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ABSTRACT

Moose (Alces alces) and white-tailed deer (Odocoileus virginianus) population numbers
in northern Minnesota have fluctuated recently, possibly due to habitat changes,
interspecific competition, and meningeal worm (Parelaphostrongylus tenuis). Little is
known currently about the relative distribution and home range characteristics of
sympatric moose and white-tailed deer in this area. Surveys were conducted during the
winters of 1989 and 1991 to determine the relative distributions of moose and white-
tailed deer pellet groups in VVoyageurs National Park (VNP). Moose and white-tailed
deer home ranges were determined using an adaptive kernel technique and applied to
aerial radio telemetry relocations from 1989 to 1991. | examined the habitat selections of
moose and white-tailed deer through compositional analysis at the home-range and core-
area scales. Pellet transect data revealed a low abundance of moose and a high
abundance of white-tailed deer and provided evidence of some spatial separation between
moose and deer ranges in VNP. This evidence was supported by little interspecific home
range overlap between radio collared moose and white-tailed deer. Moose home ranges
in VNP were larger than any previously reported in the contiguous United States, and
white-tailed deer home ranges were larger than any previously reported for the region.
There was no apparent difference in home range sizes between the sexes for moose and
white-tailed deer, although small sample sizes precluded precise statistical testing.
Compositional analysis did not detect any habitat preference at the core-area scale for
either moose or white-tailed deer. Both moose and white-tailed deer exhibited a
significant preference for spruce/balsam fir habitats at the home-range scale. Canopy
density and height preferences differed between moose and white-tailed deer at the home-
range scale. Differential habitat preferences between moose and white-tailed deer in
VNP might be related to the differences between these species’ abilities to cope with
northern mid-continent climates. The apparent spatial separation and different habitat
preferences between moose and white-tailed deer might provide a refuge for moose from
meningeal worm-infected white-tailed deer in VNP and could be a factor in the
coexistence of the species.



INTRODUCTION

Moose (Alces alces) inhabit a circumpolar region of northern boreal forests
dominated by spruce (Picea), pine (Pinus), and fir (Abies). Moose range has expanded in
North American since 1955 (Peterson 1955). Moose populations in North America
increased slightly from approximately 940,000 to 975,000 between 1960 and 1990
(Karns 1997). Moose populations in Minnesota increased eight fold from approximately
1,500 animals in 1960 to 12,000 in 1990 (Karns 1997). Peak numbers of moose in
northern Minnesota, Ontario, and Quebec might have occurred prior to 1990. Moose
numbers started to decline in the mid-1980s due to increased hunting and predation
pressures (Thompson and Euler 1987). Moose at Voyageurs National Park (VNP) are at
the southern periphery of the specie’s North American range and northeast of
Minnesota’s primary moose range (Karns et al. 1974). Surveys conducted in the early
1990s estimated that 60-100 moose inhabited VNP with a mean density of 0.23/km?
(Whitlaw and Lankester 1994, Gogan et al. 1997).

White-tailed deer (Odocoileus virginianus) are thought to have expanded their
general continental distribution into northern Minnesota around 1900 and became
common in the area by the 1920s (Petraborg and Burcalow 1965). Between 1935 and
1939, white-tailed deer densities in northeastern Minnesota were estimated at between 6
and 8/km? (Olson 1938, Petraborg and Burcalow 1965). White-tailed deer densities near
the present VNP decreased from 3.5/km? in the late 1960s (Mech and Karns 1978) to
0.5/km? in the late 1970s and early 1980s (Nelson and Mech 1986). Since that time,

white-tailed deer numbers have dramatically increased. In the winter of 1975-76,



estimated deer densities at VNP ranged from 1.5/km? to 11.5/km? (Peterson unpubl.).
There were an estimated 3000 white-tailed deer on the Kabetogama Peninsula of VNP in
1992, at an average density of 8.37/km?® (Gogan et al. 1997).

Moose and white-tailed deer are significant natural resources in VNP. In addition
to the cultural aspect of attracting visitors, the two species also play a critical ecological
role in the greater VNP ecosystem. White-tailed deer are a critical component of the diet
of VNP’s gray wolf (Canis lupus nubilis) (Gogan et al. unpubl.), a federally classified
threatened species, and are, therefore, of primary concern to wolf recovery efforts.
Wolves have been found to also hunt moose when deer populations are low. Moose play
an important role in nutrient cycling in VNP’s ecosystem (Pastor et al. 1988, 1997).
White-tailed deer have been found to be important in the nutrient cycling in northern
hardwood forests (Rooney and Waller 2003).

Moose and white-tailed deer are sympatric across a relatively narrow band of
North America, and their habitat use patterns within these areas are not well understood.
The two species are thought to have occurred sympatrically in the area that is now VNP
at least since the early 1930s (Gogan et al. 1997).

Population levels of moose and white-tailed deer in VNP have fluctuated from the
establishment of the park in the mid-1970s through the mid-1980s (Gogan et al 1997,
Cole 1987), but reasons for these changes are unknown. It has been suggested that
competition for winter browse between moose and white-tailed deer should be intense
because allopatric populations of these species consume similar forages (Peterson 1955).

Overlap in the winter diets of moose and white-tailed deer were found in sympatric



populations in Maine (Ludewig and Bowyer 1985); however, there is no information on
the level of habitat use overlap between moose and white-tailed deer at VNP.

Moose and white-tailed deer population fluctuations have been attributed to
changes in vegetative types and seral stages (Mech and Karns 1978, Cole 1987). Fire
disturbances have been found to be beneficial to moose (Spencer and Hakala 1964,
Krefting 1974). Moose densities increased to 5 times their previous number following
the 1971 Little Sioux Fire in adjacent Superior National Forest, Minnesota (Neu et al.
1974, Peek et al. 1976).

Parasite-mediated competition between moose and white-tailed deer might be
responsible for recent declines in moose numbers. Moose declines in Minnesota and
elsewhere has been attributed to the meningeal worm (Parelaphostrongylus tenuis), a
parasite that is largely benign in white-tailed deer but fatal in moose (Karns 1967,
Prescott 1974). The extent to which the meningeal worm has caused apparent moose
declines in VNP is an unresolved issue. Spatial separation and differential habitat
selection between moose and white-tailed deer might allow moose to survive in the
presence of infected white-tailed deer (Gilbert 1974). White-tailed deer in Nova Scotia
were excluded from some habitats at high elevation by snow, providing moose with
refuges from white-tailed deer during the winter season (Telfer 1967). “Refugia”
between moose and white-tailed deer in Maine was identified as a possible factor
allowing moose to persist in the presence of sympatric populations of meningeal worm-
infected white-tailed deer (Kearney and Gilbert 1976). Questions, however, have been

raised concerning validity of the refugia hypothesis. The purported benefits of a seasonal



refuge for moose when infection rates are highest might not exist because moose and
white-tailed deer habitat uses overlap during other times of the year (Nudds 1990). Even
a partial refuge from infected white-tailed deer, however, might provide moose with a
relative advantage (Whitlaw and Lankester 1994).

In the absence of specific information on moose and white-tailed deer
distributions and habitat use patterns at VNP, the relationship between the abundances of
each species to vegetative conditions remains unclear. This study was initiated to
determine the relative spatial distribution of moose and white-tailed deer in VNP and to
examine the influence of habitat types on these distributions. | also examined the habitat
characteristics of moose and white-tailed deer home ranges in VNP with regards to recent

moose and white-tailed deer population changes.

Study Area

Research was conducted at VNP and adjacent lands. VNP encompasses 882 km?
on the southern portion of the Canadian Shield along the US-Canada border. VNP is
made up of a central landmass, called the Kabetogama Peninsula, and some surrounding
lands. Approximately 40% of VNP is covered by four large lakes. There is little overall
elevation change with a maximum topographic relief of 80-90 meters (Johnson and Sales
1995). Adjacent areas in the study include state lands (Kabetogama State Forest), federal
lands (Superior National Forest), privately owned lands, and Provincial Crown lands in
Ontario. The study area boundary was defined as the area encompassed within the GIS

vegetation coverage of the VNP region (Figure 1).
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Fig_ure 1. The study area encompassing Voyageurs National Park and surrounding
regions.
Climate

The climate at VNP is characterized by cold winters and cool summers.
Temperature extremes during the study period ranged from 35°C (August 1, 1989) to
-39°C (December 30, 1990) (National Weather Service, International Falls, MN).
Average annual snowfall in the study area is 160 cm, with the most snowfall usually
occurring during January (31 cm). The winter of 1988-1989 was a record snow year (266
cm). The winter of 1989-1990 averaged 155 cm of snow, and 1991-1992 averaged 247

cm of snow. The first significant winter snowfall usually occurs in early November, and



the last significant snow usually occurs in early April (National Weather Service,
International Falls, MN). The North Atlantic Oscillation (NAO) index (Lamb and
Peppler 1987, Hurrell 1995) showed that winter temperatures were colder than average

during the study period, with the winters of 1989 and 1990 being particularly cold.

Vegetation

VNP lies on the boundary between southern boreal forest and northern hardwood
forest types (Pastor and Mladenoff 1992). Northern hardwood forests are dominated by
red pine (Pinus resinosa), white pine (P. strobes), red maple (Acer rubrum), and green
ash (Fraxinus pennsylvanica) (Kurmis et al. 1986). Southern boreal forest types are
characterized by a mosaic of secondary growth jack pine (P. banksiana), white spruce
(Picea glauca), quaking aspen (Populus tremuloides), paper birch (Betula papyrifera),
and balsam fir (Abies balsamea) (Kurmis et al. 1986). The soil in the region is thin and
sandy (Ohmann and Ream 1971).

Varying sources and levels of disturbance have created spatial heterogeneity in
the vegetation of the VNP region. In the late 1800s, the vegetation in the area was
dominated by climax forest of jack pine barrens and openings, red pine and white pine
forests, aspen-birch-conifer forests, conifer bogs and swamps, and marshes (Crowley
1995). Fires, especially those in the 1920s and 1930s, have created a mosaic of varying
seral stages. Logging has been an important influence on the current spatial distribution
of vegetation across much of VNP. Parts of VNP, including approximately 25% of the
Kabetogama Peninsula, were extensively logged between 1910 and 1930 (Crowley and

Cole 1995). Logging on the eastern half of the Kabetogama Peninsula consisted of 32%



white pine, 21% red pine, and 47% a mixture of white spruce and balsam fir (Rakestraw
1980). Logging on the western half of the peninsula impacted primarily white spruce and
balsam fir (Rakestraw 1980). The combined impacts of these harvests decreased the
abundances of white spruce, balsam fir, white pine, and red pine on the Kabetogama
Peninsula. The relative abundance of aspen consequently increased to higher levels post-
harvest. Although logging within VNP ceased with the inception of the park in 1975, the
majority of forested lands adjacent to the park have continued to be managed for timber
harvest.

