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Abstract
This thesis investigates the population, group composition, and home range
sizes of 5 groups of Roosevelt elk (Cervus elaphus roosev -It) in 4 regions of
Strathcona Provincial Park on Vancouver Island, British Columbia. Ten elk were
successfully radio-collared and re-located for 12-21 months, beginning in March
1991, and ending in January 1993. Eight of the 10 study animals were nonmigratory. Sizes of cumulative and seasonal ranges, and core use areas were
determined for each study animal using the harmonic mean estimator of Program
Home Range.
Three seasonal models (summer, mild winter, and severe winter) of habitat
suitability were tested using a non-migratory elk group. A Geographic Information
System (GIS) was used to create a digital map of the study area. The models were
applied to the map to generate habitat suitability values for each of the polygons
comprising the study area.
This study provides additional support for a correlation between habitat
suitability as predicted by the model and elk habitat selection. Elk were not
randomly selecting habitats in the study area with respect to modeled habitat
suitability values. Habitat suitability of elk cumulative range was higher than
portions of the study area unused by elk. Core use areas had higher habitat
suitability than cumulative range. No one model best predicted the habitat
suitability of the home range selected by the non-migratory study animals.
Use of the model as a predictor of suitable elk habitat in areas currently
unused by elk is validated, but not warranted given the time and money required to
collect the information necessary to use the model.
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GENERAL INTRODUCTION
Classification and Distribution
Currently, 2 subspecies of elk occur in British Columbia: Roosevelt elk

(Cervus elaphus roosevelti) and Rocky Mountain elk (C. e. nelsoni). Rocky
Mountain elk are the more abundant and widespread, occurring in greatest numbers
in the Rocky Mountains and the Rocky Mountain trench of southeastern British
Columbia. Roosevelt elk occur in Canada only on Vancouver Island, which is the
northernmost limit of their present-day natural distribution; in valleys at the head of
several mainland inlets adjacent to northern Vancouver Island; and on the Sechelt
Peninsula as a result of several transplants in the late 1980's (Brunt 1990).
Historically, elk were more widely distributed in coastal British Columbia than
they are at present (Cowan and Guiguet 1965, Bryant and Maser 1982). Local
extinctions were caused by human settlement and excessive hunting, particularly
on southern Vancouver Island. The present reduced numbers and limited
distribution of elk on the Island result from a number of factors, including habitat
quality, historical hunting and predation pressures, geographical barriers to
colonization, transplant efforts, and a certain amount of chance patterns of
dispersal (Brunt 1990). Roosevelt elk population numbers are considered to be far
below their maximum sustainable level (Nyberg and Janz 1990).
A discussion of the classification and historical distribution of elk in North
America can be found in Bryant and Maser (1982), together with a thorough

-2physical description of the Roosevelt elk subspecies. Geist (1982) has reviewed
elk social behavior.
Current Elk Population Status on Vancouver Island
An accurate census of ungulate populations in the coastal forests found on
Vancouver Island is virtually impossible because cover is so dense. Recent
estimates of elk populations prepared for the regional wildlife and habitat plans of
the British Columbia Ministry of Environment, Lands, and Parks (MOELP) indicate
that Roosevelt elk number between 2170 and 2770 (Nyberg et al. 1990).
The Wildlife Species Evaluation List describes the status and prognosis of the
wildlife species in British Columbia. In 1991, the MOELP placed Roosevelt elk on
the blue list (sensitive/vulnerable species). The reasons for blue-listing species
include the following: i) a significant current or predicted downward trends in
population numbers or density; and ii) significant current or predicted downward
trends in habitat suitability that would further reduce the species' existing
distribution.
Elk populations on Vancouver Island have declined over the past fifteen
years. Climate, habitat changes, and hunting have most affected elk on Vancouver
Island. Effects of the severe 1968-69 winter were most pronounced on southern
Vancouver Island, where because of past logging history, few old-growth winter
ranges remained, while there were many large areas dominated by young,
regenerating forests. Elk populations declined during this period because of deep
snow accumulations, resulting from the loss of canopy cover (Nyberg et al. 1990).
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mild winters, but increased illegal hunting and unregulated native hunting have
slowed the elk recovery (MOELP 1989a).
Nyberg et al. (1990) describe the present status of Roosevelt elk on northern
Vancouver Island as "more encouraging," where most herds are stable or increasing
because of the recent mild winters, a favorable habitat mosaic in many watersheds,
and relatively low levels of illegal hunting. Wolf predation affects some herds in
watersheds where deer numbers are low and wolves are switching to elk as an
alternative prey (Janz and Becker 1986). In such areas, the effects of wolf
predation on elk populations are likely to increase during more severe winters as elk
congregate on small winter ranges and become less mobile and less healthy.
Roosevelt Elk Management on Vancouver Island
Management of the provincial wildlife resource is the responsibility of the
Wildlife Branch, Ministry of the Environment (MOELP). The mission of the wildlife
program is "...to manage the province's wildlife resources for the benefit and
enjoyment of British Columbians, by maintaining an optimal balance between
ecological, cultural, economic, and recreational needs" (MOELP 1989b). A major
goal is to maintain and enhance wildlife and their habitats to ensure an abundant,
diverse, and self-sustaining wildlife resource throughout British Columbia.
The present management objective for Roosevelt elk on Vancouver Island is
to increase elk numbers to approximately 3000-3800 by 1996, which should
generate 2350-3200 hunter-days of recreation and provide increased viewing

-4opportunities (Nyberg et al. 1990). Management activities required to meet
population objectives include the curtailment of illegal and unregulated hunting;
habitat management focusing on protection of important old-growth winter ranges
and special habitats such as wetlands and vegetated slides; provision of forage and
cover in regenerating forests; and manipulation of young stands to provide snow
interception cover.
At present, the status of Roosevelt elk in British Columbia is listed as "stable
to increasing (2,500)" (BC Wildlife Branch 1991). However, significant losses to
traditional elk habitat have occurred, even within supposedly protected areas such
as Strathcona Provincial Park on Vancouver Island (Strathcona Park Elk
Management Plan, 1990).
Roosevelt Elk Management in Strathcona Park
Within the MOELP, the Parks branch (BC Parks) is responsible for the
designation, management and conservation of a land and water-based system of
parks, recreation areas and ecological reserves, containing the best representative
elements of British Columbia's natural and cultural heritage for the inspiration and
recreational use of British Columbians and their visitors (BC Parks' Mandate, 1990).
As such, in 1990 BC Parks developed a management plan for Strathcona Park
which set out objectives outlining the government's stance on the future of elk in
the Park.
The Strathcona Park Elk Management Plan states that "...maintaining a
healthy viable population of elk in the park is the primary goal of the park

-5management plan as well as satisfying park system objectives." One objective of
the park system is to represent the biodiversity of the province. BC Parks
determined that Roosevelt elk, as a keystone species of the province of British
Columbia, "...must be maintained not only in their present but also their historic
distribution and abundance," (Strathcona Park Elk Management Plan, 1990). At
the same time, however, it was realized that "...the present state of knowledge is
limited and does [not) include a complete understanding of existing habitat,
utilization, distribution and abundance by elk or allow an assessment of other areas
of the park's significance to elk."
In light of the Ministry's goal "...to provide an environment in which the
continued presence of elk is assured in Strathcona Park in perpetuity," (Strathcona
Park Elk Management Plan, 1990), a set of objectives was drafted, which include
the following goals: protecting and enhancing elk habitat, increasing elk abundance
and distribution, and increasing opportunities for viewing elk.
Within the 3 broad goals identified in the Strathcona Park Elk Management
Plan (1990), broad action steps were defined. For the goal of protecting and
enhancing elk habitat, the defined action steps included determining the present elk
distribution and abundance in the Park, and developing "...a park specific
understanding of elk ecology and capability." For the goal of increasing elk
abundance and distribution, the defined action steps included enhancing the level
of knowledge of habitats and habitat utilization in the park, reintroducing extirpated

-6populations to the Park, identifying unused habitat, and designing and implementing
a transplant of elk into unused habitat.
In the interests of meeting the first and second goals, BC Parks, in
cooperation with the BC Wildlife Branch, trapped and radio-collared 10 elk in
different areas within and adjacent to the Strathcona Park boundary. Applicable
results obtained in the present study form Chapters 1 and 2 of this thesis. My
study represents the first phase in a multi-level plan addressing the defined
objectives of the Strathcona Park Elk Management Plan (1990).
The specific objectives of my study were to collect baseline ecological data
on the population and home ranges of Roosevelt elk of Strathcona Provincial Park
on Vancouver Island; and ii) to validate seasonal habitat suitability models
developed by Brunt (1991), and which may be a useful park management tool for
predicting high quality elk habitat throughout the Park. The main purpose of my
study was to provide the baseline ecological and practical information that will
allow Park managers to better understand the current elk-habitat relationship in
Strathcona Park.
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Population and Home Range Characteristics for Roosevelt Elk in Strathcona Park

INTRODUCTION
Population and Home Range Concepts
Individual elk do not live naturally in isolation, but rather in a particular social
environment, and with other elk, as members of a group. "Group" can refer to a
province-wide group, the population of a management unit, the population of a
watershed, or a distinct group within a watershed. For the purpose of this thesis,
an elk group is defined as > 1 Roosevelt elk which occupy a similar environment,
and inhabiting a contiguous region, such as a watershed.
As Taber et al. (1982) noted, such a population has 3 general characteristics
which may be described mathematically, including those related to production, to
mortality, and to movement. Analysis of these characteristics and their
interactions can provide estimates of life history attributes which may not be
measured readily, such as life expectancy. Gathering and analyzing population data
is fundamental to deriving wildlife-habitat management guidelines and strategies.
A concept closely related to the characteristics defining an animal group, and
equally important to wildlife-habitat management decisions is that of home range.
Burt's (1943) classic conceptual definition of home range is "...that area traversed
by the individual in its normal activities of food gathering, mating and caring for
young." Home range may be defined over daily, seasonal, or lifetime time frames
(Harested 1979).
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the productivity of the habitat it is utilizing (Bunnell 1978). Larger animals, for
instance, are capable of covering a greater area in the course of a day, as well as
requiring more absolute energy than do smaller animals. Other factors affecting or
influencing home range size include population density, season of year, interspecific
interactions, age, latitude, terrain, and precipitation (Janz et al. 1980b). Habitat
quality and terrain are other key factors affecting home range size. Harper (1971)
concluded that terrain was the most important factor regulating the home range
size of Roosevelt elk in Oregon.
Population characteristics have been described for Roosevelt elk on
Vancouver Island (Brunt et al. 1989), and for other North American elk sub-species
(Taber et al. 1982, Morgantini 1988, Woods 1991). Seasonal and cumulative
home ranges have been estimated for several migratory and non-migratory
Roosevelt elk groups on Vancouver Island (Janz and Lloyd 1977, Janz et al.
1980b, Brunt et al. 1989, Brunt 1991).
Important to understanding the relationship between population
characteristics and home range selection in terms of size, stability, and seasonality
is the concept of migration. Migration is generally defined as the annual return
movement of individuals between two geographically separate areas (Woods
1991). It follows implicitly that migratory animals establish a degree of philopatry
to seasonal ranges and make relatively little use of areas between these ranges.
While many species of birds and mammals have been classified as being either
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common (Baker 1978). Elk are often classified as migratory, despite observations
of co-existing non-migratory groups, and groups utilizing several concurrent
movement strategies (Woods 1991). Morgantini (1988) suggested that the
variation found in elk movement strategies is an example of the species' flexibility
in coping with a varied environment. Woods (1991) concluded that the occurrence
of different space-use patterns in elk populations was an evolutionary stable
strategy (ESS).
Measuring Population and Home Range
There are 2 levels of population structure analysis, including the structure
that can be detected through group composition counts (viz. recognition and
enumeration of age and sex classes in a population), and that which is developed
through the use of mathematical models of the population (Taber et al. 1982). The
first level is employed in the present study, where group composition counts
consisted of direct tallies of individual elk in the study area.
Twenty years ago Craighead et al. (1973) noted that the techniques of radiotelemetry make possible the delineation of land areas vital to individual animals, to
determining seasonal use of those areas as the animal's seasonal needs are met,
and to observing behavior and activity that has spatial and temporal significance in
the life of the animal. The use of radio-telemetry to study space and habitat use
patterns of animals is now considered standard practice in wildlife research and
management (Skovlin 1982, White and Garrot 1990, Samuel and Kenow 1992).
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location (Springer 1979), and was used in the present study to identify animal
locations, which were then imported into a home range estimating program.
In a survey of recent studies presenting home range data, Boulanger and
White (1990) commented that the application of different home range estimators
produces confusion in the interpretation of home range estimates because some of
the differences observed between studies are due to the estimators themselves,
and not to the behavior of the study animals. All home range estimations in the
present study were made using the harmonic mean option in Program Home Range,
second edition (Ackerman et al. 1990), a method of home range estimation rapidly
gaining popularity in wildlife ecology (Boulanger and White 1990, Harris et al.
1990, Brunt 1991).
In this chapter of the thesis, I describe the composition and home range
characteristics of 5 distinct Roosevelt elk groups within or adjacent to the boundary
of Strathcona Provincial Park on Vancouver Island.

