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In response to concern regarding the growth and long-term viability of the wolf population in and near Pukaskwa National Park,
a study of demographic patterns and limitation of radio-collared wolves (Canis lupus) was completed between 1994 and 1998.
The mean annual finite rate of increase (0.96) suggested that population growth of wolves was limited and declining slightly.
Small pack sizes, high cumulative mortality, and low reproductive success also suggested a declining population. Two limiting
factors, ungulate biomass and human-caused mortality, were examined to determine the importance of each in limiting the
population growth of wolves. Ungulate biomass was involved because occurrence of natural-caused mortality was high (9 of 17
wolves) compared with other studies. In addition, consumption rates were low and similar to other studies where starvation
and other signs of malnutrition were noted. Further, Moose densities in the study area were low to moderate and below thresholds
indicating nutritional stress for wolves. Occurrence of human-caused mortality was high (8 of 17 wolves) suggesting that it was
also an important limiting factor, particularly given the low availability of ungulate biomass and reproduction noted in this study.
Based on present demographic patterns, ungulate biomass, and human-caused mortality, the wolf population likely will remain

at present low densities or continue to decline.
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In 1996, researchers in the Greater Pukaskwa Eco-
system (GPE) (Figure 1) in Ontario postulated that two
limiting factors were negatively affecting the growth
and long-term viability of the Grey Wolf (Canis lupus)
population (Burrows et al. 1996). These limiting fac-
tors were low availability of ungulate prey and high
mortality from human causes. Managers in Parks Can-
ada Agency were concerned because wolves are a
native species in the GPE. Thus, Parks is legislated to
protect and further, to ensure the long-term viability of
that population (Parks Canada 2000). This prompted
a study of wolves in the western half of the GPE, in-
cluding Pukaskwa National Park (PNP).

In this paper, we quantify population limitation of
wolves and examine the importance of ungulate bio-
mass and human-caused mortality in limiting the popu-
lation growth of wolves, 1994-1998. For these pur-
poses, we review and discuss demographic data on wolf
densities, population growth, reproduction, and mortal-
ity. Further, we report and discuss data on the avail-
ability of prey and rates of kill and consumption.

* References marked with asterix (*) are listed in a separate
Documents Cited section following Acknowledgements,
all others are in Literature Cited.

Study Area

The study area comprised 4500 km? in the western
half of the GPE on the north shore of Lake Superior in
Ontario (48°N and 85°W) (Figure 1). The area includes
PNP (1878 km?) but also adjacent land with intensive
forestry, gold mines, towns and associated infrastruc-
ture.

Two distinct physiographic regions, coastal and inte-
rior, occur within the study area. The coastal region is
characterized by rugged topography with elevations
ranging from 189 to 650 m. Many lakes and rivers occur
in the area, creating a patchy landscape. The interior
region is a flat plateau characterized by a heavily erod-
ed landscape of mountains previously scoured by con-
tinental glaciers (Poitevin et al. 1989%).

Mean annual precipitation is 74 cm along the coast
and 64 cm inland. Winter and summer temperatures
range from —13C° — 14.6C° for the coastal area and
—17C° — 15.9C° inland (Poitevin et al. 1989"). Ice cov-
er on Lake Superior ranges annually from 5-100%
(Skibicki 1994%).

Vegetation on the coast along Lake Superior and in-
land is mixed with associations of Balsam Fir (Abies
balsamea), Jack Pine (Pinus banksiana), White Birch
(Betula papyrifera), White Spruce (Picea glauca),
Black Spruce (Picea mariana), Eastern White Cedar
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FIGURE 1. Location of the wolf (Canis lupus) study area within the Greater Pukaskwa Ecosystem, Ontario, Canada (center

48°N, 85°W).

(Thuja occidentalis), and Trembling Aspen (Populus
tremuloides), with occasional Red Maple (Acer ru-
brum) and other hardwoods more locally abundant in
the southeastern corner of the study area.

Predatory mammals included Grey Wolf, Black Bear
(Ursus americanus), Red Fox (Vulpes vulpes), Lynx
(Lynx canadensis), River Otter (Lontra canadensis),
Fisher (Martes pennanti), American Marten (Martes
americana), Mink (Mustela vison), and Weasels (Mus-
tela spp.). Coyotes (Canis latrans) were rare except
around towns.

