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ESTIMATING WOLF DENSITY IN FORESTED AREAS

Estimating wolf densities in forested
areas using network sampling of tracks
in snow
Brent R. Patterson, Norman W. S. Quinn, Earl F. Becker,
and Derek B. Meier
Abstract Few reliable methods exist for estimating population size of large terrestrial carnivores.
This is particularly true in forested areas where sightability is low and when radiocollared
individuals are unavailable in the target population. We used stratified network sampling
to sample wolf (Canis lycaon) tracks in the snow to estimate density in western Algonquin
Park, Ontario in February 2002. We partitioned our 3,425-km2 study area into 137 5 ×
5-km sample units (SU) and stratified SUs as having a high (n=61) or low (n=76) probability of containing detectable wolf tracks based on the relative amount of watercourses
and conifer cover within each block. We used a Bell 206B helicopter to survey 28 high
(46%) and 17 low (22%) SUs. When fresh tracks were found in a block, we followed the
tracks forward to the wolves themselves and then backward until the tracks were no
longer considered “fresh.” We observed 17 “fresh” track networks within 45 SUs. The
average pack size in the area we surveyed was 4.2±0.4 (SE). These observations resulted in an estimate of 87±11.4 (90% CI) wolves in the study area, for a density of 2.5±0.3
wolves/100 km2. We detected no violations of the assumptions of this survey design and
obtained a similar density estimate (2.3 wolves/100 km2) in 2003 using location data
from 24 radiocollared wolves in 10 packs from an area that overlapped our 2002 survey
area. The sampling unit probability estimator (SUPE) provides an objective, accurate, and
repeatable means of estimating wolf density with an associated measure of precision.
However, tracking wolves in forested cover was time-consuming, so costs will be considerably higher per unit area in forested areas relative to the more open cover types
where this technique was originally developed.
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Few reliable methods exist for estimating population size of large terrestrial carnivores (Crête and
Messier 1987, Fuller and Snow 1988, Becker 1991,
Ballard et al. 1995, Miller et al. 1997, Becker et al.
1998). This is particularly true for forested areas
where sightability is low and when radiocollared
individuals are unavailable in the target population.

Although radiotelemetry might remain the best
technique for estimating wolf density associated
with intensive, relatively small study areas, it is
expensive and may not be logistically or socially
feasible in all areas (Crête and Messier 1987, Fuller
and Sampson 1988). These difficulties notwithstanding, estimating population size remains cen-
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tral to the conservation of wolves (Canis lupus,
C. lycaon, C. rufus) and other large carnivores.
Becker et al. (1998) presented a novel method of
estimating gray wolf density and statistical confidence intervals over large areas based on stratified
network sampling of wolf tracks in snow.
Population size and statistical confidence intervals
were calculated based on the probability of observing track networks in snow. This method, called the
sampling unit probability estimator (SUPE), makes
the following assumptions: 1) all animals of interest
move during the study, 2) their tracks are readily
recognizable from survey aircraft, 3) tracks are continuous, 4) wolf movements are independent of the
sampling process, 5) tracks made within and outside the sampling window (pre- and post- snowfall)
can be distinguished, 6) “fresh” tracks in searched
sample units (SU) are not missed, 7) tracks can be
followed forward and backward to determine all
SUs containing those tracks, 8) group size is correctly enumerated. Because most study areas will
require several days to survey, an additional assumption is that no animals were double-counted by
moving among SUs on subsequent days. Using concurrently collected radiotelemetry data on 9 wolf
packs in their study area, Becker et al. (1998) did
not detect any violations of these assumptions.
Although promising, there are no published reports
of the application of this method for estimating
density of a large carnivore species in a densely
forested habitat.
At 7,571 km2, Algonquin Provincial Park in southcentral Ontario represents the largest protected

The tracks left by this pair of wolves were followed for about 10
km before the wolves were finally sighted on a lake during the
February 2002 sampling unit probably estimator (SUPE) survey
used to wolf abundance in Algonquin Park, Ontario.
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area for the eastern timber wolf (C. lycaon, Wilson
et al. 2000, 2003). Amid concern that wolves may
be declining in Algonquin Park (Theberge 1998,
Vucetich and Paquet 2000), we used the SUPE to
estimate wolf abundance in the park in February
2002. We then compared this estimate with an
independent estimate obtained for the same general area in winter 2003 using “traditional” methods
based on radiotelemetry (e.g., Fuller and Snow
1988).

