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Abstract: Knowledge about the impact of human activity on the behavior of wolves (Canis lupus) is important to pre-
dict habitats suitable for wolf recolonization and for planning management zones. We tested the hypothesis that
wolves live spatiotemporally segregated from humans. From 1994 to 1999, we radiotracked 11 wolves in 4 packs and
monitored human activity in the Bialowieza Forest, Poland. Wolves avoided permanent human-made structures
(settlements, forest edge to arable land, roads, tourist trails) more in the day than at night. Wolf avoidance
increased with increasing human use. Particularly large settlements and intensively used public roads reduced the
area used by wolves. Wolves avoided human presence in the forest (traffic, forestry operations) by temporarily
selecting areas where people were absent. One of the wolf packs selected a national park zone with restriced access
(50 km?) as the core area of its home range in both day and night. Conversely, wolf packs living in a commercial
forest with small nature reserves (<4 km?) did not select reserves in the day or night. We concluded that spa-
tiotemporal segregation is an adaptation of wolves to coexist with humans while keeping their activity pattern opti-
mized toward food acquisition. The distribution of areas with restricted human access, forest, settlements, and

intensively used public roads are important factors determining the suitability of an area for wolves.
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Boitani (2000) highlighted the need for knowl-
edge on the capacity of wolves to coexist with
human activity, a factor that he regarded as a key
element for the conservation of wolves in
Europe. Wolves are now recolonizing many areas
of Europe and North America where they were
extirpated (Mech 1995, Boitani 2000). Because
some of the areas that wolves are recolonizing are
densely populated by people, wildlife managers
need information on the impact of human activ-
ity on wolves. However, only a few studies have
focused on the influence of human activity on
wolf behavior. Thiel et al. (1998) documented
that some wolves in Minnesota and Wisconsin
even tolerated humans close to their den sites;
other studies reported that wolves usually avoid-
ed contact with humans. This avoidance can be
spatial, as in Alaska, where wolves avoided areas
surrounding public roads (Thurber et al. 1994).
In contrast, Vila et al. (1995) and Ciucci et al.
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(1997) suggested that wolves and humans are
temporally segregated, because radiomarked
wolves in Italy and Spain mainly were nocturnal.
However, in the Bialowieza Forest, the daily
movement patterns of wolves living with various
levels of human activity were not different
(Theuerkauf et al. 2001). We therefore hypothe-
sized that humans and wolves are spatiotempo-
rally separated.

We radiotracked wolves and monitored human
activity in the Bialowieza Forest to test our
hypothesis on the spatiotemporal segregation of
wolves and humans. Our objectives were to deter-
mine whether (1) wolves avoided human-made
structures (human settlements, forest edge with
arable land, roads) more during the day than at
night, (2) the home ranges of wolves were small-
er during the day than at night, (3) the size of
human settlements or the intensity of road use
influenced the level of wolf avoidance, (4) wolves
reduced their use of forest areas when humans
used these areas intensively compared to periods
when people were absent, (5) wolves were more
sensitive to human activity when resting than
when active, (6) human activity close to a wolf was
less than the mean human activity in the wolf’s
home range, (7) wolves selected nature reserves
more during the day than at night, and (8)
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wolves used a forest area more intensively after
the area became protected as a reserve.

STUDY AREA

The Bialowieza Forest is a forest complex of
1,450 km? (52°30'-53°00'N, 23°30'-24°15'E) that
straddles the Polish-Belarussian border (Fig. 1).
The forest is a mosaic of deciduous, coniferous,
and mixed tree stands. The Polish side of the
Bialowieza Forest consists of the Bialowieza Na-
tional Park and a commercial forest (480 km?2), in
which timber harvest, reforestation, and hunting
occur. Fifty km? of the Bialowieza National Park
have been protected as a strict reserve since 1921.
No hunting, forestry, or motorized traffic is per-
mitted in the strict reserve, and public access is
limited. In July 1996, the Bialowieza National
Park was enlarged to 100 km?. The extended por-
tion of the national park is open to the public,
but vehicle access is restricted, hunting is not
allowed and forestry interventions are limited to
cutting of sick trees and fencing off regeneration
areas. The Bialowieza Forest also has 22 small
(0.1-3.7 km?2) nature reserves, which are less pro-
tected against forestry operations than the na-
tional park. The whole Belarussian side of the
Bialowieza Forest (870 km?) is a national park,
but hunting and limited logging are allowed. On
the Belarussian side, a guarded fence was built in
1981 along the state border (in a distance of
0-1.5 km). The zone between the border and the
fence is used little by humans.

Human density on the Polish side of the
Bialowieza Forest is about 7 inhabitants per km?
and 70 inhabitants per km? in the surrounding
region (Podlasie Province, capital: Bialystok,
Poland). The density of forest roads passable by
2-wheel-drive vehicles is about 1.2 km/km? in the
commercial forest, but only about 50 km of paved
roads (0.1 km/km?) are intensively used by the
public.