Moose (Alces alces) were the primary and most
abundant ungulate prey species for wolves. Woodland

Caribou (Rangifer tarandus tarandus) were few and
concentrated in small bands along the coast of Lake
Superior (Bergerud 1985). Numbers ranged from 6-14
in PNP, 1993-1997 (Wade 1993, 1995%, 1997%, 1999%).
White-tailed Deer (Odocoileus virginianus) were rare
in the GPE.

Methods
Capture and handling

We attempted to locate wolves in as many packs as
possible. Wolves were captured with modified leg-
hold traps in summer (n = 21) and by using a net-gun
from a helicopter in early winter (n = 5). All wolves
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FIGURE 2. Annual (1 April — 31 March) home ranges of wolves in the study area, 1994-1998. Home ranges are 95% MCP.
Years for home ranges of packs were Swallow and Bremner River Packs, 1997-1998; White River Pack, 1996-1998;
Cascade Lake Pack, 1995-1996; Neys Pack, 1995-1997; Rein Lake Pack, 1994-1998; Black River Pack, 1994-1996,

1997-1998.

were immobilized with Telazol® (tiletamine hydro-
chloride (HCL) and zolazepam HCL, A.H. Robins
Co., Richmond, Virginia). Rectal temperature, pulse,
and respiration of wolves were closely monitored
throughout the procedure. Immobilized wolves were
examined for injuries, equipped with conventional
VHF transmitters (Lotek®, Newmarket, ON), weighed,
sexed, and aged. A committee for care of wild animals
approved all capture and handling operations (Wildlife
Animal Care Committee, Ontario Ministry of Natur-
al Resources, 1994-1997).

Biotelemetry

The target frequency for locating each radio-collared
wolf was four times/month in summer (April-Octo-
ber) and six to eight times/month in winter (Novem-
ber-March). Wolves were located by plane using a
portable receiver (Lotek® SRX-400), right-left switch
boxes, and paired three-element Yagi antennae mount-
ed on the wing struts of a fixed-wing aircraft (Cessna
185). Wolf location was recorded with a Global Posi-
tioning System (Garmin® 75 Aviation). For all loca-
tions, transmitter frequency, observer, date, time of
location, number of wolves, color of wolves, and pre-

sence of pups were recorded. Mean error of telemetry
(difference between observed and true location) was
calculated by using data we collected when regularly
locating stationary transmitters placed throughout the
study area. Location data were downloaded into a Geo-
graphical Information System (GIS [Tydac SPANS®])
for display and analysis of wolf movements.

Home Ranges

Ranges V® software (Kenward and Hodder 1996%)
was used to calculate annual (1 April — 31 March)
sizes of home ranges. To represent these areas we
used relocations of packs and 95% minimum convex
polygons (MCP) (Mohr 1947). All obvious extrater-
ritorial forays and dispersals were excluded from the
analyses (Ballard et al. 1997). We assumed home
ranges were defined when the observation-area curve
formed an asymptote (Kenward and Hodder 1996%)
and locations were obtained throughout the year.

For each pack we used one radio-collared wolf/year
to represent the annual home range of the pack. This
is reasonable as locations from one wolf indicate
position of the entire pack when a high degree of
association exists among pack members (Kolenosky
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and Johnston 1967; Fuller and Keith 1980; Fritts and
Mech 1981; Ciucci et al. 1997). This condition was
confirmed in this study by aerial observations of
packs during telemetry flights.

Accuracy of locations for the entire study was 150 m,
which was the mean error of telemetry obtained by
all participants. Accordingly, we changed the fix reso-
lution from the Ranges V® default of 1 m to 150 m.
This resolution was used to set the width of the bound-
ary strip that was included in polygon edges and
areas (Kenward and Hodder 1996%). We left the scal-
ing parameter at the software default of 1 m, which
means that each coordinate unit was 1 m from the next.

Density, pack sizes, and population growth

Density of wolves/1000 km? was calculated by
determining intra-pack densities (number of wolves
in pack/home range size) and averaging these den-
sities/year (Potvin 1987; Bjorge and Gunson 1989;
Okarma et al. 1998). The number of wolves in a pack
was based on the maximum number of wolves ob-
served in mid-winter (15 January-15 February). We
defined a pack as a group of two or more wolves that
traveled together for more than one month (Messier
1984). In two cases we had insufficient data to deter-
mine the sizes of home ranges, thus we followed Mes-
sier (1985) and used data from previous or subsequent
years.

