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Abstract We investigated the movement pattern of GPS-
collared red deer (Cervus elaphus) during drive hunts with
loose dogs. In 46 flights of hinds (N=9), the median flight
distance was 2.5 km (range 0.4—15.0). In 28 % of the flights,
the hind left its home range. Average time before returning to
home range was 23 h (range 2—88). Hinds in a less forested
site left their home ranges more often, fled longer distances,
moved at higher speed, and returned later than hinds in a
homogenous forest. Speed of movement increased with
number of hunts in the less forested site. In eight flights of
stags (N=4), the median flight distance was 5.1 km (range
2.2-13.3). The start of hunting season seemed to trigger
stags’ departure to their wintering areas. Knowledge of re-
actions to disturbance can aid game management to choose
hunting methods and dogs that cause less disturbance but
may also be used to deter deer from areas where they damage
crops and forest plantations.

Keywords Cervus elaphus - Deer management - Flight
behavior - Hunting disturbance - Landscape structure -
Spatial use

Introduction

Human disturbance triggers natural anti-predatory behaviors
among prey (Frid and Dill 2002; Sibbald et al. 2011) and may
therefore impose short-term as well as long-term effects on
behavior and spatial use (Frid and Dill 2002; Apollonio et al.
2005; Pan et al. 2011). Directed disturbance, such as hunting,
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is believed to impose an especially strong impact. Hunting has
been shown to result in increased vigilance, altered movement
patterns, shifts in timing of migration, increased home range
sizes, temporary abandonment of home range, change in
habitat use, and decreased diurnal activity in open areas
among ungulates (Swenson 1982; Jeppesen 1987; Root et al.
1988; Vercauteren and Hyngstrom 1998; Kilpatrick and Lima
1999; Millspaugh et al. 2000; Conner et al. 2001; Viera et al.
2003; Benhaiem et al. 2008; Sunde et al. 2009; Scillitani et al.
2009). The behavioral response of ungulates to hunting can
depend on habitat characteristics (Vercauteren and Hyngstrom
1998; Brown et al. 1999; Millspaugh et al. 2000; Conner et al.
2001), hunting pressure (Kilpatrick and Lima 1999; Johnson
et al. 2004; Scillitani et al. 2009), as well as type of hunting
method (Root et al. 1988; Williams et al. 2008; Thurfjell et al.
2013). Hunting methods that involve some kind of chase or
forcing animals to abandon preferred habitat seem more likely
to induce severe disturbance than hunting methods like sit-
and-wait or stalking. The response to human disturbance can
depend on age, sex, and social interactions (McCorquodale
2003; Apollonio et al. 2005; Williams et al. 2008), and it is
thus possible that hunting will result in different behavioral
responses among age classes, males and females, and various
social groupings. The hunting activities can also disturb other
species than the targeted species (Grignolio et al. 2011), with
potentially negative effects on disturbance-sensitive species or
even threatened species.

For the purposes of wildlife management and conservation,
a good knowledge of disturbance effects of hunting should,
thus, be of great importance. Hunters and wildlife managers
should want to use hunting methods that provide good oppor-
tunities for safe and selective shots. They may also want to
disregard methods causing the target species, or other species,
to abandon the hunting unit or the wildlife management area.
From a conservation perspective, it is important to know wheth-
er and how hunting activities interfere with preservation goals
of sensitive or threatened species. Disturbance is suggested to
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increase damage to forestry when the deer need to seek security
cover in dense plantations, where trees and plants may be
heavily browsed (Gill 1992; Borkowski and Ukalski 2012).
However, it is also suggested that disturbance can be used to
deter animals from resources sensitive to damage (Nolte 1999).

Red deer (Cervus elaphus) seem prone to react with flight
to various kinds of disturbance such as hunting, military
activities, and outdoor life (Jeppesen 1987; Bateson and
Bradshaw 1997; Phillips and Alldredge 2000; Sunde et al.
2009; Sibbald et al. 2011). In handbooks on red deer manage-
ment (e.g., von Raesfeld and Vorreyer 1974; Wagenknecht
1986), it is emphasized that red deer should be left undisturbed
in daytime resting places and in grazing zones, and authors
recommend using hunting methods that minimize distur-
bance. The predator most likely to have had the largest impact
on red deer, and shaped its anti-predatory behavior, is the wolf
(Canis lupus), which usually attacks deer after a short hunt
(Nelson and Mech 1991; Okarma 1995; 1997; Wikenros et al.
2009). Prolonged flights, e.g., during traditional hunts with
packs of dogs in Great Britain, therefore are unnatural for
red deer. Long flights also have physiological effects, signs
of which begin to appear already early in the flight or after
short flights (Bateson and Bradshaw 1997). This might
indicate that red deer are poorly adapted to drive hunts with
loose dogs.