Study area
Algonquin Provincial Park (45oN, 78oW) encompassed 7,571 km2 on the southern edge of the
Canadian Shield and ranged in elevation from
180–380 m in the east side up to 580 m in the
west (Figure 1). Data were collected primarily in
the western portion of the park. The average
January temperature was –12oC, and temperatures
approaching –40oC were common (Environment
Canada 1993). Mean annual precipitation ranged
from 66–86 cm, with more snowfall in the western
portion of the park (Environment Canada 1993).
Algonquin Park consisted of 2 forests that were
sharply delineated: the eastern third consisted of
white pine (Pinus strobus), red pine (P. resinosa),
and jack pine (P. banksiana) stands on welldrained sandy outwash and rolling to flat terrain
(Strickland 1993). The park’s west side consisted
primarily of tolerant hardwood forests composed
of sugar maple (Acer saccharum), American
beech (Fagus grandifolia), yellow birch (Betula
alleghaniensis), and eastern hemlock (Tsuga
canadensis), on a glacial till over poorly drained,
rugged terrain. Commercial logging occured in
approximately 75% of the park, and an extensive
network of logging roads covered much of it. No
other large carnivore species were present in the
study area during winter. Although coyotes (C.
latrans) lived immediately south of the park
(Sears 1999), they were rarely found within it. For
example, of the 92 canids (Canis sp.) live-trapped
for research purposes from August 2002 to
February 2004, only one appeared to be a coyote
(B. R. Patterson, Ontario Ministry of Natural
Resources, unpublished data). This animal was
radiocollared but was never relocated in the park.
Medium-sized carnivores that leave tracks in the
area in winter included fishers (Martes pennanti),
red foxes (Vulpes vulpes), and river otters (Lutra
canadensis).
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Figure 1. Stratified network-sample design used to estimate wolf numbers in a 3,425-km2 study area in Algonquin Park, Ontario,
Canada during a February 2002 survey. Also shown are the wolf-track segments identified during this survey and the 2,335-km2
area used to estimate wolf density with radiotelemetry in winter 2003.

Methods
SUPE survey
We considered as study area a 3,425-km2 area in
the park’s western section (Figure 1); it was divided
into 137 5 × 5-km sample units. We stratified the
study area a priori by assigning each SU a high or
low probability of housing fresh wolf tracks. This
designation was based on the number of watercourses and the relative amount of hemlock cover
(selected for by moose [Alces alces] in Algonquin;
Forbes and Theberge 1993) within each SU. Our
study area contained 61 high and 76 low SUs. We
began flying on 6 Feb 2002 and attempted to sample 30 (50%) SUs in the high strata and 19 (25%)
SUs in the low strata. Similar effort was put into
searching all sampled SUs.
We initiated the survey approximately 24 hours
after a 5-cm snowfall on top of a good snow base

(50–60 cm). We surveyed each SU using a Bell 206B
Jet-ranger helicopter with a 4-person crew, including the pilot. We searched all major watercourses
and road or trail networks within each SU for the
presence of fresh wolf tracks (Figure 2; fresh=since
most recent snowfall or windstorm; Becker et al.
1998). Other animals in our study area that left
tracks that potentially could have been confused
with those of wolves were foxes, otters, fishers,
white-tailed deer (Odocoileus virginianus), and
moose. If the identity of the species that left a track
segment was uncertain, we landed the helicopter
to examine tracks more closely. We also looked for
presence of ungulate carcasses and ravens (Corvus
corax) or other scavengers as an indicator that a
wolf kill-site might be within an SU. In blocks with
heavy conifer cover, we carefully examined all
sloughs and meadows for tracks and also searched
open areas and possible travel routes in unsampled
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Figure 2. Flight lines indicate pattern used to search sample units 101 (containing small amount of watercourses) and 137 (containing large amount of shoreline) during a wolf-track survey conducted in Algonquin Park, Ontario, Canada in February 2002.

adjacent SUs in an attempt to detect any tracks
entering or leaving the sampled SUs. Excluding
time spent tracking wolves, it required 23–60 minutes to adequately search each SU depending on
the forest overstory, presence of tracks of nontarget
species, and lighting conditions. In some cases we
were able to increase sampling efficiency by collectively searching adjacent SUs.
When we found fresh tracks, we followed them
forward to the wolves and then backward until the
tracks were no longer considered “fresh.” This was
assumed to be the point beyond which we would
have disregarded the tracks if we first discovered
them at that location. Generally, this occurred at a
bedding or large windswept area. In cases where
we could not actually see the wolves, we followed
them forward until we were confident we knew
their location and their trail did not cross into any
additional SUs. In these cases, pack size was enumerated by observing areas where the pack split