A history of active fire suppression has influenced the vegetative composition of
the VNP region. Historically, fires were an important natural means of disturbance in the
area. Local serotinous plants such as jack pine, red pine, and white pine rely on fire for
sexual reproduction. Stands of jack pine in the nearby Boundary Waters Canoe Area
historically burned with intense canopy fires an average of every 50-100 years prior to
fire suppression efforts (Heinselman 1973, 1981). Surface fires in red pine and white
pine stands occurred more frequently (36-year cycle), and canopy fires of these species
occurred less frequently (180-year cycle) (Heinselman 1973, 1981). Organized fire
suppression efforts began in 1911 and have since limited major fires in the park region to
1917-1918, 1923, and 1936. Two large fires burned substantial portions of the
Kabetogama Peninsula in 1923 and 1936, adding to the mosaic of vegetative cover in
VNP (Figure 2). Human and naturally caused wildfires within the park since 1936 have

been relatively small (<2 km?).
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Figure 2. Historical fire and logging locations within Voyageurs National Park,
Minnesota.
Wildlife

Historically, woodland caribou (Rangifer tarandus) and moose are thought to
have been the most common ungulates in the VNP region (Cole 1987). Woodland
caribou were extirpated from the region by the 1940s (Gogan et al. 1997). Densities of
moose during the study period were estimated to be approximately 0.23/km? (Gogan et
al. 1997). White-tailed deer expanded northward into the region in the late 1890s with
the transformation of the forests due to logging and were reported to be common in the

region by the 1920s (Petraborg and Burcalow 1965).



Natural predators of moose and white-tailed deer within the study area included
gray wolves and black bears (Ursus americana). Wolves occurred in VNP from 1987-
1991 at a density of approximately 0.05/km? (Gogan et al. unpubl.). White-tailed deer
comprised approximately 77% of wolves’ diet in VNP (91% adult, 9% fawns) (Gogan et
al. unpubl.). Moose make up a small portion (2%) of wolves’ diet in VNP (Gogan et al.
unpubl.). Black bears were found at densities of 0.16-0.24/km? in Superior National
Forest (Rogers 1987). There is currently no information on the level of black bear

predation on white-tailed deer and moose in VNP.

Human Activity

Summer human recreation in VNP during the study period primarily occurred on
the water and shorelines of the lakes surrounding Kabetogama Peninsula. A limited trail
system on Kabetogama Peninsula restricted human access to many of the interior regions
of the peninsula during the summer season. With the onset of winter, visitors utilized
VNP’s larger lakes for ice fishing. During this time, VNP experienced a high level of
snowmobile traffic both on land and across frozen lakes. A groomed snowmobile trail
system traversed the interior of the peninsula and provided winter visitors easier access to

areas not as readily accessible during the summer.
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LITERATURE REVIEW

Techniques for Measuring Moose-White-tailed Deer Relationships

There are numerous techniques for estimating ungulate population numbers and
distributions. Historically, one of the most common techniques is the pellet group count
(Bennett et al. 1940, Neff 1968). Pellet groups counts recently have been criticized as
being of limited use in estimating ungulate population trends (Fuller 1991); however,
using pellet group counts as a measure of relative ungulate distributions has not been
contested in the literature. Pellet group counts have been used widely to measure habitat
use by moose (Forbes and Theberge 1993, Harkonen and Heikkila 1999).

The first recognized definition of the home range was proposed by Burt (1943)
and has since remained the working definition of the term. He described the home range
as the “area traversed by an individual in its normal activities of food gathering, mating,
and caring for young” (Burt 1943: 351). A home range must be large enough to provide
its occupant with certain life requirements such as nutrition and shelter.

Moose and white-tailed deer generally exhibit a strong fidelity to a home range
and often utilize the same areas for years (Bailey and Franzmann 1983, Lesage et al.
2000). Characteristics of moose and white-tailed deer home ranges can provide clues
into the resource needs of these species and provide managers with information necessary
to make critical resource management decisions. White-tailed deer in northern climates
tend to have seasonal home ranges (Messier and Barrette 1985) and congregate in
relatively small areas in winter. These yards are typically in mixed coniferous stands that

serve to intercept snow and provide thermal relief (Verme 1965).
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The relative size of an animal’s home range compared to home range sizes for
other known populations can provide some insight into the habitat conditions of the
animal’s range. Moose generally have larger home ranges than white-tailed deer
(Hundertmark 1997), as expected by MacNab’s (1963) hypothesis concerning the
relationship between home range size and energetics. Moose and white-tailed deer living
in an area with low forage biomass (poor quality habitat) are expected to move greater
distances and, therefore, have larger home ranges than individuals living in an area with
high forage biomass (Lynch and Morgantini 1984, Miquelle et al. 1992).

There are numerous methods for calculating home ranges. The minimum convex
polygon (MCP) technique is historically the most frequently used technique (Mohr 1947).
This technique involves connecting a straight line around outer relocation points.
Although MCPs are easy to compute and repeatable, MCP home range sizes are often
inflated due to outlier effects. Lone outlying relocations cause the size of MCP home
ranges to greatly increase because these relocations are used as the outermost point to
create the convex polygon. There is also no measure of intensity of use within MCP
home ranges.

Researchers have attempted to adjust MCP home range estimates to reduce outlier
effects. The minimum concave polygon technique attempts to reduce the amount of
unused area within a MCP home range by creating concave angles in the home range
(Gasaway et al. 1980). Another modification of the MCP technique involves removing

“null” areas that contain patches used less than 3 percent of the time by the animal
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(Krausman et al. 1989). These corrections, however, are subjective and cannot be
accurately replicated between studies (Hundertmark 1997).

More recent home range estimation techniques have been developed in response
to the problems inherent with MCPs. These include parametric and nonparametric
techniques. Parametric techniques assume a geometric center of activity that is
surrounded by concentric contours depicting a decreasing probability of observing an
animal. Examples of parametric estimators include the Jennrich-Turner ellipse (Jennrich
and Turner 1969), weighted ellipse (Samuel and Garton 1985), and Dunn ellipse (Dunn
and Gibson 1977). Parametric home ranges have an underlying assumption of a bivariate
normal distribution of use within the home range and, therefore, are limited because most
animal use is usually not well approximated by a normal distribution.

Nonparametric home range estimators have the advantage of not having an
underlying assumption of normal distribution of animal use within the home range and,
therefore, allow for multiple core areas that are not bound to the central region of the
home range. Two common nonparametric home range techniques are harmonic mean
(Dixon and Chapman 1980) and kernel (Worton 1989) estimators. Harmonic mean
estimations are created by placing a grid over the map of relocations and measuring the
harmonic mean of the distance from each relocation to each grid intersection. Harmonic
mean home range estimates can be highly variable depending on the size and placement
of the user-defined grid (Worton 1987).

The kernel estimator is based on calculating the bivariate probability density

function (kernel) at all relocations and smoothing between relocations. The most
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important step in calculating accurate kernel density estimation is choosing the
appropriate smoothing parameter (h) (Seaman and Powell 1996). The value of h can be
thought of as an expression of the variances of the x and y coordinates. Since the
variances might be unequal, data should be standardized before applying a kernel method
(Worton 1989). A common method of standardization is to divide each value of x and y
by its respective standard deviation (Seaman and Powell 1996).

There is disagreement over the best method for determining the value for h
(Rodgers and Carr 1998). Since the smoothing parameter value determines the size of
the kernel that is centered over each observation, a small h-value produces narrow
individual kernels and highly variable utilization distributions (undersmoothed). An
excessively large h-value hides the fine details of an animal’s utilization distribution and
overlooks certain core use areas that might be biologically important to the species.
Common statistical methods for determining h are least squares cross-validation (LSCV)
and biased cross-validation (BCV). The BCV has been shown to perform with less
variability than LSCV, which has been shown to produce undersmoothed utilization
distributions (Sain et al. 1994).

Bandwidth can be fixed over all relocations (fixed kernel) or be allowed to
increase for more isolated relocations (adaptive kernel). Both fixed and adaptive
methods are commonly used in home range studies, and there is a divergence of opinion
over which method produces more accurate home range estimates (Worton 1989). Both
methods have been found to produce home ranges closer to known probability density

using simulations (Worton 1989, Seaman and Powell 1996). The advantage of the fixed
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kernel technique is that it uses a standardized value for h throughout the range and is
computationally easier. The adaptive kernel technique has the advantage of displaying
details of an animal’s core area while increasing smoothing for outlying points where
precision is not as certain.

Habitat selection studies are prevalent in the literature, and there are a number of
methods used. Chi-square analysis (Neu et al. 1974) is a common technique that tests for
differences between proportional use and availability; however, it does not overcome
problems involving spatial and temporal dependence of relocations, dependence of
habitat proportions, and arbitrary definitions of habitat availability (Aebisher et al. 1993).
Pseudoreplication and spatial and temporal dependence can exist using chi-square
analysis because individual animal locations are pooled together (Aebischer et al. 1993).
Habitat proportions used in chi-square analysis are linearly dependent because the
combined proportions must equal 1.

Compositional analysis has been proposed to address the problems inherent in
chi-square analysis (Aebisher et al. 1993). This technique involves comparing log-ratios
based on habitat proportions to determine rank-based levels of habitat preference rather
than the raw proportions themselves. By using the log-ratio of habitat proportions
compositional analysis avoids the “unit constraint” problems (i.e., an animal’s avoidance
of one habitat does not lead to an apparent preference for another) (Aebisher et al. 1993).
Compositional analysis avoids problems associated with spatial and temporal
independence of the data by using the individual animals instead of individual relocations

as replicates (Otis and White 1999). Compositional analysis also can be used to evaluate
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habitat selection at different spatial scales (i.e. home range and core area scales), and

therefore reduces the effects of an arbitrary definition of habitat availability.

Ecological Relationships Between Moose and White-Tailed Deer

Moose and white-tailed deer are sympatric across a narrow band in North
America, and the interaction between sympatric populations of these species is a
complicated issue. Moose and white-tailed deer might compete for browse (Karns 1967);
however, direct competition between these species is rare and usually apparent only
during the late winter (Telfer 1970, Peek et al. 1976). The northern limits of white-tailed
deer range are probably dictated by climate conditions, and the southern limits of moose
are probably driven by the availability of food and heat stress (Telfer 1978, Boer 1998).
Habitat selection by white-tailed deer and moose, therefore, should differ during the
winter because white-tailed deer are more restricted by snow than moose (Telfer and
Kelsall 1979). White-tailed deer select thermal and snow protective habitats (softwood
forests) during the winter and moose select winter habitats with abundant forage (balsam
fir and birch) (Verme 1965, Kearney and Gilbert 1976, Boer 1978).

Parasite-mediated competition between moose and white-tailed deer might exist
in the form of meningeal worm infection. Meningeal worms usually do not adversely
affect white-tailed deer, but meningeal worms can cause a fatal neurological disease
(parelaphostrongylosis) in infected moose. The parasite can be transferred from white-
tailed deer to moose via an intermediary terrestrial gastropod (Anderson 1964).
Meningeal worm infections are blamed for the decline of moose numbers in areas where

moose and white-tailed deer overlap (Telfer 1967, Prescott 1974). Frequency of
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meningeal worm infection in moose was found to be related to white-tailed deer density
(Gilbert 1974). Moose densities in adjacent Ontario were lowest in areas with the highest
intensity of meningeal worm larvae in white-tailed deer feces (Whitlaw and Lankester
1994). The role of meningeal worm infection on moose declines, however, might be
subtler than researchers originally believed it to be (Whitlaw and Lankester 1994). In
many instances where meningeal worm infection has been blamed for moose declines,
competition for food or habitat alterations might also account for changes in moose and
white-tailed deer numbers (Nudds 1990).

