060 0.150 0.0070
Caucalis microcarpa 0.050 0.125 0.0058
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Madrone HerbaceousHabitat,Appendix B.

Species	 Frequency	 % Cover	 Relative Dominance

Briza minor	 0.040	 0.100	 0.0046
Achilles millefolium 	 0.030	 0.075	 0.0035
Cerastium viscosum	 0.030	 0.075	 0.0035
Deschampsia elongate 	 0.030	 0.075	 0.0035
Elymus glaucus	 0.030	 0.075	 0.0035
Trifolium dubium 	 0.030	 0.075	 0.0035
Centaurium umbellatum 	 0.020	 0.050	 0.0022
Holcus lanatus	 0.020	 0.050	 0.0022
Media spp.	 0.020	 0.050	 0.0022
Dactylis glomerate 	 0.010	 0.025	 0.0012
Fragaria spp.	 0.010	 0.025	 0.0012
Lathyrus spp.	 0.010	 0.025	 0.0012
Lolium perenne	 0.010	 0.025	 0.0012
Sherardia arvensis 	 0.010	 01025	 0.0012

Summary Statistics 

Mean	 95% C.I.	 s-	 n

Canopy % Cover	 79.3	 74.3-84.3	 2.52	 100

Tree Density (stems/ha) 	 3762	 2710-4814	 530.	 100

Diameter at Breast Height (cm)	 10.3	 9.81-10.8	 0.25	 400

Shrub % Cover	 28.4	 22.9-33.9	 2.76	 100

Herbaceous % Cover	 25.0	 19.7-30.3	 2.69	 100

Obstruction Index	 3.04	 2.18-3.90	 0.43	 100
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Appendix B. continued.

RIPARIAN HABITAT

Trees

Species	 Basal Area (m2 )
	

Relative Dominance

Quercus garryana	 11.253	 0.7016
Frasinus latifolia	 4.566	 0.2846
Quercus kelloggii	 0.109	 0.0068
Alnus rubra	 0.086	 0.0054
Pyrus malus	 0.016	 0.0010
Pseudotsuga menziesii 	 0.006	 0.0004
Pyrus communis	 0.003	 0.0002

Shrubs 

Species	 Frequency	 % Cover	 Relative Dominance

Rosa elganteria 
Viburnum ellipticum 
Rhus diversiloba 
Holodiscus discolor 
Ceanothus intergerrimus 

0.360
0.060
0.080
0.020
0.013

1.940
1.423
1.007
0.217
0.040

0.4193
0.3076
0.2176
0.0468
0.0087

Herbaceous 

Species	 Frequency	 % Cover	 Relative Dominance

Juncus effusus	 0.500	 15.813	 0.3571
Festuca arundinacea 	 0.413	 7.253	 0.1638
Holcus lanatus	 0.373	 4.212	 0.0951
Cynosurus echinatus	 0.433	 2.900	 0.0655
Carex spp.	 0.227	 2.505	 0.0566
Carex dense	 0.127	 2.063	 0.0466
Rhus diversiloba	 0.207	 1.350	 0.0305
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Appendix B.	 Riparian Habitat, Herbaceous continued.