Forestry is the main source of human activity in
the commercial forest. Other groups of people use
the forest seasonally. From July to October, 27% of
forest visitors are mushroom collectors; from Sep-
tember to January 15% are hunters; and from May
to September 40% are tourists, whereas from Octo-
ber to April only 4% of humans in the commercial
forest are tourists. From May to September, around
100 tourists per day visit the strict reserve of the
Bialowieza National Park, but the number of
tourists decreases to about 20 per day from Octo-
ber to April (estimate based on data of B.
Jaroszewicz, Bialowieza National Park, personal

707

Ladzka

pack National

Park pack |

1] 5 10 15
p - - I ]

20 km

Fig. 1. Bialowieza Forest, Poland, with distribution of the com-
mercial forest (light gray), nature reserves (mean gray), the
strict reserve of the Polish Bialowieza National Park (dark
gray), human settlements (black area), heavily used public
roads (double lines), forest roads (dashed lines), state border
(dashed and pointed line), and the cumulative home ranges
(continuous lines) of wolf packs.

communication). The area visited by tourists is
restricted to a 4-km tourist trail near the park’s
entrance. The rest of the strict reserve is open for
permit holders to conduct research or education.
Humans traveling in the commercial forest use
mostly cars (80%), but also lorries and tractors
(10%), as well as bicycles (10%). Tourists mainly go
on foot or bicycle and usually stay on roads or trails.

At the beginning of our study, 3 wolf packs
inhabited the Polish side of the Bialowieza Forest
(Okarma et al. 1998). The core area of 1 pack
(National Park pack) was within the strict reserve
of the Bialowieza National Park (Fig. 1). The
number of wolves in this pack varied during our
study between 4 and 7 wolves (in midwinter).
Another pack (Ladzka pack, 3—6 wolves) lived in
the northwestern part of the Bialowieza Forest,
an area with few small nature reserves. The third
pack (Lesna pack, 4-7 wolves) lived in the south-
ern part of our study area, which includes most
small nature reserves and a large part of the bor-
der zone. This pack split in December 1997 into
2 packs (Lesna I and II packs), but because their
home ranges overlapped largely after the separa-
tion, we pooled data of the 2 packs when com-
paring them with the other 2 packs. Forest road
density was 0.8 km/km? in the home range of the
National Park pack and 1.0 km/krn2 in the home
ranges of the Ladzka and Lesna packs.



708

Wolves have been protected since 1989 in the
Polish side of the Bialowieza Forest, but humans
are still the main mortality factor. During our
study, 6 of 12 radiomarked wolves died in poach-
ers’ snares set for wild boar (Sus scrofa) or were
shot. In the Belarussian side, hunters on average
killed 80% of the wolf population each year
between 1975 and 1994 (Jedrzejewska et al. 1996).
Immigration of wolves from the northeast com-
pensated for the high human-caused mortality.

The main prey of wolves in the Bialowieza For-
est (Jedrzejewski et al. 2000, 2002) is red deer
(Cervus elaphus), followed by wild boar and roe
deer (Capreolus capreolus). During our research,
the mean densities of prey species for the entire
study area were about 3-7 red deer, 1-6 wild boar,
and 1-5 roe deer per km? (Kossak 1997, Jedrze-
jewski et al. 2000). Wolves occasionally fed on car-
rion at garbage dumps (Ladzka pack) or killed
cattle (Lesna I pack).

METHODS

Wolves

From 1994 to 1999, we captured 12 wolves in 4
packs either with Aldrich foot snares equipped
with radioalarm systems or by the fladry and net
method (Okarma and Jedrzejewski 1997) and fit-
ted them with radiocollars (Okarma et al. 1998).
We relocated wolves in 24-hr radiotracking sessions
of usually 6 days (range 1-9 days; described in
detail in Theuerkauf and Jedrzejewski 2002). Data
samples for 11 radiomarked wolves (5 breeding
females, 1 breeding male, 4 young females, 1 young
male) were large enough for analysis (557-8,336
relocations/wolf; 342 months of radiotracking).

Radio locations gathered by 24-hr radiotrack-
ing can be autocorrelated (Salvatori et al. 1999).
However, time intervals that ensure temporal
independence often are large, which can lead to
an important underestimate of home-range size
of radiomarked animals (Rooney et al. 1998). We
therefore decided not to reduce our radiotrack-
ing data to temporally independent locations,
which would have resulted in a lower accuracy of
results. We instead eliminated autocorrelation
among consecutive radio locations by calculating
1 value for each wolf. Accordingly, we used the
variation among wolves and not among radio
location data for statistical testing of selection
(Otis and White 1999).

We created 10,000 random points with a Geo-
graphic Information System (GIS) inside our
study area, which we defined as the cumulative
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area of all the wolves’ home ranges (100% mini-
mum convex polygons). We calculated selection
by comparing radio locations of a wolf with the
locations of random points inside the home
range of the given wolf. We used Ivlev’s electivity
index (Jacobs 1974) to indicate selection:

Selection index = (p,, = p,)/ (P, + Py — 2 Py, Py

where p,, is the proportion of wolf locations in a
given category, and p, is the proportion of ran-
dom points in a given category. Selection indices
can vary from +1 (total selection) to —1 (total
avoidance). We categorized wolf or random point
locations in 500-m-wide classes according to the
distance to human-made structures (settlements,
forest edges, roads, tourist trails; 250-m-wide
classes for distances of 0-1 km to roads or tourist
trails) or parts of our study area under different
protection (commercial forest, nature reserves,
strict reserve, border zone). We calculated selec-
tion indices for all categories first for each wolf,
and then mean selection indices and 95% confi-
dence intervals (CI) for the variation among
wolves. We considered that wolves selected
(avoided) a given category if the lower (upper)
limit of the 95% CI was higher (lower) than zero.
To map the spatiotemporal home-range use of
wolves, we calculated selection indices for squares
of 250 x 250 m. Because our location error was
194-291 m (Theuerkauf and Jedrzejewski 2002),
we used a 500-m radius around the center of the
square to compensate for the radio location error.

