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Abstract

We investigated the status of wolves (Canis lupus)
in and adjacent to Voyageurs National Park (VNP),
Minnesota, from September 1987 through Sep-
tember 1991. Thirteen wolf packs were followed
by radiotelemetry (13 males, 18 females were
radio-marked) for 6 to 48 months. Six packs had
territories exclusively or partially within VNP. Ra-
diotelemetry data gathered during winter daylight
hours indicated that wolves within VNP avoided
the frozen surfaces and shorelines of larger lakes
during that time period. In contrast, snow track-
ing revealed that wolves regularly traversed frozen
surfaces and shorelines after dark. Our howling
surveys averaged detection near 50% of the wolf
packs known to exist in the study area. Pack ter-
ritories ranged from 48 km? to 296 km? with a
mean of 152 km?. Overall, mean mid-winter pack
size was 5.5 wolves with a high of 6.3 in 1988-
1989 and a low of 4.5 in 1989-1990. Non-ter-
ritorial wolves made up 9.5% of the population.
Overall, mean wolf density was 33/1,000 km?
with an annual range of 24 to 42/1,000 km?. We
detected nine dispersals among 20 radio-marked
wolves more than eight months old. All dispersals
occurred in winter. Dispersing wolves averaged
2.1 pre-dispersal movements beyond their home
territory. Ages of dispersing wolves ranged from
1.5 to 7.5 years. Natural causes of mortality
among radio-marked wolves included intraspecific
strife (n = 4) and starvation (n = 2). Confirmed
human-induced causes of mortality among radio-
marked wolves included shooting (n = 2), trapping
or snaring (n = 2), and unknown method (n = 2).
Natural causes of mortality among non-radio-
marked wolves included intraspecific strife (n = 1)
and starvation (n = 1). Confirmed human-induced
causes of mortality among non-radio-marked
wolves included automobile collisions (n = 3),
shooting (n = 3), and trapping or snaring (n = 2).
All mortalities within the boundaries of VNP were
attributed to natural causes. Six of eight con-
firmed mortalities among instrumented wolves
and eight deaths of non-instrumented wolves be-
yond the boundaries of VNP were human caused.
Two additional instrumented wolves disappeared
at the onset of the Minnesota deer rifle season,
but their fate was not confirmed. Twenty remains
were necropsied, but no mortalities were attribut-
able to diseases or parasites. The annual survival
rate of adult wolves was 0.75. Season, and then
age, were the most important parameters in
explaining survival of all instrumented wolves.
Instrumented wolves with territories exclusively
within the boundaries of VNP had higher survival
than those whose territories straddled or were
beyond the park boundaries. The annual wolf diet

consisted of 80% white-tailed deer (Odocoileus
virginianus) and 15% beaver (Castor canadensis),
as determined by scat analysis. Deer made up
56% of the spring and 91% of the winter diet
while beaver made up 35% of the spring and 7%
of the winter diet. The overall sex ratio of adult
deer killed by wolves in winter did not differ from
50:50. However, the sex ratio of wolf-killed adult
deer was skewed toward males in the winter of
1987-1988 and toward females in 1988-1989.
The median age of deer killed by wolves in winter
was 6.5 and 7 years for females and males, re-
spectively.

Key Words: Canis lupus, abundance, density,
diseases and parasites, dispersal, feeding ecology,
gray wolf, howling surveys, mortality, radiotelem-
etry, snow tracking, survival rates, pack size, terri-
tory size, Voyageurs National Park, Minnesota.
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Introduction

Gray wolves once occupied much of North
America (Nowak 1995), but were extirpated
from most of their range south of Canada by
the mid-1960s (Thiel and Ream 1995). In 1963,
the estimated 350-700 wolves in extreme
northeastern Minnesota (Stenlund 1955, Full-
er et al. 1992) likely constituted the only viable
population of gray wolves in the contiguous
United States other than those at Isle Royale
National Park (IRNP), Michigan. In Min-
nesota, a statewide wolf bounty system was

in effect between 1849 and 1965 (Minnesota
Department of Natural Resources [MnDNR]
unpublished data). In addition, the state of
Minnesota administered a Directed Predator
Control Program until 1974. Aerial gunning
was a component of these control programs
from 1948 to 1956. The first significant protec-
tion for wolves in Minnesota came in 1970
when Superior National Forest (SNF) was
closed to the taking of wolves. In 1972, an es-
timated 500 to 1,000 wolves occupied 30,720
km? of wolf habitat in northeastern and north-
central Minnesota (MnDNR unpublished
data). The creation of VNP from public and
private lands in 1975 provided additional pro-
tection for wolves and their habitat.