% Cover Relative DominanceSpecies Frequency

Festuca spp. 0.113 1.321 0.0298

Lolium perenne 0.113 1.017 0.0230

Danthonia californica 0.093 0.733 0.0166

Lolium multiflorum 0.040 0.600 0.0135

Dactylis glomerata 0.073 0.517 0.0117

Caucalis microcarpa 0.200 0.500 0.0113

Poa pratensis 0.073 0.349 0.0079

Juncus patens 0.013 0.349 0.0079

Bromus rigidus 0.100 0.333 0.0075

Stachys palustris 0.053 0.300 0.0068

Daucus carota 0.020 0.283 0.0064

Bromus mullis 0.093 0.233 0.0053

Veronica arvensis 0.067 0.167 0.0038

Galium spp. 0.060 0.150 0.0034

Cynosurus cristatus 0.013 0.117 0.0026

Prunella vulgaris 0.013 0.117 0.0026

Fragaria spp. 0.040 0.100 0.0023

Lathyrus spp. 0.040 0.100 0.0023

Mehtha spp. 0.040 0.100 0.0023

Elymus glaucus 0.027 0.067 0.0015

Geranium spp. 0.027 0.067 0.0015

Trifolium dubium 0.027 0.067 0.0015

Vicia angustifolia 0.027 0.067 0.0015

Centaurium umbellatum 0.020 0.050 0.0011

Cirsium vulgare 0.020 0.050 0.0011

Linum angustifolium 0.020 0.050 0.0011

Myosotis discolor 0.020 0.050 0.0011

Plantago lanceolata 0.020 0.050 0.0011

Sherardia arvensis 0.020 0.050 0.0011

Cerastium viscosum 0.013 0.033 0.0007

Phleum pratense 0.013 0.033 0.0007

Senecio jacobaea 0.013 0.033 0.0007

Thalictrum occidentals 0.013 0.033 0.0007

Achilles millefolium 0.007 0.017 0.0004

Danthonia intermedia 0.007 0.017 0.0004

Juncus bufonius 0.007 0.017 0.0004

Juncus oxymeris 0.007 0.017 0.0004

Poa spp. 0.007 0.017 0.0004

Trientalis latifolia 0.007 0.017 0.0004



Appendix B. Riparian Habitat continued.

Summary Statistics

s-x nMean	 95% C.I.

Canopy % Cover 81.5 77.1-85.9 2.21 150

Tree Density (stems/ha) 622. 463.-781. 80.2 150

Diameter at Breast Height (cm) 28.1 26.7-29.5 0.72 600

Shrub % Cover 4.63 3.03-6.23 0.81 150

Herbaceous % Cover 69.1 65.2-73.0 1.95 150

Obstruction Index 10.9 9.65-12.1 0.63 150
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Appendix B. continued.

CONIFER HABITAT

Trees

Species	 Basal Area (a
2
)
	

Relative Dominance

Pseudotsuga menziesii	 31.992	 0.9051
Quercus garryana	 1.465	 0.0414
Quercus kelloggii	 0.854	 0.0241
Pinus ponderosa	 0.720	 0.0204
Abies grandis	 0.193	 0.0055
Fraxinus latifolia	 0.048	 0.0014
Arbutus menziesii	 0.042	 0.0012
Alnus rubra	 0.032	 0.0009

Shrubs 

Species	 Frequency	 Z Cover	 Relative Dominance

Corylus cornuta 
	

0.130
	

2.550
	

0.4374
Rosa elganteria 
	

0.200
	

1.730
	

0.2967
Rhus diversiloba	 0.040
	

1.550
	

0.2659

Herbaceous 

Species	 Frequency	 % Cover	 Relative Dominance

Cynosurus echinatus	 0.630	 7.118	 0.3951
Polystichum munitum	 0.100	 2.522	 0.1400
Athyrium filix-femina	 0.090	 1.872	 0.1039
Holcus lanatus	 0.100	 1.204	 0.0668
Rhus diversiloba	 0.290	 1.100	 0.0611
Caucalis microcarpa	 0.420.	 1.050	 0.0583
Danthonia intermedia	 0.190	 0.600	 0.0333
Festuca arundinacea	 0.110	 0.400	 0.0222
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Appendix B.	 Conifer Habitat, Herbaceous continued.

Species	 Frequency % Cover Relative Dominance

Bromus rigidus 0.150 0.375 0.0208
Madia spp. 0.050 0.375 0.0208
Galium spp. 0.140 0.350 0.0194
Elymus glaucus 0.120 0.300 0.0167
Festuca spp. 0.101 0.150 0.0083
Marah oreganus 0.010 0.150 0.0083
Hypericum perforatum 0.040 0.100 0.0056
Geranium spp. 0.030 0.075 0.0041
Trifolium dubium 0.030 0.075 0.0041
Pteridium aquilinum 0.020 0.050 0.0028
Cerastium,viscosum 0.010 0.025 0.0014
Linum angustifolium 0.010 0.025 0.0014
Lolium perenne 0:010 0.025 0.0014
Satureja douglasii 0.010 0.025 0.0014
Veronica arvensis 0.010 0.025 0.0014
Vicia angustifolia 0.010 0.025 0.0014