We defined summer as the period from May to
September when wolves are concentrated around
dens or rendezvous sites and when many tourists
are in the forest. Winter was the period from Octo-
ber to April when wolves use their entire home
ranges (Jedrzejewski et al. 2001) and human activ-
ity in the forest is mainly limited to forestry opera-
tions and hunting ungulates. Breeding females in
our study area stayed mostly at the den (denning
period) from about 2 weeks before a birth until 6
weeks after the birth (Theuerkauf et al. 2003 a). We
defined the forest edge as the peripheral borders
of the Bialowieza Forest as well as all borders to
human settlements within the forest.

Human Activity

We documented human activity from 1997 to
1999 either visually or with a magnetic traffic
counter card (NC-30, Nu-Metrics, Uniontown,
Pennsylvania, USA) at 39 counting points on
roads in the Bialowieza Forest. During visual
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counts, which lasted 2-24 hr (total 569 hr), we
counted people and vehicles that passed a given
point. The traffic counter card dug in forest
roads recorded hourly the numbers of passing
vehicles for continuous periods of 1 week (total
5,712 hr). We checked the reliability of the card
under our field conditions during 150 hr of
direct observations. The card had registered 144
vehicles when 142 vehicles had actually passed.
We therefore considered that the card recorded
the number of vehicles precisely enough and
pooled its data with those gathered visually.

We classified roads inside the forest as primary
roads (public paved roads with 1,000-10,000 vehi-
cles per week), secondary roads (regularly used
forest roads with 48-500 vehicles per week), and
tertiary roads (rarely used forest roads with <40
vehicles per week). We calculated the average
human activity on roads in the home range of a
wolf by multiplying the proportion (by length) of
each road class in the home range of a wolf by the
average human activity on the given road class,
and then adding the values for the 3 road classes.

In addition, we recorded human activity during
radiotracking by noting the number of people
and vehicles that passed the person tracking
wolves. In 95% of cases, trackers were between
200 and 2,200 m from the wolf, so the count of
human activity represents human activity within a
radius of about 2 km around the radiomarked
wolves. We found no detectable influence of the
radiotracker on the behavior of the tracked wolf
(Theuerkauf and Jedrzejewski 2002). To test
whether wolves selected areas of low human activ-
ity, we compared the average human activity on
roads around wolves with the average human
activity on roads used for radiotracking.

The forestry administration provided us with
information about daily locations of forestry
operations in an area where we had radiotracked
wolves continuously (3 weeks in Jan, Feb, and
May 1999). To evaluate the reaction of wolves to
forestry operations, we compared wolf use of
areas around forestry operations during working
hours (day during the working week) and during
nonworking hours (nights and weekends).

RESULTS

Permanent Human-made Structures

Wolves in the Bialowieza Forest selected areas in
the center of their home ranges that were far from
the forest edge, especially in summer (Fig. 2). The
daytime home ranges of the 11 wolves (x = 205
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Fig. 2. Selection of 250 x 250-m squares inside the home
ranges of 11 wolves of 4 packs in the Bialowieza Forest,
Poland, from 1994 to 1999 (black squares: selection index
>0.75; dark gray: selection index between 0 and 0.75; medium
gray: selection index between —0.75 and 0; light gray: selec-
tion index <—0.75; white area: not used; continuous lines: for-
est edge to agriculture land with villages; dotted lines: nature
reserves; dashed and pointed line: state border).

km?, SE = 23 kn?) were reduced compared to
nightly home ranges (i = 257 km?, SE = 29 km?; +
test for pairs: P = 0.001). Wolves used only 74%
(SE = 2%) of their home ranges in the day com-
pared to 93% (SE = 2%) at night.

Wolves not only avoided coming out of the for-
est into arable land, but also rarely made incur-
sions into the 2-km-wide forest zone that borders
the forest edge (Fig. 3). Daytime avoidance of
arable land by wolves was almost total and more
pronounced than at night for the 2-km edge
zone. Wolves increased both their avoidance level
and the width of the avoided forest zone with
increasing size of human settlements. The avoid-
ance zone for the largest town in our study area
(24,000 inhabitants) was 2 km at night and 3.5 km
during the day. Wolves avoided a zone of 0.5 km
at night and 1 km in the day around forest settle-
ments with few houses.

Mean distances between wolves and edges of
the forest bordering human settlements were
larger in the day than at night (Table 1). The dif-
ference between day and night became more
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Fig. 3. Mean wolf selection indices (with 95% CI of the variation among wolves) in relation to distance to forest edge and settle-
ments of different sizes (based on number of human inhabitants) during the day (white dots) and night (black dots) for 11 wolves
of the Bialowieza Forest, Poland, from 1994 to 1999.

pronounced with low levels of human activity, range of this pack was lowest. Breeding females
and was most significant for the National Park  (n=5) were farther from edges of the forest bor-
pack in winter when human activity in the home dering human settlements during the denning
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Table 1. Comparison (t-test for pairs) between day and night of distances (km) of wolf radio locations to edges of the forest bor-
dering human settlements in the Bialowieza Forest, Poland, 1994-1999 (4 wolves of the National Park pack, 3 wolves of the
Ladzka pack, and 4 wolves of the Lesna packs). Seasonal human activity in the wolves’ home ranges: low (<10 people per day
on roads/trails on average), moderate (30-60), high (150-200).