into individual trails or by counting the number of
beds in a resting area. If a good count could not be
obtained from the air in this manner, we landed to
examine the tracks more closely. We attempted to
reduce the possibility of counting the same group
more than once by initiating our survey in the
south end of the study area and progressively radiating outward toward the north end. In doing so,
we surveyed SUs in close proximity to each other
within a relatively short period of time to reduce
the possibility of counting the same group of
wolves multiple times in different parts of the study
area.
We obtained population and variance estimates
using standard probability sampling techniques
applied to the appropriate wolf observations within the respective SUs as per Becker et al. (1998).
Probability network sampling is different from
other sampling schemes in that the object of interest, tracks of a wolf or pack of wolves, is not
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restricted to one SU. Wolf tracks in the snow can be
contained in several SUs and even more than one
stratum. The number of SUs in each stratum containing the wolf track determine the probability of
finding that wolf for the fixed sampling effort of the
survey. The inclusion probability, Pu, is defined as
the probability that fresh tracks from the uth group
are observed with the sample design. It is this
inclusion probability divided by the size of the
group that made the respective tracks that determines what each observation contributes to the
population estimate. Indeed, the sum of these contributions constitutes the population estimate
(equation 1; Becker et al. 1998). Higher inclusion
probabilities result in a more precise estimate. To
obtain reasonably precise estimates, it is critical to
have large inclusion probabilities for large packs.
Stratification helps achieve high inclusion probabilities. All calculations were performed using program SUPEPOP (Becker et al. 1998).

relatively small number of relocations (n = 24–43
per wolf), we defined territories based on 100%
minimum convex polygon (MCP; Mohr 1947).
However, we considered isolated locations >5 km
from established territories as excursions and
excluded them from the analyses (Messier 1985).
We estimated wolf density in winter 2003 within
the telemetry census area as the summed maximum pack sizes plus the estimated number of lone
wolves in the area, divided by the census area
(Mech 1973, Fuller 1989). We estimated the number of lone wolves in the area from the proportion
of lone wolves trapped for radiocollaring in the
study area between August and October 2002. In
calculating this proportion, we did not consider
wolves radiocollared using helicopter netgunning
because this method specifically targeted packs.

Results
2002 SUPE survey

Telemetry-based estimate
Although we were unable to estimate wolf density via radiotelemetry concurrently with our
February 2002 SUPE survey, we radiocollared 46
wolves >1 year old in and around our study area
between August 2002 and January 2003. We captured wolves using number 3 coil-spring foot-hold
traps or a handheld netgun fired from a helicopter
and physically restrained them with a snare-pole.
We immobilized wolves with an intramuscular
injection of Telazol (A. H. Robins, Richmond,Va.) at
a dosage of ca. 7 mg/kg of estimated body mass.
Each wolf was fitted with a VHF radiocollar
(Holohil Systems Ltd., Woodlawn, Ont., and Lotek
Engineering Inc., Newmarket, Ont.) weighing
approximately 400 g. Wolf capture and handling
procedures were approved by the Ontario Ministry
of Natural Resources’ animal care committee (permit no. 02-75).
We located wolves primarily from the air and
occasionally from the ground using standard methods of triangulation (White and Garrott 1990). We
delineated a census area that contained the territories of 24 animals living in 10 adjacent packs and
the area in between these packs. Although not
identical to our 2002 SUPE survey area, the 2 areas
overlapped considerably (Figure 1). We defined a
territory as the composite area of seasonal home
ranges used by members of each pack. We pooled
locations from all marked members of a pack to
estimate territory sizes and boundaries. Given the

We flew on 11 days and sampled 45 SUs—28
high (46% of all high SUs) and 17 low (22% of all
low SUs). We observed 17 “fresh” track networks
that intersected >1 of the 45 surveyed SUs (Table 1;
Figure 1). Three were made by single wolves, 2 by
pairs, 2 by packs of 3, 3 by packs of 4, 5 by packs of
5, and 2 by packs of 6 wolves (Table 1). These
observations resulted in an estimate of 87 wolves in
the 3,425-km2 study area (2.5 ± 0.5 [90% CI]
wolves/100 km2). We did not consider the single
wolves to be “packs” or territory holders (e.g.,
Messier 1985, Ballard et al. 1987), and, excluding
solitary wolves, the average pack size in the area we
surveyed was 4.2 ± 0.4 (SE), n = 14. We estimated
there were approximately 16 packs (90% CI =
12–21) and 4 solitary wolves (90% CI=3–5) within
the study area at the time of the survey.