Summary Statistics

Mean •	 95% C.I. s-x

Canopy % Cover 92.3 89.8-94.8 1.26	 100

Tree Density (stem/ha) 541. 441.-641. 50.5	 100

Diameter at Breast Height (cm) 41.8 39.8-43.8 1.00	 400

Shrub % Cover 5.83 3.14-8.52 1.36	 100

Herbaceous % Cover 21.4 16.5-26.3 2.49	 100

Obstruction Index 12.0 10.3-13.7 0.84	 100



Appendix C. Basal area (m
2
) per hectare for each tree species among the various habitats on the

study area.
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Species

Quercus garryana	 -	 - 7.75 19.75 30.91 14.33 10.81 0.60 27.06 3.08
Pseudotsuga menziesii	 -	 - -	 - 0.39 2.34 19.91 3.20 1.65 0.01 67.20
Quercus kelloggii	 - -	 -	 0.34 4.49 10.96 6.02 2.60 0.43 0.26 1.79
Arbutus menziesii 	 - -	 -	 - 0.74 - 9.06 7.97 28.54 - 0.09
Fraxinus latirfoli	 - -	 -	 0.03 - 0.29 0.03 - 10.98 0.10
Pinus ponderosa	 - -	 -	 - 0.11 - - 0.26 0.12 - 1.51
Abies grandis	 - -	 -	 - - 0.18 - - - - 0.41
Alnus rubra	 - -	 -	 - - - - - - 0.21 0.07
Acer macrophyllum	 - -	 -	 - - - 0.18 - - - -
Pyrus malus	 - -	 -	 - 0.01 - - - - 0.04 -
Pyrus communis	 - -	 -	 - - - - - 0.01 -

TOTAL 8.12 25.49 44.68 49.53 24.84 31.34 38.57 74.25

L denotes grassland areas that were subjected to livestock use during the study period.
2WL denotes grassland areas that have not experienced recent livestock use.
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Appendix D. The frequency of occurrence and percent crown cover for each shrub species among the
habitats on the study area.

FREQUENCY

Species

Rhus diversiloba	 - -	 0.987 0.270 0.300 0.720 0.440 0.827 0.710 0.080 0.040
Rosa elganteria 	 - -	 0.220 0.060 0.340 0.520 0.070 0.167 0.180 0.360 0.200
Arbutus menziesii - - - - 0.060 0.180 -
Holodiscus discolor - - - 0.030 0.030 - - 0.020
Corylus cornuta - - - - 0.010 - - - 0.130
Symphoricarpos albus 0.120 -
Amelanchier alnifola 0.020 0.060 -
Ceanothus intergerrimus 	 - -	 0.020 - - - - 0.033 - 0.013 -
Viburnum ellipticum	 - -	 - - - - - - - 0.060 -

1L denotes grassland areas that were subjected to livestock use during the study period.
2
WL denotes grassland areas that have not experienced recent livestock use.



Appendix D. continued. Percent crown cover.

PERCENT CROWN COVER
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Species

Rhus diversiloba	 - -	 33.130 5.575 3.724 33.875 20.135 28.530 27.805 1.007 1.550
Rosa. elganteria	 - -	 1.277 0.300 2.304 9.355 0.270 0.587 0.610 1.984 1.730
Holodiscus discolor	 - -	 - - - 0.425 0.225 - 0.217 -

Arbutus menziesii	 - -	 - - - 0.480 2.227 - - -

Symphoricarpos albus	 - -	 - - - 2.660 - - - - -

Corylus cornuta	 - -	 - - - - 0.100 - - 2.550
Viburnum ellipticum 	 - -	 - - - - - - 1.423 -
Amelanchier alnifola 0.083 1.285
Ceanothus integerrimus 0.017 - 0.313 0.040

1L denotes grassland areas that were subjected to livestock use during the study period.
2WL denotes grassland areas that have not experienced recent livestock use.



Appendix E. The frequency of occurrence and percent crown cover for each herbaceous species among the
habitats on the study area.