National Park pack

Lesna packs

Ladzka pack

Day Night Day Night Day Night
Human Human Human
X SE x SE P activty x SE x SE P activty x SE x SE P activity
Summer 4.1 0.1 3.7 0.2 0.018 moderate 3.4 0.2 3.4 0.1 0.987 high 29 0.1 25 0.1 0.185 high

Winter 3.6 0.2 2.7 0.1 0.005 low 30 03 26

0.3 0.092 moderate 2.6 0.2 2.2 0.2 0.044 moderate

period (x = 3.8 km, SE = 0.4 km) than during the
rest of the year (x = 3.0 km, SE = 0.2 km; #test for
pairs: P=0.047). Other wolves that we tracked in
all seasons (n = 3) were not farther from the for-
est edge during the denning period than during
the rest of the year (¢test for pairs: P=0.662).

In the commercial forest, radiomarked wolves
(n=11) avoided a band of 0.75 km around prima-
ry roads at night and 2 km during the day (Fig. 4).
Wolf avoidance of secondary roads was 0.25 km at
night and 1 km during the day. Wolves avoided
tertiary roads the least, leaving a 0.25-km-wide
buffer during the day but none at night. Wolves
in the strict reserve (n = 4) avoided tourist trails
in the day as much as primary roads. In contrast
to primary roads, wolves did not avoid tourist
trails at night. We did not detect avoidance by
wolves of other, less used tracks in the strict reserve
(all 95% Cls included the value 0). Wolves were
not further in the day from the forest edge (#test:
P =0.919), human settlements (P = 0.919), pri-
mary roads (P = 0.863), secondary roads (P =
0.896), tertiary roads (P = 0.544), or tourist trails
(P=0.381) when resting than when active.

Temporary Human Presence

Although the average human activity on roads
within wolf home ranges was higher in summer
than in winter (Fig. 5), the mean daily number of
humans or vehicles on roads in a 2-km radius
around wolves was not higher (#test: P=0.596 for
humans, P = 0.533 for vehicles) in summer (x =
7.1, SE = 2.1 for humans; x = 4.7, SE = 1.4 for vehi-
cles) than in winter (x = 9.2, SE = 3.0 for humans;
x =6.0, SE = 1.5 for vehicles). In both seasons, the
hourly mean numbers of humans or vehicles on
roads in the 2-km radius around wolves were
lower than those on all roads used for radio-
tracking or on all roads in wolf home ranges
(Wilcoxon-test: all P < 0.001). Wolves used the
area up to 1.5 km around forestry operations less
during working hours than during nonworking
hours (Fisher’s exact test: P = 0.043).

Reserves

The daily patterns of reserve selection differed
greatly among packs. The National Park pack
strongly selected the strict reserve but avoided
other reserves and the border zone (Table 2).
Wolves of the National Park pack also avoided the
new part of the national park except on winter
nights. During the winter, the Lesna packs used
nature reserves and the border zone in the day
more than randomly, but they did not clearly select
these protected areas. The Ladzka pack neither
selected reserves nor showed a particular daily
pattern in reserve selection. Wolves of the Na-
tional Park pack (n = 4) used the area of the new
national park less before its creation (8% of time,
SE = 2%) than after (17%, SE = 3%; #test: P =
0.004). Wolf use of this area increased at a rate of
0.5% monthly (linear regression: P = 0.048) dur-
ing the 3 years after protection was established.
Before the creation of the new national park, the
monthly use did not increase (P = 0.818).

DISCUSSION

Vila et al. (1995) and Ciucci et al. (1997)
assumed that wolves and humans may be tempo-
rally segregated in Italy and Spain, where
radiomarked wolves mainly were nocturnal. In
contrast, wolves in Canada (Kolenosky and John-
ston 1967), in Alaska (Peterson et al. 1984, Fancy
and Ballard 1995), in forests of Minnesota (Mech
1992), and in the Bialowieza Forest (Theuerkauf
et al. 2003a) were active at night and in the day.
In Alaska, Thurber et al. (1994) reported that
wolves avoided areas surrounding public roads.
This might lead to the conclusion that wolves
avoid humans spatially in areas with low human
density (e.g., Alaska), and temporally in regions
with high human activity (e.g., southern Europe).
However, in the Bialowieza Forest, we found no
difference among the daily movement patterns of
wolves living with various levels of human activity
(Theuerkauf et al. 2001). Further, wolves in the
Bialowieza Forest were active throughout the day,
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Fig. 4. Mean wolf selection indices (with 95% CI of the variation
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ing the day (white dots) and night (black dots) from 1994 to
1999 (250-m-wide distance classes up to 1 km from the
road/trail and 500-m-wide distance classes when further away).

although human activity in some parts of the for-
est was high (Theuerkauf et al. 2003@). During
periods when many people were in the Bialowieza
Forest, wolves used areas where human activity
was low. We conclude that the segregation
between wolves and humans is spatiotemporal as
wolves react to human activity by temporarily
avoiding areas being used by humans.