2003 telemetry-based estimate
We aerially located collared wolves from each
pack in the 2,338-km2 census area 24–43 times during January–April 2003. Although all territories
were not adequately defined, Figure 1 suggested
that it was unlikely any undetected packs lived
entirely inside the census area. The 10 packs with
radiocollared wolves within the census area contained 42 members, producing a density estimate of
1.8 resident wolves/100 km2. Based on a ratio of 4
lone to 13 pack-living wolves trapped in our study
area from August–October 2002, we estimated
there were also 10 solitary wolves living in the cen-
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Table 1. Observed wolf pack size (yu), number of sample units
containing tracks (m), inclusion probability (pu), contribution to
the population estimate (yu/pu), and contribution to the variance [V (Tyu)], by pack, for a February 2002 wolf survey in
Algonquin Provincial Park, Ontario, Canada.
No. SUs
containing tracks

Group
ID

yu

mhigh

mlow

pu

yu/pu

V (Tyu)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

5
1
4a
6
3
4
1
2
4
5
2
5
6
5
5
1
3

2
1
2
3
0
1
3
1
2
4
2
2
4
0
4
1
0

2
1
0
2
2
0
0
1
1
0
2
0
1
4
4
0
4

0.83
0.58
0.71
0.91
0.40
0.46
0.85
0.58
0.78
0.92
0.83
0.71
0.94
0.65
0.97
0.46
0.65

6.05
1.72
5.62
6.60
7.51
8.71
1.18
3.45
5.16
5.43
2.42
7.03
6.39
7.75
5.14
2.18
4.65

5.59
1.48
6.75
2.55
30.3
36.6
0.0
3.06
3.99
1.26
0.20
11.4
1.44
18.2
0.25
1.17
5.53

a The actual pack size was 6 but as only 2/3 of the fresh track
segment left by this group was in our study area we reduced the
effective pack size by 1/3 (inclusion rule, see methods).

sus area. The ratio of solitary wolves in our trapped
sample was similar to that observed during the
2002 SUPE survey (3 singles vs. 14 packs;Table 1).
The pooled density of solitary and pack wolves in
the surveyed area was 2.3 wolves/100 km2.

Discussion
Suitability of SUPE for estimating wolf
densities in forested areas
The SUPE provided an objective, repeatable
means of estimating wolf density with an associated measure of precision. Additionally, the SUPE alleviated the problem of dealing with the proportion
of lone wolves used in telemetry-based density estimates (Fuller and Snow 1988, Ballard et al. 1995).
However, a number of statistical assumptions (listed
in the introduction) must be considered when
assessing the likelihood that SUPE will provide an
unbiased density estimate for a given area (Becker
1991, Becker et al. 1998). Key assumptions that
could have compromised our population estimate
were 1) All animals of interest move during the
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study. Wolves generally move between 7–25
km/day during winter (Mech 1970, Kolenosky 1972,
Jedrzejewski et al. 2001). During our survey we
observed that even wolves at or near fresh deer or
moose carcasses had moved >1 km in the previous
day (Figure 1), thus satisfying this condition. 2)
Tracks are continuous. Although this condition
usually was met, we occasionally lost tracks in thick
conifer cover. When this occurred, we searched the
perimeter of the habitat patch until we found the
track again or determined the wolves had not exited the patch. Thus, even though we occasionally
missed segments of the entire track network left by
wolves, we clearly established a 1-to-1 correspondence between all track segments and the animals
that made them. Becker (1991) demonstrated that
an unbiased estimate could still be made provided
that such a 1-to-1 correspondence could be demonstrated. 3) “Fresh” tracks in searched SUs are not
missed. Becker et al. (1998) used the locations of
radiocollared wolves in their survey area to confirm
that this assumption was met. There were no radiocollared wolves in our survey area during the time
of the SUPE survey, so we can not say with certainty that we did not miss the tracks of any wolves in
our sampled SUs. However, we never observed a
wolf track (either opportunistically or in searching a
new SU) that was subsequently tracked back to an
SU that had been previously searched without
detecting the track in question. Also, population
estimates based on radiotelemetry during
1988–1992 (Forbes and Theberge 1995, 1996), 2003
(this paper), and 2004 (B. R. Patterson, unpublished
data) suggest that wolf densities in our study area
have been relatively stable since the late 1980s. The
correspondence between the population estimate
generated by SUPE in 2002 and the aforementioned
telemetry-based estimates suggests that few if any
track segments were missed during our survey.
Because most study areas will require several
days to survey, an additional assumption is that no
animals were double-counted by moving among
SUs on subsequent days. We attempted to survey
SUs in close proximity to each other within a relatively short time to reduce the possibility of counting the same wolf pack multiple times in different
parts of our study area. Additionally, although there
were no radiocollared wolves in our study area during the SUPE survey to help assess this assumption,
we did carefully investigate the origin of any track
segments within 10 km of a previously enumerated
track segment.
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Although track segments 10, 11, and 13 were all
located in relatively close proximity (Figure 1), we
were confident that they were made by 3 different
groups of wolves. We tracked wolves responsible
for segments 10 (5 wolves—not observed but confined to a small but dense conifer stand) and 11 (2
wolves - observed) within a few hours of each
other. Although all 7 of these wolves may have
belonged to the same pack, they were traveling separately on the day we tracked them. The next day
we tracked group 13 a few km to the northeast.
Although this pack (6 wolves observed on a deer
kill) was in close proximity to group 10, there were
no tracks joining their respective track segments.
Efficiency of stratification. We used stratification to help achieve high inclusion probabilities
(Table 1). Our stratification was based on 1) the
relative amount of trails and watercourses in each
SU, which influenced our ability to easily see wolf
tracks, and 2) the relative amount of hemlock cover,
which was related to prey (moose and deer) density (Forbes and Theberge 1993). Unlike traditional
random-block aerial surveys, overall effectiveness
of the stratification can not be assessed by the coefficient of variation of the strata estimates because
the calculations are summed over observations and
not strata. However, Becker et al. (1998; equation 5)
presented a method to determine the contribution
of each observation to the population variance.
This tool can be used to determine the effectiveness of the stratification and indicate stratification
refinements for future surveys. The inclusion probabilities for our observations were positively associated with group size (rs =0.57, P=0.016;Table 1),
indicating optimal sampling effort as a result of a
good stratification. For example, if we knew which
SUs contained the large packs, we would pick those
over ones with no wolves or containing single
wolves. Specifically, if there were a covariate correlated with pack size that was known for every SU,
we would have used this information to assign
probabilities to each SU and obtain the optimal
sample design (Cochran 1977, Sarndal et al. 1992).
Not having this information, we stratified using
available information.
A strong correlation
between pack size and the inclusion probabilities
suggested that our stratification was effective.
Because each pack was enumerated on only a
single occasion, pack-size estimates represent minimums. Although eastern wolves tend to form cohesive packs (Messier 1985, Fuller 1989, Forbes and
Theberge 1995), individuals do temporarily disasso-