FREQUENCY
1 2

U) U)

0 O

0

cr)0
O 2

c4

H

O

Species

flnorurus echinatus 0.887 0.760 0.787 0.890 0.900 0.590 0.510 0.783 0.460 0.433 0.630
Rhus diversiloba 0.060 0.707 0.200 0.260 0.660 0.660 0.660 0.490 0.207 0.290
Bromus mollis 0.800 0.720 0.367 0.680 0.320 0.010 0.073 - 0.093
Caucalis microcarpa 0.040 0.130 0.293 0.150 0.527 0.320 0.460 0.313 0.050 0.200 0.420
Taeniztherum asperum 0.693 0.610 0.260 0.550 0.060 0.020
Briza minor 0.527 0.230 0.447 0.600 0.133 0.093 0.040 -
Linum angustifolium 0.513 0.190 0.373 0.520 0.200 0.020 0.093 0.060 0.020 0.010
Danthonium californica 0.373 0.290 0.020 0.280 0.493 0.100 0.133 0.070 0.093
Festuca arundinacea 0.060 0.207 0.090 0.073 0.170 0.090 0.173 0.350 0.413 0.110
Lolium perenne 0.340 0.400 0.113 0.230 0.320 0.060 0.007 0.010 0.113 0.010
Festuca megalura 0.427 0.380 0.187 0.320 0.067
Bromus rigidus 0.093 0.290 0.200 0.240 0.167 0.010 0.020 0.007 0.100 0.150
Galium spp. 0.100 0.160 0.227 0.030 0.120 0.190 0.110 0.067 - 0.060 0.140
Balcus lanatus 0.060 0.200 0.033 - 0.080 0.270 0.010 0.053 0.020 0.373 0.100
Cerastium viscosum 0.333 0.290 0.100 0.130 0.187 0.010 0.020 0.073 0.030 0.013 0.010
Geranium spp. 0.267 0.200 0.167 0.140 0.267 0.050 0.007 - 0.027 0.030
Trifolium dubium 0.480 0.140 0.107 0.080 0.193 0.027 0.030 0.027 0.030

I
L denotes grassland areas that were subjected to livestock use during the study period.2
WL denotes grassland areas that have not experienced recent livestock use.



Appendix E. continued. Frequency.
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Veronica arvensis 0.033 0.140 0.180 0.150 0.340 0.020 0.020 0.127 - 0.067 0.010

Elymus glaucus - 0.010 0.127 0.080 0.087 0.230 0.050 0.267 0.030 0.027 0.120

yypericum perforatum 0.080 0.100 0.273 0.050 0.153 0.030 0.030 0.093 0.060 - 0.040

Juncus effusus 0.187 0.090 0.013 - 0.060 0.030 0.007 - 0.500 -

Trichostema lanceolatum - 0.060 - - - - - - - _

Trientalis latifolia - - 0.027 - - - 0.010 0.013 - 0.007 -

Phleum pratense - - 0.007 - - 0.030 - - - 0.013 -

Koelaria cristata - - 0.027 0.020' - - - - - -

Prunella vulgaris - 0.020 - - 0.007 - - - - 0.013 -

Mentha spp. - - - - - - - - 0.040 -

Oxalis spp. - - - - - 0.040 - - - - -

Agrostis tenuis 0.020 0.010 0.007 - - - - - - - -

Penstemon spp. 0.033 - - - - - - - - -

Festuca idahoensis - - - 0.010 - - - 0.020 - - -

Zigadenus venenosus 0.007 0.020 - - - - - - - -

Daucus carota - - - - - - - - - 0.020 -

Epilobium spp. 0.020 - - - - - - - - - -

Leontodon autumnalis 0.020 - - -
yyosotis spp. - - 0.020 - - - - - - -

aromas carinatus - - 0.013 - - - - - - - -

Cynosurus cristatus - - - - - - - - - - -

0.013 - - - - - - -
-.

-Matricaria chamomilla
Senecio jacobaea - - - - - - - 0.013

Festuca rubra - - - - - 0.010 - - - -



Appendix E. continued. Frequency.
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Lathyrus app. 0.033 - 0.047 0.020 0.020 0.010 0.010 0.067 0.020 0.040 -
Polystichum munitum - - 0.020 - 0.010 0.130 0.007 - - 0.100
Potentilla spp. 0.007 0.110 0.020 - 0.080 0.040 - - - - -
Sisyrinchium angustifolium 0.040 0.100 0.033 0.047 - - 0.013 - - -
Fragaria app. - - 0.027 0.010 0.053 0.010 - 0.087 0.010 0.040 -
Poa spp. - 0.050 - - 0.047 •0.050 0.010 0 0.070 0.007 _