Population growth or the mean annual finite rate of
increase was calculated based on the ratio of succes-
sive yearly estimates of density (Fuller 1989).

Reproduction

We did not observe wolves at dens during this study.
Dense vegetation and the secretive nature of wolves
precluded accurate visuals of wolf groups until Octo-
ber or November, at which time pups were difficult to
distinguish physically from adults. Hence, successful
year-specific reproduction was ascertained when: (1)
pups were captured in spring; or (2) a pack increased
in size from March to the following December, pro-
viding that sites of focal activities (e.g., pup-resting
areas) were observed in the intervening time (Messier
1985). Unsuccessful reproduction (i.e., no or failed
reproduction) was ascertained when: (1) a pack did
not demonstrate focal activity sites in the summer; or
(2) a pair remained together from March to the follow-
ing December (Messier 1985). Results are reported for
each pack by year.

Moose density

To examine availability of ungulate biomass to
wolves, we used Moose density (moose/1000km?)
based on aerial surveys using stratified random sampl-
ing (Gasaway et al. 1986%). More specifically, from
1993 to 1999 a single Moose density was calculated for
PNP and the three Wildlife Management Units (21A,
21B, 33) surrounding PNP where wolf packs were
distributed. There was little or no change in Moose
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density among yearly estimates (Burrows 2001), thus
we averaged results from 1993-1999 for each area.

Rates of kill and consumption of prey by wolves

The rates of killing and consumption of large prey
by wolves in four packs were studied by daily aerial
and ground observation, January-March 1998. The
Bremner River Pack was located 57 times between
18 January and 27 March 1998 (69 days) and the
Rein Lake Pack was located 57 times between 8 Janu-
ary and 26 March 1998 (79 days). Other packs locat-
ed were the White River Pack, 22 times between 11
February and 20 March 1998 (38 days) and the Swal-
low River Pack, 22 times between 9 February and 22
March 1998 (42 days). To calculate the kill rate, we
recorded the number of animals killed by wolves/
tracking period and the number of wolves present at
the kill (Messier 1985). Prey killed were located
from the air and from ground-based tracking. At kill
sites, we confirmed prey species, time, and cause of
death. For only the largest pack of wolves (Bremner
River), in addition to aerial locations, we simultane-
ously snow-tracked wolf movements and collected
scats to determine if all kill sites were found with the
aerial telemetry. Technicians at Big Sky Laboratory
(PO Box 0776, Florence, Montana 59833-0776) iden-
tified prey remains by macroscopic examination and
comparison with known material and hair-scale im-
pressions (Adorjan and Kolenosky 1969%).

In this analysis we considered only tracking sessions
where pack locations were not separated by >54 hr.
There were a few exceptions, however, where loca-
tions were separated by 72 hr. These periods were
retained in the analysis because wolves made a kill or
visited one of several garbage dumps the day they
were relocated making it unlikely that we missed a
kill. Nonetheless, kill rates in this study should be
considered minimums as wolves were not relocated
every day and some small prey such as deer (fawns
and adults), Caribou calves, Beaver, and other smaller
prey items may have been missed. It is unlikely, how-
ever, that we missed many of these kills because
White-tailed Deer and Caribou were rare in the study
area. We report kill rates as ungulates killed/wolf/day.

Rates of consumption were calculated based on
kill rates and average weights of wolves and prey. We
calculated the whole weight of wolves based on the
average from radio-collared adults and other wolves
found dead in the study area. The average edible
weights of Moose and beaver prey were assumed to
be 330, 261, 114, and 13 kg for adult male Moose,
adult female Moose, young-of-the-year Moose and
Beaver, respectively (Peterson 1977; Thurber and
Peterson 1993). We assumed the average weight of a
White-tailed Deer was 105 kg for an adult male (Kolen-
osky 1972; Forbes and Theberge 1996). Eighty % of
the adult deer carcass was considered edible (Pimlott
1967; Forbes and Theberge 1996). All consumption
rates are reported as kg prey/kg wolf/day.
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TABLE 1. Sizes of annual home ranges and home range areas/wolf of seven packs of Grey Wolves (Canis lupus) in the study

area, 1994-1998.