Wolves became federally protected through-
out their historic range in the contiguous
United States in 1974 when they were listed as
endangered under the Endangered Species Act
(ESA) of 1973 (U.S. Fish and Wildlife Service
[USFWS] 1992). By 1978, wolf numbers had
increased in Minnesota so that the species was
reclassified as threatened under the ESA
(USFWS 1992). Currently, wolves are expand-
ing their range south and west across Min-
nesota (Berg and Benson 1998) and have reoc-
cupied portions of Wisconsin (Wydeven et al.
1995) and the Upper Peninsula of Michigan
(Hammill 1997).

In the mid-1980s, VNP was one of only
three national parks (Isle Royale, Glacier)
in the contiguous United States known to
support gray wolves year-round. Results of
winter ground tracking efforts in VNP from
winter 1976-1977 through 1985-1986 sug-
gested wolf numbers declined (Cole 1987).
This trend paralleled a decade-long decline
in wolf numbers in the central SNF ending
in winter 1983-1984 (Mech 1986b). In both
cases, the wolf population declines were at-
tributed to a decline in the abundance of the
primary ungulate prey species, white-tailed

deer (Mech 1986b, Cole 1987). A review of
historical data suggested that the ungulate
prey base for wolves at VNP might have been
more diverse prior to the 1920s (Cole 1987).
In response to the observed decline in wolf
abundance and to examine the potential for
reintroducing extirpated woodland caribou
(Rangifer tarandus) (Gogan et al. 1990, Gogan
and Cochrane 1993), we conducted a study
of wolves in and adjacent to VNP from 1987
through 1991. Voyageurs National Park served
as the focus of this study of wolves. However,
it became clear early in the study that wolves
utilizing VNP ranged extensively beyond the
park boundaries. We therefore opted to de-
fine VNP as the core study area but annually
defined a survey area that included territories
of all instrumented wolves in and adjacent to
VNP.

Our goals were to assess the ability of VNP

to support long-term resident and “across-
boundary” packs of wolves and to identify
human activities within and adjacent to the
park likely to affect their long-term viability.
Specific objectives were to (1) determine the
number of wolf packs using VNP and adja-
cent lands; (2) estimate the approximate size
and location of pack territories; (3) estimate
wolf density, including the number of resident
pack wolves and lone wolves; (4) calculate the
percentage of wolves leaving packs; (5) deter-
mine causes and timing of mortality; (6) calcu-
late survival rates of select cohorts of wolves;
(7) identify diseases and parasites of wolves;
(8) examine wolf population genetics; (9)
determine wolf food habits; and (10) evaluate
the utility of howling surveys for assessing the
presence or absence of wolf packs in the park.

National Park Service 1






Figure 1. Location of Voyageurs
National Park, northern Min-

nesota.

Study Area

Voyageurs National Park covers an area of
882 km? of forest and lakes atop the Cana-
dian Shield along the United States—Canada
boundary between northern Minnesota and
northwestern Ontario. The park’s northern
boundary extends from 20 to 70 km east of
the communities of International Falls, Min-
nesota, and Fort Frances, Ontario. The park
is part of a relatively unsettled region that
includes the larger than 4,850 km? Bound-
ary Waters Canoe Area Wilderness of the
8,500 km? SNE Minnesota, and the 4,450 km?
Quetico Provincial Park, Ontario (figure 1).

Voyageurs National Park includes a central
landmass of the Kabetogama Peninsula and its
adjacent islands (330 km?), a separate south-
eastern landmass (210 km?), and 4 large lakes
comprising an area of 342 km?2 The land-
masses contain 26 small lakes, ranging from