Moose and infected white-tailed deer populations in VNP and adjacent areas have
co-existed sympatrically for over a decade (Whitlaw and Lankester 1994, Gogan et al.
1997). Meningeal worm larvae have been found in 80% of white-tailed deer feces
sampled in VNP (Gogan et al. 1997) and 65% of white-tailed deer feces samples in
adjacent Ontario (Whitlaw and Lankester 1994). Habitat heterogeneity and small-scale
spatial separation (“rufugia” theory) between moose and white-tailed deer are possible
factors that have allowed moose populations to persist despite the presence of infected

white-tailed deer (Telfer 1967, Gilbert 1974).
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RELATIVE SPATIAL DISTRIBUTIONS OF MOOSE AND WHITE-TAILED DEER
IN VOYAGEURS NATIONAL PARK, MINNESOTA

Introduction

Population levels of moose and white-tailed deer in the VNP region have
fluctuated in recent times. Moose have probably declined from the establishment of VNP
in the mid-1970s through the mid-1980s (Cole 1987). Surveys conducted in the early
1990s estimated that 60-100 moose inhabited VNP with a mean density of 0.23/km?
(Whitlaw and Lankester 1994, Gogan et al. 1997). White-tailed deer densities near the
present VNP decreased from 3.5/km? in the late 1960s (Mech and Karns 1978) to 0.5/km?
in the late 1970s and early 1980s (Nelson and Mech 1986). Since that time, white-tailed
deer numbers have dramatically increased. Estimates of white-tailed deer densities at
VNP increased from 1.5/km? in 1975 to 8.4/km? in 1992 (Peterson unpubl., Gogan et al.
1997).

Although the reasons for the recent variations in moose and white-tailed deer
population levels are unknown, 2 primary hypotheses have been proposed: (1) habitat
changes and (2) interspecific parasite interactions. Mech and Karns (1978) and Cole
(1987) believed that fluctuations in moose and white-tailed deer numbers might be due to
changes in habitat driven by fire and succession following fire. Fire disturbances have
been found to be beneficial to moose and white-tailed deer (Spencer and Hakala 1964,
Krefting 1974, Irwin 1975). Moose densities increased to 5 times their previous number
following the 1971 Little Sioux Fire in adjacent Superior National Forest, Minnesota

(Neu et al. 1974, Peek et al. 1976). Both moose and white-tailed deer were found to
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consume similar browse after a fire in northern Minnesota (Irwin 1975). Low
frequencies of recent wildland fires in VNP could be a factor contributing to relatively
low densities of moose. In the absence of specific information on moose and deer
distributions and habitat use patterns at VNP, the relationship of the abundance of each
species to vegetative conditions remains unclear.

Parasite-mediated competition might exist between moose and white-tailed deer
in VNP in the form of meningeal worm infection. Meningeal worms cause a fatal
neurological disease in moose but are relatively benign in white-tailed deer. The
nematode can be transferred between white-tailed deer and moose through an
intermediary gastropod host (Anderson 1964). Meningeal worm infections might be
responsible for the decline of moose populations in areas where moose and white-tailed
deer populations overlap (Telfer 1967, Prescott 1974). Moose and infected white-tailed
deer populations in VNP and adjacent areas have persisted sympatrically for over a
decade despite a high prevalence of meningeal worm in local white-tailed deer (Whitlaw
and Lankester 1994, Gogan et al. 1997). Moose might be able to survive in symmetry
with meningeal worm infected white-tailed deer by using refugia where deer are absent
(Gilbert 1974).

This study was initiated to determine the relative spatial distributions of moose
and white-tailed deer in VNP. | examined the possible existence of refugia for moose in
VNP. | also examined the role of habitat compositions on moose and white-tailed deer

relative abundance and winter distributions in VNP.
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Methods

Thirty-two sampling units were established throughout VNP by randomly
selected 1-km? units on a 1:50,000-scale map of VNP (Figure 3). Two parallel transect
lines were established in a north-south orientation within most sampling units, with at
least 100 m separation between transect lines. Sampling units containing >50% water
cover (11 of 32, or 34%) were limited to 1 transect line. There was a total of 53 transect

lines within 32 sampling units.
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Figure 3. Locations of pellet transect sampling units within VVoyageurs National Park,
Minnesota. The enlarged sampling unit depicts an example of how transect lines and
plots were arranged.
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Each transect line was 800 m in length and consisted of 4 plots (22 m by 3.6 m) at
200-m intervals. A survey chain (20 m) was used to measure distance traveled while
surveying. All groups of moose and white-tailed deer pellets within each plot above the
leaf litter from the previous fall were identified to species and tallied. The total number
of moose and white-tailed deer pellet groups observed along each transect line was
recorded. Most transect lines were sampled once in the late winter of 1989 and again in
the late winter of 1991. A total of 16 paired and 14 single sampling units were surveyed
in 1989, and 19 paired and 12 single sampling units in 1991. Some sampling units (4 of
32, or 12.5%) were visited only 1 year due to a lack of personnel and access problems
(private land, terrain).

Moose and deer pellet-group data were entered into a GIS for visual
interpretation. | clipped sampling units to a consolidated version of the GIS vegetation
map of VNP (USGS 2001) to determine the average percent composition of vegetation
types, canopy densities, and canopy heights within white-tailed deer and moose sampling
units. Moose sampling units were divided into sampling units with pellet groups
(“present”) and sampling units that did not have pellet groups (“absent”). White-tailed
deer sampling units were divided into 2 groups based on the abundance of pellet groups:
low (0 - 20 pellet groups) and high (20 - 40 pellet groups). | compared the habitat
proportions in sampling units with low abundances of white-tailed deer pellet groups to
sampling units with high abundances of white-tailed deer pellet groups using a t-test. |
also compared habitat proportions between sampling units with moose pellet groups to

sampling units without moose pellet groups using a t-test.
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Results

A total of 1,674 deer pellet groups (820 in 1989, 854 in 1991) and 45 moose pellet
groups (30 in 1989, 15 in 1991) were enumerated over all line transect surveys. White-
tailed deer pellets were more abundant than moose pellets along all transect lines.

Twenty-two of the 32 total sampling units (68.8%) contained no moose pellets. All

sampling units contained white-tailed deer pellets at varying abundances (x = 17.3, SD =
12.2).
Moose and white-tailed deer pellet densities varied spatially across VNP. Moose

pellets were present only in sampling units in the central and eastern regions of the

Kabetogama Peninsula (x = 1.5, SD = 1.3) and absent from sampling units in all other
areas of VNP. White-tailed deer pellets occurred at high (20 - 40 pellet groups)
abundances in sampling units in the central and western regions of Kabetogama
Peninsula and in the southeastern corner of VNP, and low densities (0 - 20 pellet groups)
in sampling units on the eastern end of the Kabetogama Peninsula (Figure 4). Two
sampling units (6.3%) contained both high numbers of white-tailed deer pellet groups and
moose pellets. These sampling units were located in the central region of the

Kabetogama Peninsula and on the western periphery of moose pellet presence.
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Table 1. Percent composition of (a) vegetation types (b) canopy densities and (c) canopy
heights found in moose sampling units that contained no pellets (absent) and that
contained pellet groups (present), and white-tailed deer sampling units that contained low
(0 - 20) and high (20 - 40) abundances of pellet groups. “*” indicates a significant
difference (p-value < 0.05).

(@)
Available Deer
Present Absent High Low
Aspen/Birch 23.0 26.4 23.1 25.9 235
Black Ash/Red Maple 2.0 1.4 2.3 2.6 1.8
Spruce/Balsam Fir 20.4 22.6 17.2 32.0* 13.6*
Bur Oak 8.9 13.7 5.6 3.2 10.3
Herbaceous Alliance 9.1 8.2 8.2 10.2 7.4
Jack Pine 15.5 10.4 20.9 8.8 21.0
Red/White Pine 17.6 14.0 19.7 15.6 18.8
Scrubland Alliance 3.5 3.5 3.0 1.7 3.7
(b)
Available Deer
Present Absent High Low
Closed/Continuous (60-100%) 725 60.8* 78.0* 78.2 70.0
Open/Discontinuous (25-60%) 27.1 37.9* 22.0* 21.7 29.3
Dispersed/Sparse (10-25%) 0.4 1.3* 0.1* 0.0 0.7
©
Available Deer
Present Absent High Low
20-30m 10.7 7.1 12.7 5.9 13.0
12-20m 47.6 35.1* 53.7* 54.2 45.0
5-12m 26.5 41.4* 19.7* 26.6 26.8
05-5m 4.4 6.9 3.3 4.3 45
<0.5m 1.6 2.0 1.2 0.3 1.9
Open 9.3 7.6 9.4 8.7 8.9
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Figure 4. (a) Presence or absence of moose and (b) abundance of white-tailed deer pellet
groups in sampling units at VVoyageurs National Park, Minnesota, based on pellet count
transects conducted late winter of 1989 and 1991.
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The average percent composition of habitat types varied between pellet sampling
units. Sampling units with high abundances of white-tailed deer pellet groups contained
significantly more spruce/balsam fir habitat than sampling units with low abundances of
white-tailed deer pellet groups (p-value < 0.01, Table 1a). Sampling units with moose
pellet groups contained significantly less closed/continuous canopy cover (p-value =
0.01) and significantly more open/discontinuous (p-value = 0.02) and dispersed/sparse
canopy covers (p-value = 0.02) than sampling units lacking moose pellet groups (Table
1b). Sampling units with moose pellets also contained significantly less 12 - 20 m
canopy cover (p-value = 0.03) and significantly more 5 — 12 m canopy cover (p-value <

0.01) than sampling units lacking moose pellets (Table 1c).

Discussion

Pellet sampling units provided evidence that white-tailed deer were more widely
distributed than moose in VNP. While white-tailed deer pellets were located in varying
densities throughout VNP, moose pellets were restricted to the central/eastern region of
the Kabetogama Peninsula. The distribution of moose estimated using pellet transects
was similar to distributions found using aerial transect count methods (Gogan et al.
1997).

Only 2 sampling units contained both moose pellet groups and high abundances
of white-tailed deer pellet groups. This pattern suggested that moose in VNP might not
occur in areas with high numbers of white-tailed deer and vice versa. The inverse

relationship between moose and white-tailed deer abundances in VNP was consistent
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with observations in adjacent Ontario where moose reached their highest densities in
areas where white-tailed deer were below 4/km?® (Whitlaw and Lankester 1994). Moose
densities in VNP were similar to northwestern Ontario, but white-tailed deer were at a
higher density in VNP (Gogan et al 1997). Moose densities in Ontario were inversely
related to the mean intensity of meningeal worm larvae in white-tailed deer feces
(Whitlaw and Lankester 1994). There is currently no information on the relative spatial
distribution of meningeal worm larvae intensities in white-tailed deer feces in VNP.