Thalictrum occidentale - - - - - 0.030 0.170 - - 0.013 -
Athyrium filix-femina - - - - 0.010 0.080 - - 0.090
Trifolium subterraneum 0.173 - - - - - - - - - -
Staehys palustris 0.040 0.040 0.007 - 0.007 - - - - 0.053 -
Pteridium aquilinum - - 0.087 - - 0.020 - - - - 0.020
Carex dense - - - - - - - - - 0.127 -
Bromus app. - 0.110 - - - - - - - - -
Astragalus spp. - 0.020 0.020 0.010 - - 0.020 0.027 - - -
Eremocarpus setigerus 0.013 0.060 - 0.020 - - - - - - -
Eriophyllum lanatum 0.007 0.030 0.027 - 0.027 - - - - -
Lolium multiflorum - - 0.007 0 0.027 0.010 - - - 0.040 -
Juncus attens 0.060 0.010 - - - - - - - 0.013 -
Cirsium vulgare 0.007 0.040 - - 0.010 - - 0.020 -
Rumex acetosella 0.033 0.020 - - - - - 0.013 - - -
Deschampsia elongata - - - - 0.013 0.020 - - 0.030 - -



Appendix E. continued. Frequency.
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Species

Danthonia intermedia - - 0.173 - - 0.040 0.220 0.047 0.060 0.007
0.020

0.190
-

Myosotis discolor 0.020 0.180 0.187 0.090 0.140 0.040 - 0.047 -
0.127 0.030 0.087 0.160 0.093 0.030 0.020 0.013 0.010 0.020

-
-

Sherardia arvensis
Navarretia squarrosa 0.307 0.130 0.020 0.100 0.020 - - - -

0.010 0.073 -
Dactyl's glomerata - - 0.020 0.010 0.033 0.430 - -

0.300 0.170 - - 0.020 - - - - 0.007 -
Juncus bufonius

0.040 0.090 0.087 0.020 0.033 0.020 0.060 0.053 0.020 - 0.050
Madia spp.

0.140 0.070 0.107 0.030 0.080 - - 0.020 - 0.020
0.227

-
-Plantago lanceolata

Carex spp. 0.020 0.130 0.027 0.010 0.047 - - - -
0.093 0.220 0.027 0.020 0.013 0.010 - 0.020 0.020 0.020

0.007
-
-Centaurium umbellatum

Achillea millefolium 0.020 0.030 0.080 0.130 0.040 0.040 0.020 0.033 0.030
0.113 0.010

Festuca spp. - - 0.013 - 0.020 - 0.230 0.040 -
- - 0.020 - 0.007 0.040 0.020 0.140 0.190 - -

Iris tenax
0.040 - 0.067 0.060 0.060 0.020 0.010 0.033 0.030 0.073 -

Poa pratensis
0.040 0.040 0.007 - 0.093 0.070 0.020 0.047 0.010 0.027 0.010

Vicia angustifolia
Brodiaea coronaria 0.067 0.210 0.047 0.010 0.013 - - - - -

-
Bromus sterilis 0.027 0.030 - - 0.047 0.200 - - - -

0.010
Satureja douglasii - - - - - 0.150 0.040 0.080 - -

Erodium cicutarium 0.173 0.030 0.040 0.030 - - - - - -

Leontodon nudicaulis 0.133 0.080 0.053 - 0.007 - - - - -



Appendix E. continued. Frequency.
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Marsh oreganus
Berberis repens  -
Capsella bursa-pastoris	 0.007
Cirsium arvense	 0.007
Juncus oxymeris  

-Sidalcea virgata	 0.007

- 0.0100.007 -

- 0.007	 -



Appendix E. continued. Percent crown cover.