STUDY AREA
Study Area Boundaries
The study area (Figure 1) includes regions of Strathcona Provincial Park, and
areas immediately adjacent to the Park's boundaries. Strathcona Park, British
Columbia's oldest provincial park, is centrally located on Vancouver Island, and
covers an area of approximately 210,000 ha. Most of the Park is mountainous,
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Figure 1. The 4 study areas in Strathcona Park on
Vancouver Island, British Columbia.
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-12forming a large part of the Vancouver Island Ranges, which are generally composed
of a heterogeneous group of pre-Cretaceous sedimentary and volcanic rocks folded
by numerous granite batholiths (Holland 1964). Elevations in the Park range from
sea level to 2228 m at the peak of the Golden Hinde, the highest point on
Vancouver Island. Heavy snowfalls are common on the mountain slopes and alpine
plateaus from November through March. Snow remains all year on the mountain
peaks, and may last into July at lower elevations. A detailed biophysical
description of the Park can be found in Kojima and Krajina (1975).
In Strathcona Park's 82-year history, much resource exploitation has
occurred within its confines, including logging and mining. Mining is presently
occurring in the south-east region of the Park, near the south end of Buttle Lake.
Much of the area surrounding the Park has been, or is currently in the process of
being, clearcut logged. At present, 79%, (172,000 ha) of the Park has been zoned
either for preservation as wilderness conservation, or for wilderness recreation,
thus controlling mechanized access and facility development (Strathcona Provincial .
Park Master Plan Draft, 1992). All land within the Park is closed to hunting, while
the surrounding areas have a limited-entry hunt for elk. The illegal hunting of elk is
known to occur in all areas surrounding and within the Park (BC Parks; pers.
comm.).
Janz and Lloyd (1977) reported that elk are primarily distributed in the
northern and western regions of Strathcona Park and adjacent areas outside the
park. The southern and eastern regions of the park support very few elk. Four
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the Ministry of Lands, Environment, and Parks (Figure 1). Each of the 4 regions
was deemed important to the study of elk for various reasons, including supporting
a past population of elk; proximity to major roadways and heavy public-use zones;
easy access for trapping, radio-collaring, and subsequent monitoring of elk; and
being politically and/or ecologically sensitive (BC Parks; pers. comm.). The
following are brief descriptions of the 4 study areas, including suspected elk
population numbers.
Elk River Valley
The Elk River valley study area lies entirely within the northern region of
Strathcona Park. It covers an area of approximately 4450 ha, following along the
course of the lower Elk River, from the Drum Lakes to the western shores of Upper
Campbell Lake.
Two roadways running parallel to one another, transect the study area.
Highway 28 travels along the south side of the Elk River, and the ERT gravel
logging road travels along the north side of the Elk River. Both roads are open
year-round, and are heavily used.
Jones (1983) reported that the lower Elk River valley likely provided winter
range for approximately 30 elk, 10 of which he believed to summer in the elk
winter range area of the valley. He thought that in summer the other elk likely
spread out into the upper Elk River valley, Cervus Creek, the upper portions of
Idsardi and Tlools Creeks, and possibly other, unknown areas.
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valley; a small group of 7 adult females in the western portion of the valley, and a
larger but unknown number of elk in the eastern portion of the valley up to the
western shore of Upper Campbell Lake.
The elk winter ranges in the lower Elk River valley were believed to be in
largely 30-40 year-old second-growth resulting from logging in the Park. The
productivity of these habitats is relatively poor when compared to the natural oldgrowth forest (Jones 1983). In addition, the 1957-58 flooding of Upper Campbell
Lake permanently destroyed part of the original elk winter range.
Thelwood Valley
The Thelwood valley study area, at the southern end of Buttle Lake, is
completely within Strathcona Park's boundaries, and consists of approximately 655
ha of flood plain, alluvial fan, and valley slopes (Blood 1988). The area once
supported a small herd of approximately 15 elk, which were last seen in 1973
(Jones 1983). A series of natural disasters and human-caused impacts likely
resulted in the extirpation of elk in the Thelwood by the late 1970's.
Hydroelectric development in 1957-58 raised the level of Buttle Lake 9 m,
resulting in flooding and permanent loss of flood plain habitat in the lower
Thelwood valley. The 1958 Thelwood fire drastically affected habitat on the entire
elk winter range. Most herbaceous and browse forage produced in the summer of
1958 was destroyed, resulting in an extremely poor range for elk in the winter of

-151958-59. In addition, during the first several years following the fire, there was no
cover in the lower Thelwood valley.
The Westmin Mine Co. has been in operation since the late 1950's in the
area, and currently occupies much of the Myra Creek valley to the west of the
Thelwood valley. Westmin has constructed a hydroelectric powerhouse station in
the Thelwood, and a dam at Jim Mitchell Lake, above the valley. Noise and
disturbance associated with mine development, operation, and traffic in the
Thelwood and nearby Myra Creek valleys may also have had a negative impact in
past elk populations. It is believed that easy access resulting from mine activity led
to the illegal hunting of any remaining elk in the area (BC Parks; pers. comm.).
Heber River-Camel Creek Valleys
The Heber River and Camel Creek watersheds are found on the periphery of
the western boundary of Strathcona Park. The Heber River valley acts as summer
range and the Camel Creek valley as winter range for the population of migratory
elk in the area. Both watersheds are criss-crossed by logging roads, most of which
are open due to the ongoing active logging in some regions of the valley. The vast
majority of the watersheds have already been clearcut logged, as part of the tree
farm license managed by Fletcher-Challenge Ltd.
Jones (1983) stated that the Heber River area had approximately 100 or
more elk, the majority of which wintered and summered outside the Park. Because
much of the elk summer range in the upper Heber River valley is adjacent to the
Park boundary, some of the elk may summer in tributaries of the Heber River,

-16within the Park. Observations by MOELP personnel indicated that during severe
winter seasons, some elk from the Heber River area may winter in the Elk River
valley, within the Park (Jones 1983; Janz and Lloyd 1977).
Ucona River Basin
The Ucona River region forms a large basin on the periphery of the centralwestern Park boundary, at the confluence of several valleys historically important
to elk. These valleys include Quatchka Creek, and the Ucona Basin itself, both
outside of the Park, and Kunlin Lake, Donner Lake, Pamela Creek, and an unnamed
hanging valley inside the Park boundary.
All of the winter range for the elk in the Ucona study area, including those
animals which summer in the Park, lies outside the Park. The winter ranges have
been adversely affected by logging (Jones 1983), and the majority of the Ucona
River basin has been clearcut as part of the tree farm license managed by Canadian
Pacific Forest Products Ltd.
The Ucona River elk winter range is currently in an early vegetation sere
created by logging during the mid-1960s (Janz and Lloyd 1977). There are only a
few small pockets of mature timber within the area to provide thermal cover during
extreme winters. Logging is currently occurring in the Quatchka Creek valley, and
in the Pamela Creek valley on the Park boundary. Aside from the Donner Lake
region which is old-growth timber and consequently a difficult area to access, the
entire Ucona River basin is criss-crossed by an extensive network of well-

-17maintained logging roads. Janz and Lloyd (1977) noted a plentiful supply of winter
elk forage in the area.
Jones (1983) noted that the Ucona River area supports a group of
approximately 100 or more elk, most of which live outside Strathcona Park. Of
these, approximately 20 spend at least a portion of the summer within the Park, in
the Pamela Creek valley.

METHODS
Trapping and Radio-Collaring Animals
To determine the seasonal movements and home ranges of elk in Strathcona
Provincial Park, 10 adult (> 2 years) female elk were captured and fitted with
LMRT-4 radio-collars (Lotek Engineering, Newmarket, Ontario) transmitting in the
150-151 KHz range. In March of 1991, prior to the start of my study, a total of 4
animals were successfully tranquilized from a helicopter a fitted with radio-collars
by MOELP personnel; 1 in the Thelwood valley, 1 in the Ucona River area, and 2 in
the Heber River valley. In January of 1992, a corral trap was constructed in the
Elk River valley, baited with alfalfa hay, and used to capture 13 elk, 4 of which
were radio-collared. In the same year, on February 17 and on March 11, 2 more
elk in the Ucona River Basin were tranquilized from a helicopter and fitted with
radio-collars. An upper canine tooth was extracted from each of the 6 tranquilized
animals for later age determination by cementum analysis (Matson's Laboratory,
Milltown, Montana).

-18Population and Group Composition Data
For group composition counts to be representative of the entire population,
all sex and age classes should be equally observable (Taber et al. 1982). This
likely is never true, but it is more likely to occur at some periods of the year than
others; because of this, group composition counts were conducted throughout the
year. Whenever elk (radio-collared or not) were located visually, records were
made of the number of elk present in each of the following age-sex classes: adult
male ( > 2 years, based in antler development), juvenile mate ( < 2 years, but not
young of the year), adult female (not young of the year), young of the year, and
unidentified. Ground observations of elk groups were made through 8X30
binoculars, and a 20-40X60 spotting scope. Aerial observations of elk were made
without visual aid. In addition to my observations, Park personnel were asked to
note elk numbers and age-sex classes observed during the study period, and were
interviewed monthly for this data.

Animal Locations
Field work during the study consisted of 2 intensive and 2 less-intensive
periods. Intensive periods occurred during the summers of 1991 and 1992 (May
August). Less-intensive periods occurred during the winter seasons of 1991-92
(September-April), and 1992-93 (September-January). During the second lessintensive study period, animal locations were obtained by BC Parks personnel.
Locations of the 10 radio-collared elk were determined by triangulation using
a three-element directional Yagi antenna, a Lotek SRX-400 receiver (Lotek
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locations were obtained from the ground or from the air during daylight hours, over
the course of a 2-year period commencing in the spring of 1991, and ending in the
winter of 1992-1993.
Radio-locations of radio-collared elk obtained from the ground were
determined in 1 of 2 ways. First, the area the radio-collared elk was initially
believed to be in (from the previous location, or from the "best guess") was
scanned with the telemetry equipment on a high gain setting from logging and/or
primary roads. If a signal was not detected, adjacent areas were scanned in the
same manner until a signal was detected. If still no signal could be heard, the area
was noted and left, until an aerial search for the radio-collared animal could be
conducted. If a signal could initially be detected, the gain on the receiver was
decreased incrementally until the signal was just barely audible in the headphones.
A field compass was used to take a bearing in the direction from which the signal
was detected, and the bearing line was then drawn on a 1:50,000 topographic
field map of the area. At least 2 more bearings were also taken from different
positions along the logging and/or primary roads. When the bearing lines did not
intersect at a common point, the mid point of the polygon defined by the bearing
lines was taken to be the location of the radio-collared animal. The triangulation
process was conducted as rapidly as accuracy and travel between successive
telemetry "fixes" permitted.

-20For each bearing taken, the observer's exact location on the map had to be
first calculated; this involved taking a series of at least three bearings from
prominent geophysical features, and/or man-made structures such as road
intersections, and then plotting the location on the field map. Because error is
associated with each bearing taken, and with plotting each telemetry location on
the topographic map, permanent telemetry "stations" were set up in some areas.
These stations were of known exact location, from which accurate bearings on
radio signals could be quickly made.
The second, and more commonly followed, process to determine animal
locations from the ground was to complete the above procedure, and then to go in
on foot to the location determined by triangulation to attempt to visually observe
the animals. This added process allowed me to confirm the animal's location, test
the accuracy of the triangulation technique, determine sex and age classification
data for each elk group observed, determine the habitat type the animals were
found in, and observe elk behaviour.
A Bell Jet Ranger Ill or Bell 206 helicopter with a single 3-element Yagi
antennae was used to determine animal locations aerially at the start of the field
season, and when an animal occasionally could not be located from the ground.
On a high gain setting, radio signals from up to approximately 10 km away could
be received and used to direct the helicopter to the correct watershed, and the
general location of the radio-collared animal. Repeated slow passes were made
over the radio-collared animal's general location with the receiver on a low gain
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observed, the location was plotted on 1:50,000 topographic maps of the study
areas. When visual contact with the animal could not be made due to dense
vegetative cover, the point above where the loudest signal was detected without
the antenna, or with a wooden pencil used as an antenna, was taken as the radiocollared animal's location.
A Cessna 172 fixed-wing aircraft was also used for aerially determining
animal-locations, primarily during the winter months when ground accessibility to
some areas was not feasible, and time and manpower were constrained. During
fixed-wing flights, 2 three-element directional Yagi antennae were mounted on the
aircraft, one on each wing, and each at an angle of approximately 45 degrees from
the vertical axis. The procedure to locate radio-collared elk was similar to that
used in the helicopter assisted locations.
The inherent errors associated with all two-dimensional representations of
three dimensional space, coupled with those of the "approximate" nature of a small
scale map, means that each time a location was plotted on the 1:50,000
topographic maps, whether from the ground or aerially, a certain amount of error
was incurred. The 1:50,000 topographic maps were the most accurate maps
available for the entire study area. In addition, because these maps were used at
all times, any errors associated with plotting location data were assumed to be
uniformly distributed throughout the study. As such their use was felt to be
justified.
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having someone else place a radio-collar in one of the study areas, and then using
the above described triangulation procedures, searched for and located it on a map.
The actual location of the radio-collar was generally found to be within 50-100 m
of the triangulated location. Without visual confirmation, accuracy of radio-collar
location from the helicopter was thought to be at least this accurate. From the
fixed-wing aircraft, without visual confirmation, accuracy was found to be less than
from the helicopter; the actual location of the radio-collar was generally within 75125 m of the aerially determined location.
Due to the relatively large number of radio-locations and direct sightings of
the Elk River valley study animals (elk #'s 120, 179, 218, and 259), these
observations were recorded by habitat during the 1992 summer season, based on
simple features of structure and composition, and by physiographic features of the
selected sites (habitat types modified from Janz and Lloyd 1977).

Home Range Delineation
Program Home Range (second edition, Ackerman gt al. 1990) was used to
generate home ranges for all radio-collared animals. Program Home Range allows
estimation of home range size using 5 different methods: bivariate normal ellipse
(Jennrich and Turner 1969), weighted bivariate normal ellipse (Samuel and Garton
1985), Fourier transformation (Anderson 1982), convex polygon (Hayne 1949,
Michener 1979, Bowen 1982), and harmonic mean (Dixon and Chapman 1980).
The program is capable of testing underlying assumptions such as independence of
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calculated (Samuel gt al 1985, Samuel and Green 1988). Individual location data
points can be weighted to decrease or eliminate the effect of outliers (Samuel and
Garton 1985), to reduce serial correlation (Swihart and Slade 1985), or to include
proportion of time in different activities (Samuel and Garton 1987).
Both the convex polygon and harmonic mean methods were used to
delineate radio-collared elk home ranges. The convex polygon method was initially
used to determine home ranges for all study animals because of its historical
prominence as one of the first developed home range estimators, and one of the
most widely used. The convex polygon estimator is a simple and intuitive method
for calculating the area enclosed by a set of locations (Beckoff and Mech 1984). In
it, the most peripheral locations in a set of location data are connected by a line in
such a way that the internal angles of the generated polygon do not exceed 180
degrees. However, the convex polygon method is strongly biased at relatively
small sample sizes; is severely affected by outliers, and may include large areas not
used by the animal; provides information solely on the area used by the animal
during the exact periods of observation and not on the area potentially used by the
animal; and provides no information concerning how the area within the home
range is used (see Ackerman At

a

1990).