Reasons other than avoidance of humans may
account for the nocturnal behavior of wolves in
Italy (Ciucci et al. 1997) and Spain (Vila et al.
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1995). In Ciucci et al.’s (1997) study, wolves took
regular advantage of anthropogenic food sources,
such as garbage dumps. Because these dumps
were near human settlements, wolves used the
dumps at night (Ciucci et al. 1997). In the
Bialowieza Forest, wolves almost completely met
their food requirements by hunting red deer,
wild boar, and roe deer in the forest (Jedrzejew-
ski et al. 2000). Wolves were active and hunted
throughout the day, but both the number of prey
killed and activity peaked at dawn and dusk,
which appeared to coincide with peaks in the
activity patterns of their prey (Theuerkauf et al.
2003a). Activity patterns of wolves feeding on
wild prey should therefore be adjusted to the
activity rhythms of their main prey species.
Bimodal activity patterns are common in many
prey species such as red deer (Georgii 1981,
Georgii and Schroder 1983), roe deer (Ceder-
lund 1981, Jeppesen 1989), white-tailed deer
(Odocoileus virginianus; Montgomery 1963, Kam-
mermeyer and Marchinton 1977), and moose
(Alces alces; Geist 1963), whereas wild boar often
are more nocturnal (Briedermann 1971, Russo et
al. 1997). Besides feeding on carrion and domes-
tic animals, Spanish wolves also prey on wild
ungulates, which may be the reason why the activ-
ity patterns of wolves were nocturnal but with
activity peaks at dawn and just after dusk (Vila et
al. 1995). In Ciucci et al.’s (1997) study, the only
potential prey for wolves were wild boar, which
are mainly nocturnal in Italy even in regions
where they are not hunted (Russo et al. 1997).

A possibililty exists, however, that wolves under
heavy persecution by man would become more
nocturnal. Kitchen et al. (2000) showed a tempo-
rary shift in the behavior of coyotes ( Canis latrans),
which moved less in the day during a period of
persecution by humans compared to coyotes that
had not been persecuted for >8 years. During the
period of persecution, coyotes adjusted their
activity patterns presumably to reduce the chance
of encounters with human hunters, but increased
their diurnal activity quickly after the persecution
had stopped. Ciucci et al. (1997) and Vila et al.
(1995) did not report a heavy persecution in their
study areas of Italy and Spain. We therefore expect
the activity patterns of wolves that are not heavily
persecuted to be affected more by their mode of
food acquisition than by the influence of humans.

In mammalian predator—prey systems, fear of
predators plays an important role in shaping the
behavior of the prey (Brown et al. 1999). Under
high levels of predation, prey species are very vigi-
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Fig. 5. Daily patterns of average human activity (mean number of people or vehicles per hour) on roads in the wolves’ home
ranges (dashed lines), mean human activity on roads used for radiotracking during absence of wolves (dotted lines), and aver-
age human activity on roads used for radiotracking during the presence of wolves (continuous lines) in the Bialowieza Forest,

Poland, in 1998 and 1999.

lant. After a reduction of predators, the prey rapid-
ly becomes less wary. Human-wolf relationships
likely follow the same principle. Wolves under per-
secution would thus be more alert and therefore
less visible to humans. This does not necessarily
mean that wolves would become exclusively noc-
turnal, because they can spatiotemporally avoid
contact with humans. Forest habitat appeared of
particular importance in spatiotemporal segrega-
tion since wolves rarely left forest cover in daylight
in the Bialowieza Forest and in Italy (Ciucci et al.
1997). In areas frequented by people, wolves

seem able to maintain their activity during the
day by taking advantage of available forest cover.

Spatial avoidance of humans by wolves appeared
to occur alongside spatiotemporal segregation.
Human settlements, public roads, and edges to
agricultural land reduced the area used by wolves
even at night. Human settlements and roads both
produce noise and light, which may explain why
the wolf avoidance found in our study increased
with the size of settlements and the intensity of
road use. Thurber et al. (1994) noted a similar
behavior in Alaska where wolves avoided a public
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Table 2. Mean reserve selection indices (+ difference to the 95% ClI limits) for 4 wolves of the National Park pack (protected for-
est reserve), 3 wolves of the Ladzka pack (commercial forest), and 4 wolves of the Lesna packs (commercial forest) in the

Bialowieza Forest, Poland, 1994-1999.

National Park pack

Lesna packs Ladzka pack

Day Night Day Night Day Night

Summer

Nature reserves -0.94+0.06 -0.86+0.15 -0.08 £ 0.78 -0.27 + 1.01 -0.30 £ 0.29 -0.68 £ 0.44

Strict reserve 0.91 £ 0.07 0.82 £ 0.08

New National Park -0.53+0.37 -0.20+0.19

Border zone -0.70+£0.19 -0.76 + 0.36 0.06 £0.71  0.07 + 0.56
Winter

Nature reserves -0.81+0.23 -0.83+0.25 0.31+048 0.32+041 -0.18 + 0.54 0.12 £ 0.36

Strict reserve 0.87 £ 0.06 0.61+0.17

New National Park -0.25 + 0.07 0.16 + 0.17

Border zone -0.71+0.23 -0.52+0.27 0.19+0.23 -0.12+0.11

road but selected little used roads for ease of trav-
el. In a Canadian area with little human activity
on linear corridors (mostly pipeline or seismic
lines), wolves were even closer to these corridors
than expected (James and Stuart-Smith 2000).
Wolves were most affected by human activity
(e.g., avoided human-made structures) in areas
where human activity was lowest, indicating that
wolves are more sensitive to human activity when
they have the least contact with humans. This
means that wolves may habituate to some degree
to human activity also in areas where they are not
completely free of human persecution.