PERCENT CROWN COVER
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Cynosusus echinatus 17.495 7.650 10.135 12.054 14.880 4.348 3.776 6.861 4.333 2.900 7.118
Rhus diversiloba 0.852 23.083 4.643 2.619 10.736 9.686 10.586 6.186 1.350 1.100
Taeniatherum asperum 15.736 4.699 2.020 12.615 0.317 - - 0.050
Festuca arundinacea 1.224 4.649 1.926 1.316 1.552 0.225 1.812 8.260 7.253 0.400
Bromus mollis 7.996 8.982 1.982 4.426 1.717 0.025 0.266 0.233
Danthonia californica 5.739 3.622 0.750 5.721 6.369 0.976 1.066 0.425 0.733
Lolium perenne 5.900 6.540 0.700 4.274 4.204 0.689 0.017 0.025 1.017 0.025
Juncus effusus 1.530 0.350 0.033 0.550 0.075 0.017 15.813
Holcus lanatus 0.233 1.850 0.250 0.997 3.550 0.375 0.383 0.050 4.212 1.204
Linum angustifolium 3.240 0.725 1.790 2.550 0.583 0.050 0.317 0.150 0.050 0.025
Festuca megalura 3.317 3.050 0.883 1.300 0.250
Polystichum munitum 0.300 0.025 4.952 0.017 2.522
Briza minor 2.233 0.700 1.533 2.374 0.417 0.233 0.100
Caucalis microcarpa 0.183 0.450 0.733 0.375 1.317 0.800 1.150 0.866 0.125 0.500 1.050
Trifolium dubium 4.842 0.350 0.350 0.200 1.233 0.067 0.075 0.067 0.075
Bromus rigidus 0.483 1.824 0.750 1.099 0.999 0.025 0.050 0.017 0.333 0.375
Dactylis glomerata 0.050 0.025 4.521 - - 0.025 0.517
Danthonia intermedia 2.999 0.225 0.550 0.117 0.275 0.017 0.600
Geranium spp. 1.000 0.625 0.417 0.600 1.749 0.125 0.017 0.067 0.075
Elymus glaucus 0.025 0.483 0.450 0.300 1.200 0.125 1.167 0.075 0.067 0.300



Appendix E. continued. Percent crown cover.
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Carex spp. 0.133 0.325 0.233 0.025 0.683 - - - - 2.505 -Callum spp. 0.250
-

0.917
2.466

0.400
-

0.849
0.799

1.384
0.349
0.250

-

0.075
-

0.325
-

0.300
0.216
0.633
0.050

0.475
-

0.025
-

0.275
1.200
0.050

-

0.167
0.350
0.183

-

-
-

0.075
-

0.150
1.321
0.033
0.017

0.350
0.150
0.025

-

Festuca spp.
Cerastium viscosum
Juncus bufonius
Veronica arvensis 0.083

-
0.935

0.350
-

0.175

0.450
-

0.517

0.375
-

0.075

0.949
-

0.700

0.050
0.025

-

0.050
0.826

-

0.317
-

0.050

-
-
-

0.167
-

0.050

0.025
1.872

Athyrium filix-femina
Plantago lanceolata
Hypericum perforatum 0.200

0.400
0.250
0.075

0.850
0.217

0.125
1.025

0.383
0.317

0.075
0.075

0.075
0.050

0.233
0.033

0.150
0.025

-
0.050

0.100
-

Sherardia arvensis
Carex densa -

0.050
-

0.450
-

0.716
-

0.225
-

0.350
-

0.100
-
-

-
0.117

-
-

2.063
0.050

-
-

Myosotis discolor
Bromus sterilis 0.483 0.200 - - 0.367 0.874 - - - - -Iris tenax - - 0.133 - 0.017 0.476 0.175 0.600 0.475 - -Trifolium subterraneum 1.861 - - - - - - - - -Juncus patens 1.416

0.933
0.025
0.450

-
0.050

-
0.250

-
0.050

-
-

-
-

-
-

-
-

0.349
-

-
-

Navarretia squarrosa
Poa pratensis 0.100 - 0.417 0.150 0.317 0.050 0.025 0.083 0.200 0.349 -Madia spp. 0.100

-
0.225
0.050

0.217
0.366

0.050
0.150

0.083
-

0.050
-

0.150
0.524

0.217
0.300

0.050
-

- 0.375
-

Astragalus spp.