13 to 305 ha in size. As of 1986, beaver im-

poundments covered 13% of the Kabetogama
Peninsula (Broschart et al. 1989). Maximum
topographic relief is 80 to 90 m. The park lies
within the Border Lakes subsection of the
Laurentian Mixed Forest Province (McNab
and Avers 1994) and along the boundary
between the southern boreal and northern
hardwood forest types (Pastor and Mladenoff
1992). Vegetation in the southern boreal type
is mostly a secondary-growth mosaic of jack
pine (Pinus banksiana), quaking aspen (Popu-
lus tremuloides), paper birch (Betula papyr-
ifera), white spruce (Picea glauca), and balsam
fir (Abies balsamea) (Kurmis et al. 1986). The
northern hardwood forest type is character-
ized by red pine (Pinus resinosa), white pine
(Pinus strobus), red maple (Acer rubrum), and
green ash (Fraxinus pennsylvanica) (Kurmis et
al. 1986). Extensive wildfires in the 1920s and
1930s (Crowley 1995) shaped current forest
vegetative cover. Forests within the present
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Figure 2. Winter Severity Index
(wsl) for International Falls, Min-
nesota, for winter 1984-1985
through winter 1994-1995. The
WSl is calculated as the number
of days below -17.7° C or with
more than 45.7 cm snow cover-
ing the ground. Winter Severity
Index values greater than 100
are considered severe. Data
provided by F. Swendsen, Min-
nesota Department of Natural
Resources, International Falls,
Minnesota.
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VNP were extensively logged between 1910
and 1930 (Crowley 1995), and approximately
25% of the Kabetogama Peninsula was logged
post-1940 (J. Pastor, University of Minnesota,
personal communication). Natural fires have
been suppressed and logging prohibited since
the establishment of VNP in 1975. Most lands
adjacent to the park on both sides of the in-
ternational border are managed for timber
production.

Temperatures average 18.6° C in July and
-6.1° C in January, but extremes vary from
36.6° C to —43° C (National Weather Service,
International Falls, MN). Lakes in the area
are usually ice-covered by the third week in
November, and spring break-up occurs about
1 May (Kallemeyn 1987). A winter severity in-
dex for International Falls, Minnesota, shows
that the winters of 1988-1989 and 1990-1991
were particularly severe (figure 2) (F. Swendsen,
Minnesota DNR, personal communication).

As of 1985, wolves occurred throughout much
of the Laurentian Mixed Forest Province of
Minnesota and adjacent Ontario (figure 3)
(Mech et al. 1988). The U.S. Department of
Interior’s recovery plan for the eastern tim-
ber wolf identified four management zones
for wolves in Minnesota (USFWS 1992).
Voyageurs National Park lies at the extreme
northwest corner of the 11,423-km? zone one
of primary wolf range (figure 3). The park’s
western and southern boundaries are coin-
cident with the boundary between primary

range zones one and three (USFWS 1992).
Both zones are identified as critical habitat for
wolves (USFWS 1992). Wolves were harvested
legally in Ontario adjacent to VNP throughout
the life of this study. Some 75 wolves were
trapped in the 23,595-km? Fort Frances Dis-
trict during winter 1987-1988 but less than 20
were trapped in the latter three years of our
study (appendix 1).

Moose (Alces alces) and woodland caribou
were likely the most common ungulates in
terms of numbers and biomass in pre-Europe-
an times (Cole 1987). Caribou were extirpated
from the region by the 1940s. Moose densities
within VNP were estimated at 0.23/km? in
1992 (Gogan et al. 1997a). White-tailed deer
expanded northward with logging of the ma-
ture pine forest; they became common by the
1920s (Petraborg and Burcalow 1965). From
1975 through 1992, estimates of deer density
in and directly adjacent to VNP ranged from
1.5 to 11.5/km? (Peterson 1976, Whitlaw and
Lankester 1994, Gogan et al. 1997a). Densities
of deer in the areas south of VNP ranged from
4.2 to 5.2/km? between 1985 and 1995 (M.
Lenarz, Minnesota Department of Natural
Resources, personal communication). Den-
sity of beaver colonies on the Kabetogama
Peninsula increased continuously from the
mid-1930s through 1986 (J. C. Schneeweis,
Minnesota Department of Natural Resources,
personal communication). Beaver density

on the Kabetogama Peninsula was estimated
at 5.8 to 6.6/km? in the mid-1980s (Smith

4 Gray wolves in and adjacent to Voyageurs National Park, Minnesota: Research and synthesis 1987-1991



Figure 3. Continuous distribu-
tion of wolves in Minnesota in
1988-1989 (left panel) (Fuller et
al. 1992) and wolf management
zones in Minnesota identified
in the 1992 wolf recovery plan
(right panel) (USFWS 1992).
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and Peterson 1988) and 9.7/km? in the early
1990s (Smith 1997). Statewide, snowshoe hare
(Lepus americanus) numbers exhibited a low-
amplitude high, rising from 0.5/km? in 1987
to 2.7/km? in 1989 before declining to initial
densities. Hare density in 1989 was only one-
seventh that of the late 1970s (Dexter 1998:
49). Black bear (Ursus americanus) densities
in nearby portions of SNF ranged from 0.16
to 0.24/km? from 1969 to 1985 (Rogers 1987).
Lynx (Felis lynx) and cougar (F. concolor) may
occur at low numbers in the region (Gerson
1988). Based upon our observations, coyote
(Canis latrans) are uncommon, and red fox
(Vulpes vulpes) are common within VNP.