All sampling units contained white-tailed deer pellets. Therefore, it is highly
unlikely that moose had a complete refuge from meningeal worm-infected white-tailed
deer within VNP. Lower densities of white-tailed deer within moose range, however,
might reduce the rate of meningeal worm transmission to moose and thereby increase
moose survival. This partial refuge could be enough to allow moose to survive in the
presence of white-tailed deer. Moose are able to maintain low population levels in the
presence of meningeal worm if white-tailed deer numbers do not exceed 4.6/km? (Karns
1967). Moose, white-tailed deer, and meningeal worm have existed sympatrically in
Ontario since the early 1980s, and their interaction does not appear to be negatively
affecting moose population numbers (Whitlaw and Lankester 1994). The prevalence of
meningeal worm in northwestern Ontario was similar to VNP (Gogan et al. 1997).

The winter distributions of moose and white-tailed deer appear to be related to the
relative distribution of habitat types in VNP. Balsam fir and spruce were significantly
more prevalent in sampling units with high abundances of white-tailed deer pellet groups

than sampling units with low abundances of pellet groups. Although balsam fir are
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generally thought of as poor quality forage for white-tailed deer (Crawford 1982, Blouch
1984), balsam fir has been identified as an important winter habitat for white-tailed deer
in boreal forests because it provides thermal relief and protection from deep snow (Boer
1978). The winters during the study period were especially cold, and monthly snowfall
exceeded 50 cm in 3 consecutive months during the winters of 1988-89 and 1990-1991.
White-tailed deer range is restricted at snow depths of approximately 30 cm, and deer are
essentially confined at snow depths of greater than approximately 50 cm (Telfer 1970).
Unusually harsh winter conditions during the study might have caused white-tailed deer
to utilize winter shelter habitats such as balsam fir and spruce for longer periods and at
higher levels than usual.

Moose distributions appeared to be related by the distribution of canopy heights
and canopy densities in VNP. Lower canopy heights and canopy densities were more
prevalent in sampling units containing moose pellets. The most common canopy height
in sampling units containing moose was 5-12 m, but the most common canopy height in
sampling units containing high abundances of white-tailed deer pellets was 12-20 m.
Lower discontinuous vegetation might provide moose with more accessible forage in the
winter.

In conclusion, pellet count transects provided evidence for a partial spatial
separation between moose and white-tailed deer in VNP. This separation between moose
from white-tailed deer could be a factor allowing moose in VNP to survive at low

densities in the presence of meningeal worm-infected white-tailed deer. The spatial
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separation is probably due to differences in habitat preferences between moose and

white-tailed deer rather than active avoidance.



28

HABITAT CHARACTERISTICS OF MOOSE AND WHITE-TAILED DEER HOME
RANGES IN VOYAGEURS NATIONAL PARK, MINNESOTA

Introduction

Moose and white-tailed deer are sympatric across a narrow band in North
America. Although moose and white-tailed deer are some of the most studied wildlife
species in North America, little is currently known about the habitat characteristics of
sympatric moose and white-tailed deer home ranges in southern boreal ecosystems.
Recent fluctuations in sympatric moose and white-tailed deer population numbers in the
ecotone between boreal forests and northern hardwood forests have prompted researchers
to examine potential causes for these changes.

Competition for similar habitats between moose and white-tailed deer might
account for recent changes in moose and white-tailed deer population numbers (Nudds
1990). Moose and white-tailed deer consumed similar browse in northeastern Minnesota
following a wildfire (Irwin 1975). Competition for forage did not appear to affect these
animals’ interactions, although this might have been due to abundant forage (Irwin 1975).
Moose and white-tailed deer winter diets in Maine overlapped by 41% (Ludewig and
Bowyer 1985). There is currently no information on moose and white-tailed deer habitat
preferences in VNP.

Inverse population changes in sympatric moose and white-tailed deer populations
have been attributed to parasite-mediated competition between moose and white-tailed
deer (Prescott 1974). Meningeal worms, a parasite that can be transferred from white-

tailed deer to moose via an intermediary terrestrial gastropod, usually do not affect white-
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tailed deer adversely, but cause a fatal neurological disease in infected moose (Anderson
1964). Densities of moose in Ontario were inversely related to intensities of meningeal
worm larvae in white-tailed deer feces (Whitlaw and Lankester 1994).

The actual effect that meningeal worm infections had on regional moose declines
is still an unresolved issue. Meningeal worms probably have been highly prevalent in
white-tailed deer for over a decade in VNP and Ontario, yet moose populations have
persisted in these areas (Whitlaw and Lankester 1994, Gogan et al. 1997). A spatial
separation (“rufugia” theory) between moose and white-tailed deer, possible due to a
heterogeneous habitat, is a hypothesized factor that might allow moose populations to
survive sympatrically with infected white-tailed deer (Telfer 1967, Gilbert 1974). The
level of habitat partitioning between moose and white-tailed deer in VNP is unknown.

This study was initiated to investigate habitat characteristics of sympatric moose
and white-tailed deer home ranges in VNP. An understanding of the habitat
characteristics of moose and white-tailed deer home ranges (the area that provides the
animal with the necessary resources for living) and core area (the area of a home range
that receives a disproportionately high amount of use) will provide information on the
interactions of these species. Geographic Information Systems (GIS) have proved in
recent years to be useful tools to display and analyze animal home ranges. A detailed
GIS vegetation coverage of VNP produced in 1997 provided an opportunity to investigate
habitat selection by moose and white-tailed deer. 1 combined GIS with previously
gathered radio telemetry data to calculate home ranges to quantify and compare the

habitat characteristics vegetation compositions, canopy heights, and canopy densities of
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moose and white-tailed deer home ranges and core areas. Specific objectives were to
calculate home ranges and core areas of moose and white-tailed deer in VNP and
determine the use and degree of selection on various on sympatric moose and white-

tailed deer within their home ranges.

Methods

Capture and Radio Telemetry

Between February 26 and March 2, 1989, 10 moose (3 bulls, 7 cows) on the
Kabetogama Peninsula were immobilized with mixture of carfentantil and xylazine
hydrochloride delivered via a barbed syringe fired from a helicopter (Figure 5a). Each
immobilized moose was fitted with a mortality-sensing radio telemetry collar and an ear
tag. The immobilizing drugs were reversed with a hand injection of naloxone.

Collapsible clover traps (Clover 1956) were used to capture 20 white-tailed deer
(9 bucks, 11 does) between January 24 and March 9, 1989. Thirteen white-tailed deer
were captured within the Moose Bay-Black Bay region, 5 along the Daley Brook
snowmobile trail, and 2 on or adjacent to Cutover Island (Figure 5b). White-tailed deer
were immobilized using a pole-mounted syringe with a mixture of ketamine
hydrochloride (Ketaset) and xylazine hydrochloride (Rompun) and instrumented with
mortality-sensing radiotelemetry collars and ear tags. Immobilizing drugs were reversed

with an intravenous hand injection of talozoline.
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Figure 5. (a) Locations where moose were immobilized and fitted with radio collars,
Voyageurs National Park, Minnesota, February 26, 1989-March 2, 1989. (b) Areas
where white-tailed deer were captured and fitted with radio collars, Voyageurs National

Park, Minnesota, January 29, 1989 - February 14, 1989.
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Instrumented moose and white-tailed deer were relocated via aerial radio
telemetry at approximately 10-day intervals. Relocations were attempted on all animals
throughout the study period unless there was a mechanical failure in the radio collar, the

animal was confirmed dead, or the animal left the study area.

Home Range and Core Area

I created 90% adaptive kernel home ranges for individual moose and white-tailed
deer using Home Range Extension (Rodgers and Carr 1998) in ArcView 3.2 (ESRI
1996). Core areas were defined as 50% adaptive kernel home ranges. | standardized the
data by dividing each value of x and y by its respective standard deviation (Seaman and
Powell 1996). | calculated the smoothing factor (h) individually for each animal using
the biased cross-validation (BCV) method (Sain et al. 1994).

| tested whether there was a significant difference between the size of moose and
white-tailed deer home ranges and between male and female white-tailed deer home
range size in VNP. Samples of male moose (n = 3) were inadequate to test for sexual
differences in moose home range size. There is no generally accepted minimal number
of points needed to create accurate kernel home ranges; however, kernel home ranges
suffer from inaccuracies and inflated sizes when smaller samples are used. | chose to use
a minimum of 30 points to create accurate individual moose and white-tailed deer annual
home ranges. Five white-tailed deer did not meet this requirement and, therefore, were
not used in the analysis. Moose and white-tailed deer <1 year of age at capture were
included in the home range analysis because these animals were assumed to have

established their individual home ranges within 6 months of capture.
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Habitat Availability

Habitat availability in the study area was determined using a GIS vegetation
coverage produced by the U.S. Geologic Survey and National Park Service as part of the
national USGS-NPS Mapping Program (USGS 2001). The map was created by
interpreting 1:15,840-scale color infrared (CIR) aerial photographs taken in 1995 and
1996. The entire coverage consisted of 156,886 ha, and VNP comprised 88,244 ha (56%)
of the total coverage area. A total of 67 map units defined the ground features within the
project area. Each map unit was further classified by vegetative density, height, and
dominance. The estimated overall thematic accuracy for the vegetation map was 82.4%
(USGS 2001).

For the purposes of this study, I consolidated the vegetation cover types into 8
classes based on functional groups to facilitate analysis and alleviate the problem of
missing habitat types during compositional analysis (Appendix D). The vegetation
coverage was clipped to individual moose and white-tailed deer adaptive kernel home
ranges using ArcView 3.2 Patch Analyst extension (Elkie et al. 1999). Lakes, ponds, and
streams were not included in habitat use or habitat selection calculations. In addition to
the vegetation-based habitat classes, | examined the height and density of canopy covers
within areas available to moose and white-tailed deer. Available habitats were defined
separately for moose and white-tailed deer as 2 extended 100% minimum convex
polygons (MCP) containing either all moose or all white-tailed deer locations. The MCP
was widened by 1.2 km for moose and 0.5 km for white-tailed deer to encompass the

entire 90% adaptive kernel home ranges of all collared animals. 1 calculated the percent
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composition of each habitat type available to moose and white-tailed deer using the

extended MCPs.

Habitat Selection

I compared habitat use to habitat availability using compositional analysis
(Aebischer et al. 1993). Compositional analyses were performed using the BYCOMP
program (Ott and Hovey 1997) within the SAS working environment (SAS Institute Inc.
2000). This program first determined whether habitat use differed from random using
Wilks’ Lambda (A) statistics in multivariate analysis of variance (MANOVA). If habitat
use was nonrandom, habitats were ranked in order of preference and levels of
significance between ranks were determined using a t-test.