Spatial avoidance is especially important for
wolves during the denning period because breed-
ing females are unable to spatiotemporally avoid
human contact. Breeding females can either
choose particularly quiet places or they have to
tolerate human activity. In Minnesota and Wis-
consin, some wolf packs tolerated forestry opera-
tions close to their den sites (Thiel et al. 1998). In
the Bialowieza Forest, breeding females were far-
ther from forest edges that bordered with human
settlements during the denning period than dur-
ing the rest of the year. Den and rendezvous sites
were farther than expected from human settle-
ments, the forest edge, and intensively used pub-
lic roads, but wolves did not abandon the den
when foresters worked near the den sites
(Theuerkauf et al. 2003b).

Distribution of prey may have interfered with
the influence of humans on wolf habitat use. Prey
abundance in the Bialowieza Forest is not affect-
ed by roads, however (J. Theuerkauf et al., un-
published data), thus wolf avoidance of roads was
not biased by prey. Prey abundance is higher
within the strict reserve than in the commercial
forest (J. Theuerkauf et al., unpublished data).
However, wolves in the National Park regularly

leave the strict reserve from dusk to dawn to
hunt, but usually return to the reserve during the
day. Because wolves in the Bialowieza Forest hunt
mainly from dusk to dawn (Theuerkauf et al.
2003a), we conclude that wolves select the strict
reserve during the day to avoid humans, rather
than because of higher prey density.

MANAGEMENT IMPLICATIONS

Wolves are protected by law in many European
countries and in the United States with the
exception of Alaska. As a result, wolves are slowly
expanding their ranges in both Furope (Boitani
2000) and the United States (Mech 1995). How-
ever, legal protection is not the only factor that
determines the speed and extent of wolf recolo-
nization, since the first wolves to recolonize are
often killed illegally (Mech 1977).

In the United States, Thiel (1985), Jensen et al.
(1986), Mech et al. (1988), and Mech (1989) esti-
mated a road density of about 0.6-0.7 km/km? as
a threshold for wolf occurrence. Road density
was, therefore, a major factor used to predict suit-
able habitats for wolves in the United States and
Italy (Mladenoft et al. 1995, 1999; Mladenoff and
Sickley 1998; Corsi et al. 1999). However, in the
Bialowieza Forest, wolves survived in a commer-
cial forest with a road density of about 1.2
km/km?, although humans caused many wolf
deaths (Jedrzejewska et al. 1996). Similarly, Mer-
rill (2000) reported that a wolf pack in Minneso-
ta survived in a military area with a road density
of 1.4 km/km?. Therefore, wolves likely will recol-
onize areas of increasingly high road density.

Fritts and Carbyn (1995) outlined the necessity
for nature reserves of up to several thousand
square kilometers to maintain an isolated wolf pop-
ulation. However, medium-sized nature reserves
(e.g., strict reserve of the Bialowieza National



J. Wildl. Manage. 67(4):2003 SPATIOTEMPORAL SEGREGATION OF WOLVES FROM HUMANS e Theuerkauf et al.

Park: 50 km?2) can serve as core areas for wolves.
Wolves are able to disperse over distances of up to
800 km (Fritts 1983), and wolves have crossed
highways over 200 times without being killed
(Merrill and Mech 2000). Therefore, the ex-
change of individuals should be high enough to
ensure the survival of a wolf population even when
packs are patchily distributed in fragmented land-
scapes. Nature reserves or similar areas with limit-
ed human access (e.g., military training areas,
state border zones, mountains) can improve the
suitability of populated areas where wolf recovery
is desired. In addition, nature reserves often have
higher densities of potential prey species for
wolves, which should improve the nutritional sit-
uation for wolves and may reduce depredation
on livestock (Meriggi and Lovari 1996).

We conclude that spatiotemporal segregation is
an adaptation that enables wolves to coexist with
humans while keeping their activity pattern opti-
mized toward food acquisition. The distribution
of areas with restricted human access, forest,
human settlements, and intensively used public
roads are the main factors determining the areas
that wolves select. Nature reserves or similarly
protected areas of at least 50 km? should be espe-
cially suitable as core areas for wolf home ranges
and function as stepping stones for recolonizing
wolves in Europe and North America.

ACKNOWLEDGMENTS

This study was funded by the Polish National
Committee for Scientific Research (grant 6 PO4F
026 12), a doctoral fellowship of the German Aca-
demic Exchange Service, the European Nature
Heritage Fund, the German Donors’ Association
for the Promotion of Sciences and Humanities,
the Flaxfield Nature Consultancy, and the Mam-
mal Research Institute. The Ministry of Forestry
and Nature Protection as well as C. Okolow,
Director of the Bialowieza National Park, issued
permits to capture and radiomark wolves. We
thank M. Chudzinski, R. Kozak, H. Okarma, L.
Ruczyriski, S. Snieiko, L. Szymura, P. Wasiak, K.
Zub, and the many volunteers who participated
in the fieldwork. We also thank W. Schréder for
his support in applying for funds as well as S.
Rouys, K. Martin, and 2 anonymous referees for
useful comments on earlier drafts.