Human recreational activities tend to be dis-
tributed on the water and along the shorelines
of the region’s lakes during summer. The
freeze-up of the larger lakes in late Novem-
ber enables a proliferation of “ice houses”

or fishing shacks on the frozen lake surfaces
of the four major lakes (Kabetogama, Rainy,
Namakan, and Sand Point) within VNP. The
structures on the west end of Rainy Lake are
accessed by automobile via a plowed road
over the frozen lake surface. Similarly, the
onset of snow permits extensive use of snow-
mobiles on both the land surfaces and across
the frozen lake surfaces. Snowmobile users
tend to remain on groomed trails while tra-

versing land but become more dispersed while

crossing frozen lake surfaces, except where
unsafe ice or portages funnel them into more
restricted areas. Logging beyond the park

boundaries is limited to uplands in the warmer

months, while lowland forests are logged in
winter when the frozen ground permits access
by heavy equipment.

Annual visitor use of VNP rose from approxi-
mately 210,000 in 1985 to more than 270,000

in 1991 (figure 4, page 6). Monthly visitation is
more than 40,000 from June through August,
approximately 25,000 during the “shoulder”
months of May and September, and ranges from
1,500 to 12,000 during winter months (figure 4,
page 6) (J. Schaberl, National Park Service, per-
sonal communication). Most winter visitation is
snowmobile use.
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Figure 4. Annual (upper panel)
a.m.i m.onthly (lower panel) 290,000 1
visitation patterns for Voya-

geurs National Park, Minnesota,
1985-1995. Vertical bars are 95% 270,000 -
confidence intervals.
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Wolves were captured
during approximately
21-day trapping periods
between 25 April and 15
May, and from 15 August
to 15 September, from
fall 1987 to fall 1990.

We tracked wolves from
the ground in snow ... to
augment telemetry data
on pack size and move-
ments, and to verify

the existence of packs
with no radio-marked
wolves.

Methods

Capture and radiotelemetry

Wolves were captured during approximately
21-day trapping periods between 25 April and
15 May, and from 15 August to 15 September,
from fall 1987 to fall 1990. A single wolf was
trapped during summer 1989 (June 6 to Au-
gust 18). Wolves were captured with #14 New-
house foothold traps (Kuehn et al. 1986) and
immobilized using a pole-mounted syringe
with a mixture of xylazine hydrochloride, ket-
amine hydrochloride, and atropine sulphate
(Fuller and Kuehn 1983). Captured wolves
were fitted with mortality-sensing radio col-
lars (164-166 MHz; Telonics, Inc., Mesa, Ari-
zona). The ages of wolves were estimated at
capture as either pup (less than eight months
old) or adult (more than one year old). Collars
were loosely fitted on pups (less than eight
months old) and were padded with foam to
allow for growth. Captured wolves were ear-
tagged with 3.5 x 1-cm aluminum tags issued
by the Minnesota Department of Natural
Resources, sexed, weighed, and given penicil-
lin as an antibiotic (Fuller and Kuehn 1983).
Up to 20 ml of blood were collected from
each wolf to evaluate for diseases and endo-
parasites (Zarnke and Ballard 1987, Peterson
et al. 1998), and for genetic studies (Lehman
et al. 1991). When available, fecal material and
ectoparasites were also collected for disease
evaluation and parasite identification (Ash and
Orihel 1987). In 1987 and 1988, we captured
wolves in VNP and within 16 km of the south
boundary to ensure transboundary packs were
instrumented. In 1989 and 1990, we restricted
trapping to within and immediately adjacent
to the park boundaries to focus our efforts on
wolves ranging into the park.

Radio-marked wolves were located at ap-
proximately weekly intervals (x = 6.9 days,
range (0—57 days) using standard aerial radio-
telemetry techniques (Mech 1986a, Mech et
al. 1998) from a Piper PA-18 SuperCub or oc-
casionally a Cessna 180. When possible, radio-
marked wolves and their pack members were
observed and counted. Wolf locations were
obtained with an onboard LORAN-C posi-
tioning device and 1:24,000-scale topographic
maps and recorded as Universal Transverse
Mercator (UTM) coordinates. Some LORAN-
C locations differed from mapped locations
during a portion of the study. Subsequently,
we incorporated a combination of LORAN-C
and map coordinates to determine a rela-

tive directional bias in locations of 187 m at

108°, (appendix 2). A directional bias in loca-
tions based on LORAN-C alone was 565 m at
104.2° (appendix 2). We concluded that, given
the wide ranging habits of wolves, these mean
levels of bias were acceptable for assessing ter-
ritory, movements, and pack affiliations.