Appendix E. continued. Percent crown cover.
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Satureja douglasii - - - - - 0.624 0.100 0.617 - - 0.025
Poa spp. - 0.600 - - 0.283 0.125 0.025 - 0.175 0.017 -
Stachys palustris 0.583 0.225 0.100 - 0.017 - - - - 0.300
Leontodon nudicaulis 0.567 0.325 0.217 - 0.100 - - - - - -
Centaurium umbellatum 0.317 0.550 0.067 0.050 0.033 0.025 - 0.050 0.050 0.020
Achilles millefolium 0.050 0.075 0.283 0.325 0.100 0.100 0.050 0.083 0.075 0.017' -
Vicia angustifolia 0.183 0.100 0.017 - 0.233 0.300 0.050 0.117 0.025 0.067 0.025
Erodium cicutarium 0.517 0.200 0.100 0.200 - - - - - -
Lathyrus spp. 0.083 - 0.433 0.050 0.050 0.025 0.025 0.167 0.025 0.100 -
Lolium multiflorum - - 0.100 - 0.233 0.025 - - - 0.600 -
Pteridium aquilinum - - 0.550 - - 0.300 - - - 0.050
Bromus spp. - 0.900 - - - - - - - - -
Brodiaea coronaria 0.167 0.525 0.117 0.025 0.033 - - - - -
Potentilla spp. 0.017 0.400 0.050 - 0.283 0.100 - - - -
Deschampsia elongata - - - - 0.200 0.400 - - 0.075 -
Sisyrinchium angustifolium 0.100 0.275 0.083 - 0.200 - - 0.013 - - _

Fragaria spp. - - 0.067 0.025 0.133 0.025 - 0.217 0.025 0.100 -
Koelaria cristata - - 0.067 0.175 0.315 - - - - - -
Thalictrum occidentale - - - - - 0.075 0.425 - - 0.033 -
Agrostis tenuis 0.450 0.025 0.017 - - - - - - - -
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Appendix E. continued. Percent crown cover.

Species

Eremocarpus setigerus 0.033 0.150 - 0.175 - - - - -	 - -
Eriophyllum lanatum 0.017 0.075 0.067 - 0.150 - - - -	 - -
Cirsium vulgare 0.017 0.225 - - - - 0.010 - -	 0.050 -
Daucus carota - - - - - - - -	 0.283 -
Rumex acetosella 0.167 0.050 - - - - - 0.033 -	 - -
Festuca idahoensis - - - 0.025 - - 0.216 _	 - -
Prunella vulgaris 0.050 - - 0.017 - - - -	 0.117 -
Festuca rubra - - - - - 0.150 - - -	 - -
Marah oreganus - - - - - - - - - 0.150
Trichostema lanceolatum - 0.150 - - - - - - -	 - -
Trientalia latifolia - - 0.067 - - - 0.025 0.033 -	 0.017 -
Phleum pratense - - 0.017 - - 0.075 - - -	 0.033 -
Bromus carinatus - - 0.117 - - - - - -	 - -
Cynosurus cristatus - - - - - - - -	 0.117 -
Mentha app. - - - - - - - - -	 0.100 -
Oxalis app. - - - - - 0.100 - - -	 - -
Penstemon spp. 0.083 - - - - - - - -	 - -
Zigadenus venenosus 0.017 0.050 - - - - - - - -
Epilobium spp. 0.050 - - - - - -	 - -
Leontodon autumnalis 0.050 - - - - - - - -	 - -



Appendix E. continued. Percent crown cover.

0
3 4

2

Species

Myosotis app. - -	 0.050	 -	 -	 - -	 -
Matricaria chamomilla 0.033 -	 -	 -	 -	 - -	 -	 _

Senecio jacobaea - -	 -	 -	 - -	 -	 -	 0.033
Berberis repens - -	 0.017	 -	 -	 - -	 -	 -	 -
Capsella bursa-pastoris 0.017 -	 -	 -	 - -	 -
Cirsium arvense 0.017 -	 -	 -	 -	 - -	 -	 -	 -
Juncus oxymeris - -	 -	 -	 -	 - -	 -	 -	 0.017
Sidalcea virgata 0.017 -	 -	 -	 -	 - -	 -	 -	 -

1L denotes grassland areas that were subjected to livestock use during the study period.
2
WL denotes grassland areas that have not experienced recent livestock use.



Appendix F. Age at death and relative cumulative frequency (RCF) of Columbian
white-tailed deer mortalities arranged chronologically from oldest to youngest.
Relative frequency = 1/N and RCF = n/N, where n = 1 to N. RCF was plotted
against age at death to derive male and female ecological longevity curves.