ciate from the pack, particularly during the breeding season (Messier 1985, Cook et al. 1999). This,
coupled with the possibility that we underestimated the size of >1 groups by enumerating pack size
based on tracks in snow alone, suggested that we
likely underestimated the true size of some packs
during the 2002 SUPE survey. Nonetheless, mean
pack size estimated during the 2002 SUPE survey
was the same as that estimated with telemetry for
10 packs living within roughly the same area during
2003 (4.2±0.5).

Wolf population trends in Algonquin
Park
Densities of both deer and wolves were high in
Algonquin Park during the late 1950s and early
1960s (Pimlott et al. 1969) but declined dramatically in the early 1970s (Voigt et al. 1976). Whereas the
park used to contain several prominent deer wintering areas (N.W. S. Quinn, unpublished data), most
white-tailed deer now migrate each winter to yards
located outside the park boundary (Swanson 1993,
Forbes and Theberge 1995). In response to this
annual exodus of deer, many wolf packs in the eastern section of the park undertake several excursions of up to 10–60 km to areas containing high
numbers of deer outside the park (Forbes and
Theberge 1995, 1996; Cook et al. 1999; Pisapio
1999). Many of these wolves are trapped or shot
while outside the park in winter (Forbes and
Theberge 1995, Theberge 1998, Pisapio 1999).
Theberge (1998) and Vucetich and Paquet (2000)
have suggested that both pack size and densities of

Brent Patterson poses with an adult male wolf captured and
radiocollared in the Algonquin Park, Ontario in August 2002.
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wolves declined in eastern Algonquin Park from
1988–1999. In response to these concerns, a 30month moratorium on hunting and trapping of
wolves within 10 km of the park boundary was
introduced in December 2001.
In winter 2003, 5 of 6 packs monitored in eastern
Algonquin made repeated forays to deer yards outside the park (B. R. Patterson, unpublished data). In
contrast, only 1 of 10 packs in our census area
(western Algonquin) made excursions outside of
their territory (and the park) during this time. This
suggests that fewer wolves from western
Algonquin may be exposed to exploitation by
humans in areas outside the park during winter.
Using 2 independent methods, we estimated density of wolves in western Algonquin at 2.5 and 2.3
wolves/100 km2 in winters 2002 and 2003, respectively. These estimates were similar to those made
by Forbes and Theberge (1995, 1996) in Algonquin
using radiotelemetry in winters 1987–1992. Thus,
although wolf densities in eastern Algonquin may
have declined during the 1990s (Vucetich and
Paquet 2000), our results suggest little difference in
wolf density in western Algonquin between the
late 1980s and 2002–2003.