Noninvasive population sampling

Snow tracking—We tracked wolves from

the ground in snow from approximately mid-
December through March 1987-1988 and
1988-1989 to augment telemetry data on pack
size and movements, and to verify the exis-
tence of packs with no radio-marked wolves.
Most tracking was conducted on the surfaces
of the four large lakes within VNP. Tracks
were plotted on 1:50,000-scale topographic
maps. We estimated the age of tracks, the
minimum and maximum number of wolves,
and noted evidence of predation and prey
consumption. We did not use snow tracks in
1989-1990 or 1990-1991 when most packs

in the study area contained radio-marked
wolves. Data from snow tracking were not
used to calculate average territory size but
were used to delineate the total annual survey
area and to estimate winter pack size.

Howling surveys—Wolves respond to simu-
lated howling (D. H. Pimlott, University of To-
ronto, unpublished report), and standardized
howling surveys can be used to follow trends
in wolf populations (Harrington and Mech
1982, Fuller and Sampson 1988). We estab-
lished a simulated wolf howling survey (Har-
rington and Mech 1982, Fuller and Sampson
1988) in VNP. Twenty-four sampling stations
were distributed approximately 6 km straight-
line distance apart along the shorelines of the
four large lakes. This placed sampling stations
within 3 km of most of the park’s landmass.
Sampling (simulated howling) was conducted
at each station during late July and early Au-
gust from 1988 through 1991. Stations were
sampled three nights consecutively using three
trials of three howls each, with two minutes
between trials (Fuller and Sampson 1988).
Pups were distinguished from older animals
in the responses by their distinctive yips
(Harrington and Mech 1982). The location,
number, and estimated age (adult or pup) of
wolves returning howls were recorded at each
station. We classified elicited howls from more
than two wolves as a pack response and elicited
howls of a single wolf as a lone wolf response.
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We removed a tooth
from each dead wolf for
aging by dental cemen-
tum annuli.

Causes of mortality
were classified as intra-
spectfic strife, starvation,
vehicle collision, gun-
shot, trapped, snared,
unknown human-re-
lated, or unknown.

Incidental observations—We recorded all
wolf sightings and non-elicited howling de-
tected in the course of our field activities.
These incidental observations augmented ra-
diotelemetry locations, snow tracking surveys,
and howling surveys.

Pack territory size

Territory size was estimated for radio-marked
packs that were relocated more than 30 times
(Fuller and Snow 1988, Fuller 1989) in a bio-
logical year, beginning 1 May and continuing
through 30 April of the following year (Mech
1970). Territories were delineated using the
minimum convex polygon (MCP) method
(Mohr 1947, Odum and Kuenzler 1955). We
excluded locations of wolves beyond the de-
lineated territories or that entered adjacent
pack territories (Fuller 1989). Unmarked
packs and those with less than 30 telemetry
locations were not used in territory area cal-
culations. However, for density calculations,
the territory boundaries of these packs were
estimated using available radio locations,
snow tracks, fall howling surveys, incidental
observations, and landscape features such as
large lakes and human developments.

Pack size and density estimates

We estimated minimum pack size (more than
two wolves) between November and February
each winter. For radio-marked packs that were
counted more than five times during telemetry
flights, the estimate was the maximum num-
ber of wolves observed. For unmarked packs
and those counted less than five times during
telemetry flights, we estimated the minimum
pack size as the maximum number deter-
mined from aerial observations, snow tracks,
and incidental observations. We defined a lone
wolf as a wolf not located with other wolves
during more than 30 telemetry locations and
less than 15 visual observations of a specific
individual.

The number of non-territorial wolves is often
ignored in population estimates. Capture and
sightability biases make estimating non-territo-
rial wolves difficult (Fuller 1989). We calculat-
ed the percent of non-territorial wolves from
telemetry data each year during the census pe-
riod; however, because of low sample size and
the potential for capture and sightability biases,
we assumed that 15% of the population com-
prised non-territorial wolves when estimating
population density (Fuller et al. 1992). The use
of 15% is comparable with recent population
estimates for Minnesota (Fuller 1989, Fuller et
al. 1992, Berg and Benson 1998).