Early Late
winter winter
number number 100% 95% Number
of wolves of wolves MCP MCP of radio  Area/wolf

Year Pack in pack?® in pack® (km?)® (km?)° fixes (km?)¢
1994-1995 Black River® 6 4 283 156 53 26

Rein Lake 3 3 310 249 38 83
1995-1996 Black River® 4 4 548 388 55 97

Rein Lake 3 3 600 533 58 178

Neys® 3 4 269 244 96 81

Cascade Lakef 1 1 204 170 26 170
1996-1997 Rein Lake® 2 1 561 557 39 279

Neys® 6 4 113 101 96 17

White River 2 2 407 345 37 173
1997-1998 Black River® 4 3 468 450 74 113

Rein Lake® 2 1 692 600 87 300

White River 2 2 589 498 65 249

Bremner River 6 3 760 644 93 107

Swallow River 5 3 567 500 62 100

Mean 3.5 2.7 455 388 63 139

SE 0.5 0.3 52 48 6.3 25

2 Maximum pack size, 15 January-15 February.
® Maximum pack size, March.

¢Sizes of home ranges were described using the minimum convex polygon method (MCP) (Mohr 1947).

dBased on 95% MCP.
¢ Packs that used town dumps.

"Home range size and home range area/wolf were not included in mean because the areas were not fully defined; i.e., the
observation-area curve was asymptotic but locations were not obtained throughout the year.

Mortality and survival of radio-collared wolves

We completed survival analysis for radio-collared
wolves from 20 August 1994 to 31 December 1998.
Wolves were re-located from time of capture until
mortality or the radio-signal disappeared. For known
deaths we estimated the date of mortality to the near-
est day using evidence from the field. When evidence
was unavailable, day of mortality was deemed the
midpoint of the interval between the last day the wolf
was known alive and the day it was discovered dead.
The cause of mortality was often identified on site
and when possible, confirmed by necropsy.

We calculated the cumulative mortality of radio-
collared wolves (n = 25) using the Kaplan-Meier prod-
uct limit estimator and Minitab (Version 12) software.
One of 26 captured wolves was shot by a trapper
while in the research trap and is not included in the
analysis. Cause of mortality was described using %.
We assumed the proximate cause of death was the
ultimate cause of death. We were unable to assess the
relative importance of other factors that may have
been involved.

Results

Twenty-six adult wolves were captured and then
radio-collared (n = 25) or tagged (n = 1) from 1994-
1997. These animals represented seven packs and
one lone wolf. Two of seven packs occurred almost
exclusively in the park and all wolf packs were radio-
collared in the study area. There were no other wolf
packs in the study area during this study. We followed
two packs in 1994-1995, four in 1995-1996, four in
1996-1997, and six in 1997-1998. The average mass
of adult female wolves (n = 11) was 26.9 + 1.4 kg
and that of adult males (n = 14) was 36.5 + 2.8 kg.

Home ranges

Sizes of annual home ranges (Figure 2) of seven
packs across 13 pack-years were adequately described
in this study (Table 1). Estimates accurately repre-
sented areas used by wolves because sizes of annual
home ranges were not correlated with number of
relocations (r,= 0.52, 0.05 > P > 0.02). Home range
sizes of packs and home range areas/wolf were vari-
able. The average annual home range size was 388 +
SE 48 km? (95% MCP, n = 13, range = 101-644 km?)
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(Table 1). The average home range area/wolf was
139 + SE 25 km? (95% MCP, n = 13, range = 17-300
km?) (Table 1).

Density, pack sizes, and population growth

Wolf density did not change over time; recorded
densities were 7.9, 9.6, and 7.2 wolves/1000 km? in
1995-1996 (n = 4 packs), 1996-1997 (n = 4), and 1997-
1998 (n = 6), respectively. Density declines, however,
if the Neys pack (Figure 2) is excluded from the
calculations. This pack exclusively used dumps for
food (Krizan 1997) and the home range was much
smaller compared with all other packs in the study
(Table 1). Accordingly, wolf densities were 7.1, 5.9,
and 5.9 wolves/1000 km? in 1995-1996 (n = 3 packs),
1996-1997 (n = 3), and 1997-1998 (n = 5).