Habitat selection was determined at 2 spatial scales. | examined habitat selection
at the home range scale by comparing habitat utilization within individual 90% adaptive
kernel home ranges to habitat availability within the expanded moose and white-tailed
deer MCPs that encompassed all locations. | compared habitat utilization within core
areas (50% adaptive kernel home range) to habitat availability within the 90% adaptive
kernel home range to examine habitat selection at the core area scale. This 2-staged
approach reduced the effects of an arbitrary definition of study area (Aebischer et al.
1993).

Only home ranges located entirely within the study area (GIS vegetation coverage
extent) were included in habitat characteristic analyses. One moose and 1 white-tailed
deer did not meet this requirement and were not used. Small sample sizes precluded

seasonal and sexual habitat selection analysis. A minimum of 10 animals per group
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(season or sex) is needed to produce reliable results using compositional analysis
(Aebischer et al. 1993). My data would not have met these standards when partitioned
into groups by season or sex.

Compositional analysis required that each animal use all habitat types (Aebischer
et al. 1993). When proportional habitat use was estimated to be zero for moose and
white-tailed deer, | replaced these values with 0.001. Substituting a value smaller than
the smallest nonzero value recorded produced results that were robust relative to the

substituted value (Aebischer et al. 1993).

Results

Radio Telemetry

Moose and white-tailed deer were relocated by fixed-wing aircraft on a 10-day
mean interval (min = 1, max = 119, sd = 14) for a period of 842 days. With outliers
removed, 10 moose were relocated 786 times and 20 white-tailed deer were relocated
1,032 times. Each moose was relocated an average of 78.6 times (min = 30, max = 96,
SD = 22.3). Each white-tailed deer was relocated an average of 51.6 times (min = 6, max
=76, SD = 26.5). Three (33.3%) radio-collared moose and 8 (40%) radio-collared white-

tailed deer died during the study (Appendix C).

Home Range and Core Area

The average annual moose home range was 47.7 km? (min = 29.3, max = 140.7,
SD = 33.5). One male moose had an especially large home range because of seasonal

migratory behavior (140.7 km?). Excluding this animal, the average annual moose home
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range was 37.3 km?. The average annual white-tailed deer home range was 8.6 km? (min
= 1.8, max = 49.2, SD = 4.3). One female white-tailed deer that exhibited migratory
behavior had an especially large home range (49.2 km?). Excluding this migratory
animal, the average annual white-tailed deer home range was 5.8 km®. The average
moose home range was significantly larger than the average white-tailed deer home range

(p-value < 0.001, Figure 6). Average home range size differed between male and female
moose (;male =67.1 km?, X femate =39.3 km?). The gender difference in mean moose

home range areas however was exaggerated due to the effects of the migratory male
moose. | was unable to detect a statistically significant difference between the average
home range areas for all male and female moose, possibly as a result of the small sample
size (p-value = 0.25). The average male white-tailed deer home range (7.9 km?) was
larger than the average female home range (4.5 km?); however, the difference was not
statistically significant (p-value = 0.77). The difference in annual home range size
between male and female white-tailed deer was not significant, even with the female

migratory white-tailed deer removed (p-value = 0.21).
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Figure 6. Comparison of white-tailed deer and moose home range areas (km?) in
Voyageurs National Park, Minnesota. Plot depicts average home range sizes and 95%
upper and lower confidence intervals (alpha=0.05).

All white-tailed deer home ranges overlapped with at least 1 other white-tailed
deer, and all moose home ranges overlapped with at least 1 other moose. Five of 10
moose home ranges overlapped with deer home ranges, although the overlapping areas
were relatively small in most cases. The total area of overlapping home ranges between
moose and deer was 5.7 km?. Overlapping home ranges between moose and deer
encompassed 2.5% of all moose home range area and 6.0% of all deer home range area
(Figure 7). Overlapping home ranges between moose and deer were all located in one

area of the Kabetogama Peninsula.
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Figure 7. Interspecific home range overlap between collared moose and white-tailed deer
in Voyageurs National Park, Minnesota.
The size and number of core areas (50% adaptive kernel home ranges) varied for

both moose and white-tailed deer. The number of core areas per moose ranged from 1 to
7 (§:2.4), and the number of core areas per white-tailed deer ranged from 1 to 5

(i =1.8). Average core area size was 10.2 km® for moose and 1.1 km? for white-tailed
deer. There was a significant difference between the average core area sizes of moose
and white-tailed deer (p-value < 0.01). The average size of male white-tailed deer core
areas (1.7 km?) was significantly larger than the average size of female white-tailed deer
(0.7 km?) core areas (p-value = 0.03). | was not able to detect a difference in size

between male and female moose core areas (p-value = 0.46).
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Habitat Availability

Available moose and white-tailed deer habitats encompassed two expanded MCPs

covering the majority of the Kabetogama Peninsula (Figure 8).
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Habitat Cover Boundary
Moose Buffered MCP W E e
7] Deer Buffered MCP -

Figure 8. Buffered minimum convex polygons (MCPs) of moose and white-tailed deer
locations, depicting areas used to delineate habitat availability for compositional analysis
at the home range scale. Individual home ranges within the habitat cover defined habitat
availability at the core area scale (Figure 7).

The composition of available habitat types varied between moose and white-tailed
deer (Table 2). Spruce/balsam fir and aspen/birch were the two most available vegetation
types to both moose and white-tailed deer. Closed/continuous canopy was the most

common canopy density for both moose and white-tailed deer. 12-20 m canopy was the

most common canopy height for moose and white-tailed deer.
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Table 2. Percent composition of available moose and white-tailed deer (a) vegetation
types, (b) canopy densities, and (c) canopy heights based on expanded minimum convex
polygons of all moose and all deer locations, respectively.

(@)

Vegetation Type Deer Moose
Spruce and Balsam Fir 26.6 26.8
Bur Oak 2.7 7.6
Aspen and Birch 28.0 24.1
Black Ash/Red Maple 3.2 0.9
Herbaceous Alliance 13.3 11.2
Red and White Pine 6.1 51
Jack Pine 6.4 18.1
Shrubland Alliance 13.8 6.2
(b)

Canopy Density Deer Moose
Closed/Continuous (60-100%) 77.0 70.3
Open/Discontinuous (25-60%) 22.7 29.3
Dispersed/Sparse (10-25%) 0.3 0.4
(©)

Canopy Height Deer Moose
20-30 m 2.1 1.8
12-20m 39.3 44.0
5-12m 33.1 34.3
0.5-5m 9.8 6.3
<0.5m 2.0 2.2
Open 13.6 114
Habitat Use

Habitat use within 90% kernel home ranges and core areas varied between moose
and white-tailed deer (Table 3a). Spruce/balsam fir and aspen/birch were the first and
second most abundant vegetation type in moose and white-tailed deer home ranges and
core areas. Jack pine was the third most abundant vegetation type in moose home ranges
and core areas, and red/white pine was the third most abundant vegetation type in white-

tailed deer home ranges and core areas.
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Table 3. Average percentage use of (a) vegetation type, (b) canopy density, and (c)
canopy height by white-tailed deer (n = 14) and moose (n = 9) within home ranges (90%
adaptive kernel) and core areas (50% adaptive kernel). HR=home range.

(@)

Deer Moose
Vegetation Type HR Core HR Core
Aspen/Birch 28.2 31.7 22.6 22.3
Black Ash/Red Maple 2.5 4.0 0.5 0.3
Bur Oak 2.1 3.4 7.2 7.0
Herbaceous Alliance 11.0 7.7 10.0 94
Jack Pine 3.1 2.5 11.6 115
Red/White Pine 5.5 9.2 4.4 4.7
Shrubland Alliance 7.3 8.8 6.8 6.1
Spruce/Balsam Fir 40.5 32.7 36.9 38.7
(b)
Deer Moose
Canopy Density HR Core HR Core
Dispersed/Sparse (10-25%) 0.1 0.3 0.3 0.2
Open/Discontinuous (25-60%) 20.4 18.6 374 34.2
Closed/Continuous (60-100%) 79.5 81.2 62.3 65.7
(©
Deer Moose
Canopy Height HR Core HR Core
Open 11.1 7.8 10.1 9.5
<0.5m 15 1.2 2.1 1.7
0.5-5m 5.8 6.9 6.9 6.3
5-12m 24.0 27.7 45.6 46.3
12-20m 54.8 49.8 33.3 34.7
20-30 m 2.9 6.6 2.1 1.5

Moose and white-tailed deer home ranges and core areas both contained a large
proportion of closed/continuous canopy density (Table 3b). Open/discontinuous canopy
density was the second most prevalent cover density within both deer and moose home
ranges and core areas. Dispersed/sparse canopy density was rare in both moose and

white-tailed deer home ranges and core areas.
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Moose and white-tailed deer home ranges consisted of varying proportions of
canopy heights (Table 3c). The most prevalent canopy height in deer home ranges and
core areas was 12-20 m, and the most prevalent canopy height in moose home ranges and

core areas was 5-12 m.

Habitat Selection

Vegetation Type. There was evidence that moose exhibited significant selection

for vegetation types at the home range scale (A = 0.01, p-value = 0.04), and there was
little evidence for nonrandom vegetation use for moose at the core area scale (A = 0.06, p-
value = 0.21). | found some evidence for a departure from overall random vegetation use
by white-tailed deer at the home range (A = 0.25, p-value = 0.09) and less at the core area
scales (A = 0.26, p-value = 0.10).

Moose showed a significant preference for spruce/balsam fir over all other
habitats except the shrubland alliance (p-value = 0.07) and bur oak types (p-value = 0.07)
at the home range scale (Table 4a). Shrubland alliance, aspen/birch, herbaceous alliance,
bur oak, and red/white pine habitat types all tied for second in preference and did not
differ significantly in preference from one another. | did not detect a significant
preference for any single habitat type at the core area scale for moose.

White-tailed deer selected spruce/balsam fir over all other vegetation types except
the aspen/birch (p-value = 0.06) at the home range scale (Table 4b). Aspen/birch was
significantly preferred to all remaining vegetation types except herbaceous alliance

(p-value = 0.10). Jack pine and bur oak tied for lowest in white-tailed deer preference at
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the home range scale. 1 did not detect a significant preference for any single habitat type
at the core area scale for white-tailed deer.

Canopy Density. | found strong evidence that both moose (A = 0.30, p-value =

0.02) and white-tailed deer (A = 0.27, p-value < 0.01) exhibited significant nonrandom
use of canopy densities at the home range scale. | was unable to detect a significant
departure from random canopy density use at the core areas for either moose (A = 0.47, p-
value = 0.07) or white-tailed deer (A = 0.90, p-value = 0.51).

At the home range scale, moose significantly preferred open/discontinuous
canopy cover to all others, but they exhibited no significant difference in preference
between closed/continuous and dispersed/sparse canopies (Table 5a). Moose did not
exhibit a significant preference for any canopy density at the core area scale.