After initial home range estimation, the minimum convex polygon method
was not used in this study primarily because I felt that it did not accurately reflect
the actual home ranges of the study animals. In particular, the home ranges
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the animals, especially when an animal made use of 2 or more parallel valleys, or a
large bowl and an adjoining small watershed, but not the area between them. In
addition, the sample bias of the minimum convex polygon method, where the
calculated home range tends to increase as the number of locations increases
(Jennrich and Turner 1969), would have made comparisons between animals and
seasons invalid. The inaccessibility of certain study areas resulted in large
differences in sample sizes of animal locations among both seasons and study
animals.
In comparing currently popular home range estimation techniques, including
the Fourier series, minimum convex polygon, harmonic mean, and 2 - 95% ellipse
home range estimators, Boulanger and White (1990:314) concluded that overall,
the harmonic mean estimator shows the "best performance." The harmonic mean
method of home range estimation is a non-parametric procedure based on the
volume under a fitted three-dimensional utilization distribution (Ackerman el al.
1990). The distribution is based on harmonic mean values calculated at grid points
systematically located throughout the animal's home range (Dixon and Chapman
1980). The probability of use at any location in the home range is estimated, and
the utilization distribution is then determined by calculating the harmonic values at
each grid point. When their harmonic values exceed the highest harmonic value for
any animal location, grid points are considered outside the animal's home range,
and thus excluded from the utilization distribution. Thus harmonic mean estimation
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identify outliers.
The utilization distribution is based on a rectangular grid of square cells. This
grid is used to calculate the non-parametric harmonic mean distribution from the
animal's location data. The size of each grid cell in the rectangle is measured in
real world units (e.g. metres), and is dependent on the number of cells and the
scale parameter. Each of the animal locations, and all of the generated harmonic
contours, must fit on the harmonic grid, or the estimates will be invalid. The
choice of the scale and number of grid cells in the rectangle are crucial to ensuring
that the size of plot area is large enough to accommodate all of the data.
Ackerman

et at. (1990) suggest choosing the scale parameter so that it is

approximately the larger of 1 /8 th of the range of the Y coordinates, or 1 120t h of the
range of the X coordinates. However, these suggested levels were found to most
often result in a "plot scale too small to determine total utilization volume" error
message, and so were only used as a starting point for determining the optimum
scale value. The scale value was then adjusted by increments of 1.0 metres until
the error message was no longer generated. The grid density parameter should
achieve an average of 1 observation per grid cell (Ackerman et al. 1990), and this
was accomplished automatically using the "optimization of grid density" option in
the program.
The harmonic mean method of home range estimation was criticized by
Spencer and Barrett (1984) and by Worton (1987, 1989), as being overly sensitive
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animal's home range size and shape could be severely influenced by changing the
scale and grid density parameter values in the home range calculations.
The harmonic mean estimator method allows for the use of weighting factors
to be applied to each animal location, to account for the relative amount of time
the animal spent at each location (Braun 1985, Samuel and Garton 1987). Without
weighting, the program assumes that each location represents an equal amount of
time spent there by the animal, and so tends to overemphasize the relative
importance of areas sampled more often. I chose to use a weighting factor when
more than one location per animal was obtained within a 24-hour period. In those
cases, the weighting factors summed to 1.0, and so equalled the weighting factor
given to all independent location observations.
Program Home Range requires selection of a minimum distance between
observations, which is essentially the typical accuracy of the animal locations
(Ackerman et al. 1990). I set the minimum distance between observations at 50 m
for all home range calculations, because this was considered to be the minimum
error value of triangulated animal locations.
Dates for delineating seasons were based on study animal movements
between seasonal ranges. Not all study animals exhibited obvious migratory
behavior or seasonal shifts in areas of use. For those elk demonstrating migratory
behavior, the timing of migratory movements differed between years, and between
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are presented in Table 1.
Animal/Season Selection Criteria
Over the course of the 2-year field study, some radio-collared animals
associated with others for varying time periods. For the purpose of home range
estimation, elk were considered to be associated with the same group whenever
they were located within approximately 200 m of each other (Brunt 1991). When
2 or more elk were considered to be associated together during part or all of a
particular season, a degree of association was assessed to determine which
animals had sufficiently different seasonal range selection patterns to warrant
calculation of individual animal/season home ranges. If the proportion of a given
season spent with other study animals was > 90%, one member of the associated
animals was randomly selected for seasonal home range calculations (Brunt 1991).
By contrast, individual home ranges were calculated only for animals whose
association with other study animals was < 90%, and for groups consisting of 2 or
more study animals whose association with each other was > 90%. Table 2
outlines the 13 animal/seasons for which home ranges were calculated.
The 4 radio-collared adult females in the Elk River valley (#'s 120, 179 ,
218, and 259) were found to be closely associated with each other > 90% of the
study period commencing with their collective capture in January of 1992. For
brief periods during the calving season in the spring of 1992, 1 or more of the 4
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Table 1. Dates used to delineate seasonal home ranges for each study animal.

ERV Groupe

Cumulativeb

Jan 24/92 - Jan 6/93

159

Cumulativeb

Mar 11/92 - Jan 6/93

300

Cumulativeb

Mar 3/92 - Jan 6/93

339

Cumulativeb

Jun 15/91 - Jan 6/93

Cumulative

Jun 14/91 - Dec 10/92

Summer 1991

Jun 14/91 - Nov 9/91

Winter 1991-92

Nov 10/91 - Jun 4/92

Summer 1992

Jun 5/92 - Sep 9/92

Winter 1992-93

Sep 10/92 - Dec 10/92

Cumulativeb

Jun 13/91 - Jan 6/93

Cumulative

Jun 17/91 - Jan 6/93

Summer 1991

Jun 17/91 - Dec 21/91

Winter 1991-92

Dec 22/91 - May 29/92

Summer 1992

May 30/92 - Nov 7/92

Winter 1992-93

Nov 8/92 - Jan 6/93

499

580

688

"ERV = Elk River valley, and includes elk #'s 120, 179, 218, and 259 (Note: #218
mortality on December 20, 1992).
b Because the elk did not demonstrate migratory behavior, seasonal ranges could not
be delineated.

Table 2. Home ranges analyzed using the harmonic mean contour method.
Home Range Estimated

Study Animals

Total Ranges Analyzed

Cumulative'

ERV Group b , 159, 300,
339, 499, 580, and 688

7

Summer 1991

499, 688

2

Winter 1991-92

499, 688

2

Summer 1992

499, 688

2

aYear-round home range using all animal locations
b ERV= Elk River valley, and includes elk #'s 120, 179, 218, and 259
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left the main group for a short period in the fall of 1992.
The 2 adult females radio-collared in the Heber River watershed were
associated with each other for portions of both winter and summer seasons, but
not for periods > 90% of any 1 season. Therefore, the 2 Heber study animals
were treated as non-associated elk, and separate home ranges were calculated for
each. Two of the 3 study animals in the Ucona River basin (#159 and #339) were
closely associated with the same group during the summer of 1992. However,
whereas elk #339 was radio-collared in the spring of 1991, elk #159 was radiocollared in the spring of 1992, so it is not known whether the 2 were associated
prior to the summer of 1992. No other study animals (elk #580 in the Thelwood
valley, and elk #300 in the Ucona River basin) was observed In close association"
with other radio-collared animals.
Home Range Analysis
Three types of home range were calculated and compared for most
animal/seasons: i) cumulative home ranges were determined from all animal
locations obtained during the study period; ii) seasonal home ranges were
estimated from all non-outlier locations obtained during the seasons listed in Table
1; and iii) core use areas were delineated as areas of concentrated use (see below)
within each seasonal range.
Cumulative home ranges were delineated for each study animal as the area
included by 100% of the locations obtained during the study. The cumulative
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range selection (Brunt 1991). However, animals may occasionally and temporarily
leave their normal activity areas, producing extreme locations (outliers) that can
seriously affect home range estimates. Outliers may be the result of mapping and
coding errors in the location data (Ackerman et al. 1990), and can also represent
transitional locations between seasonal ranges. In accordance with Burt's (1943)
classic definition of home range, these occasional excursions outside the normal
area of use were not considered part of the home range. Program Home Range
allows for the calculation of contours which contain a specified percentage of the
animal's utilization distribution, and thus identifies outliers.
To calculate seasonal home ranges, I used the 95% contour to reduce the
effects of potential outlier values, in accordance with Burt's (1943) home range
definition and the convention followed by others (Jennrich and Turner 1969,
Schoener 1981).
Core Use Areas
The concept of core use areas has received considerable use in the
ecological literature, and has generally been used to define central areas of intense
use, in an effort to describe the internal anatomy of the home range (Ackerman et
al. 1990). Core use areas are important because they are areas of particularly
high home range usage, and thus they often may provide a more clear measure of
the changing pattern of range use than does the total home range area (Harris et al.
1990). Core use areas are often more useful for understanding both intraspecific
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(e.g. 100% minimum convex polygon contour, 99% harmonic mean contour, etc.).
Harris et al. (1990) cited an example of this phenomenon in a study comparing roe
deer (Capreolus capreolus) and muntjac (Muntiacus reevesi) in the same habitat.
-

The number and relative position of core use areas differs between the species, but
such differences are masked when comparing total home ranges. In addition, while
male and female core use areas do overlap, they do not occupy the same space. In
the case of male muntjac ranges, which may overlap to some extent, their core use
areas are mutually exclusive.
An option in Program Home Range allows core use areas to be automatically
identified by comparing the utilization distribution from harmonic mean calculations
with a uniform use model (Samuel

ex t. 1985). Core areas are defined as the

maximum area where the observed utilization distribution (based on harmonic
values) exceeds a uniform distribution (Ackerman et al. 1990). Program Home
Range then uses a chi-square test on the ordered cumulative distribution of
observed data, compared to the uniform model (Samuel and Green 1988). An
illustration of the statistical test and further description of the above described
method are presented in Samuel et al. (1985) and Samuel and Green (1988). The
average utilization distribution contour of the 10 home ranges calculated using this
method was 60.0% (SD= 5.8%).
Dixon and Chapman (1980) also described the core use area as the 50%
harmonic mean contour. If Program Home Range's automatic core use area
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animal's home range, the 50% harmonic mean contour was used instead. The
harmonic mean contour actually plotted was the closest one to 50% that could be
calculated given the study animal's location data. For the 3 core use areas for
which Program Home Range's automatic method could not determine the presence
of a significant core use area, the average of the contours plotted was 69.7%
(SD =10.209%). This was not significantly different from the average utilization
distribution of 60.0% for core use areas determined by the automatic method
(t = 2.098, tcritical = 2.201, df =11, a = 0.05).
Core use areas are not considered reliable when S 12 animal locations are
used to delineate a home range (Ackerman et al. 1990). Therefore, core use areas
determined for the following 4 seasonal ranges are not considered reliable: summer
1992 and winter 1992-93 for elk #'s 499 and 688. The 13 core areas that were
estimated and plotted are presented in Table 3, along with the method used to
calculate them (Program Home Range's automatic core use area calculation, or the
50% harmonic mean contour).
Statistical Analyses
A probability level of 0.05 (95% confidence level) was used in all statistical
analyses. Walpole (1982), Zar (1984) and A. Kozak (pers. comm.) were consulted
to determine appropriate statistical procedures. Statistical tests were conducted on
a hand calculator.
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Table 3. Core use area delineation methods and core area and home range sizes.
Home
Range
Estimated

Study
Animal

Core Area
Calculation
Method

Proportion
Utilization
Distribution

Seasonal
Range Size
(km2)

Core Use
Area Size
(km2)

Summer
1991

499

50% Contour

0.64

31.82

6.53

688

Automatic

0.68

36.97

13.12

Winter
1991-92

499

Automatic

0.57

61.16

17.56

688

50% Contour

0.61

18.59

1.37

Summer
1992

499

50% Contour

0.84

7.24

0.43

688

Automatic

0.64

63.25

11.86

ERVa

Automatic

0.65

32.38

10.14

159

Automatic

0.67

41.53

13.71

300

Automatic

0.54

28.15

6.21

339

Automatic

0.63

26.14

10.90

499

Automatic

0.57

95.98

32.28

580

Automatic

0.51

15.93

3.51

688

Automatic

0.54

155.67

29.11

Cumulative

aERV= Elk River Valley Group, and includes elk #'s 120, 179, 218, and 259.
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Mortalities
One of the 2 adult female elk first radio-collared in the Ucona River Basin
died within a month after trapping and radio-collaring activities. Cementum annuli
analysis indicated that elk #199 was 4 years old (accuracy + I- 1 year). It was
clear from the mortality site that elk #199 had been preyed upon by an
undetermined number of wolves, whose tracks and bite marks on the radio-collar
were obvious. A second study animal mortality occurred on December 20, 1992,
when one of the Elk River valley study animals, elk #218, was shot by a limited
entry hunt ticket holder within 50 m of the Strathcona Park boundary (BC Parks,
pers. comm.).
Animal Locations
A total of 535 locations was obtained during 5 seasons from June 13, 1991
through January 6, 1993. Ground radio-telemetry was used to obtain
279 (52.15%) of the locations, and aerial radio-telemetry was used to obtain the
remainder (256 or 47.85%).
Group Composition and Population
Group composition counts were conducted throughout the year in the
Thelwood valley, Heber River-Camel Creek, and Ucona River study areas; the ratios
and percentages of group sex-age classes were determined for both summer
(1991-92 combined) and winter (1991-92 combined) seasons (Table 4). Group
composition counts for the Elk River valley were also conducted throughout the
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Table 4. Classification counts for summer and winter seasons in study area.