Average mid-winter (15 January — 15 February)
pack size was 3.5 + SE 0.5 wolves (n = 14 pack-years)
(Table 1). This average declined in late winter (March)
to 2.7 + SE 0.3 (n = 14 pack-years). The number of
wolves in all except two packs remained stable or
declined, 1994-1998. Numbers fluctuated annually in
the Neys and Swallow River Packs (Table 2). Accord-
ingly, the mean annual finite rate of increase from
1995-1998 was 0.96.

Reproduction

From spring 1994 to spring 1998, wolves reproduced
successfully in eight of 22 pack-years (36%) (Table 3).
This was a maximum estimate of successful repro-
duction. In two of eight pack-years, we assumed wolves
had reproduced because large numbers of wolves were
noted in the packs in the following early fall and winter.

Moose density

Average densities of Moose varied among manage-
ment units. Management Unit 33 had the highest
Moose density (0.285 £ 0.03-0.07 moose/km? 90% CI)
followed by Unit 21A (0.225 + 0.02-0.03), 21B
(0.220 + 0.02-0.03), and PNP (0.153 = 0.03-0.08).

Rates of kill and consumption

The Swallow River (3 wolves) and Bremner River
Packs (5) killed and consumed more ungulates than
the White River (2) and Rein Lake Packs (2). The kill
rates for each pack respectively were 6.8, 3.4, 0.0, and
0.0 ungulates/wolf/day. Consumption rates were 0.21,
0.11, 0.0, and 0.0 kg prey/kg wolf/day. The White
River and Rein Lake Packs did not kill any ungu-
lates; however, both packs scavenged from various
sources. The White River Pack scavenged from Moose
that were killed by vehicles or trains, from other wolf
kills, and from snare sets. The Rein Lake Pack scav-
enged from refuse in the town dump for White River
(Figure 2).

Mortality and survival of radio-collared wolves

As of 31 December 1998, 17 of 26 wolves radio-
collared or tagged from 1994 to 1998 were dead, only
four were confirmed alive, and five were missing. Eight
wolves died from human causes: trains killed three,
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TABLE 2. Highest numbers of wolves in packs in the study
area, 1994-1998. The number of sightings is in parentheses.

Pack size?
Pack 1994 1995 1996 1997 1998
Rein Lake 34) 33 12 1° 0
White River 220 24 22 209 2(12)
Bremner River 3(3)°
Cascade River 1(4) 0
Black River 42) 42 42 3%
Swallow River 520 33) 41
Neys 34) 42 22) 42

* Maximum numbers of wolves seen in March.
b Pack sizes were confirmed by track-counts made from
the ground.

TaBLE 3. Reproductive success of wolf packs, 1994-1998.

Year

Pack 1994 1995 1996 1997 1998
Black River +2 - - + +
White River +b - - - -
Rein Lake +b - - - -
Neys + - ?
Bremner River + +
Swallow River - -

2 + = reproduced successfully; — = did not reproduce

successfully.
b This pack likely reproduced successfully because many
wolves (10) were seen in late fall (November — December).

three were snared, and two shot. Nine wolves died
from natural causes: two starved, two were killed by
other wolves, four died from disease (three from mange
and one from blastomycosis), and one died from un-
known natural causes. We assumed this last wolf was
not killed by humans because we were in a remote
area, there were no signs of humans in the area, and
we found no bullets, snares, or other human devices.
Survival of radio-collared wolves decreased between
one and three years post-collaring. Wolves had a 32%
(SE 0.10) chance of dying in the first year, a 30% (SE
0.15) chance of dying in the second year, and a 57%
(SE 0.26) chance of dying in the third year. Median
survival time was 689 days or 1.9 years post-collaring.