Management implications
The dynamic nature of weather, wolf movements, pack sizes, and location (including resting
on kills) presents a worst-case scenario for a population estimator. Although several authors have
expressed confidence that all wolves present in
their telemetry census areas were enumerated
(e.g., Mech 1977, Fuller 1989, Hayes and Harestad
2000), it remains difficult to statistically quantify
the uncertainty surrounding telemetry-based population estimates. In our case, a relatively low number of relocations meant that some territories in
our telemetry census area were not fully defined.
Because we used the total area approach (e.g.,
including interstices between territories, Messier
1985), the only issue is that underestimation of the
size of territories around the perimeter of the census area might result in our density estimate being
biased high (i.e. the denominator of the density estimate was biased low). However, tracks of uncollared packs were observed in areas immediately
surrounding our census area, suggesting there was
little room for expansion along the outer edges of
the territories in our census area.
Given the correspondence between our SUPE
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and telemetry-based population estimates, and that
we seemed to meet the statistical assumptions of
the SUPE, we believe the SUPE can provide useful,
relatively accurate, and precise estimates of wolf
density in forested areas. The SUPE will be particularly useful when radiocollared wolves are unavailable for use in population estimation. However,
owing to greater forest cover throughout much of
our study area, the average length of time to complete each SU using a rotary-wing aircraft (x- = 46
minutes/SU including time to follow track segments; range 23–132 minutes, n=45) was considerably greater than that required to survey even larger (41-km2) SUs from a fixed-wing aircraft in Alaska
(12–33 minutes/plot; Becker et al. 1998). We originally had thought that each SU could be effectively
searched in less than half the time it actually took.
Although we generally became more efficient as
the survey progressed, we are uncertain as to how
much quicker we could effectively search forested
SUs regardless of the amount of experience gained.
A helicopter will probably be required for inexperienced observers to continuously follow wolf
tracks in heavily forested areas. However, professional wolf trackers in both the Yukon and Alaska
have demonstrated the ability to efficiently follow
wolf tracks through dense cover using small fixedwing aircraft (E. F. Becker, personal observation).
Using such trackers should increase the size of the
area that could be surveyed for a given amount of
money. Given that Becker et al. (1998) surveyed an
area almost 10 times the size of our present study
area, SUPE has potential for estimating wolf densities over larger forested areas than the one we surveyed.
Our 2002 SUPE survey cost about $40K
(Canadian, excluding staff time). The cost of
deploying radiocollars and tracking wolves within
our telemetry census area (2,338 km2) during winter 2003 was approximately 25% higher (about
$50K). Because other ecological objectives can be
pursued simultaneously with radiocollared wolves
in a given study area, we cannot recommend the
SUPE survey on a cost-savings basis alone.
Nonetheless, the SUPE provides an objective, seemingly accurate, and repeatable means of estimating
wolf density with an associated measure of precision. The SUPE can be employed in forested areas
and may be particularly useful in areas where a traditional density estimate via radiotelemetry is logistically or socially unfeasible.

946

Wildlife Society Bulletin 2004, 32(3):938–947

Acknowledgments. This project would not have
been possible without the assistance and enthusiasm
of the staff of Algonquin Park. V. Michalsen assisted in
map preparation for the SUPE survey. Special thanks
go to J. Murphy, J. Swick, and J.Winters. Major funding
was provided by Ontario Parks, the Algonquin
Forestry Authority, the Friends of Algonquin, and the
Ontario Ministry of Natural Resources’ Wildlife
Research & Development Section. C. Calaezzi and M.
Wesley piloted the helicopter during the survey, and
J. Fitchet, E. Hovinga, R. Shalla, D. Slater, and R. Szczygiel assisted as survey observers. R. Clark, R. MacKay,
J. Mills, K. Mills, J. Pisapio, P. Shalla, C. Shewchuk, A.
Stroud, L.Towns, and S.Tully assisted in capturing and
monitoring radiocollared wolves. We thank J. Bowman, D.L. Murray, M. Crête, and P. Paquet for useful
comments on earlier drafts of the manuscript. This
is WRDS contribution No. 03-03.