I

Elk River Valley - Summer° 1992
Juvenile Male

Adult Male

Adult Female

YOYb

Total

#

2

3

9

4

18

Ratio

22.2

33.3

100

44.4

%

11.1

16.7

50

22.2

100
(

Elk River Valley - Winter' 1992
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

1

2

9

1

13

Ratio

11.1

22.2

100

11.1

%

7.7

15.4

69.2

7.7

100

The!wood Valley - Summers 1991-92
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

0

2

1

0

3

Ratio

0

200

100

0

%

0

66.7

33.3

0

100^I

Thelwood Valley - Winters 1991-92
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

0

2

1

1

4

Ratio

0

200

100

100

%

0

50.0

25.0

25.0

aSummer season from May through October
Y0Y = young of the year (calves)
°Winter season from November through April
b

100
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Table 4 (continued). Classification counts for summer and winter seasons.
Heber River Watershed - Summers' 1991-92
Juvenile Male

Adult Male

Adult Female

YOYb

Total

#

14

27

216

51

308

Ratio

6.5

12.5

100

23.6

4.5

8.8

70.1

16.6

100

Heber River Watershed - Winters` 1991-92
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

0

0

49

7

56

Ratio

0

0

100

14.3

%

0

0

87.5

12.5

100

Ucona River Basin - Summers 1991-92
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

1

19

40

8

68

Ratio

2.5

47.5

100

20

%

1.5

27.9

58.8

11.8

100

Ucona River Basin - Winters 1991-92
Juvenile Male

Adult Male

Adult Female

YOY

Total

#

0

2

9

1

12

Ratio

0

22.2

100

11.1

%

0

16.7

75.0

8.3

aSummer season from May through October
b Y0Y =young of the year (calves)
`Winter season from November through April

100

-38year (1992); however, I believe the total sex-age class numbers presented are
accurate, and not just indices of group composition, as in the other study areas.
Home Range Characteristics and Movements
Home ranges and core use areas were estimated for all 10 radio-collared
study animals (Figures 2-6). Location data indicated that the 2 Heber River elk
(#499 and #688) were migratory, and the remaining 8 radio-collared elk were nonmigratory. Seasonal home ranges and core use area sizes were determined for the
2 migratory elk for summer 1991, winter 1991-92, and summer 1992 (Table 5).
Although data continue to be collected at the time of this writing, seasonal range
and core use area size could not be estimated for the winter 1992-93 season, due
to insufficient locations having been obtained by the end of my study period.
Cumulative home range and core use area sizes using all location data obtained
over the study period were calculated for all study animals and are presented in
Table 6.
Elk River Valley
The core group of 16 elk in the Elk River study area consisted of 9 adult
females, 4 of which were radio-collared, 4 calves, 3 adult males, and a juvenile
male (Table 4). This group was directly sighted over the 1992 summer period on
average once every 4 days, and numerous times throughout the winter season;
consequently the group size and composition is believed to be accurate.
The largest number of elk in the Elk River valley during the summer season
was found to be 18 animals. From the distribution of sightings in the valley, it is
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Figure 2. Cumulative range and core use area for elk #'s 120, 179, 218, and 259, in the Elk River valley.

Figure 3. Cumulative range and core use areas for elk #580 in the Thelwood valley.
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Figure 4. Summer and winter (1991-92) seasonal ranges and core use areas for elk #499 in the Heber River-Camel Creek Valleys.

Figure 5. Summer and winter (1991-92) seasonal ranges and core use areas for elk #688 in the Heber River-Camel Creek Valleys.

Figure 6. Cumulative range and core use areas of elk #'s 159, 300, and 339
in the Ucona River Basin.

Table 5. Sizes (km 2 ) of seasonal home rang& and core use areas for 2 nonmigratory elk from the Heber River-Camel Creek valleys.
Season

Dates

Study
Animal

n
Locations

Seasonal
Range Size

Core Use
Area Size

Summer
1991

Jun 14-Nov 9

499

5\11b

31.82

6.53

Jun 17-Dec 21

688

9\6

36.97

13.12

Nov 10-Jun 4

499

13\4

61.16

17.56

Dec 22-May 29

688

9\4

18.59

1.37

Jun 5-Sep 9

499

5\7

7.24

0.43

May 30-Nov 7

688

7\4

63.25

11.86

Winter
1991-92
Summer
1992

aHome range estimated using 95% of utilization distribution
b Aerial locations/ground locations
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Table 6. Sizes (km 2 ) of cumulative (year-round home range using 100% of

utilization distribution) and core use areas for all study animals.
Study Animal

n Locations

Cumulative
Range Size

Core Use
Area Size

120

24/478

32.38

10.14

179

24/47

32.96

9.77

218

22/47

29.70

9.54

259

23/47

32.26

9.58

159

21/6

26.14

10.90

300

21/7

28.15

6.21

339

32/14

41.53

13.71

Thelwood

580

31/28

15.93

3.51

Heber RiverCamel Creek

499

29/22

95.98

32.28

688

28/14

155.67

29.11

Study Area

Elk River

Ucona River
Basin

aAerial locations/ground locations

-46possible that several more elk, likely in small "bachelor" groups of 2-3 adult males
make use of the valley in the early spring and late fall. If this is indeed the case,
the maximum population of elk in the Elk River valley approaches 20 individuals.
In the winter season, the maximum number of elk observed was 13 animals.
The Elk River valley group was found to use a total of 7 habitat types during
the summer period of May 21 - August 30, 1992 (Table 7). Riparian willow (Salix
spp.) flats, wet meadows or bogs, the grassy right-of-way below the power
transmission fines, and second growth coniferous forest (predominantly Douglas fir
Pseudostugas menziesii) and western hemlock (Tsuga heterophylla), with some
lodgepole pine (Pinus contorta latifolia)) were the habitat types most frequently
used by this group. While the Elk River valley group made repeated use of their
entire home range throughout the summer, I observed that as the water levels in
the Elk River dramatically decreased over the course of the summer season, the elk
made greater use of wet meadows or bogs and the river estuary, and less use of
riparian willow flats.
Thelwood Valley
The Thelwood valley presently supports a known population of 4 elk,
consisting of 1 adult female, 1 calf of undetermined sex, and 2 adult male elk. The
calf was born in the spring of 1992.
The majority of locations in the Thelwood valley of elk #580 were nearly
evenly spread between 2 areas; low elevation (223 m), 30-year old coniferous

Table 7. Habitat types' used by the Elk River valley group b during summer 1992
(May 21-August 30).
Habitat Type

# Observations`

%Use

Second growth conifer forest

4

8

Mature conifer forest

1

2

Power transmission lines

12

24

River estuary - lakeside

2

4

Bog - wetland

8

16

Riparian willow flats

5

10

Riparian second-growth deciduous forest

18

36

Totals

50

100

*modified from Janz and Lloyd (1977)
b Elk #'s 120, 179, 218, and 259
`Direct sightings or locations later confirmed by presence of elk sign

-48second growth and adjacent regenerating riparian alder (Alnus rubra) flats, and
higher elevation (450-700 m) riparian areas and vegetated slides. Young alder
bushes, salmonberry (Rubus spectabilis), thimbleberry (Rubus parviflorus), and
bracken fern (Pteridium aquilinum oubescens) were the among most common
understory vegetation associated with animal locations.
Heber River-Camel Creek Valleys
The Heber River watershed likely supports a population of approximately 100
elk during the summer season. These 100 elk are found in several groups of 10-30
individuals which repeatedly congregate over the summer in groups of up to 70 elk.
In the winter season, the lower Heber River valley supports few elk, probably no
more than 30 individuals; the upper valley, with a higher elevation and almost no
snow-interception or thermal cover, supports even fewer. It is not known how
many elk use the Camel Creek valley during the summer season. During the
winter, I believe that between 20 and 40 use the area.
In the summer season, elk in the Heber River watershed (#499 and #688)
made use of the 20-30 year-old dense Douglas fir and western hemlock
regeneration along the valley bottom, and the clearcut sideslopes above.
Vaccinium spp. dominated the understory layer. Summer range elevation varied
from 750-1400 m. Elk #688 left the Heber River watershed and spent
approximately half of the summer seasons outside of the study area.
In the winter season, both elk #499 and #688 were associated together with
a small group which migrated to the Camel Creek valley, a distance of
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range to the southernmost point in #499's winter range). Winter range elevation
varied from 350 m in the lowermost Heber River watershed to 750 m in the Camel
Creek drainage system. Most of the Camel Creek valley has been clearcut logged,
the lowermost portions of which consist of Douglas fir regeneration forest.
Ucona River Basin
The Ucona River Basin elk population likely numbers approximately 100
individuals, which spend both winters and summers in the basin and its associated
tributaries. During the winter season this number may increase to approximately
125-140 elk, which migrate to their winter range in the Ucona River Basin from
surrounding watersheds.
The Ucona River Basin study animals made similar use of habitat over the
course of the study period, although in different areas of the river basin. In the
first year of the study, elk #339 made extensive use of the moist riparian areas in
the Quatchka Creek drainage, and the thick Douglas fir and western hemlock
regeneration forests on the sideslope. Almost all locations were found in areas of
very thick cover, where the predominant understory vegetation was thimbleberry,
salmonberry, and sword fern (Polystichum munitum). In the second year of the
study, elk #339 was closely associated with elk #300 during the winter, and elk
#159 in the summer. In the summer season, elk it's 339 and 159 were found in a
clearcut "hanging valley" recently added to Strathcona Park (1987), grazing on the

-50sideslopes. Elk #300 made use of moist riparian habitat in the Pamela Creek
drainage, and of the vegetated slides adjacent to the riparian areas.

DISCUSSION
Mortalities
Wolves are the most important natural predators of elk on Vancouver Island
(Janz and Becker 1986), and are known to live in the Ucona River Basin (BC Parks;
pers. comm). The death of elk #199 was likely a natural occurrence of predation,
and unrelated to earlier trapping and radio-collaring activities. Janz at al. (1980b)
noted that predation, especially by wolves, on ungulate populations has in some
cases been shown to be a major limiting factor on population growth, although
relatively little is known of their impact on elk populations, particularly on Roosevelt
elk. However, in a study of wolf food habits on Vancouver Island, Scott (1979)
found that Roosevelt elk made up 28% by relative weight of wolf scat content
during her May - October study period. In Banff National Park, in addition to
collisions with trains and automobiles, predation by timber wolves is the major
source of mortality for Rocky Mountain elk (Woods 1991).
The Elk River valley group, including elk #218 which was legally hunted, was
located within the Park on December 10, 1992, and later on December 23
approximately 2 km east of the Park boundary, where they were using the rocky
outcrop habitat on the south-facing slopes above Upper Campbell Lake. I believe
that the elk had moved out of the Park because of deep snowfall accumulation
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had not previously been observed outside the valley, Janz and Lloyd (1977)
indicated that this area outside the Park was part of the group's winter range.
Home Range Characteristics and Movements
Brunt et al. (1989) found that on Vancouver Island the home range sizes of
migratory elk were approximately 6 times larger than those of non-migratory elk.
This difference is consistent with my findings, in which the cumulative home range
sizes of migratory elk were 2.3 - 9.8 (mean = 6.1) times larger than those of nonmigratory elk. Brunt gt al. (1989) estimated the winter home range size of
migratory Roosevelt elk to vary from 2.2 - 43.8 km 2 , and the summer home range
size to range from 3.5 - 29.2 km 2 . The present study estimated the winter home
range size to vary from 18.6 - 61.2 km 2 , and the summer home range size to vary
from 7.2 - 63.3 km 2 . Graf (1955) reported that non-migratory Roosevelt elk in the
Coast Range of Oregon occupied home ranges of approximately 2.6-5.2 km 2 , and
in California, Franklin Di al. (1975) estimated the home ranges of non-migratory
Roosevelt elk to be 2.9 km 2 . These values are smaller than those I estimated for
all study animals in the present study except for the Thelwood elk. However,
operational differences concerning the nature of "home range" described in each
study precludes realistic comparisons among home range sizes listed in these 2
published studies; neither study reported how the home ranges were calculated,
nor what kind of home range was estimated. And as Arcese (1989) observed,
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universal scale for inter-specific comparisons.
Elk River Valley
The elk population estimate of the Elk River valley in the present study is
reasonably close to Jones' (1983) estimate, which was "...winter range for about
30 elk... probably about 10 of these summer in the winter range area." The
discrepancy may be a result of Jones' (1983) underestimation of the elk carrying
capacity of the area. Given the amount of highly suitable elk habitat in the area
(see Chapter 2), I believe that the Elk River valley could sustain at least 50% more
elk that it presently does.
Janz and Lloyd (1977) determined that movements of the elk in the lower
Elk River valley were confined to the valley bottom and low elevation, windward
sidehills. This is consistent with the findings of my study in which all 4 radiocollared elk showed a high degree of philopatry to the lower Elk River valley over
the course of the study period. The tenacity with which an animal returns to
specific areas or groups of like animals is generally referred to as philopatry
(Greenwood 1980). Philopatry, and its opposite - dispersal, are relative rather than
absolute terms. Several studies have shown adult elk to have high degrees of
philopatry (Knight 1970, Adams 1982, Morgantini 1988, Woods 1991), however,
as Woods (1991) noted, theoretical criteria for defining philopatry (or dispersal) are
lacking.
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changes (Janz et al. 1980a), and as such is important to understanding the present
wildlife-habitat situation, and for forming the context in which future management
decisions can be made. During Janz and Lloyd's (1977) 1976 winter study, the
"A-frame" group and the "Campbell River" group (comparable to the "Elk River
valley" in the present study) were the only elk found to inhabit the Elk River valley
study area. The "A-frame" group consisted of 7 adult females, and confined its
activity to an area composed of moss and lichen-covered rock bluffs and the
adjacent second growth (predominantly hemlock and lodgepole pine) in the
western-most region of the Elk River valley outside of the "Campbell River" group's
home range. This area was repeatedly searched for signs of elk presence in the
summer, and although some fresh and old sign of deer, and old bear scat was
found, no sign or observations of elk were made either in the summer or winter. I
believe that this area is not currently used by elk, and may only be used in severe
winters where the requirements of a small group of elk can be met in a
comparatively small area with high structural and compositional diversity of
vegetation.
The'wood Valley
The very small number of elk (4) in the Thelwood valley is of concern given
the apparent ease with which the previous population of at least 15 animals were
extirpated (BC Parks; pers. comm.). Paternity of the calf is presently unknown, as
is the possible maternal or sibling relationship between the adult female and each
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because she is 4 years old ( + /- 1 year accuracy) based on cementum annuli
analysis, and the males are probably at least as old, based on the size and
development of their antlers. The ultimate survival of the current population has
been questioned (BC Parks; pers. comm.), and an immediate transplant of nonmigratory elk into the valley recommended (Blood 1988). I believe that such a
transplant is warranted.
The 3 distinct core use areas in the Thelwood valley used by the elk were
not seasonally divided; movement between each area occurred throughout the
year. Some of the movement between the areas may be related to the noise and
other disturbances associated with the Westmin Mine Co.'s test-drilling operations
in the 1991-92 and 1992-93 winters. It was observed that when the drilling
process began, in which heavy machinery and equipment generating loud noises
was moved into the lower area used by the elk, the animals began using the higher
area. However, animal locations during the winter seasons were not obtained
frequently enough to confirm the hypothesis that the elk moved in reaction to
disturbance by humans.
Heber River-Camel Creek Valleys
During 2 years of study, primarily in the summer season, elk #688 spent
approximately 1/2 of the season outside of the study area. It is believed that she
made use of the ridge tops north and west of the Heber River valley, on the side
slopes and moist valley bottoms approximately 8 km to the north, near Gold Lake,
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inaccessibility of the regions this animal used, and because she could not be
aerially located for much of the time, location data for #688 are limited and
severely underestimate the animal's cumulative and summer season home range,
and her core use areas, and seasonal movements. This must be considered when
any comparisons are made between the home ranges occupied by the 2 migratory
study animals.
Ucona River Basin
While elk #339 repeatedly used different areas of the Ucona River Basin
regardless of season, I believe that it is likely the animal shifted its primary use of
the Quatchka Creek valley to the hanging valley as a result of clearcut logging of
the Quatchka area. However, the relatively few locations obtained between the
first and second summer seasons when the shift occurred cannot substantiate this
hypothesis.
Additional years of animal location monitoring will determine the degree of
association between the 3 study animals, and may determine the number of
distinct elk groups found within the Ucona River Basin study area. Franklin et
(1975) observed that precise boundaries between distinct Roosevelt elk groups did
not exist, and concluded that the absence of outside animals in core use areas and
their infrequent use of other parts of the home range showed that spacing between
populations does occur. This confirms Graf's (1955) observation that closely
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group on the range of another.
Dasmann and Taber (1956) noted that in areas of dense cover, cervids often
form small groups or are solitary, and form larger groups when inhabiting open
areas. Franklin

at al. (1975) concluded that Roosevelt elk population size appears

to be affected by habitat in a similar way. Observations made in this study are
consistent with these findings. During the summer season in open, cut over areas
such as those found on the clearcut logged slopes in the Heber River and Ucona
River watersheds, elk were more often found in large groups. In areas of more
dense cover within the above watersheds, smaller elk groups and sign of smaller
elk numbers were observed.
Migration and Non-migration as Movement Strategies