Discussion
Population limitation of wolves

The growth rate of the wolf population in the study
area was limited from 1995-1998. The mean annual
finite rate of increase, 0.96, indicated a 4% rate of
decline. This rate of increase is not unique, however,
and similar rates recorded from other populations
have varied from 0.93-2.40 (Theberge and Strickland
1978; Fritts and Mech 1981; Ballard et al. 1987;
Hayes et al. 1991%; Messier 1991; Pletscher et al. 1997).
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In addition to the estimated rate of growth, there are
a number of other factors that suggest the wolf popula-
tion was declining slightly. First, pack sizes were small
and generally declining. Mean pack size (3.5 wolves +
SE 0.5) was much smaller than the average of 10 wolves
for packs that hunt moose in North America (Mech
1970). Furthermore, five of seven packs in this study
remained stable or declined in size from 1994 to 1998.
If this population were increasing in size, the number
of wolves within packs would likely increase. This
happened in the Yukon where rapid increases in pack
sizes of colonizing wolves were the primary means by
which an intensively reduced wolf population reached
their pre-reduction densities (Hayes and Harestad
2000).

High cumulative mortality of wolves is the second
factor that suggested a declining population. We com-
pared the cumulative rate of mortality from the first
year (32%) of our study with annual rates of mortal-
ity from other studies. There is little agreement among
researchers on the annual rate of mortality that causes
a population decline in wolves. However, Fuller (1989)
reviewed several wolf studies across North America
and concluded that populations would stabilize with
an overall annual mortality rate of 35%. Given this, it
appears the mortality rate in this study was sufficient
to account for the slightly declining rate of growth in
this study.

Coupled with high mortality of adult wolves, low
reproductive success of wolves in this study suggested
a population decline. Wolves reproduced successfully
in only 36% of possible occasions compared with
45-93% noted in other areas (Messier 1985; Potvin
1987; Peterson et al. 1998; Hayes and Harestad 2000).
We were unable to determine if wolves produced pups
that died soon after birth or whether whelping occurred
at all. Lack of denning, however, suggests no pups
were produced.

Limiting factors

We examined the importance of two factors that lim-
ited the growth of the wolf population in this study: un-
gulate biomass and human-caused mortality. Ungulate
biomass is commonly reported to limit growth of other
wolf populations (Mech 1977a; Fuller and Keith
1980; Packard and Mech 1980; Keith 1983; Messier
1985; Peterson and Page 1988) and data from this
study suggest it was important. The strongest data rep-
resented the occurrence of natural-caused mortality.
In this study, more than half (9 of 17) of radio-
collared wolves died from natural causes, which is high
compared with other North American studies (Peter-
son 1977; Carbyn 1982; Peterson et al. 1984; Ballard
et al. 1987; Hayes et al. 1991%). Starvation and intra-
specific aggression were responsible for four of nine
(24%) wolves dead in this study and have been report-
ed common in other populations where ungulate bio-
mass is low. For instance, in southwestern Quebec,

FORSHNER ET AL.: GREY WOLVES IN PUKASKWA NATIONAL PARK

101

Messier (1985) noted wolves with fewer prey available
incurred more deaths from natural causes, namely
starvation and intraspecific aggression. In that area,
similar to our study area, moose density was 0.23
moose/km? and there were no other ungulate species
present. Similarly, Mech (1977a) noted occurrence of
starvation and intraspecific aggression increased as
prey availability declined in Minnesota.

Disease was the other natural cause of death ob-
served in this study. Four of nine wolves (24%) died
from either sarcoptic mange or blastomycosis. Blasto-
mycosis is enzootic in Minnesota (Schlosser 1980) and
Wisconsin (Sarosi et al. 1979; McDonough and Kuzma
1980) but until now (Krizan 2000; Paquet et al. 2001),
had not been reported from other wolf populations
across North America. This level of disease-related
mortality has not been reported in any other popula-
tions of wolves. In other populations, disease accounts
for 2-21% of wolf mortality (Carbyn 1982; Peterson
et al. 1984; Fuller 1989; Ballard et al. 1997) and is
often not even reported (Messier 1985; Ballard et al.
1987; Potvin 1987; Hayes et al. 19917; Meier et al.
1995; Pletscher et al. 1997). The only other study
where disease clearly affected a wolf population was in
Alaska where rabies accounted for 21% of wolf mor-
tality and was a significant factor in the decline of the
population (Ballard et al. 1997). Disease cannot be
linked with certainty to low ungulate biomass but wolves
that lack food should be more vulnerable to disease than
those with more food available. Furthermore, food
shortage leading to nutritional stress could combine
with disease factors to increase the significance of
otherwise innocuous or sub-lethal conditions (Brand
et al. 1995).