MALES (N = 80)

Age (yr) RCF Age (yr) RCF Age (yr) RCF

5.50 0.0125 3.00 0.3500 1.25 0.6875
5.50 0.0250 2.50 0.3625 1.25 0.7000
5.50 0.0375 2.50 0.3750 1.00 0.7125
5.50 0.0500 2.50 0.3875 1.00 0.7250
5.00 0.0625 2.50 0.4000 1.00 0.7375
4.50 0.0750 2.50 0.4125 1.00 0.7500
4.50 0.0875 2.50 0.4250 0.75 0.7625
4.50 0.1000 2.50 0.4375 0.75 0.7750
4.50 0.1125 2.50 0.4500 0.75 0.7875
4.50 0.1250 2.50 0.4625 0.75 0.8000
4.50 0.1375 2.50 0.4750 0.75 0.8125
4.50 0.1500 2.50 0.4875 0.75 0.8250
4.00 0.1625 2.50 0.5000 0.75 0.8375
4.00 0.1750 2.50 0.5125 0.50 0.8500
4.00 0.1875 2.50 0.5250 0.50 0.8625
4.00 0.2000 2.50 0.5375 0.50 0.8750
3.50 0.2125 2.00 0.5500 0.50 0.8875
3.50 0.2250 1.50 0.5625 0.50 0.9000
3.50 0.2375 1.50 0.5750 0.25 0.9125
3.50 0.2500 1.50 0.5875 0.25 0.9250
3.50 0.2625 1.50 0.6000 0.25 0.9375
3.50 0.2750 1.50 0.6125 0.25 0.9500
3.50 0.2875 1.50 0.6250 0.25 0.9625
3.50 0.3000 1.50 0.6375 0.25 0.9750
3.50 0.3125 1.25 0.6500 0.25 0.9875
3.00 0.3250 1.25 0.6625 0.25 1.0000
3.00 0.3375 1.25 0.6750
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Appendix F. continued.

FEMALES (N = 117)

Age (yr) RCF Age (yr) RCF Age (yr) RCF

10.00 0.0085 5.50 0.3419 1.50 0.6752
10.00 0.0171 5.50 0.3504 1.50 0.6838
9.50 0.0256 5.50 0.3590 1.50 0.6923
9.50 0.0342 5.50 0.3675 1.50 0.7009
9.50 0.0427 5.50 0.3761 1.50 0.7094
9.50 0.0513 5.00 0.3846 1.50 0.7179
9.00 0.0598 5.00 0.3932 1.00 0.7265
8.50 0.0684 5.00 0.4017 1.00 0.7350
8.50 0.0769 4.50 0.4103 0.75 0.7436
8.50 0.0855 4.50 0.4188 0.75 0.7521
8.50 0.0940 4.50 0.4274 0.75 0.7607
8.50 0.1026 4.50 0.4359 0.75 0.7692
8.50 0.1111 4.50 0.4444 0.75 0.7777
8.50 0.1197 4.50 0.4530 0.75 0.7863
8.00 0.1282 4.00 0.4615 0.75 0.7949
8.00 0.1368 4.00 0.4701 0.75 0.8034
8.00 0.1453 4.00 0.4786 0.75 0.8120
8.00 0.1538 4.00 0.4872 0.75 0.8205
8.00 0.1624 3.50 0.4957 0.75 0.8291
8.00 0.1709 3.50 0.5043 0.75 0.8376
7.50 0.1795 3.50 0.5128 0.75 0.8462
7.50 0.1880 3.50 0.5214 0.50 0.8547
7.50 0.1966 3.50 0.5299 0.50 0.8632
7.50 0.2051 3.50 0.5385 0.50 0.8718
7.50 0.2137 3.50 0.5470 0.50 0.8803
7.50 0.2222 3.50 0.5555 0.50 0.8888
7.50 0.2308 3.00 0.5641 0.50 0.8974
7.50 0.2393 3.00 0.5726 0.50 0.9060
7.00 0.2479 3.00 0.5812 0.50 0.9145
6.50 0.2564 3.00 0.5897 0.50 0.9231
6.50 0.2650 3.00 0.5983 0.50 0.9316
6.50 0.2735 2.50 0.6068 0.50 0.9402
6.50 0.2821 2.50 0.6154 0.50 0.9487
6.50 0.2906 2.50 0.6239 0.25 0.9573
6.50 0.2991 2.50 0.6325 0.25 0.9658
6.00 0.3077 2.50 0.6410 0.25 0.9744
6.00 0.3162 2.50 0.6496 0.25 0.9829
6.00 0.3248 2.00 0.6581 0.25 0.9914
5.50 0.3333 2.00 0.6666 0.25 1.0000
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