Red deer can also react to hunting by leaving disturbed
areas (Jeppesen 1987; Conner et al. 2001; Vieira et al. 2003;
Sunde et al. 2009). Habitat structure is suggested as perhaps
the most important factor for prey to assess predation risk
and the possibility to escape an attack (Brown et al. 1999;
Verdolin 2006). The structure of the landscape and type of
habitat can, thus, have an impact on the consequences of
disturbance, and a stronger effect can be expected in more
open and fragmented habitats and landscapes (Jeppesen
1987; Vercauteren and Hygnstrom 1998; Millspaugh et al.
2000; Conner et al. 2001; Jayakody et al. 2008; Sunde et al.
2009). For wildlife managers, hunters, and landowners
aiming at a careful red deer management in balance with
other management goals, there may be good reasons to
consider possible disturbance effects from hunting and to
try to evaluate the consequences of disturbance in order to
adjust hunting methods and minimize unwanted effects.

In this study, we investigated the behavior of GPS-
collared red deer during drive hunts in a forest-dominated
landscape in eastern Sweden. We studied movement patterns
with particular interest in flight distances, frequency of
flights, and elapsed time before returning to the home range
as well as speed of movement after a disturbance in relation
to habitat composition. Our aim is to increase knowledge on
how red deer react to hunting disturbance, knowledge that
we think will be useful for deer management as well as for
the development of strategies to counteract damage to crops
and forest plantations.
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Study area

The research area in Kolmarden (58°78'N, 16°43'E for center
of area) is situated in eastern Sweden, northeast of Norrkdping
city, and approximately 130 km southwest of Stockholm.
Kolmarden has no exact borders, but is an old name of an
area of deep inaccessible forests and rocky terrain, stretching
over the border between the counties of Ostergdtland and
Sodermanland. The area is a largely homogenous forest land-
scape dominated by managed forests of spruce (Picea abies)
and Scots pine (Pinus sylvestris). In the eastern parts of the
area, agricultural areas stretch into the forest landscape creat-
ing a mix in the border zone. Red deer, roe deer (Capreolus
capreolus), moose (Alces alces), and wild boar (Sus scrofa)
are common in the area, whereas fallow deer (Dama dama)
occur in low numbers. Occurrence of lynx (Lynx lynx) is
sparse but permanent, and wolves occur on rare occasions.

The research area covers approximately 32,000 ha. An
aerial count in February 2006 estimated the postharvest pop-
ulation density of red deer to 32 per 1,000 ha. The general
hunting season starts on the second Monday in October and
lasts until 31 January. However, during 16th August to the
second Monday in October, culling hinds and calves is
allowed, but only by using sit-and-wait or stalking hunting
methods. Red deer hunting is organized in management areas
where the hunters make three-year culling plans that must be
approved by the county administrative board. In the research
area, the harvests of the hunting seasons starting in 2006,
2007, and 2008 were 373, 440, and 397 deer, respectively.

Within the research area, red deer hinds were marked on the
following three different estates: Stavsjo, Vira, and Valinge.
Stavsjo and Vird are neighbors in the central part of the
Kolmarden area, and the marked females in this area had home
ranges largely overlapping the mutual border. Therefore,
Stavsjo and Vird are treated as one study site (hereafter referred
to as Stavsj6—Vird) and Valinge as another. The two study sites
differ markedly in the character of the landscape. Stavsjo—Vira
represents a homogenous forest landscape with almost no agri-
cultural areas, whereas Valinge is more fragmented with a
substantial amount of agricultural fields (Allen 2012).
Stavsjo—Vird consists of 84 % forest, 8 % mire, 6 % bedrock,
1 % agricultural land and 1 % buildings etc. Valinge is situated
in the east, where the landscape turns to a mix between forest
and agricultural land. Valinge consists of 64 % forest, 2 % mire,
8 % bedrock, 22 % agricultural land, and 5 % buildings etc.
(habitat composition available from the forestry management
plans of the estates).