We also examined rates of consumption of ungu-
late prey to determine the importance of ungulate bio-
mass as a limiting factor. Consumption rates for three
of four packs in this study were low (Bremner River,
Rein Lake, and White River). These packs consumed
<0.13 kg/kg wolf/day, which Mech (1977b) deter-
mined is the minimum rate of consumption required
for all wolves to survive and rear pups successfully.
Two packs killed no ungulates and relied on scav-
enging to survive (White River and Rein Lake Packs).

These data suggest that at least three of four packs
could have been limited by food. Indeed, in the White
River Pack, the dominant female failed to reproduce
the following spring and was extremely emaciated
(mass = 23.5 kg) when killed by other wolves later in
the summer. Similarly, the Rein Lake Pack was reduced
to one wolf by winter 1997. She did not reproduce
the following summer and to survive, she scavenged
mainly from the town dump for White River (Figure
2). She was dead as a result of mange by December
1998 (mass = 28.5 kg). The Bremner River Pack may
have been limited by food but data were not strong.
One wolf dispersed in summer 1998 and died from
unknown natural causes. Other wolves could have dis-
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persed and died later because pack numbers dropped
from nine to three over the winter 1997-1998 (un-
published data). Some members of this pack, however,
did survive and reproduce two years in a row.

Most of the rates of consumption in this study are
similar to those from other areas where starvation and
other signs of malnutrition of wolves were noted. For
instance, Messier (1987) noted more deaths of wolves
from malnutrition in areas of low density of moose
(0.23 moose/km?) where wolves had 0.05 kg/kg wolf/
day (based on kill rate of 1.7 kg/wolf/day and wolf
mass of 32.3 kg). Peterson and Page (1988) noted
starvation and other indicators of severe nutritional
stress in an area of high Moose density (1.9 moose/
km?) when food availability fell below 0.12 kg/kg
wolf/day (based on kill rate of 4.0 kg/wolf/day and
wolf mass of 32.3 kg).

As a final method to assess the importance of un-
gulate biomass, we examined density of Moose, the
main prey for wolves in this study. Moose density
was low to moderate (0.153-0.285 moose/km?) and
similar to Moose densities in other areas where wolves
were nutritionally stressed. Messier (1987) found that
in areas where Moose density dropped below 0.4
moose/km?, wolves were nutritionally stressed. He
also reported that below 0.2 moose/km? wolf packs
could not subsist and (or) reproduce successfully
(Messier 1985).

The second limiting factor we examined was human-
caused mortality. Besides ungulate biomass, it is the
other most commonly reported factor that limits the
growth of wolf populations (Gasaway et al. 1983;
Keith 1983; Peterson et al. 1984; Fuller 1989; Noss
et al. 1996; Paquet et al. 1996%). In other areas where
human-caused mortality was considered the primary
limiting factor, it accounted for 69-80% of all mortal-
ity (Peterson et al. 1984; Ballard et al. 1987, 1997).
In our study area, human causes accounted for only
47% of mortality of adult radio-collared wolves. None-
theless, human-caused mortality is likely still impor-
tant, particularly given the low ungulate biomass and
reproduction noted in this study. Gasaway et al. (1983)
found that in areas with low ungulate biomass, har-
vest levels as low as 20% can limit wolf populations.
Fuller (1989) found that wolf populations with low
productivity can withstand less overall mortality be-
cause there are fewer pups, which often make up dis-
proportionate amounts of harvests.

In conclusion, the population growth of wolves in
this study area was limited and declined slightly based
on (i) mean annual finite rate of increase; (ii) small and
generally declining pack sizes; (iii) high cumulative
mortality; and (iv) low reproductive success.

Based on these demographic patterns, low availabil-
ity of ungulate biomass and existing levels of human-
caused mortality, this population likely will remain at
present low densities or continue to decline. This situa-
tion is challenging to managers for Parks Canada Agen-
cy because the study area, which includes a National
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Park, may not have a highly productive source popu-
lation for wolves. Further, protection for wolves out-
side the park is limited because few restrictions exist
regarding the nature, timing, and extent of wolf har-
vesting.
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