White-tailed deer significantly preferred closed/continuous (p-value < 0.01) and
open/ discontinuous canopies (p-value < 0.01) to dispersed/sparse canopy at the home
range scale (Table 5b). There was not a statistically significant difference in preference

between any canopy densities at the core area for white-tailed deer.
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Table 4. Simplified ranking matrices for (a) moose and (b) white-tailed deer based on
comparing proportional vegetation type use within 90% adaptive kernel home range to
proportions of vegetation types available within the available area (extended MCPs).
Habitat classes are ranked from most preferred (1) to least preferred (8). Habitats that
differ significantly in preference from random at p-value = 0.05 are indicated by either a

“+++” or “---". Habitats that differ in preference from random at p-value = 0.10 are
indicated by either a “++” or “--”. Habitats that differ in preference from random at p-
value > 0.10 are indicated by either a “+” or “-”.
(@)
> T o)
S S ¢ 2z 3 o 8
g 5 s 5 % 8 2 o 3
z 5 2%z E 22z g ¢
: § "8z g zz25 7 &
& =1 738 7 8 =3 <
® a s B 3 8
) @ )
Spruce/Balsam Fir 36.9 268 1 o S A s o e
Shrubland Alliance 6.8 6.2 2 + + 4+ 4+
Aspen/Birch 22.6 241 3 + o+ o+t
Herbaceous Alliance 10.0 112 4 + o+
Bur Oak 7.2 7.6 5 +  ++ ++
Red/White Pine 4.4 5.1 6 +++ +++
Jack Pine 11.6 18.1 7 +
Black Ash/Red Maple 0.5 0.9 8
(b)
z @
c S g C—% 8 = )
2 = 2 > g = c @
g % ) § 5 § % ?, = Y o8]
9 ) = @ o < 5 s o =
@ > W S = = a = =~ =
g o Z 2 g 2 F 5 F 2 9
= 2 ~ 8 3 2 & = 3 %
g 3 n - §§E 3
«Q = O © @D
D [¢] o
Spruce/Balsam Fir 40.5 26.6 1 T
Aspen/Birch 28.2 28.0 2 I o T
Herbaceous Alliance 11.0 13.3 3 +  +++
Black Ash/Red Maple 25 3.2 4 +++ bt
Shrubland Alliance 7.3 13.8 5 + 4+ ++
Red/White Pine 5.5 6.1 6 + o+
Jack Pine 3.1 6.4 7 +
Bur Oak 2.1 2.7 8
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Table 5. Simplified ranking matrices for (a) moose and (b) white-tailed deer based on
comparing proportional canopy density use within 90% adaptive kernel home range to
proportions of canopy densities available within the available area (extended MCPs).
Percentages under each class reflect approximate canopy cover percentage. Canopy
density classes are ranked from most preferred (1) to least preferred (3). Classes that
differ significantly in preference from random at p-value = 0.05 are indicated by either a

“+++” or “---”, Habitats that differ in preference from random at p-value = 0.10 are
indicated by either a “++” or “--”. Habitats that differ in preference from random at p-
value > 0.10 are indicated by either a “+” or “-”,
(@)
c 5 = Q O
@ = < 2 @
< S 3 N O 32 S e
@ 2 > & 8 ) o B
o o) Z oo 8 % a <
3 3 A S 2 = SS9
—+ [72]
Open/Discontinuous
(25-60%) 374 293 1 . +H+ +H+
Closed/Continuous
(60-100%) 623 703 2 : T+
Dispersed/Sparse
(10-25%) 0.3 04 3
(b)
c 0 3 o
2 = ~ 2 S z
S & 23 N O =
o = e = ol = oS3
@ % > = 0 &8 o &
I3 1) Z 8 S o Q a <
« P A o = X2 X w
— D S =S ~ 5 - O
2 =] S = 2
S 8 2 S 8
3 @ Z
Closed/Continuous
(60-100%) 79.5 77.0 1 + +++
Open/Discontinuous 20.4 297 2 ' et

(25-60%)
Dispersed/Sparse

(10-25%) 01 03 3
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Canopy Height. There was evidence for nonrandom use of canopy height at the

home range scale for both moose (A = 0.09, p-value = 0.03) and white-tailed deer (A =
0.11, p-value < 0.01). Compositional analysis of canopy height did not reveal significant
nonrandom use by moose (A = 0.23, p-value = 0.18) or white-tailed deer (A = 0.46, p-
value = 0.15) at the core area scale.

Moose showed a significant preference for 5-12 m canopy cover over open habitat
and 12-20 m canopy cover at the home range scale (Table 6a). The difference in
preference between 5-12 m and 20-30 m cover was not significant (p-value = 0.34). |
was unable to detect a significant difference in preference between 5-12 m cover and
0.5-5 m (p-value = 0.06) or <0.5 m (p-value = 0.06) covers. | did not report levels of
canopy height preference for moose at the core area scale because | was unable to detect
nonrandom use at that scale.

White-tailed deer exhibited a highly significant (p-value < 0.02) preference for
12-20 m canopy cover over all over canopy heights at the home range scale (Table 6b). |
did not detect a significant difference in preference in any other canopy height. White-
tailed deer did not exhibit significant preference for any canopy height at the core area

scale.
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Table 6. Simplified ranking matrices for (a) moose and (b) white-tailed deer based on
comparing proportional canopy height use within 90% adaptive kernel home range to
proportions of canopy heights available within the available area (extended MCPs).
Canopy height classes are ranked from most preferred (1) to least preferred (6). Classes
that differ significantly in preference from random at p-value = 0.05 are indicated by

either a “+++” or “---”. Habitats that differ in preference from random at p-value = 0.10
are indicated by either a “++” or “--”. Habitats that differ in preference from random at
p-value > 0.10 are indicated by either a “+” or *-”.
@)
Used Available o \ Nk 5.12 m 20-30m 0.5-5m Open <0.5m 12-20 m
Percentage  Percentage
5-12m 45.6 34.3 1 + ++ +++ ++ +++
20-30 m 2.1 1.8 2 + + + .
0.5-5m 6.9 6.3 3 + + +
Open 10.1 114 4 + +
<0.5m 2.1 2.2 5 +
12-20 m 33.3 44.0 6
(b)
Used Available o\ i 1920 m Open 5-12m 0.5-5m 20-30 m<0.5 m
Percentage  Percentage
12-20 m 54.8 39.3 1 +++ +++ +++  +++
Open 11.1 13.6 2 + ++ + ++
5-12 m 24.0 33.1 3 + + +
0.5-5m 5.8 9.8 4 + +
20-30 m 2.9 2.1 5
<0.5m 15 2.0 6
Discussion
Home Range

Moose 90% adaptive kernel home ranges in VNP (x = 47.66 km?, n = 10) were

some of the largest on record in the contiguous United States and were much larger than

those found in northwestern Minnesota (Xmae =3.1 km?, X femate = 3.6 km?, n = 26) and

northwestern Ontario (§=14.0 km? n = 1) (Phillips et al. 1973, Addison et al. 1980).



48

Other studies used home range estimators that generally produce larger home range
estimates than the adaptive kernel method so this comparison most likely understates the
differences. Moose home ranges in VNP were substantially smaller than those found
further north, such as Alaska. Moose home ranges in Alaska can average up to 938 km?
(MCP), with most averaging between approximately 120 km? and 350 km? (Grauvogel
1984).

White-tailed deer adaptive kernel home ranges in VNP were larger than most

recorded white-tailed deer home ranges in the contiguous United States. VNP deer home

ranges (§:5.7 km? n = 15) were much larger than those previously estimated in
northeastern Minnesota (MCP, 0.8 km? summer, 0.4 km? winter) (Nelson and Mech
1981). In general, northern white-tailed deer home ranges have been found to be larger
and less stable than those in the southern periphery of their range (Severinghaus and
Cheatum 1956). The deer home range estimations found in VNP support this hypothesis.

There are a number of causes for varying home range sizes between study
locations. Home range size might be dictated directly by an animal’s energetics (McNab
1963). Following this theory, more productive habitats have smaller home ranges than
poor habitats for individuals of the same species. Other factors possibly influencing
moose and white-tailed deer home range size in VNP include reproductive activity,
relative distribution and diversity of suitable habitats, and species density (Leptich and
Gilbert 1989, Beier and McCullough 1990).

Average home range size was much larger for moose than white-tailed deer in

VNP, which was expected. Moose are larger and have a higher metabolic demand than
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white-tailed deer and, therefore, need to range further than white-tailed deer to satisfy
their energetic requirements. Along the same lines, moose and white-tailed deer in colder
climates are expected to have a higher energetic demand than those living in warmer
climates (McNab 1963), which, assuming comparable forage density and quality, would
suggest that home ranges in colder climates should be larger than home ranges in warmer
climates. White-tailed deer in VNP are consistent with this hypothesis but moose home
ranges are historically not.

Although male moose and white-tailed deer usually occupy larger home ranges
than females (Carlsen and Farmes 1957, Ballard et al. 1991), other studies have found no
difference between male and female home range sizes (Phillips et al. 1973, Taylor and
Ballard 1979, Hauge and Keith 1981). The average male moose home ranges in VNP
were larger than the average female moose home range, although statistical testing was
inhibited by a small sample of male moose (n = 3). There was no statistical difference
between male and female white-tailed deer home range size in VNP, although mean male
home ranges were larger. The average female white-tailed deer home range size,
however, was inflated due to 2 white-tailed deer (1 doe, 1 fawn) that migrated out of
VNP during the study. A small white-tailed deer sample caused large confidence
intervals and strong outlier effects.

Moose and white-tailed deer in northern regions typically undergo significant
seasonal home range shifts (Messier and Barrette 1985, VVan Deelen et al. 1998). Yarding
behavior by white-tailed deer is common in northern regions (Telfer 1967, Rongstad and

Tester 1969, Nelson 1998), and yarding behavior in moose is common in eastern Canada
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(Proulx 1983). Approximately 80% of the white-tailed deer in nearby Superior National
Forest exhibit migratory behavior (Nelson 1998). Migratory behavior has traditionally
been thought of as an adaptive response to the presence of snow (Townsend and Smith
1933); however, it might also be anti-predator response (Nelson and Mech 1991). None
of the moose and white-tailed deer on the Kabetogama Peninsula exhibited migratory
behavior typical of yarding based on the size and shape of their annual home ranges. The
summer range of 1 male moose extended into adjacent Ontario. Two white-tailed deer (1
female with a fawn) captured and radio marked in the vicinity of Daley Bay migrated out
of VNP during warmer months and returned to Daley Bay during the winter. Vegetation
in the vicinity of Daley Bay is predominately northern white cedar swamp (classified as
shrubland alliance in this study), which is typically associated with white-tailed deer
wintering yards (Crawford 1982).