Literature cited
BALLARD,W. B., J. S.WHITMAN, AND C. L. GARDNER. 1987. Ecology of
an exploited wolf population in south-central Alaska.
Wildlife Monographs 98.
BALLARD,W. B., M. E. MCNAY, C. L. GARDNER, AND D. J. REED. 1995. Use
of line-intercept track sampling for estimating wolf densities.
Pages 469–480 in L. N. Carbyn, S. H. Fritts, and D. R. Seip, editors. Ecology and conservation of wolves in a changing
world. Canadian Circumpolar Institute, Edmonton, Alberta,
Canada.
BECKER, E. F. 1991. A terrestrial furbearer estimator based on probability sampling. Journal of Wildlife Management 55:730–737.
BECKER, E. F., M.A. SPINDLER, AND T. O. OSBORNE. 1998. A population
estimator based on network sampling of tracks in the snow.
Journal of Wildlife Management 62: 968–977.
COCHRAN,W. G. 1977. Sampling techniques. Third edition. John
Wiley and Sons, New York, New York, USA.
COOK, S. J., D. R. NORRIS, AND J. B.THEBERGE. 1999. Spatial dynamics of a migratory wolf population in winter, south-central
Ontario (1990–1995). Canadian Journal of Zoology 77:
1740–1750.
CRÊTE, M., AND F. MESSIER. 1987. Evaluation of indices of gray wolf,
Canis lupus, density in hardwood-conifer forests of southwestern Québec. Canadian Field-Naturalist 101: 147–152.
ENVIRONMENT CANADA. 1993. Canadian climate normals,
1961–1990, Ontario. Canadian Climate Program, Minister of
Supply and Services Canada. Ottawa, Ontario, Canada.
FORBES, G. J., AND J. B.THEBERGE. 1993. Multiple landscape scales
and winter distribution of moose, Alces alces, in a forest ecotone. Canadian Field-Naturalist 107: 201–207.
FORBES, G. J., AND J. B.THEBERGE. 1995. Influences of a migratory
deer herd on wolf movements and mortality in and near
Algonquin Park, Ontario. Pages 303–313 in L. N. Carbyn, S. H.
Fritts, and D. R. Seip, editors. Ecology and conservation of
wolves in a changing world. Canadian Circumpolar Institute,
Edmonton, Alberta, Canada.
FORBES, G. J., AND J. B. THEBERGE. 1996. Responses by wolves to
prey variation in central Ontario. Canadian Journal of
Zoology 74: 1511–1520.

FULLER,T. K. 1989. Population dynamics of wolves in north-central Minnesota. Wildlife Monographs 105.
FULLER,T. K., AND B. A. SAMPSON. 1988. Evaluation of a simulated
howling survey for wolves. Journal of Wildlife Management
52: 60–63.
FULLER,T. K., AND W. J. SNOW. 1988. Estimating wolf densities from
radiotelemetry data. Wildlife Society Bulletin 16: 367–370.
HAYES, R. D., AND A. S. HARESTAD. 2000. Demography of a recovering wolf population in the Yukon. Canadian Journal of
Zoology 78: 36–48.
JEDRZEJEWSKI, W., K. SCHMIDT, J. THEUERKAUF, B. JEDRZEJEWSKA, AND H.
OKARMA. 2001. Daily movements and territory use by radiocollared wolves (Canis Lupus) in Bialowieza Primeval Forest
in Poland. Canadian Journal of Zoology 79: 1993–2004.
KOLENOSKY, G. B. 1972. Wolf predation on wintering deer in eastcentral Ontario. Journal of Wildlife Management 36:
357–369.
MECH, L. D. 1970. The wolf: the ecology and behavior of an
endangered species. Natural History Press, New York, New
York, USA.
MECH, L. D. 1973. Wolf numbers in the Superior National Forest
of Minnesota. United States Department of Agriculture,
Forest Experiment Station, St. Paul, Minnesota, USA.
MECH, L. D. 1977. Productivity, mortality, and population trends
of wolves in northeastern Minnesota. Journal of Mammalogy
58: 559–574.
MESSIER, F. 1985. Social organization, spatial distribution and
population density of wolves in relation to moose density.
Canadian Journal of Zoology 63: 1068–1077.
MILLER, S. D., G. C.WHITE, R.A. SELLERS, H.V. REYNOLDS, J.W. SCHOEN,
K.TITUS,V. G. BARNES, JR., R. B. SMITH, R. R. NELSON,W. B. BALLARD,
AND C. C. SCHWARTZ. 1997. Brown and black bear density estimation in Alaska using radiotelemetry and replicated
mark–resight techniques. Wildife Monographs 133.
MOHR, C. O. 1947. Table of equivalent populations of North
American small mammals. American Midland Naturalist 37:
223–249.
PIMLOTT, D. H., J.A. SHANNON, AND G. B. KOLENOSKY. 1969. The ecology of the timber wolf in Algonquin Provincial Park. Ontario
Department of Lands and Forests, Fish and Wildlife Research
report No. 87.
PISAPIO, J. M. 1999. Spatial relations between migratory
Algonquin Park wolves and non-migratory resident wolves in
a winter deer yard. Thesis, University of Waterloo, Ontario,
Canada.
SARNDAL, C. E., B. SWENSSON, J.WRETMAN. 1992. Model assisted survey sampling. Springer-Verlag, New York, New York, USA.
SEARS, H. 1999. A landscape-based assessment of Canis morphology, ecology and conservation in southeastern Ontario.
Thesis, University of Waterloo, Ontario, Canada.
STRICKLAND, D. 1993. Trees of Algonquin Provincial Park. The
Friends of Algonquin Park. Whitney, Ontario, Canada.
SWANSON, L. A. 1993. Migratory behavior and management of a
white-tailed deer herd in Algonquin region, central Ontario.
Thesis, University of Waterloo, Ontario, Canada.
THEBERGE, J. B. 1998. Wolf country: eleven years tracking the
Algonquin wolves. McClelland and Stewart,Toronto, Ontario,
Canada.
VOIGT, D. R., G. B. KOLENOSKY, AND D. H. PIMLOTT. 1976. Changes in
summer foods of wolves in central Ontario. Journal of
Wildlife Management 40: 663–668.
VUCETICH, J.A., AND P. PAQUET. 2000. The demographic population
viability of Algonquin wolves. Report prepared for the