LITERATURE CITED

Borrani, L. 2000. Action plan for the conservation of
wolves in Europe (Canis lupus). Nature and Environ-
ment Series 113. Council of Europe, Strasbourg, France.

715

BRIEDERMANN, L. 1971. Ermittlungen zur Aktivititsperi-
odik des Mitteleuropaischen Wildschweines (Sus s.
serofa L..). Zoologischer Garten 40:302-327.

BrowN, J. S., J. W. LAUNDRE, AND M. GURUNG. 1999. The
ecology of fear: optimal foraging, game theory, and
trophic interactions. Journal of Mammalogy 80:385-399.

CEDERLUND, G. 1981. Daily and seasonal activity pattern
of roe deer in a boreal habitat. Viltrevy 11:315-353.

Ciuccl, P., L. Bortani, F. Franciscl, AND G. ANDREOLI.
1997. Home range, activity and movements of a wolf
pack in central Italy. Journal of Zoology 243:803-819.

Corsy, F,, E. DUPRE, AND L. BOITANI. 1999. A large-scale
model of wolf distribution in Italy for conservation
planning. Conservation Biology 13:150-159.

FaNcy, S. G., AND W. B. BALLARD. 1995. Monitoring wolf
activity by satellite. Pages 329-333 in L. N. Carbyn,
S. H. Fritts, and D. R. Seip, editors. Ecology and con-
servation of wolves in a changing world. Occasional
Publication No. 35. Canadian Circumpolar Institute,
Edmonton, Alberta, Canada.

FritTs, S. H. 1983. Record dispersal by a wolf from Min-
nesota. Journal of Mammalogy 64:166-167.

, AND L. N. CArBYN. 1995. Population viability,
nature reserves, and the outlook for gray wolf conser-
vation in North America. Restoration Ecology 3:26-38.

GEIST, V. 1963. On the behaviour of the North Ameri-
can moose (Alces alces andersoni Peterson 1950) in
British Columbia. Behaviour 20:377-416.

GEORGII, B. 1981. Activity patterns of female red deer
(Cervus elaphus L.) in the Alps. Oecologia 49:127-136.

, AND W. SCHRODER. 1983. Home range and activ-
ity patterns of male red deer (Cervus elaphusl..) in the
Alps. Oecologia 58:238-248.

Jacoss, J. 1974. Quantitative measurements of food
selection: a modification of the forage ratio and
Ivlev’s electivity index. Oecologia 14:413-417.

James, A. R. C., AND A. K. STUART-SMITH. 2000. Distribu-
tion of caribou and wolves in relation to linear corri-
dors. Journal of Wildlife Management 64:154-159.

JeprZEJEWSKA, B., W. JEDRZEJEWSKI, A. N. BUNEVICH, L.
MiLROWSKI, AND H. ORARMA. 1996. Population dynam-
ics of wolves Canis lupus in Bialowieza Primeval Forest
(Poland and Belarus) in relation to hunting by
humans, 1847-1993. Mammal Review 26:103-126.

JEDRZEJEWSKA, W., B. JEDRZEJEWSKA, H. OKARMA, K.
ScHMIDT, K. ZUB, AND M. MUSIANL 2000. Prey selection
and predation by wolves in Bialowieza Primeval For-
est, Poland. Journal of Mammalogy 81:197-212.

, K. SCHMIDT, J. THEUERKAUF, B. JEDRZEJEWSKA, AND

H. OkARMA. 2001. Daily movements and territory use

by radio-collared wolves (Canis lupus) in Bialowieza

Primeval Forest in Poland. Canadian Journal of Zool-

ogy 79:1993-2004.

X X X , N. SELvVA, K. ZUB, AND L.
SzyMURA. 2002. Kill rates and predation by wolves on
ungulate populations in Bialowieza Primeval Forest
(Poland). Ecology 83:1341-1356.

JENSEN, W. R., T. K. FULLER, AND W. L. ROBINSON. 1986.
Wolf, Canis lupus, distribution on the Ontario-Michi-
gan border near Sault St. Marie. Canadian Field-Nat-
uralist 100:363-366.

JEPPESEN, J. L. 1989. Activity patterns of free ranging roe
deer (Capreolus capreolus) at Kalg. Danish Review of
Game Biology 13:1-30.

KAMMERMEYER, K. E., AND R. L.. MARCHINTON. 1977. Sea-
sonal changes in circadian activity of radio-monitored



716

deer. Journal of Wildlife Management 41:315-317.

KITCHEN, A. M., E. M. GESE, AND E. R. SCHAUSTER. 2000.
Changes in coyote activity patterns due to reduced
exposure to human persecution. Canadian Journal of
Zoology 78:853-857.

KoOLENOSKY, G. H., AND D. JOHNSTON. 1967. Radio-track-
ing timber wolves in Ontario. American Zoologist
7:299-303.

Kossak, S. 1997. [Wildlife management and game pro-
tection in Bialowieza Primeval Forest in 1991-1997].
Sylwan 141:55-81. [In Polish with English summary.]

MEecH, L. D. 1977. Productivity, mortality and popula-
tion trends of wolves in northeastern Minnesota.
Journal of Mammalogy 58:559-574.

. 1989. Wolf population survival in an area of high

road density. American Midland Naturalist

121:387-389.

. 1992. Daytime activity of wolves during winter in

northeastern Minnesota. Journal of Mammalogy

73:570-571.

. 1995. The challenge and opportunity of recover-

ing wolf populations. Conservation Biology 9:270-278.