Cervus elaphus have the widest natural distribution of any wild ungulate in
the world (Clutton-Brock et

al. 1982), and have a range of movement behaviors

including migration, non-migration, and partial migration (Adams 1982). Sinclair
(1983) defined migration in vertebrates as the repetitive seasonal movements of
individuals between distinct areas. Non-migration refers to the movement behavior
of individuals which use the same area throughout the seasons.
Seasonal movements of elk are population-specific, thus it is important to
recognize inter-population differences. Significant variation was seen in the
movement strategies of the elk in the present study. In the case of the 2 Heber
River-Camel Creek study animals, each elk spent a portion of both summer and
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via potentially different routes. In the Elk River valley, all 4 study animals were
observed to be closely associated with the rest of their group throughout the year,
save for very brief periods during the calving and rutting seasons. The Thelwood
valley study animal made use of 3 separate areas in its home range, but not
seasonally, and the 3 Ucona River Basin elk shifted their core use areas somewhat
over the course of a year, but not distinctly in that all regions of the study area still
received use. The literature is full of similar variations in migratory, non-migratory,
and a mix of the 2 types of movement strategies.
While Rocky Mountain elk at Jackson Hole, Wyoming, migrated in large
groups (Boyce 1991), elk in a Montana population moved individually or in
matriarchal groups (Knight 1970), and elk in Banff National Park, Alberta, migrated
singly or in small groups (Woods 1991). Although most migratory elk winter at low
elevations, and summer at high elevations, individual behaviors such as multiple
migration cycles per year and specific migrations to rutting areas illustrate that
migration patterns vary widely among individuals (Woods 1991).
Harper et al. (1967) suggested that historically, 2 kinds of Roosevelt elk
were found in California, migratory and non-migratory. Most groups of Roosevelt
elk in Washington, Oregon, and California did not demonstrate definite migratory
movements, although they do make seasonal movements in response to forage
conditions (Graf 1943, Franklin et al 1975). Adams (1982) noted that such
movements resemble migration in that they generally are to higher elevations in

-58summer and to valleys and lower elevations in winter. These movements differ
from migration in that they are not periodical. If the right combination of
environmental variables are found in an area, the elk will remain there year-round;
for example, if forage becomes less available, they may move to or in search of a
more suitable supply area. However, some groups of elk, such as those of the
Olympic Peninsula, Washington (Schwartz and Mitchell 1945), and on Afognak
Island, Alaska (Troyer 1960), are migratory in response to severe winter weather
conditions.
Madison (1966) observed that the Tule elk (C. e. nannodes) in California is
non-migratory, and that there is no evidence that it ever was. The Tule elk utilize
various portions of their range in response to seasonal variations in food
availability. McCullough (1969:47) stated that:
...such seasonal movements are not regarded as migrations for
the following reasons: i) summering areas are not inaccessible
because of weather during the winter period; ii) movements are
not consistent among herds; and iii) the timing of movements
differs from herd to herd.
McCullough (1969) considered these movements to be solely local shifts in
response to local conditions.
Considering the wide range of movement strategies utilized by elk
throughout western North America, why then are some of the elk in the present
study utilizing a non-migratory strategy, while others a migratory strategy?
Migration should be favored when the benefits of moving outweigh the benefits of
not moving (Baker 1978). Woods (1991) listed the following potential benefits of
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competition for food; iii) escape from predation and other forms of harassment; iv)
access to increased mating opportunities; and v) avoidance of extreme seasonal
weather. Potential costs to migration include: i) increased energy requirements for
travel; ii) time lost from other activities; and iii) increased risk of mortality due to
travel hazards and predation. Within a species, or within a population, all
individuals may not face the same costs and benefits of migration. Woods (1991)
cited the example that the cost/ benefit ratio evaluation may vary with the size of
the individual, and that individuals may vary in their genetic tendencies to migrate.
By far the most favored proposal for the benefit of altitudinal migration in
North American ungulates living in mountainous areas is that of a nutritional
advantage over non-migration (Hebert 1973, Shackleton 1973, Morgantini and
Hudson 1983). Because forage quality generally peaks in young, rapidly growing
plants and then declines as the plants mature (Nelson and Leege 1982), animals
could benefit from tracking early growth stages as spring advances from lower to
higher elevations. If this is the case, then at any time during the growing season,
altitudinal migratory animals should have access to more nutritious forage than if
they had remained at low elevations. However, Woods (1991) concluded that
empirical data for various North American ungulates regarding forage quality,
animal condition, and animal movements, do not consistently support the
hypothesis that altitudinal migratory animals have access to better quality food.
Using a model, Boyce (1991) showed that seasonal fluctuations in food availability
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migratory and non-migratory elk. In areas with low seasonality, non-migratory
individuals had higher fitness over migratory animals because they had no migration
costs. At moderate levels of seasonality, fitness of both migratory and nonmigratory animals decreased, although the fitness of non-migratory individuals
decreased more sharply. Migrants do not universally gain access to better quality
food, even by moving to higher elevational ranges.
When one considers the large geographical range of Cervus elaphus (CluttonBrock in al 1982) and the diverse habitats occupied by the species (Geist 1982), it
is likely that the "nutritional payoff" for migration will vary widely among
populations. In areas like the upper Heber River valley, where summer conditions
on low elevation winter ranges are relatively hot and dry, large differences in forage
quality may exist between low and high elevation sites. In more mesic and cooler
areas like the Elk River valley, the nutritional benefits of migration could be reduced
or non-existent.
Murie (1951), Baker (1978), and McCullough (1985) have presented an
alternative explanation for choice of movement, based on learning. The suggestion
is that young animals develop patterns of home range use through individual
experience as well as association with others (particularly maternal association).
Woods (1991) observed that in Banff National Park, where a mother-young pair
was continuously tracked, the daughter adopted the movement strategy of the
mother. However, although Clutton-Brock g al. (1982) demonstrated a close
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daughter's life, Woods (1991) notes that this trait has not been well documented in
elk, or in other ungulates.
Life history traits are often phenotypically plastic; that is, a single genotype
produces a range of phenotypes depending on the environment (Lessells 1991).
Morgantini (1988) commented that flexibility in movement strategies and patterns,
allows elk to adjust to a variable environment, and Boyce (1991) noted that such
phenotypic plasticity could be shaped by natural selection. Bergerud (1974)
suggested that such adaptability explained variation in caribou (Rangifer tarandus)
movements, and was a major adaptation in that species. Woods' (1991)
observations of the movement patterns and variations in a Rocky Mountain elk
population supports these views. Woods (1991) noted that such flexibility allows
elk to make a conditional assessment of density and environmental variables, and
to either migrate or stay accordingly.
As Morgantini (1988) and Woods (1991) concluded, migration may not be a
species characteristic of elk, as has been implied by many authors, but rather an
adaptive and versatile response to a specific environmental situation. This is
consistent with Geist's (1982) "opportunism" theory of elk behavior, and Woods'
(1991) observation that no one variable (e.g. diet quality, previous experience,
harassment by predators) is likely to explain the range of foraging and movement
behaviors seen in the species.
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The basic purpose of a home range estimator is to provide a quantifiable area
describing the area traversed by an individual animal in the course of its normal
activities over a given time period. Because each home range estimator defines
this quantity differently, home range estimates should be viewed only as a general
measure of animal activity areas, and comparisons between studies of home ranges
should be taken only as general guidelines given the limitations of estimators
(Boulanger and White 1990). Even within the harmonic method of home range
estimation in a program such as Program Home Range, an animal's home range size
and shape can be severely influenced by changing the scale and grid density
parameter values in the home range calculations. Ackerman et al. (1990)
suggested that in order for harmonic mean home range estimates to be most
comparable between animals, the scale and grid cell parameters should be the
same. Their suggestions for accomplishing this were followed in the present study,
where each animal's location data was run separately with a "reasonable" choice
of scale parameter value, and the automatic grid density calculation option. An
"average or typical" value for the scale and grid density values, based on the initial
runs for each animal, was chosen and used to re-run all of data for each animal.
Scale and grid density values are only comparable between study animals of similar
movement patterns; that is, the home ranges of non-migratory study animals are
only strictly comparable with those of other non-migratory study animals using the
same average scale and grid density values. Changing the home range size and
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accompanied by detailed descriptions and maps of range areas to supplement
calculated areas (Harris et al. (1990).
Harris et al.'s (1990:97) review of 93 papers on home range analysis using
radio-tracking data, and published in the 5-year period to the end of 1988, showed
that even 25 years after the first radio-tracking studies, in the majority of papers
there was still "insufficient attention given to accurate and sufficient data
collection, and to using appropriate analytical techniques to assess home range size
and configuration." Less than 33% of the papers Harris et al. (1990) reviewed
included an assessment of the accuracy of the radio-locations obtained (fixes),
<10% considered whether or not locational fixes were autocorrelated, < 33%
stated how many fixes were used to calculate home range size, and < 25%
considered whether sufficient locations had been obtained for the home-range
estimation to reach an asymptote.
The number of radio-fixes required to estimate a home range size must be
known before the majority of field work is completed (Harris et al. 1990). This can
be accomplished by initiating a trial radio-tracking study period, where a large
number of fixes can be collected from a range of animals in order to encompass
variations due to sex and age, and to determine at what point home range size
reaches an asymptote. This is determined by plotting home range size vs. number
of locations, and defined as the point after which additional locations result in a
minimal increase in range size. Because asymptotes for individual home range
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the pattern of home range utilization and size, it is important that the selected time
interval for the home range estimation is based on a sound assessment of the
animal's biology (Harris et al. 1990). In the present study I did not initially
determine the number of radio-fixes required; however, the data here presented
may act as such information for any subsequent studies of the Strathcona Park
Roosevelt elk population.
Swihart and Slade (1985) showed a bivariate test of independence using
empirically derived critical values for the ratio of mean squared distance between
successive observations (t 2 ) to mean squared distance from the centre of activity
(r 2 ). Using this, and 2 other tests of independence, Program Home Range
automatically determined whether or not each animal location dataset was
autocorrelated. The bivariate test of independence showed that over half of the
datasets were indeed autocorrelated in the present study. Harris at

al. (1990)

noted that strict adherence to the collection of non-autocorrelated data is
worthwhile when the estimation of home range size is the primary aim of the study
and/or a large time interval between successive locations is possible. However,
they concluded that most radio-tracking studies require the collection of data which
are dependent to some degree. So, even with a very large database, it may not be
possible to translate autocorrelated data into an independent form and still retain a
sample size that is adequate for home range estimation. This was the case in the
present study, where it was not possible to translate autocorrelated data into
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Ackerman ei al. 1990) and still retain a large enough sample size for home range
estimation to occur.