Estimating wolf density in forested areas • Patterson et al.
Algonquin wolf advisory committee. Available online at:
www.isleroyalewolf.org/pdf%20files%20for%20JAV/Algonqu
inPVA.PDF. [Date accessed: October 6th, 2003].
WHITE, G. C., AND R.A. GARROTT. 1990. Analysis of wildlife radiotracking data. Academic Press, San Diego, California, USA.
WILSON, P. J., S. GREWAL, I. D. LAWFORD, J. N. M. HEAL,A. G. GRANACKI,
D. PENNOCK, J. B. THEBERGE, M. T. THEBERGE, D. R. VOIGT, W.
WADDELL, R. E. CHAMBERS, P. C. PAQUET, G. GOULET, D. CLUFF, AND B.
N. WHITE. 2000. DNA profiles of the eastern Canadian wolf
and the red wolf provide evidence for a common evolutionary history independent of the gray wolf. Canadian Journal
of Zoology 78: 2156–2166.
WILSON, P. J., S. GREWAL,T. MCFADDEN, R. C. CHAMBERS, AND B. N.WHITE.
2003. Mitochondrial DNA extracted from eastern North
American wolves killed in the 1800s is not of gray wolf origin. Canadian Journal of Zoology 81: 936–940.

Brent Patterson (left) has been a field research scientist with the
Ontario Ministry of Natural Resources (OMNR), and a conjunct
professor at Trent University in Peterborough, Ontario, since

947

August 2001. Prior to this, Brent worked for 3 years as a biologist for the Government of Nunavut in the central Canadian
Arctic. He has an M.S. in wildlife and conservation biology
from Acadia University and a Ph.D. in biology from the
University of Saskatchewan. Besides leading Ontario’s wolf
research program, Brent administers the province’s surveillance
program for chronic wasting disease in free-ranging deer and is
involved in other deer-related research. Norm Quinn (right) is
Park Biologist in Algonquin Park, Ontario. He received his B.Sc.
in wildlife management from the University of Guelph in 1976
and his M.S. from the University of New Brunswick in 1978.
Norm has had a varied career in fish and wildlife management
but has worked mainly with population biology of furbearers
and trout. He has been employed as a biologist with the
Ontario Ministry of Natural Resources since 1978 and has
worked for the last 20 years in Algonquin Park. Earl Becker
(middle) has been a biometrician and more recently Wildlife
Research Coordinator with the Alaska Department of Fish and
Game, Division of Wildlife Conservation, since 1984. He has
a B.S. degree in wildlife management from the University of
Alaska, Fairbanks and an M.S. in statistics from Oregon State
University. Earl’s research interests include probability sampling of tracks in the snow, and the use of advanced line-transect methods to estimate bear population density. Earl also
oversees wildlife research in south-central Alaska for the state of
Alaska. Derek Meier (not pictured) is an M.S. candidate at Trent
University who is studying various ecological aspects of wolves
in and around Algonquin Provincial Park. Derek first became
interested in wolf research when he enrolled in the wolfresearch team at Northland College in Ashland, Wisconsin. He
received his B.Sc. from Northland College in 1999 and has
since worked on various wolf projects in Maine, Minnesota,
and North Carolina. When not researching wildlife, Derek is
involved in environmental education of teenagers via wilderness expeditions.

Associate editor: Crête