, S. H. Fritts, G. L. RADDE, AND W. J. PAUL. 1988.
Wolf distribution and road density in Minnesota.
Wildlife Society Bulletin 16:85-87.

MERIGGI, A., AND S. LOVARIL 1996. A review of wolf pre-
dation in southern Europe: does the wolf prefer wild
prey to livestock? Journal of Applied Ecology
33:1561-1571.

MERRILL, S. B. 2000. Road densities and gray wolf, Canis
lupus, habitat suitability: an exception. Canadian
Field-Naturalist 114:312-313.

, AND L. D. MECH. 2000. Details of extensive move-
ments by Minnesota wolves (Canis lupus). American
Midland Naturalist 144:428-433.

MIADENOFF, D. J., AND T. A. SICKLEY. 1998. Assessing
potential gray wolf restoration in the northeastern
United States: a spatial prediction of favorable habitat
and potential population levels. Journal of Wildlife
Management 62:1-10.

3 , R. G. HAIGHT, AND A. P. WYDEVEN. 1995. A

regional landscape analysis and prediction of favor-

able gray wolf habitat in the northern Great Lakes

region. Conservation Biology 9:279-294.

X , AND A. P. WYDEVEN. 1999. Predicting gray
wolf landscape recolonization: logistic regression mod-
els vs. new field data. Ecological Applications 9:37-44.

MONTGOMERY, G. G. 1963. Nocturnal movements and
activity rhythms of white-tailed deer. Journal of Wild-
life Management 27:422-427.

ORARMA, H., AND W. JEDRZEJEWSKI. 1997. Livetrapping
wolves with nets. Wildlife Society Bulletin 25:78-82.

5 , K. ScumIDT, S. SNIEZKO, A. N. BUNEVICH,

AND B. JEDRZEJEWSKA. 1998. Home ranges of wolves in

Bialowieza Primeval Forest, Poland, compared with

other Eurasian populations. Journal of Mammalogy

79:842-852.

SPATIOTEMPORAL SEGREGATION OF WOLVES FROM HUMANS o Theuerkaufet al. ]. Wildl. Manage. 67(4):2003

Ori1s, D. L., AND G. C. WHITE. 1999. Autocorrelation of
location estimates and the analysis of radiotracking
data. Journal of Wildlife Management 63:1039-1044.

PETERSON, R. O., J. D. WOLLINGTON, AND T. N. BAILEY.
1984. Wolves of Kenai Peninsula, Alaska. Wildlife
Monographs 88:1-52.

ROONEY, S. M., A. WOLFE, AND T. J. HAYDEN. 1998. Auto-
correlated data in telemetry studies: time to indepen-
dence and the problem of behavioural effects. Mam-
mal Review 28:89-98.

Russo, L., G. MassEL AND P. V. GENOV. 1997. Daily home
range and activity of wild boar in a Mediterranean
area free from hunting. Ethology Ecology & Evolu-
tion 9:287-294.

SALVATORI, V., A. K. SKIDMORE, F. CORSI, AND F. VAN DER
MEER. 1999. Estimating temporal independence of
radio-telemetry data on animal activity. Journal of
Theoretical Biology 198:567-574.

THEUERKAUF, J., AND W. JEDRZEJEWSKI. 2002. Accuracy of
radiotelemetry to estimate wolf activity and locations.
Journal of Wildlife Management 66:859-864.

, ——, K. SciMIDT, AND R. GULA. 2001. Impact of

human activity on daily movement patterns of wolves,

Canis lupus, in the Bialowieza Forest, Poland. Pages

206-208 in R. Field, R. J. Warren, H. Okarma, and

P. R. Sievert, editors. Wildlife, land, and people: pri-

orities for the 21st century. Proceedings of the Sec-

ond International Wildlife Management Congress.

The Wildlife Society, Bethesda, Maryland, USA.

,—— — H. ORARMA, . RUCZYNSKI, S. SNIEZKO,

AND R. GULA. 2003a. Daily patterns and duration of

wolf activity in the Bialowieza Forest, Poland. Journal

of Mammalogy 84:243-253.

, S. Rouys, AND W. JEDRZEJEWSKI. 2003 5. Selection of
den, rendezvous and resting sites by wolves in the
Bialowieza Forest, Poland. Canadian Journal of Zool-
ogy 81:163-167.

THIEL, R. P. 1985. Relationship between road densities
and wolf habitat suitability in Wisconsin. American
Midland Naturalist 113:404-407.

, S. MERRILL, AND L. D. MECH. 1998. Tolerance by
denning wolves, Canis lupus, to human disturbance.
Canadian Field-Naturalist 112:340-342.

THURBER, J. M., R. O. PETERSON, T. D. DRUMMER, AND
S. A. THOMASMA. 1994. Gray wolf response to refuge
boundaries and roads in Alaska. Wildlife Society Bul-
letin 22:61-68.

ViLA, C., V. URIOS, AND J. CASTROVIEJO. 1995. Observations
on the daily activity patterns in the Iberian wolf. Pages
335-340 in L. N. Carbyn, S. H. Fritts, and D. R. Seip,
editors. Ecology and conservation of wolves in a chang-
ing world. Occasional Publication No. 35. Canadian
Circumpolar Institute, Edmonton, Alberta, Canada.

Received 24 July 2002.
Accepted 5 May 2003.
Associate Editor: Martin