We calculated wolf density each winter over a
survey area defined as the area encompassed
by all adjoining wolf packs of known size.
This area included unoccupied space between
territories. The total number of pack wolves,
as estimated from snow tracking and visual
observations, was divided by 0.85 to compen-
sate for non-territorial wolves in the popula-
tion (Fuller 1989, Fuller et al. 1992, Berg and
Benson 1998). This quotient was then divided
by the survey area for an annual estimate of
density (Fuller 1989).

Dispersal events

We defined dispersal event as movement
more than 5 km from the instrumented wolf’s
original territory, or into another territory,
and with the wolf not returning to its original
territory (Fuller 1989:10). A wolf must have
been located within its home pack territory
more than five times before being classified as
dispersing. Dispersal distance was measured
from the most distant radio location to the
nearest edge of the original territory (Fuller
1989:10, Messier 1985). Dispersal date was
inferred as the mid-date between the last
telemetry location within and first location
beyond the original territory (Fuller 1989:10).
Age at dispersal was inferred from estimated
birth date. We assumed the loss of a radio sig-
nal was indicative of dispersal when signal loss
was immediately preceded by dispersal-like
movements (Messier 1985, Fuller 1989).

Timing and causes of mortality

We investigated mortality signals from trans-
mitters to recover carcasses of study animals
and examined unmarked wolves that were
found dead. All carcasses and sites were
evaluated for cause of death. We removed a
tooth from each dead wolf for aging by den-
tal cementum annuli (Goodwin and Ballard
1985, Ballard et al. 1995) and submitted 23 car-
casses to the National Wildlife Health Center
(NWHC), Madison, Wisconsin, for necropsy.
Causes of mortality were classified as intra-
specific strife, starvation, vehicle collision,
gunshot, trapped, snared, unknown human-
related, or unknown. Mortality sites were clas-
sified as in or outside of VNP. Furthermore,
we assumed human-induced mortality in two
instances in which instrumented wolves disap-
peared at the onset of the Minnesota deer rifle
season (Fuller 1989). However, these latter
two mortalities were excluded from calcula-
tions of survival rates (see following).
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Laboratory tests in bac-
teriology, virology, and
parasitology were used
to determine causes of
death and to identify in-
cidental abnormalities.

Survival rates

We used “Known Fates” models in program
MARK (White 1998) (appendix 3) to estimate
wolf survival. To meet assumptions of Known
Fates survival analysis, we used only informa-
tion on mortalities that was confirmed via
radiotelemetry and on-ground inspection of
each location. We created seasonal encounter
histories from radiotelemetry records and as-
sessed the potential influences of (1) age, (2)
sex, (3) territory location relative to VNP, and
(4) time of year on survival of marked wolves
(appendix 3). Specific hypotheses were:

H,,: Survival is constant between pups and adults

H,,: Survival varies between pups and adults

H,,: Survival is constant between males and females

H, : Survival varies between males and females

H,,: Survival is constant among wolves utilizing
territories that are contained within VNP,
border VNP, and are outside VNP

H,,: Survival varies among wolves utilizing terri-
tories that are contained within VNP, border

VNP, and are outside VNP

H,,: Survival is constant over time of year
H

A Survival varies by time of year

To facilitate comparisons with other North
American wolf populations, we assessed
overall annual survival over a biological year,
from 1 May through 30 April of the following
year. A biological year was divided into four
biological seasons (Mech 1970): pup rearing
(1 May—30 June), early rendezvous (1 July-30
September), late rendezvous or winter freeze-
up (1 October—31 November), and winter
post-iceup (1 December—30 April). The late
rendezvous period included the northern
Minnesota deer rifle-hunting season.

To address the hypothesis of differing sur-
vival by age, we included relocation data for
all instrumented wolves. Within a given bio-
logical year, each animal was classified as a
pup or an adult. Survival probabilities were
calculated for each classification only for the
nine-month period from 1 August—30 April.
The pup-rearing season and first month of the
early rendezvous season were excluded from
analysis because we did not radio-mark pups
during these months. To address hypotheses
two through four regarding survival by sex
and territory location, we included relocation
data for only instrumented adults for the en-
tire biological year. Pups were excluded from
analysis because they were not sampled for

an entire biological year. Within a given bio-
logical year, each adult was coded as male or
female and as to territory location relative to
VNP. We addressed hypothesis four regarding
survival over time, i.e., biological season, in
the context of the previous three hypotheses.
That is, we assessed survival over time in con-
junction with examination of survival by age,
sex, and territory location.