There are 2 possible reasons for the lack of apparent migratory behavior in white-
tailed deer and moose in VNP. One possible explanation is that VNP moose and white-
tailed deer do in fact migrate, but my sample of moose and white-tailed deer was not
representative of their populations. | believe that this is unlikely. Data from pellet count
transects in VNP indicate that radio collared animals used in this study were captured in
areas with representative densities of moose and deer in VNP (Chapter I1). Even though
the capture protocols have inherent biases, a sample size of approximately 15% of the
total moose population and 2% of the total white-tailed deer population should be

sufficient to avoid source misrepresentation of the populations.
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Another possible explanation for the lack of yarding behavior in white-tailed deer
in VNP is because of an abundance of winter habitat. Forest maturation in adjacent
Superior National Forest during the early 1970s provided white-tailed deer with
abundant, widely distributed winter cover and might have allowed the population to
disperse into smaller groups rather than crowd into limited yards (Wetzel et al. 1975).
Winter cover, such as balsam fir, was abundant in VNP during this study due to a long-
term absence of major wildfires and limited timber harvest in VNP since the 1930s.

As with pellet group data, I detected minimal overlap between collared moose and
white-tailed deer home ranges and no overlap between moose and white-tailed deer core
areas for animals fitted with radio collars. Interspecific home range overlap between
collared moose and white-tailed deer was limited to a small region on the central
Kabetogama Peninsula. Pellet count transects identified the same region on the
Kabetogama Peninsula as the only area in VNP that contain evidence of moose and high

abundances of white-tailed deer (Chapter II).

Habitat Selection

Compositional analysis revealed that both moose and white-tailed deer in VNP
exhibited a strong preference for the spruce/balsam fir habitat type at the home range
scale. This habitat type satisfies different needs for moose and white-tailed deer. Moose
distribution generally is dictated by food abundance rather than shelter (Telfer 1970).
Balsam fir is an important source of forage for moose in boreal forests, especially during
the winter season (Irwin 1975, Peek et al. 1976, Ludewig and Bowyer 1985, Allen et al.

1987). Balsam fir, however, would have also provided moose in VNP with a refuge
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during winter periods of deep snow. White spruce and balsam fir were among the
dominant overstory species in moose winter yards in southern Quebec (Proulx 1983).

White-tailed deer are less adapted than moose for harsh winter conditions and are
thought to select winter habitat based on thermal protection and shelter, rather than forage
preference (Telfer and Kelsall 1979). Balsam fir and spruce are generally thought of as
poor quality forage for white-tailed deer (Crawford 1982, Blouch 1984). Though low in
nutritional value, spruce and balsam fir offer ideal winter protection for white-tailed deer.
White-tailed deer in northeastern Minnesota used balsam-fir-dominated stands frequently
in late winter (Wetzel et al 1975). Monthly snowfall during two winters of this study
exceeded the critical depth (50 cm) at which white-tailed deer movement is severely
restricted (Telfer 1970). Winter protection such as spruce and balsam fir were probably
especially important for deer survival during these winter conditions of unusually deep
snow and cold temperatures.

Aspen/birch habitat ranked second in preference for white-tailed deer. These
plant species are preferred forage for white-tailed deer in boreal forests (Ludewig and
Bowyer 1985; Cairns and Telfer 1980). Aspen/birch habitat was also found to be the
second most used habitat by white-tailed deer in adjacent Ontario (Kearney and Gilbert
1976). Aspen and birch do not offer as much thermal and snow protection for white-
tailed deer in VNP compared to spruce and balsam fir.

Shrubland alliance, aspen/birch, and herbaceous alliance habitats tied for second
in moose preference. Shrubland alliance habitat included northern red osier dogwood

species and willow species, which offer moose good forage and are eaten by moose
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during the early spring and fall seasons in boreal forests (Peek 1976). Moose in northern
Minnesota forage extensively on aspen and birch (Peek 1976). The herbaceous alliance
habitat was primarily composed of swamp and hydrophilic species of plants. Such
wetland communities are especially important to moose in the early spring and late fall
seasons. Moose have been shown to use aquatic habitats for both forage and obtaining
nutrients, especially sodium (Jordan 1987). Aquatic habitats might also provide moose
with an escape from biting insects during the early summer season (Ritcey and Verbeek
1969).

Compositional analysis provided evidence that moose and white-tailed deer select
different canopy heights and densities in VNP at the home range scale. Moose generally
exhibited a stronger preference for less dense and more open canopy cover than white-
tailed deer. Differences in winter habitat requirements between moose and white-tailed
deer might be an important factor for the apparent difference in canopy preferences
between these species. The amount of energy that ungulates expend increases linearly
with increasing snow depth until breast height, after which it increases exponentially
(Parker 1984). Dense cover displaces snow and causes structural changes to snow that
influence the energy needed to move and forage (Kirchoff and Schoen 1987). Deer are
more restricted by snow and cold temperatures than moose and, therefore, are forced to
utilize habitats that allow movement during periods of deep snow (Telfer 1970). Moose
are not as affected by snow conditions and would be more likely to select areas with
canopies for forage availability rather than thermal and snow protection during winter.

Moose in southern Quebec yarded during the winter in slightly closed canopy forest (41-
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80%) with tree heights of 9.1-18.3 m (Proulx 1983). These yards however tended to be
on slopes that reduced the energetic cost of moving through deep snow (Proulx 1983).
Conditions in VNP evidently did not necessitate yarding behavior for moose.

Moose showed a high preference for 20-30 m canopy class in addition to other
lower canopy heights, which was unexpected. One possible reason for moose selection
of 20-30 m canopy might be related to heat stress avoidance (Kelsall and Telfer 1974,
Belovsky 1981). Moose at VNP are at the southern periphery of the species’ distribution.
Southern populations of moose select upland sites during the summer season, possibly to
reduce energy expenditure and enable them to forage for longer periods per day (Miller
and Litvaitis 1992). During warm periods, the overhead canopy of a 20-30 m coniferous

canopy could shade moose and reduce ambient temperatures better than open habitat.

Core area

| did not detect significant levels of selection at the core area scale for vegetation
type, canopy density, or canopy height. Moose canopy density selection at the core area
scale was nearly significant overall (p = 0.07), but none of the individual canopy density
classes were significantly preferred over another. This apparent difference might be due
to inherent differences between the two statistical tests used (MANOVA vs. t-test).

There are 2 possible explanations for not detecting significant selection at the core
area scale. Selection might be occurring at the core area scale, but I was not able to
detect it because the difference between the estimated habitat proportions in the core area
versus the home range was not substantial. It is possible that the vegetation map and the

home range estimates were not precise enough to detect selection at that scale. Selection
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might have been occurring at a finer habitat scale. The second explanation is that all
selection was accounted for at the home range scale, and selection in fact was not

occurring at the core area scale.

Meningeal Worm

Radio telemetry data showed evidence of spatial segregation and resource
partitioning between moose and white-tailed deer in VNP, although both selected the
spruce-balsam fir habitat type. These results were consistent with pellet surveys of
moose and white-tailed deer in VNP (Chapter Il). The apparent spatial separation and
differences in habitat preferences between moose and white-tailed deer in VNP might
reduce the incidence of meningeal worm infection in moose by providing moose with a
partial refuge from meningeal worm-infected white-tailed deer (Gilbert 1974).

Since meningeal worm is highly pathogenic to moose, moose populations in VNP
are expected to decline in the presence of the parasite unless moose are somehow isolated
from infection. Meningeal worm caused 38% of the observed mortality in an introduced
population of moose in Michigan (Schmitt and Aho 1988). Meningeal worm appeared to
be having an impact on moose numbers in adjacent Ontario, where moose numbers were
lowest in management units with the highest mean intensity of meningeal worm larvae in
white-tailed deer feces (Whitlaw and Lankester 1994). The potential for meningeal
worm infection in moose should have been even greater in VNP than Ontario, since
white-tailed deer numbers and meningeal worm prevalence are higher in VNP than in
most regions in Ontario (Gogan et al. 1997). The mortality rate of the collared moose in

this study, however, was relatively low: only 3 out of 10 collared moose died during this
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study, and cause of death was unknown. The remaining moose were re-instrumented and
only one additional moose died in 1995. Partial separation between moose and white-
tailed deer in VNP might be a regulating factor allowing moose to persist despite a high

local prevalence of meningeal worm for over ten years.

Future Research

Further study is needed to examine the relative habitat use patterns of moose and
white-tailed deer in VNP. The GIS vegetation map of VNP offered more than enough
detail to identify moose and deer habitat selection at a much finer scale than the radio
telemetry data from this study allowed. GPS relocation estimations overlaid onto the
current GIS vegetation map of VNP would provide future researchers with an even
greater wealth of information regarding moose and deer habitat use and movement within
VNP. It will be necessary, however, to update the GIS vegetation map to incorporate
future plant succession and fires. Since moose and deer habitat use in VNP probably
changes throughout the year, it is critical that future studies examine seasonal home
ranges and habitat uses for these species. Future habitat selection analyses should also
classify vegetation types by canopy height and density. This would allow researchers to
determine if moose and white-tailed deer exhibit habitat preference for vegetation of a
specific seral stage.

It will be necessary to examine the spatial distribution of meningeal worms in
white-tailed deer feces at a smaller spatial scale to gain a greater understanding of the
impacts of meningeal worm on moose in VNP. More detailed information is needed on

moose and white-tailed deer range overlap during the season when meningeal worm
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infection is greatest (late winter, early spring) and on the distribution of the gastropods
capable of spreading meningeal worms. A spatial comparison of moose and white-tailed
deer abundances to the densities of meningeal worm vectors and habitat types should
provide researchers with a better awareness of important factors affecting the population

dynamics of moose and white-tailed deer in VNP.
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CONCLUSIONS

The majority of collared moose and white-tailed deer exhibited year-round home
ranges in VNP, which is atypical for white-tailed deer in the region. The home ranges of
collared moose and white-tailed deer were also larger than in adjacent areas of Minnesota
and Ontario.

A partial spatial separation appears to exist between moose and white-tailed deer
in VNP. Moose range was mostly limited to areas of low white-tailed deer abundance.
Overlap between moose and high abundances of white-tailed deer were limited to a small
region in the central Kabetogama Peninsula, although white-tailed deer were probably
dispersed throughout VNP. This small region was also the only area where radio-
collared moose and white-tailed deer home ranges overlapped.

The spatial distributions of moose and white-tailed deer were related to the
distribution of vegetation types and canopy cover classes in VNP. White-tailed deer
pellet groups were more abundant in areas containing greater proportions of
spruce/balsam fir habitat. Moose pellet groups were found in areas containing
significantly more 5-12 m canopy height and open/discontinuous canopy cover than
where moose pellet groups were absent. Collared moose and white-tailed deer also
exhibited high preferences for spruce/balsam fir habitat; however, canopy height and
density preferences differed between moose and white-tailed deer. Differences in habitat
selection between moose and white-tailed deer might be related to winter habitat

requirements and browse preferences. The apparent spatial separation and different
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habitat preferences might provide a refuge for moose from white-tailed deer infected with

meningeal worms and could be a factor in the coexistence of the species in VNP.
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LORAN-C CORRECTION
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Inland LORAN-C coordinates have been shown to have a directional bias that
varies among study areas (Jaeger et al. 1993, Leptich et al. 1994, Podruzny In Gogan et
al. unpubl.). Subsequent to November 1989, there was reason to believe that the location
coordinates obtained by LORAN-C in this study were directionally biased. From
December 1989 through March 1991, location coordinates for moose and white-tailed
deer were obtained using both LORAN-C and topographic maps to compensate for this
potential bias (1065 locations).