SUMMARY
The main purpose of my study was to provide the baseline ecological and
practical information that will allow Park managers to better understand the current
elk-habitat relationship in Strathcona Park before being able to manage for another
more "desirable" one.
Home ranges and core use areas were estimated using Program Home Range
for all 10 radio-collared study animals. Location data for all study animals indicated
that the two Heber River elk (#499 and #688) were migratory, while the other 8
radio-collared elk were non-migratory.
Population trend is one of the major indicators of elk response to habitat
changes (Janz g al. 1980a), and as such is important to understanding the present
wildlife-habitat situation, and for forming the context in which future management
decisions can be made. Population and age-class composition estimates were
presented for each of the 4 study areas. Of concern is the low number of elk (4) in
the Thelwood valley.
Brunt At al. (1989) estimated the home range sizes of migratory and nonmigratory elk on Vancouver Island. Other studies (Graf 1955, Franklin etal. 1975)
and reviews (e.g. Adams 1982) have reported a wide variation in home range size
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estimated in the present study are within the variation reported in the literature;
however, as Arcese (1989) observed, home range sizes may vary with population
size, and therefore do not provide a universal scale for inter-specific comparisons.
The different movement strategies used by the elk in the present study is
consistent with notion that migration is likely not a species characteristic of elk,
but rather a versatile response to a given environmental situation.
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Testing Seasonal Models of Roosevelt Elk Habitat Suitability

INTRODUCTION
Central to the study of wildlife ecology is how an animal uses its
environment; in particular the kinds of foods it consumes and the types of habitats
it occupies. Harris et al. (1990) noted that measuring an animal's home range size,
shape, and pattern of utilization, are important for most ecological and/or
behavioral studies, and particularly for those concerned with habitat selection. The
ability to accurately evaluate habitat and to predict wildlife habitat values from
previously or readily gathered mapped data, would be of significant value to park,
wildlife, and resource extraction managers. One of the first major steps taken
toward such evaluative and predictive capabilities was the development of habitat
suitability models (U.S. Fish and Wildlife Service 1981). The ability of most models
to provide accurate quantitative predictions is limited, but they are useful for
understanding and evaluating how systems operate, and can facilitate the
development of useful resource management plans (Bunnell 1989).
Models of seasonal habitat suitability for Roosevelt elk in forested
watersheds were first developed during phase I of the Integrated Wildlife-Intensive
Forestry Research (IWIFR) Program (Brunt et al. 1989). These habitat suitability
models were designed to provide a reliable means of assessing impacts of forestry
development on potential Roosevelt elk habitat (Brunt 1991). The purpose of
testing the validity these models in my study, was to provide park, wildlife, and
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general elk habitat suitability, and for determining the impacts of recreational and
industrial development on elk habitat. In particular, this should assist park
managers in evaluating the land within Strathcona Provincial Park for the presence
of elk, for identifying areas suitable for the future placement of elk, and in
determining areas important to elk which require special protection or habitat
enhancement.
Johnson (1980) identified a 4-level ordering of the habitat selection process.
First-order selection involves the physical or geographical range of a species. The
home range of an individual animal or a social group within that range is determined
by second-order selection. Third-order selection refers to the usage made of
habitat components within the home range, and fourth-order selection determines
the actual procurement of food items from those available at that site.
In this chapter, I examine seasonal range selection by a non-migratory
Roosevelt elk population in the Elk River valley of Strathcona Provincial Park
(second-order selection) in relation to the relative suitability of the range's habitat
components (third-order selection).
Habitat Suitability Index (HSI) Model Development and Testing
The habitat suitability index (HSI) models developed by the U.S. Fish and
Wildlife Service (U.S. Fish and Wildlife Service 1981) are based on assessment of
the physical and biological attributes of habitat, under the assumption that habitat
suitability is proportional to carrying capacity (K. Berry 1986). Habitat use
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range. Two assumptions underlie this notion: i) an individual selects and uses
areas that are best able to satisfy its life history requirements; and because of this,
ii) greater use should occur in higher quality habitats (Schamberger and O'Neil
1986). These 2 assumptions are not always valid, either because factors other
than habitat characteristics may affect an animal's use of a site, or because of our
perception of that use.
While there has been a recent increase in the number of wildlife habitat
models being published in refereed journals, few models have been tested (K.Berry
1986, Bunnell 1989). Most wildlife HSI models have been constructed using the
literature and opinions of professionals (K. Berry 1986). Because models are
simplifications of the systems, depicting and requiring numerous assumptions, they
can never completely mimic the real world (Maynard Smith 1974), and so are
incomplete pictures of reality (Bunnell 1973).
Bunnell (1989:6) made the important distinction between model validation
and model verification, where "validate" means "sufficiently supported by actual
fact," and "verify" means "to establish the truth, accuracy, or reality of." The
present study proposes to validate Brunt's summer season habitat suitability
model. Lancia ?I al. (1982) considered habitat use by individual animals to be the
most reliable method of model validation.
According to Schamberger and O'Neil (1986), model testing serves 2
important purposes: i) to provide information concerning model performance and
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these, model tests are intended to determine how well a model meets its stated
objectives. Models should be developed and tested using 2 or more different sets
of the same type of data (Schamberger and O'Neil 1986). The present study
represents the second set of data used to validate Brunt's (1991) seasonal habitat
suitability models. The first testing of the validity of the models was presented in
Brunt (1991). A third testing is currently underway on northern Vancouver Island
(K. Campbell, unpubl. data).
In testing a model, hypotheses can be formulated at different levels within a
model, including tests of assumptions, variables, components, or overall output.
Most wildlife habitat model tests have been at the overall output level, which
provides little information for improving model performance; testing individual
model variables provides information for determining and improving model reliability
(Schamberger and O'Neil 1986). This study was designed to test Brunt's (1991)
summer season habitat suitability model at the overall output level.
The primary means of testing the model was accomplished through linking a
Geographic Information System (GIS) with Brunt's (1991) seasonal models.
Throughout the process, Brunt's (1991) warning, which cautioned researchers to
constantly beware of the "black box" syndrome of computer modeling of ecological
relationships was heeded (see also Bunnell 1973, 1989).

GIS Applications in Wildlife Habitat Modeling
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management decisions has existed since the first map was drawn. A GIS allows
the efficient and useful organization, storage, retrieval, and display of information
for management decisions (Devine and Field 1986). GIS technology is similar to
conventional map processing, yet provides advanced analytic capabilities which can
enable managers to address complex issues in entirely new ways (J. Berry 1986).
GIS technology was introduced to park, wildlife, and forest managers as a
tool for storing, retrieving, and analyzing map and tabular information (Schwaller
and Dealy 1986). The main purpose of a GIS is to process spatial information; its
main power is that the relationships of the map data can be summarized (database
inquiries), or manipulated (analytic processing). These procedures rely on the
storage abilities of GIS, which can efficiently organize and search large sets of data
for frequency statistics and coincidence among variables (J. Berry 1986). Existing
maps can be quickly and efficiently edited with GIS techniques. Predetermined
attributes can be entered into the GIS for each polygon (a defined area of particular
importance), independent of map creation, so that when complete, an attribute file
exists for every polygon (Consoletti 1986). Spatial information is represented
numerically, rather than by analog means, such as in the inked lines of a map. This
digital representation has the potential for quantitative as well as qualitative
processing (J. Berry 1986).
A key feature of this study is the importance of assessing habitat
interspersion. The use of a GIS allows the determination of spatial interspersion
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noted that previous attempts to incorporate habitat interspersion into wildlife
planning have failed to adequately represent wildlife habitat because interspersion
indices were added up over large areas. This has resulted in a failure to represent
the relationships among individual habitat polygons.
Study Background - Brunt's (1991) Thesis
Brunt's (1991) study was based on the general movements and seasonal
habitat use of a transplanted group of migratory elk. A transplanted group used
primarily for 3 reasons: i) habitat use by transplanted animals is more likely to be
in response to existing habitat conditions than it is to long-established patterns; ii)
for the first several years after the transplant, elk densities in the study area would
be lower than in most other Vancouver Island watersheds, thus minimizing the
possible confounding effects of density-dependent habitat selection patterns; and
iii) a more precise test of model performance may be evaluated because exploratory
movements of the transplanted elk can be closely followed to assess which areas
within the watershed the animals were or were not familiar with.
The seasonal models of elk habitat suitability that Brunt (1991) developed
and refined, were thus based on a low-density population of elk in an area
completely new to the animals. Brunt's models may in fact primarily reflect (or be
confounded by) these 2 factors. In order to further validate the models, it is
necessary to test model performance and reliability with a group of elk
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watershed with which they are completely familiar.
The specific objectives of Brunt's (1991) study were to develop models
quantifying Roosevelt elk habitat suitability, and to test these models against elk
seasonal range selection patterns in a different area from where they were
developed. The ultimate function of these models was to provide wildlife and
forest managers with a reliable means of assessing the impacts of forestry
development on elk habitat suitability (Brunt 1991).
While habitats impose selection pressures which cause particular life history
traits to evolve, a complete description of the components of a habitat relevant to
the evolution of life histories would probably involve huge numbers of variables,
and would become unwieldy for comparing different species (Lessells 1991).
Habitat classification is an attempt to summarize the kinds of selection pressures
imposed by different habitats in just a few variables.
The main factors affecting habitat suitability in Brunt's (1991) models are
forage, cover, and the interspersion of forage and cover. Seasonal forage and
cover quality for a polygon were calculated from information provided by the
understory types, which are similar to ecosystem associations as described by
Klinka gt al. (1984). A polygon's forage value was calculated from potential forage
values modified according to overstory characteristics of the polygon.
In testing Brunt's (1991) habitat suitability models, all potential cover and
forage suitability values by understory type, and the modifier values of cover,
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that these values are based on sound reasoning and professional experience, and
so assumed that they reflect the true (sensu Popper 1959) relative values of model
components in each identified habitat polygon.
Brunt (1991) developed and tested 3 models of seasonal habitat suitability
(summer, mild winter, severe winter seasons) in the context of migratory Roosevelt
elk habitat selection patterns on Vancouver Island. The question of seasonal range
selection patterns of elk that do not migrate to higher elevations during the summer
season as a matter of habit was not addressed in the IWIFR program research in
which the habitat relationships used in the models were initially developed. In
Brunt's (1991) study, this question was only addressed in a recommendation for
further study. Contrary to the importance placed on migratory elk in the IWIFR
program and in Brunt's (1991) study, it is known that the majority of Roosevelt elk
are non-migratory, as has been previously discussed in Chapter 1. The primary aim
of my study was to validate the seasonal habitat suitability models, as applied to
the non-migratory Elk River valley elk population, and to determine which model
provides the most accurate prediction of seasonal range selection patterns by nonmigratory elk.
The Elk River valley elk population was chosen as the study group for habitat
model testing because: i) the area is within Strathcona Provincial Park and thus of
interest to BC Parks; ii) funding was available for the required habitat mapping of
the area; iii) a stable elk population was believed to be present; iv) the area was
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dense vegetation than other areas inhabited by radio-collared elk, which facilitated
frequent direct sightings of the study animals.
STUDY AREA
Study Area
The Elk River valley study area (Figure 1) is an approximately 4450 ha area,
fallowing the course of the lower Elk River. The elevation gradient along the entire
Elk River changes dramatically from its upper valley headwaters (731 m at
Landslide Lake) to its terminus (221 m at Upper Campbell Lake).
The Elk River valley may be divided into 2 sections, the upper and lower.
The lower valley currently begins at the confluence of the Elk River and the Drum
Lakes effluent (diverted water from the Heber River and Crest Creek; Kellerhals
1992), and flows east into its terminus, Upper Campbell Lake. The above
described lower Elk River valley is considered as the "study area" in the present
study. The upper valley, which flows into the lower, begins approximately 8.5 km
south of Drum Lakes, at Landslide Lake.
Vegetation in the Elk River valley is characterized by the Coastal Western
Hemlock zone (CWH), and above approximately 700-900 m elevation, the
Mountain Hemlock zone (MH), both as described by Krajina (1965). A detailed
biophysical description of the area can be found in Kojima and Krajina (1975). The
most recent description of habitat types along the Elk River valley can be found in
Russell (1979).
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Janz and Lloyd (1977) noted that the major historical land use practice
within Strathcona Park influencing present elk distribution is the logging of old
Crown-granted lands adjacent to the Elk River. They reported that the majority of
the low elevation mature forest was logged during the early 1940's, from valley
bottom (221 m elevation) to approximately 230-365 m elevation on the side hills.
Although the entire Elk River drainage has been part of Strathcona Provincial
Park since its creation in 1911, the lower Elk River, in particular, has been
extensively modified by direct and indirect, primarily man-made interferences. Early
photographic records and written accounts dating back 50 years indicate a much
more stable, productive, and aesthetically pleasing environment previously existed
(Tredger et al. 1980). Kellerhals (1992) notes that the main impacts on the study
area are thought to be:
i) clear-cut logging of the flood plain (mid 1940's);
ii) flooding due to a major landslide into a headwaters lake (1946);
iii) road construction on the flood plains (mid 1940's - present);
iv) flooding of the lowermost 10 km of river by BC Hydro's Strathcona Dam;
v)

complete diversion of Crest Creek into the Elk River; and

vi) diversion of parts of the Heber River into the Elk River, which, together
with item 5 above, increases the low to intermediate water flows by 6080%.
The overall effects of these human-caused interferences has been a dramatic
change in river morphology along the lowermost alluvial reaches of the Elk River.
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1940, and this process of flood plain erosion is continuing (Kellerhals 1992).
During this process, much fish and wildlife habitat has been irrevocably lost
(Tredger et al. 1980).
METHODS
Study Area Map Development
Using the Terrasoft 9c GIS (Digital Resources Inc., Nanaimo, B.C.), a digital
base map of the Elk River valley was created from 1:20,000 understory association
maps, 1:15,000 (approximate) air photographs, and the existing 1:50,000 series
92F/13 - Upper Campbell Lake topographic map. Features digitized into the GIS
included biogeoclimatic subzones, understory association, canopy cover, aspect
and elevation class, watercourses, roads, and the powerline transecting the study
area.
The 1:20,000 biogeoclimatic subzone and understory association map was
created by Gartner Lee Ltd. (Burnaby, B.C.), under contract to the MOELP, and was
based on the biogeoclimatic codes from Green et al. (1984) and understory
associations described in Nyberg and Janz (1990). Mapped understory
associations were delineated by the contractor from existing topographic and forest
cover maps, color air photographs, and 40 field plots and ground truthing lines in
the study area. I then digitized the polygons delineating unique habitat types,
based on biogeoclimatic subzone and understory type from the 1:20,000 map, into
the GIS, in addition to the above listed features.
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unique habitats based on understory association types. In addition to the 40 field
plots and ground truthing lines established by Gartner Lee, Ltd., I placed 10 - 10 m
X 10 m field plots in different habitat types within the study area to further test the
accuracy of the understory association map. However, the limited number of field
plots and the their highly biased placement relative to accessibility, cannot confirm
the accuracy of understory association map. Without more extensive verification,
the map should be considered unconfirmed.
Model Development and Application
The main factors affecting habitat suitability in each of the 3 models
developed by Brunt (1991) are forage, cover, and the interspersion of forage and
cover. The latter is important because elk is an ectone species whose habitat use
is concentrated along the edge of more open areas which provide forage, and more
dense areas which provide cover (Skovlin 1982). All 3 factors have long been
recognized as the basic, seasonally fluctuating, habitat requirements which
determine elk abundance (Nyberg and Janz 1990). The model also considers
aspect and elevation to be important determinants to winter habitat selection
because of their influence on snow accumulation on elk winter range (Brunt 1991),
and are combined to form an additional factor used to calculate winter habitat
suitability in the mild and severe winter models.
Brunt (1991) did not consider the location and density of roads to be
important factors affecting habitat suitability in the 3 models. He believed that the
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pressures, may likely be balanced by the potential positive benefits, which include
an abundance of preferred forage along roadsides, and the provision of relatively
easy travel routes. The location and density of roads were not considered in my
study in accordance with the above argument, and also because the 2 roads and
powerline which occur in the study area completely transact the valley, likely
affecting the habitats within the entire area in a consistent manner.