Diseases and parasites

Necropsies, including gross and microscopic
examination, were performed on intact and
partial carcasses of instrumented and non-in-
strumented wolves collected in and adjacent
to VNP. This included some wolves that were
trapped legally in adjacent Ontario. Labora-
tory tests in bacteriology, virology, and parasi-
tology were used to determine causes of death
and to identify incidental abnormalities.

Blood, ectoparasites, and feces were collected
from captured wolves, and additional fe-

cal samples were collected opportunistically
along trails. Tests for serum antibodies to Bor-
relia burgdorferi, canine parvovirus (CPV-2),
canine distemper, infectious canine hepatitis,
rabies, Brucella canis, Leptospira interrogans,
and blastomycosis were identical to proce-
dures detailed in Peterson et al. (1998). Serol-
ogy to detect canine heartworm (dirofilariasis)
was done at Colorado State University (Ft.
Collins, Colorado). Knott’s test was used to
detect microfilaria in blood, and fecal flotation
or sedimentation and direct-smear examina-
tion were used to survey for internal parasites
(Ash and Orihel 1987). Feces from captured
wolves, trails, and carcasses were screened for
CPV-2 with a test kit for canine-parvovirus
antigen (Peterson et al. 1998).

Population genetics

Blood and tissue samples obtained from 19
wolves during trapping or at time of death
were sent to the Department of Biology, Uni-
versity of California, Los Angeles, for analysis.
Researchers there pooled our samples with
wolf and coyote samples from across North
America and mitochondrial DNA (mtDNA)
genotypes were determined using restriction
fragment length polymorphisms (Lehman et
al. 1991).

Feeding ecology

We collected wolf scats from January 1987
through September 1989. Each scat was ref-
erenced with date of collection, approximate
time of deposition, and location. Scats were
air dried and autoclaved prior to examination
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We estimated the rela-
tive biomass of each
prey species consumed
by wolves using correc-
tion factors for prey size.

with a dissecting microscope to identify prey

(Adorjan and Kolenosky 1969, Schmidt 1990).

Occurrence of each prey species was tallied
by month and season. Vegetation was tallied
if it comprised more than 50% of the scat by
volume.

Small mammals have a relatively large ratio of
indigestible hair to digestible meat, so may be
over-represented in frequency of occurrence
data (Mech 1970, Floyd et al. 1978, Fritts and
Mech 1981, Weaver 1993). To rectify this, we
estimated the relative biomass of each prey
species consumed by wolves using correc-
tion factors for prey size (Weaver 1993). We
reasoned that each scat was representative of
a meal and that each prey species in that scat
had equal weight in that meal. Thus, we as-
signed a value of 0.5 for each prey in the 10%
of scats that contained two prey items. We
did not find more than two prey represented
in any scat. We used data from this study

and other nearby studies to estimate aver-

age weight of prey consumed in each season
(Fritts and Mech 1981).

We examined the remains of wolf-killed deer
and other prey to assess their age, sex, and nu-
tritional status. A tooth was collected for age
determination by dental annuli (Larson and
Taber 1980). When teeth were not available,
remains were classified as either fawn (less
than one year old) or adult (more than one
year old) based upon skeletal measurements
(Fuller et al. 1989). Sex was determined by ex-
amination of soft tissues or by the presence or
absence of antler pedicels. We collected deer
leg bones in the following order of preference:
femur, humerus, tibia, radius, metacarpal,

and metatarsus. Bones were submitted to the
MnDNR Grand Rapids, Minnesota, for analy-
sis of percent marrow fat to provide an index
to physical condition of prey. When femurs
were not available, femur percent marrow fat
was calculated from other limb bones follow-
ing the procedures of Fuller et al. (1989).
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Thirty-one wolves, 13
males and 18 females,
were radio-marked in
and adjacent to VNP be-
tween August 1987 and
May 1991.

Wolf tracks were en-
countered 152 times dur-
ing the two winters.

Results and Discussion

Capture and radiotelemetry

Thirty-one wolves, 13 males and 18 females,
were radio-marked in and adjacent to VNP
between August 1987 and May 1991. The
mean weight of male wolves one or more year
old was 32.7 kg while that of females one or
more year old was 30.8 kg (table 1). The dif-
ference was non-significant (¢ = -0.869, df =
16.3, P = 0.397). One of 23 adult wolves died
because of our trapping and handling pro-
cedures. Three of eight radio-marked pups
lost their collars within 10 days (two collars
slipped off, and pack mates chewed off one).