A concurrent study at VNP developed an objective method for quantifying
potential bias of LORAN-C locations (Gogan et al. unpubl.). Following these methods, I
hand-digitized paper-mapped location coordinates into a GIS using the ArcView Points-
Coordinates extension and calculated new location coordinates. By digitizing the paper-
mapped coordinates into a GIS, | eliminated any error associated with hand calculating
the paper-mapped coordinates (i.e., grid overlay). Although studies have shown that the
precision of hand-mapped coordinates can vary by as much as 1,414 m from the true
location of an animal (Krausman et al. 1984, Carrell 1997), there are currently no studies
showing a directional bias associated with paper-mapped coordinates.

| subtracted the UTM easting and northing values for LORAN-C coordinates
from digitized coordinates to find the locational discrepancies between the 2 methods. |
removed points from the dataset that had a difference between the LORAN-C coordinate
and the digitally mapped coordinate for the easting or northing that was greater than
2,500 m (n = 32). These were assumed to be instances when the LORAN-C device had

malfunctioned. | created box plots of the remaining locational discrepancies and
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removed all extreme outliers from the dataset, defined as 3 quartiles from the closest
quartile. A scatter plot of new locational discrepancies was created and the mean x and y
coordinate bias was calculated. This mean bias correction factor was applied to the
original coordinates to adjust for LORAN-C bias.

I removed 32 relocations (14 deer, 18 moose) because they were greater than
2,500 m from their digitized coordinates, and an additional 9 locations (2 deer, 7 moose)
because they were extreme outliers (3 quartiles from the mean) from the rest of the data
(Figure 9). This left a total of 1,818 relocations on all animals.

Before outliers were removed, | estimated LORAN-C coordinates to be biased by
an average of 575 m (Cl = + 466.24, « = 0.05) west and 50 m (Cl = +90, « = 0.05)
north. With outliers removed, | estimated LORAN-C coordinates to be biased by an
average of 601 m (Cl = £23.42, « = 0.05) west and 54 m (Cl = £17.21, a« = 0.05)
north of the digitized mapped coordinates (Figure 10). | adjusted all moose and white-

tailed deer relocations using the estimated bias.
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Figure 9. Box plots of locational discrepancies (m) between LORAN-C coordinates and
digitally mapped coordinates. Differences were calculated by subtracting LORAN-C
UTM coordinates from unbiased digitally mapped UTM coordinates. Extreme outliers
(circles) were removed from the dataset before the final LORAN-C bias correction was
calculated.
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Figure 10. Scatter plot of locational discrepancy (m) between LORAN-C coordinates
and digitally mapped coordinates for aerial telemetry locations of moose and white-tailed
deer in Voyageurs National Park region, Minnesota, 1989-1991. Differences were
calculated by subtracting LORAN-C UTM coordinates from digitally mapped UTM
coordinates.
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TESTING FOR INDEPENDENCE
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Individual moose and white-tailed deer relocations were tested for independence
by comparing the ratio of the mean squared distance between successive observations (t%)
and the mean squared distance from the observation to the center of activity (r%)

(Schoener 1981):

1& 18
== (X + %)+ =D (Vi = V)’
m i:l( i+1 |) m = (y|+l y|)
1 - 1 & —
rZ=—>(x-x)*+—> (¥, - y)*
n_1i:1(. ) n— i:1(Y. y)

where x = Z% Y= Z% ,and m =n—1 (when all pairs are used)

If observations are completely independent, then t%/r* = 2 (Schoener 1981). Any
significant deviations from 2 (i.e., <1.6) suggest temporal or spatial dependence among
the data. To determine the time lag at which autocorrelation was negligible, I also looked
at the values of Schoener’s t/r® ratio as a function of the time interval between
observations (Swihart and Slade 1985). To avoid the underlying assumptions of
Schoener’s method (i.e., eccentricity is known), | tested moose and white-tailed deer
relocations for independence using the Solow (1989) randomization method. Schoener’s
t4/r? ratios for individual moose and white-tailed deer relocations in successive order were
compared to t%/r ratios of the same locations in a random order. This tested the null
hypothesis that the distance moved between sequential locations did not differ from the

distances between nonsequential locations.
Average Schoener’s index values for moose (§ = 0.88375, SD = 0.46567) and

deer (x = 1.16636, SD = 0.57101) indicated significant temporal or spatial dependence
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in the locations. While Schoener’s t%/r? ratios for individual moose and deer relocations
in successive order produced values significantly below 2.0, t%/r? ratios of the same
locations in a random order produced values near 2.0, suggesting that the locations were
temporally dependent. Increasing the time interval between successive locations did not
reliably reduce autocorrelation in either moose or deer data.

Achieving the minimum time intervals necessary to demonstrate statistical
independence have been shown to prohibit the identification of home range
characteristics (Kernohan et al 1998). | believe that meeting the goal of statistical
independence in this study would have required removing an excessive number of
relocations, which would have produced less accurate estimates of moose and white-
tailed deer home ranges. It is possible for time intervals frequent enough to identify
home ranges to be biologically independent, without being statistically significant
(Kernohan 1998). It is possible that much of the autocorrelation present in these
relocations is an intrinsic property of the home range behavior. Autocorrelation can be a
product of cyclical behavior (e.g., seasonal shifts) or movement along a path in a
predictable manner (Minta 1992), however small sample sizes precluded testing these
effects. Clumping of observations in subsections of the home range due to repeated
activities such as foraging and resting might also lead to autocorrelation (Swihart and
Slade 1985). | assumed that a 10-day interval was more than sufficient time for moose
and white-tailed deer to traverse their home range, and therefore provided biological

independence between relocations (Otis and White 1999).
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Autocorrelation should not be a problem if analysis techniques are robust to
problems associated with a lack of independence. | examined habitat selection using
compositional analysis (Aebischer et al. 1993). This technique considers the individual
animal as the sampling unit instead of individual relocations (Alldredge and Ratti;
Aebischer et al. 1993). Compositional analysis of home ranges instead of point
relocations is, therefore, robust problems associated with a lack of independence,
provided that the home range and habitat composition estimates and are accurate and
robust. Home ranges were estimated using the adaptive kernel method, which does not
require serial independence of observations, provided the time between successive
observations remains “relatively constant” (De Solla et al. 1999). The time interval
between consecutive relocations of moose and white-tailed deer varied (X =9.02, SD =
5.26); however, there were no “bursts” of samples separated by long intervals that would
lead to biased home range estimates (De Solla et al. 1999). | concluded that my both my
home range estimate and habitat selection analysis were unbiased and robust to a lack of

independence.
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APPENDIX C

FATE OF COLLARED MOOSE AND WHITE-TAILED DEER
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Number of radiotelemetry relocations, 90% adaptive kernel home range size (km?), and
fate of radio collared (a) moose and (b) white-tailed deer in the VVoyageurs National Park
region, Minnesota. “~~" indicates home range not calculated.

(@)

Animal#  Sex # of Relocations Home Range Area Fate
27 Female 90 47.1 Survived
28 Female 96 29.7 Survived
29 Female 90 33.9 Survived
30 Female 30 35.3 Died
33 Female 88 34.0 Survived
34 Female 92 50.3 Survived
35 Female 48 45.1 Died
31 Male 89 31.4 Survived
32 Male 92 29.3 Survived
36 Male 71 140.7 Died

Total 786 476.6
Average 78.60 47.7

(b)

Animal#  Sex # of Relocations Home Range Area Fate
52 Female 6 ~~ Died
54 Female 5 ~~ Died
56 Female 73 2.8 Survived
57 Female 73 2.3 Survived
58 Female 74 9.8 Survived
59 Female 67 3.9 Died
61 Female 69 4.3 Survived
63 Female 64 5.2 Died
65 Female 74 55 Survived
66 Female 36 1.8 Unknown, Collar Malfunctioned
68 Female 64 49.2 Survived
50 Male 76 5.6 Survived
51 Male 62 4.0 Died
53 Male 73 7.0 Survived
55 Male 10 ~~ Died
60 Male 30 2.4 Unknown, Collar Malfunctioned
62 Male 69 18.7 Survived
64 Male 16 ~~ Died
67 Male 21 — Died, Legally Harvested
69 Male 66 7.2 Survived

Total 906 129.6
Average 64.67 8.64
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APPENDIX D

VEGETATION TYPE DESCRIPTIONS
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Description of vegetation classes used in compositional analysis.  Consolidated
vegetation classes were created by combining original GIS habitat classifications from
the USGS/NPS vegetation coverage of the VVoyageurs National Park region.

Consolidated Classes

Original GIS Habitat Classification

Shrubland Alliance

Black Ash/Red Maple

Jack Pine

Red/White Pine

Spruce/Balsam Fir

Bur Oak

Aspen/Birch

Herbaceous Alliance

Beaked Hazel/Serviceberry shrubland alliance

Bog Birch/Willow saturated shrubland alliance

Leatherleaf saturated dwarf shrubland alliance

Red Osier Dogwood/Willow seasonally flooded shrubland alliance
Speckled Alder seasonally flooded shrubland alliance

Northern White Cedar/Red Maple saturated forest alliance
Northern White Cedar/Yellow Birch forest alliance

Northern White Cedar forest alliance

Northern White Cedar saturated forest alliance

Tamarack saturated forest alliance

Black Ash/Red Maple saturated forest alliance

Jack Pine/Lichen nonvascular alliance

Jack Pine forest alliance

Jack Pine, Red Pine woodland alliance

Mosaic (Jack Pine forest alliance and Quaking Aspen/Paper Birch forest alliance)

Red Pine forest alliance
White/Red Pine and Quaking Aspen forest alliance
White Pine forest alliance

Black Spruce/Quaking Aspen forest alliance AND/OR White Spruce/Balsam Fir/Aspen forest alliance
Black Spruce forest alliance

Black Spruce saturated forest alliance

White Spruce/Balsam Fir forest alliance

Bur Oak/Oak (White, Northern Pin, Black) woodland alliance
Bur Oak forest alliance

Paper Birch forest alliance

Quaking Aspen/Paper Birch forest alliance
Trembling Aspen temporarily flooded forest alliance
Quaking Aspen woodland alliance

Canada Bluejoint seasonally flooded herbaceous alliance

Cattail/Bulrush semipermenantly flooded herbaceous alliance

Common Reed semipermenantly flooded herbaceous alliance
Few-seeded/Wiregrass Sedge saturated herbaceous alliance
Hardstem/Softstem Bulrush semipermenantly flooded herbaceous alliance
Mosaic (1 saturated dwarf shrubland alliance and 3 wetland herbaceous alliances)
Mosaic/Complex (5 wetland herbaceous alliances)

Mosaic/Complex (7 wetland herbaceous alliances)
Pondweed/Hornwort/Waterweed permanently flooded herbaceous alliance
Poverty Grass herbaceous alliance

Yellow/White Water Lily permanently flooded herbaceous alliance

Wild Rice semipermanently flooded herbaceous alliance