Forage
Forage values used in the model were based on understory types (Nyberg
and Janz 1990) modified by overstory conditions. Potential forage values by
understory type for summer and winter seasons were developed based on
Vancouver Island Roosevelt elk diet information (Janz 1983, Brunt et al. 1989).
These potential forage values were then modified depending on overstory
conditions; the underlying notion being that an increase in canopy closure results in
a decrease in understory forage production (Nyberg and Janz 1990).
Potential forage values ranged from 0 to 0.99, with 0.99 being optimal.
Forage and cover values of 0.99 were used rather than 1.0 as optimal to avoid
division by 0 in the calculation of overall habitat suitability, as discussed in detail
later under "Habitat Suitability Calculations." Forage modifier values are presented
in Table 8; potential forage values for the study area are presented in Table 9. A

Table 8. Forage modifier valuesa.
—^Habitat

Forage
Modifier Value

Logged 5 2 years previously

0.40

Logged 3- 5 years previously

0.75

Logged 5- 15 years previously

1.00

Unlogged - deciduous dominated overstory b

0.75

Unlogged - conifer dominated overstoryc

0.50

Bog/Wetland; Rock outcrop; Slide complex

1.00

4^/

From Brunt (1991)
'Deer fern, Salmonberry, and Swordfern understory types
°All other understory types with the exception of Bog/Wetland, Rock outcrop, and
Slide complex
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Primary
1^Understory

•

•
•

•

•
•

Secondary
Understory

Ab

B

C

D

-

0

0

0.99

0.90

-

0.99

0.99

0.20

0.30

Moss

0.99

0.99

0.18

0.26

Rock outcrop

0.99

0.99

0.22

0.28

Salmonberry

0.99

0.99

0.32

0.40

Slide complex

0.99

0.99

0.26

0.44

Sword fern

0.99

0.99

0.32

0.38

-

0.99

0.99

0.10

0.10

Rock outcrop

0.99

0.99

0.14

0.12

Dull Oregon grape

0.99

0.99

0.2

0.1

-

0

0

0.30

0.20

-

i 0.99

0

0.30

0.20

-

0.99

0

0.40

0.20

Huckleberry-Moss

0.99

0

0.36

0.22

Lichen-salal

0.99

0

0.36

0.18

Rock outcrop

0.99

0

0.38

0.20

-

0.99

0

0.80

0.80

-

0

0

0.50

0.99

l 0.99

0.99

0.80

0.70

Salmonberry

0.99

0.99

0.80

0.72

-

0

0

0

0

-

'Modified from Brunt (1991)
b A = Security Cover; B = Thermal/Snow Interception Cover; C= Potential Winter
Forage; D= Potential Summer Forage
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cover value selection may be found in Brunt (1991).
Cover
Nyberg and Janz (1990) discussed 3 types of cover as being important for
elk: security, thermal, and snow interception cover. Only 2 types of cover are
addressed in the habitat suitability models, security cover, and thermal/snow
interception cover. Security cover is defined as vegetative or topographic cover
capable of obscuring 90% of a standing adult elk at a distance of <61 m from a
human observer (Thomas et al. 1979), although this relatively arbitrary definition is
open to question (Rahme 1991). Nyberg and Janz (1990) defined the standard for
thermal cover in British Columbia coastal forests as stands > 10 m in height with a
mean canopy closure of > 70%; stands > 10 m in height with a mean canopy
closure of 60-90% provide snow interception cover for elk in coastal British
Columbia forests. Habitat plots established in the study area (n = 50), examination
of air photos, consultation with a vegetation ecologist, and a detailed knowledge of
the area, formed the basis for decisions on which habitats satisfied elk cover
requirements. Cover suitability values are presented in Table 9.
Similar to forage values, understory types form the basis for the assignment
of cover values in the 3 models (Brunt 1991), however, habitat polygons are not
differentiated by their relative cover value; they either do, or do not, satisfy cover
requirements. Brunt (1991) felt that there is insufficient information currently
available to rank the relative ability of different habitats to satisfy elk cover
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values of either 0 or 0.99 for security and thermal/snow interception cover
suitability values depending on whether or not they satisfied these cover
requirements.
Interspersion
Interspersion of forage and cover is recognized as a critical component of
wildlife habitat suitability (Nyberg and Janz 1990). Numerous studies (e.g. Witmer

In al. 1985, Hunter 1990; see also Nyberg and Janz 1990) have noted the decline
in elk use of both forage and cover areas as the distance from their common edge
increases. Although elk are an highly mobile species, their use of a particular
habitat is strongly influenced by the forage and cover characteristics of nearby
habitats. Because of this, one half of the total habitat suitability of a particular
polygon is derived from its forage and cover characteristics, and the other half
determined from distance from cover and high quality forage (forage suitability
value 0.5) (Brunt 1991),
Edge-to-edge distances from areas of high forage suitability (z 0.5) and from
security and thermal/snow interception cover were determined for the entire study
area, and the resulting interspersion factor was determined for each model using
the GIS' corridor analysis function.
Interspersion modifier values for the various distances from cover and high
forage value areas (Table 10) were developed by Brunt (1991) from distance-to-

Table 10. Interspersion modifier valuesa.
Distance from Cover or Preferred
Forage Areas (m)

Modifier Value

Ob

1.0

<140

1.0

141 - 249

0.6

250 - 300

0.4

>300

0.1/0.01c

aFrom Brunt (1991)
b Site qualifies as cover or preferred forage area
c0.1 for cover; 0.01 for food

1
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1989, Nyberg and Janz 1990). Modifier values assigned to distances > 300 m
from cover or from high quality forage differed because Brunt (1991) considered elk
distribution to be more affected by extreme distances from high quality food than
from cover. He argued that cover availability was high throughout his study area,
and because cover availability was also high in the present study area, I used the
same modifier values.

Aspect/Elevation
The limiting factor to habitat suitability in mild winter and severe winter
models is a combination of site aspect and elevation, which together influence
snowpack depth and persistence, both of which are critical components of elk
winter range suitability (Brunt 1991). Snow buries forage and increases the costs
of locomotion at a time of the year when food availability is limited and energetic
demands are high relative to those in summer (Nyberg and Janz 1990).
Aspect/elevation modifiers (Table 11) are used in the models because high
elevation, north aspect areas receive and retain more snow than do lower
elevation, south aspect areas. These modifier values were developed based on
relationships among aspect and elevation and snowpack accumulation and melt
rates "...from [Brunt's] general experience and observations, and from consultation
with other deer, elk, and habitat biologists working on Vancouver Island" (Brunt
1991:56).

Table 11. Aspect/elevation modifier values used in the mild and severe winter
models'.
Elevation
(metres)

Aspect
290-700
(north)

71-1100
(east)

110-250°
(south)

250-290 0
(west)

Flat

0-350

0.6

0.8

1.0

0.8

1.0

351-550

0.4

0.6

0.8

0.6

0.8

551-1050

0.2

0.4

0.6

0.4

0.6

>1050

0

0

0

0

0

'From Brunt (1991)
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To calculate a habitat suitability value for each polygon in the study area for
each of the 3 models, I followed Brunt's (1991) methods. Habitat polygon data
were digitized into the GIS in a vector (line) format, and subsequently gridded into
a raster format for overlay analyses and area calculations. Data levels containing
forage, cover, interspersion, and aspect/elevation values were overlaid, resulting in
the formation of 492 polygons for the entire study area. Each resultant polygon
was assigned summer, mild winter, and severe winter habitat suitability values
based on the respective model's algorithm. Within the model algorithms, the
relative weight values applied to the variables and component relationships used to
calculate seasonal range suitability "...were judgement based estimates of the
relative contribution of the various factors to habitat suitability derived from 10
years of elk-forestry studies on Vancouver Island" (Brunt 1991:58).
The basic assumptions used in the development of these weighting values
were the following (Brunt 1991):
i) forage quality/availability is more important than cover during summer and
mild winters compared to severe winters;
ii) snow interception cover is not required on summer ranges and is less
important during mild winters than during severe winters; and
iii) the influence of aspect/elevation on snowpack accumulation and
persistence is more important during severe winters than mild winters.

The algorithms (Brunt 1991) used to calculate seasonal range habitat
suitability values were:
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Summer Season Habitat Suitability:
exp (0.5*ln (1-exp(0.7*In (1-SUMM) + 0.15*In (1-THERMAL) + (0.15*In (1SECURITY)))) + 0.25*In (SUMMDIS) + 0.125*In (TDIS) + 0.125*In (SDIS))

Mild Winter Season Habitat Suitability:
exp (0.5*In (1-exp(0.7*In (1-WINT) + ((0.2*In (1-THERMAL)) + (0.1*In (1SECURITY)))) + 0.25*In (WINTDIS) + 0.125*In (TDIS) + 0.125*In (SDIS))*ASEL• 5

Severe Winter Season Habitat Suitability:
exp (0.5*In (1-exp(0.5*In (1-WINT) + ((0.4*In (1-THERMAL)) + (0.1*In (1SECURITY)))) + 0.20*In (WINTDIS) + 0.20*In (TDIS) + 0.1*In (SDIS))*ASEL L°
Where:^In = natural logarithm;
exp(x) = e' x ';
WINT = winter forage value;
SUMM = summer forage value;
THERMAL = thermal cover value;
SECURITY =security cover value;
WINTDIS =distance to winter forage of value ....0.5;
SUMMDIS =distance to summer forage of value ....0.5;
TDIS = distance to thermal/snow interception cover;
SDIS = distance to security cover; and
ASEL = aspect/elevation modifier value.

A more detailed explanation of algorithm development and choice of mathematical
computations is presented in Brunt (1991:56-61).

Home Range Suitability Calculations
The cumulative ranges and core use areas generated from the home range
program were imported into the GIS to generate habitat suitability values for the
ranges. The seasonal suitability values of the individual polygons within the ranges
were weighted by the area of the polygon in question relative to the total Elk River
valley study area. The sums of the weighed habitat suitability values represented
the overall suitability of the range.
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Three main analyses were conducted on the habitat suitability data
generated from application of the 3 seasonal models. Where appropriate, the
habitat suitability of individual animal locations and/or the habitat suitability of
animal home ranges generated by the home range program from the animal location
data, were used for model validation tests.
The 3 validation tests of the habitat suitability models' output were the
following:
A) testing for random habitat selection with respect to modeled habitat
suitability;
B) examining modeled habitat suitability of the total study area, unused
portions of the study area, cumulative range, and core use areas; and
C) assessing which of the 3 seasonal habitat suitability models best reflects
the range selection of non-migratory elk.

A) Random Habitat Selection Test
Brunt's (1991) habitat suitability models would have no predictive capability
if the elk were selecting habitats at random with respect to modeled habitat
suitability. In order to provide "statistical evidence" that no random habitat
selection occurred within the study area, a chi-square goodness-of-fit test was
applied to the summer season animal location data. Because it was immediately
obvious that random habitat selection was not occurring, and because modeled
mild winter and severe winter habitat suitability values for the animal location data
were very similar to those of the summer location data, goodness-of-fit tests were
not applied to the 2 winter models.
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suggestions made by Cochran (1954:417) that no expected frequency should be
less than 1.0, and no more than 20% of the expected frequencies should be less
than 5.0. Expected frequencies were determined by calculating the proportion of
the entire study area having habitat suitability within the 4 classes chosen
multiplied by the number of locations obtained (n = 216) for the summer season
animal location data. Observed frequencies were identified as the number of
animal locations occurring within each of the 4 suitability classes.
B) Habitat Suitability Within Study Area
If the 3 seasonal habitat suitability models accurately reflect elk habitat
selection patterns, areas of higher use should have higher suitability values. The
principle validation test of the models' ability to predict elk seasonal range selection
was to compare the habitat suitability of the following 4 calculated regions: the
total study area; portions of the total study area unused by elk; the cumulative elk
range within the study area; and the core use area within the cumulative elk range.
All 3 seasonal range suitability models were applied to each of the 4 range
types. The seasonal suitability values of the individual polygons within each of the
4 regions were weighted by the relative area that the polygon represented of the
total area of the region. The sums of these weighted values represent overall
suitability of the 4 regions.
The total study area was somewhat arbitrarily delineated west-to-east by the
maximum height of the Elk River valley watershed at the Drum Lakes, to Upper

-91Campbell Lake, and north-to-south by the approximate height of land of the study
area. The cumulative range and core use area were estimated by Program Home
Range (Ackerman Dt DI. 1990) using all animal locations (n = 284). The portion of
the study area unused by elk was determined by repeated ground and aerial
surveys of those regions of the total study area exclusive of the cumulative range
throughout the season of interest. Although Janz and Lloyd (1977) reported that
these areas supported a very small group of elk during more severe winter seasons,
no elk sign could be found during the study period, and I feel confident that these
areas did not support any elk during the study period.
Although comparisons of total study area, unused total area, cumulative
range, and core use area habitat suitability values cannot be accomplished in a
statistically rigorous fashion (essentially because there is only one of each range
type available for comparison with the other types), if the models adequately
predict habitat selection, a trend should be evident, indicating habitat suitability to
be proportional to the elk's use of an area.
A more rigorous statistical analysis of the habitat suitability values between
animal locations (n = 284) in the intensively used (core use area), and 284 randomly
generated locations in the unused portions of the study area was accomplished by
using a one-tailed t-test. Habitat suitability was weighted by the area of the
polygon relative to the area of the core use area in which all of the animal locations
fell. Each animal location and randomly generated location was given the habitat
suitability value of the polygon in which it fell, for each of the 3 models. Means
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each model. If the models adequately predict habitat selection, the mean habitat
suitability value of the core use area animal locations should be significantly higher
than that of the randomly generated locations in the unused portion of the study
area.