The remaining 27 instrumented wolves were
relocated 1,174 times (appendix 4): 15 (54%)
were followed for two months to one year, nine
(32%) for one to two years, and four (14%) for
more than two years for a total of 307 trans-
mitter exposure months. We radio-tracked an
average of three adult males (range 1-6), seven
adult females (6-9), one male pup, and one
female pup (0-3) associated with from 1 to 10
(x = 6) packs each year between 1987 and 1991
(figure 5). We identified 13 packs (figure 5,
pagel2), but four study wolves were solitary or
left the area before pack affiliation was deter-

mined. One pack of three wolves abandoned
their territory and became nomadic.

Noninvasive population sampling

Snow tracking—We snow-tracked wolves on
29 and 28 days during winter 1987-1988 and
1988-1989, respectively. Wolf tracks were en-
countered 152 times during the two winters.
The exact number of wolves in a group was
determined with confidence on 74 (49%) track
encounters (table 2): 41% were single wolves,
35% were pairs, 19% were of three to five, and
5% ranged from six to nine wolves. There was
a significant difference (x* = 6.30,df =1, P =
0.012) in the occurrence of lone wolves and
wolf packs (more than two wolves) in the win-
ters of 1987-1988 and 1988-1989 (table 2). A
possible cause for the high proportion of single
wolves in winter 1987-1988 was food stress, al-
though we collected no data on kill rates. Both
the winters of 19861987 and 1987-1988 were
relatively mild (figure 2). Ungulate prey is less
vulnerable during mild winters (Mech 1970),
and wolf pack cohesiveness declines when food
resources are limited (Mech 1970). In contrast,
we detected an increase in the number of packs
during the severe winter of 1988-1989. Overall,

Table 1. Weight by age class and sex of 30 wolves captured, radio-marked, and released for study in and
adjacent to Voyageurs National Park, Minnesota, 1987-1991.

Weight (kg)
Age? Sex n® x (kg) SD Range
>1yr M 9 32.7 4.4 29.0-43.1
F 13 30.8 3.4 25.0-35.5
<lyr M 17.3 7.2 10.9-25.0
7 15.2 4.1 11.0-20.9

2Estimated age at time of capture.
®One adult male was not weighed.

Table 2. Frequency of wolf group sizes encountered during snow tracking in and adjacent to Voyageurs
National Park, Minnesota, winter 1987-1988 and 1988-1989.

1987-1988 1988-1989 Total

Group Size Frequency % Frequency % Frequency %
1 22 55.0 8 23.5 30 40.5
2 12 30.0 14 41.2 26 35.1
3 2 5.0 4 11.8 6 8.1
4 1 2.5 2 5.9 3 4.1
5 2 5.0 3 8.8 5 6.8
6 0 0.0 1 2.9 1 1.4
7 0 0.0 0 0.0 0 0.0
8 1 2.5 1 2.9 2 2.7
9 0 0.0 1 2.9 1 1.4

Total 40 100.0 34 100.0 74 100.0
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Figure 5. History of radio contact
with 31 radio-marked wolves

in and adjacent to Voyageurs
National Park, Minnesota. Black
bars represent contact with
wolves associated with packs or
groups. Gray bars represent con-
tact with wolves not associated
with packs or groups or with
wolves dispersing from packs

or groups. Two wolves that dis-
persed from their original packs
and joined other packs and one
wolf that dispersed from a pack
and joined a wandering group
are represented twice.

Levels of human use of
the frozen lake surfaces
are less at night than

in daylight and wolves
may move more freely
under the cover of dark-
ness.
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larger groups were encountered with decreas-
ing frequency (» = —0.81, P = 0.009) (figure 6).
Similar findings were presented by Mech et al.
(1998:108).

The number of wolves identified as traveling
together from snow tracks (table 2) does not
always equal pack size because pack members
often separate and rejoin (Mech et al. 1998).
However, repeated snow track observations
provide reliable estimates of pack size simi-
lar to multiple observations from telemetry
(Stenlund 1955, Fuller et al. 1992, Wydeven

et al. 1995, Berg and Benson 1998). Snow
tracks were the sole data to estimate the pres-
ence and size of 5 of 6 known packs (83%) in
1987-1988 and 4 of 11 (36%) in 19881989
(appendix 4). We used a combination of both
methods in 1988-1989. Estimates of pack size
derived from snow tracks were identical to
estimates derived from telemetry for all five
packs where both data types were available
(appendix 4). This finding supports snow

tracking as an appropriate method to deter-
mine the presence or absence of packs and to
estimate pack size.

Snow tracking during winter 1987-1988 and
1988-1989 showed that wolves travers