C) Comparisons Among Seasonal Model Prediction
As discussed earlier, if the models accurately reflect elk habitat selection,
areas of higher use should have higher suitability values. But because the Elk River
elk are non-migratory, it is expected that at least 2 of the models (summer and
winter) should be equally good at predicting year-round habitat selection; no one
model should predict higher suitability values for areas of higher use.
In order to determine if there is any difference in the abilities of the 3 models
to predict habitat selection for a non-migratory elk population, habitat suitability
values generated by all 3 models were compared using animal location data.
Habitat suitability were weighted by the area of the polygon relative to the area of
the core use area in which all of the animal locations fell. Each animal location
(n = 284) was given the habitat suitability value of the polygon in which it fell, for
each of the 3 models. Means and standard deviations of the habitat suitability
values were then calculated for each model.
D'Agostino's test for normality (D'Agostino 1971 a, b) indicated that the
distribution of habitat suitability values for the animal location data was non-normal
(D = 0.191495, critical values = 0.2705, 0.2866, a = 0.05). However, because
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suitability value output of each model (A. Kozak; pers. comm.).
RESULTS
Habitat Suitability Model Validation Tests
Figure 7 presents the Elk River valley study animals' (elk #'s 120, 179, 218,
and 259) cumulative range and core use area within the total study area as
estimated by Program Home Range (harmonic mean estimator).
A) Random Habitat Selection Test
Summer habitat suitability values of locations used by elk in summer were
significantly different than expected values based on availability (Table 12); elk
used habitats in summer with the highest suitability values ( > 0.90) more often
than expected. This indicates non-random habitat selection with respect to
summer model output, and suggests that further analyses to test model validity are
warranted.
B) Habitat Suitability Within Study Area
A consistent trend of increasing habitat suitability value is obvious in all 3
models from the unused portion of the study area, to the total study area, to the
cumulative range, to the core use areas (Table 13).
Mean habitat suitability of animal locations (n = 284) in the core use area
was significantly higher than that of randomly generated locations (n = 284) in the

TOTAL STUDY AREA ^
CUMULATIVE RANGE
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UNUSED PORTION OF
TOTAL STUDY AREA

,
___

_
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Figure 7. Total study area, unused portion of the study area, cumulative range, and core use area for elk #'s 120, 179, 218, and 259
in the Elk River Valley, as delineated for seasonal habitat suitability model testing.

Table 12. Frequencies of expected (given random habitat selection) and observed
habitat suitability class values for the summer model.

Summer Model
Suitability Class

"

Summer' Animal Locations (n = 216)
Observed

Expected'

24

36.12

0.60 - 0.87

0

79.54

0.87 - 0.90

60

62.71

132

37.64

<0.60^t

>0.90

Chi-square = 320.28; critical value = 7.815; a = 0.05;
degrees of freedom = 3

aSummer = May 1, 1992 - September 15, 1992
'Proportion of the study area in the suitability class multiplied by 216 locations

Table 13. Habitat suitability values for unused portion of the total study area, total
study area, cumulative range, and core use area for summer, mild winter, and
severe winter models.
Unused Portion of
Total Study Area

Cumulative
Range

Core Use
Area

0.76

0.71

0.81

0.88

Mild Winter

0.73

0.67

0.77

0.86

Severe Winter

0.76

0.71

0.81

0.89

Model
Summer

Total Study
Area

-97unused portion of the study area (Table 14), for all 3 models (summer t =10.551,
mild winter t = 9.056, severe winter t= 9.736; for all tests

t criti„, =

1.645, df = 566,

a =0.05).
C) Comparisons Among Seasonal Model Output
The mean habitat suitability values of summer, winter, and cumulative
(summer and winter) animal location datasets calculated by all 3 models showed
little variation (Table 15). Of the 9 comparisons possible between mean habitat
suitability values of summer, winter, and cumulative animal location datasets for
each of the 3 models (Table 16), only that between summer and winter values
from the mild winter model, was significantly different (t = 2.180,

t-critical =

1.960,

df = 282, a = 0.05) (Table 16).

DISCUSSION
Brunt's (1991) models are models of understanding; they represent a first
step towards the development of a predictive tool capable of making realistic,
quantitative predictions about the response of elk populations to habitat
management activities. While the results of my study validate the models'
simplification of the real-world elk-habitat relationship, one must keep in mind
Bunnell's (1989:8) caution that "validity and simplicity are not synonyms of
veracity," and that although a researcher can quantify the accuracy of a
predictive model for a manager, he cannot quantify the degree to which the model
has been strengthened.

Table 14. Mean habitat suitability values for animal locations in the core use area,
and random locations in the unused portion, of the Elk River valley study area.
Mean Habitat Suitability Value of
Model

Core Use Area
Animal Locations
(n= 284)

Unused Portion of Study
Area Random Locations
(n= 284)

Summer

0.87^(0.15)a

0.66 (0.30)

Mild Winter

0.87 (0.17)

0.68^(0.31)

Severe Winter

0.89^(0.19)

0.67 (0.33)

"Sample standard deviation

Table 15. Mean habitat suitability values of summera, winter b and cumulative
animal locations estimated by each of the 3 seasonal models.
ERV Group`
Model

Summer Locations
(n= 216)

Winter Locations
(n= 68)

Cumulative Locations
(n= 284)

Summer

0.88^(0.14) d

0.84 (0.17)

0.87^(0.15)

Mild Winter

0.89^(0.16)

0.84 (0.18)

0.87^(0.17)

Severe Winter^0.90 (0.18)

0.86 (0.22)

0.89 (0.19)

'May 1, 1992 - September 15, 1992
January 11, 1992 - April 31, 1992; September 16, 1992 - January 6, 1993
`Includes elk #'s 120, 179, 218, and 259
d Sample standard deviation
b
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Table 16. Results of all possible two-tailed paired Mesta comparisons among
summer b , winter, and cumulative d animal location datasets using the 3 habitat
suitability models.

Model Used

Summer

Mild Winter

Severe Winter

)

Comparisons Between
Animal Location Datasets

t-value

summer and winter

+ 1.948

summer and cumulative

+ 0.760

winter and cumulative

-1.443

summer and winter

+ 2.180

summer and cumulative

+ 1.336

winter and cumulative

-1.292

summer and winter

+1.512

summer and cumulative

+0.596

winter and cumulative

-1.133

aln all cases a = 0.05, and t-critical =^1.960
Summer = May 1 - September 15, 1992
'Winter = January 11 - April 30, 1992; and September 16, 1992 - January 6, 1993
d Summer and winter animal location datasets combined
b
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validated in that they appear to reflect elk range selection patterns. While no true
seasonal ranges were selected by the non-migratory Elk River valley elk population,
modeled suitability of the habitats selected by elk were significantly different from
what would be expected if selection had been random. This was the case for all 3
models, using both the animal location data and the home ranges estimated from
those location data.
For all 3 models, validation tests further indicated that the cumulative elk
ranges were of significantly greater suitability value that the total study area and,
as a consequence, those portions of the total study area unused by elk. In
addition, the elk core use areas had significantly greater suitability values than the
cumulative ranges. Core use areas are especially important because they denote
areas of particularly high home range usage, and thus they often may provide a
more clear measure of the changing pattern of range use than does total home
range area. Core use areas are often more useful than the more peripheral
contours delineating an animal's home range for understanding both intraspecific
and interspecific patterns of home range use (Harris et al. 1990). As expected, the
animal locations within the core use area had the greatest mean habitat suitability
values within the entire study area.
The relative increase in predicted habitat suitability values from unused to
core use areas indicates the ability of the models tested in this study to reflect elk
habitat selection patterns. The assumption being that elk select cumulative areas
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area =the lower Elk River valley), and that within the cumulative range, the elk "key
in" on core use areas of particularly high habitat suitability. Similar consistent
trends in Brunt's (1991:132) study led him to likewise conclude that they provided
"...what I consider the best corroborative evidence" of the models' validity.
Habitat suitability values for both home range and animal location datasets in
the Elk River valley were notably higher than those calculated in Brunt's (1991)
study of migratory elk, where cumulative range habitat suitability values ranged
from 0.27-0.55; seasonal range values from 0.36-0.74; and core use area values
from 0.24-0.85. The difference in habitat suitabilities calculated in my study and
Brunt's (1991) is probably related to the fact that Brunt's study animals were
transplanted into a watershed with which they were unfamiliar, and consequently
unaware of all areas of high habitat suitability value. In addition, Brunt's study
animals were all migratory. One of the reasons the Elk River valley elk are nonmigratory may be related to the higher habitat suitability values found in the area
they occupied.
In the present study, no one model best predicted the habitat suitability of
the home range selected by the non-migratory study animals. Studying migratory
elk, Brunt (1991) found that the 2 winter models predicted statistically higher
suitability values for winter ranges than for summer ranges, as was expected.
However, there was no statistical difference between the summer model's
predicted suitability value for the summer and winter ranges. Brunt postulated that
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those occupied during the summer (winter ranges had the highest suitability
predicted by each model), but elk introduced to the study area continue to migrate
out of habit. In support of this concept that elk movement behavior becomes
relatively fixed and unchanged despite translocation, Brunt (1991) noted that in
previous transplants of non-migratory elk on Vancouver Island, the animals
remained non-migratory even though high quality summer range was available at
higher elevations. Likewise, migratory elk may continue to migrate even when
adequate summer range is available without migrating.
In the present study I found that the 3 models showed little variation in
calculated habitat suitability values using summer, winter, and cumulative animal
location datasets. There was no statistical difference between model outputs
except between summer and winter using the mild winter model. In view of the
other 8 comparisons for which no differences exist (Table 16), I believe the
difference between the summer and winter model is unimportant, and that there is
virtually no difference in habitat suitability values predicted by the 3 models.
Russell (1979) concluded that the amount of available forage in the Elk River
valley is the greatest limiting factor on the number of elk using this area. In
addition to forage as a limiting factor, the vast majority, if not the entirety, of the
study area has been significantly and routinely disturbed from its pre-colonial state
(Tredger et al. 1980, Kellerhals 1992). Unquestionably, this must have had
numerous negative effects on local fish and wildlife populations, including on the

-104Roosevelt elk. Two potential threats particular to the elk in the Elk River valley
include illegal hunting and accidental road kill, both of which are facilitated by the 2
roads running through the area. In spite of these threats, I agree with Brunt's
(1991) recommendation that the location and density of roads need not be
incorporated into the models. Illegal hunting and accidental road kill are
unpredictable factors, and thus difficult to incorporate as variables of habitat
suitability models on Vancouver Island.
Eng et al. (1990) noted that Vancouver Island exhibits a cyclical pattern of
snow depths; severe winters occur approximately every 18 years. Thus, long term
maintenance of elk populations requires the availability of both mild and severe
winter habitats. Because the winter season during the study period provided
conditions under which the mild winter model might be applied (MOELP; pers.
comm.), the severe winter model remains untested with respect to both migratory
and non-migratory elk populations. Brunt (1991) noted that since the initiation of
the IWIFR research project which provided the majority of information for the
development of the models, winter weather conditions on Vancouver Island have
been relatively mild. Until the habitat relationships that drive the severe winter
model can be tested during winters of prolonged, deep snow accumulations, the
severe winter model cannot be considered more than preliminary, and as Brunt
(1991:133) cautioned, "...applied with prudence."
Brunt (1991) recommended conducting further model validation tests in
different areas during years of different weather conditions; this provides the
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most tests of wildlife-habitat models, including Brunt's (1991), the present study,
and the ongoing study on northern Vancouver Island, examine only model output.
Schamberger and O'Neil (1986) noted that additional tests of the individual model
variables or assumptions of the model provide information for determining and
improving model reliability. Intensive research into the individual model
components and relationships would be the next logical step in further assessments
of the validity of the models, and to improve their predictive capabilities (Brunt
1991). This is particularly appropriate in light of the findings of the present study,
in terms of the extent to which the models apply to the habitat selection patterns
of non-migratory Roosevelt elk. Brunt (1991) noted that previous transplants of
non-migratory elk on Vancouver Island to an area where higher elevation summer
range was available did not result in the animals adopting migratory behavior to
take advantage of these areas. Further model validation tests using such a
transplanted population may provide additional insight into the dynamics of nonmigratory elk habitat selection patterns.

CONCLUSIONS
After testing and validating the 3 habitat suitability models, Brunt (1991) still
concluded that the models may not be embraced by forest and wildlife managers.
The principle reason for possible reluctance to make extensive use of the models
centers on the understory mapping which is necessary for determination of both
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to generate an understory map is not readily available from existing map bases. An
extensive background is required in vegetation ecology, expertise in air photo
interpretation, and extensive ground checking to prepare a validated understory
map (Brunt 1991). This will likely prohibit ready acceptance of the models into
general forest resource and wildlife-habitat planning.
Bunnell (1989) considered 4 ways by which modeling can waste time,
talent, and funding. They include misuse, where models are used for the wrong
purpose; disuse, where models are no longer used; lack of model evaluation; and
legal challenges to the validity of the model and its use in making management
decisions. The models tested in the present study are most likely to fall victim to
the second fate: disuse.
Disuse of a model is obviously wasteful if developing the model was
expensive in terms of time and money, and the model is not used. Bunnell
(1989:2) noted 4 broad, related reasons why wasteful disuse of models occurs: i)
the model does not address the question or purpose of the intended user; ii) the
intended user never existed, "just someone who might be convinced"; iii) although
it asks the right question, the model is too complex to be used and/or requires too
much data; and iv) model output is not sufficiently accurate. At the present time
and state of model accuracy, all 4 reasons apply to BC Parks potential disuse of the
models.
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models was to provide forest managers with a reliable means of assessing the
impacts of forestry development on elk habitat suitability. However, it has been
suggested that BC Parks might apply the models as a management tool with a
slightly different goal: to make predictive use of the models in terms of identifying
high quality elk habitat throughout and adjacent to Park lands. Such identified
areas would then be targeted for a particular management action such as special
protection, reduced human access, transplant activities, etc.
I believe that the cost-benefit ratio for this use of the model is not
warranted, given the time and money required to collect the information necessary
to generate an understory map of the entire Strathcona Park. A systematic
identification of high quality elk habitat in the Park by qualified elk-habitat experts
could be accomplished in less time, for far less money, and would not necessitate
further ground verification. However, in addition to identifying high quality elk
habitat, the baseline data gathered in the completion of a Park-specific understory
map would allow for future studies of other species wildlife-habitat relationships.
This study provides additional support for a correlation between predicted
habitat suitability and elk habitat selection. Like Brunt's (1991) initial study of
model development and testing, it is, in effect, an unreplicated experiment with no
controls. Further research in watersheds throughout Vancouver Island and on nonmigratory as well as migratory elk is needed to gain confidence in the results from
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as decision-making tools.
Romesburg (1981) stated that modeling was never intended to function as a
means to scientific knowledge, and that the use of modeling in science is limited
because it cannot predict to within established tolerances. However, its continual
use is assured as a planning tool that can integrate scientific knowledge and
common sense, as well as theory, hunches, and expert opinion to forecast
alternative future images: "Planning is inaccurate by the standards of science, but
that is no reason to abandon planning," (Romesburg 1981:310). The corroborative
evidence obtained to date suggests that Brunt's (1991) models may indeed be
useful in helping managers make more informed decisions about elk habitat
suitability, and the effects of man-centered activities on this suitability.
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