Methods

Adult red deer hinds (randomly chosen) were tranquilized
(Dan-inject rifle, immobilized with Fentanyl and Xylazine,
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and using Naltrexone as antidote) at feeding stations in
February—March. The number of marked hinds was nine:
six at Stavsjo—Vird and three at Valinge. To minimize risk for
the neck outgrowing the collar, only full-grown males with
an estimated age of at least 5—6 years (judged from antler size
and body morphology (Hetschold and Vorreyer 1968; Krebs
1969; Drechsler 1988)) were chosen for marking. Four males
were available for the present study. Three males were
marked at feeding stations in February—March 2007 on two
wintering sites 10 and 12 km from the rut area at Stavsjo—
Viré (arrived at Stavsjo—Vird before the rut and spent the rut
there), and one male was marked at Valinge during the rut
2007. The deer were fitted with a GPS collar (Vectronic
Aerospace, Germany) and plastic ear tags.

The study covered the hunting seasons 2006/07, 2007/08,
and 2008/09. The number of marked hinds during the three
seasons was nine, eight, and five, respectively. The number
of marked stags was four in 2007/08 and three in 2008/09.
On dates of drive hunts inside the home ranges of marked
deer, the GPS collars were programmed to start 1-2 h before
estimated hunting start and to register one location per 10 or
15 min during 24 h (on non-hunting days, the collars regis-
tered 5-6 locations during 24 h). Hunters were not informed
of the location of the marked deer before the hunt. The
hunting method used in both study sites was drive hunt with
loose dogs. During these hunts, shooters are placed out
around the area that is to be hunted, whereupon dog keepers
from various points enter the area and release their dogs. The
size of a hunted area was generally 50—150 ha, and 35 areas
were hunted during one hunting day. The idea is that the dogs
should pursue the deer only for distances long enough to
make the deer leave the hunted area. The dog-keepers there-
fore try to stay in contact with the dogs and if necessary
directing them with commands in order to ensure that the
area is systematically searched and that the dogs remain
inside the hunted area. The hunting in one area lasts for about
45-90 min before it is called off. At Valinge, the number of
dogs was 7-8 per drive and the number of shooters 15. The
corresponding figures for Stavsjo—Vird were 2—6 and 10-15.
Dog breeds commonly used were Deutscher Wachtelhund and
cross-breed Deutscher Wachtelhund/Norwegian Elkhound. In
part, the same dogs and dog keepers were active in both study
sites. Hunters were asked to avoid shooting marked animals,
and there were not any marked deer shot during the hunts.

Return times, frequency of flight behavior, and flight
distances

One marked deer with functioning collar with a drive hunt
inside its home range was termed as a “deer-specific hunting
event” (Sunde et al. 2009) when analyzing flight distances
and return times (only for hinds). The average used area per
day during daytime for the hinds in the study are 0.3 km?

(Allen 2012). To exclude possible movements unrelated to
the hunting activities, a clear detectable flight was chosen
and defined as when a deer made a sudden move of at least
300 m during or after the hunt. Observed flight distances
and return times for fleeing deer were measured in ArcView
version 3.2 (Environment Systems Research Institute (ESRI),
Redlands, California, USA) by adding distances between con-
secutive locations per individual deer. Return time was defined
as the time between leaving and returning to the home range
(annual home range calculated using Minimum Convex
Polygon (Mohr 1947).

We used the module generalized linear mixed model and a
binary logistic regression to analyze factors influencing if red
deer hinds (stags were excluded due to the small sample size)
fled or not during the drive hunts. Site (Valinge and Stavsjo—
Vird) was entered as a fixed factor to test the effect of different
habitat in the two study sites and hunt per season (2—13) and
hunting season (1-3) as continuous factors (Table 1). To
account for correlations between repeated observations of
the same individuals, we used hind ID as a random effect.

We used a linear mixed model (LMM) to test the effect of
site (Valinge and Stavsjo—Vird) on flight distances. We log-
transformed the dependent variable (flight distance). Site
was set as a fixed factor and hind ID as a random factor to
control for a possible effect of individual, but we did not
account for repeated hunts during the same hunting season or
between hunting seasons in this analysis.

Speed of movement

We used a LMM to analyze factors influencing movement by
red deer hinds during drive hunts. We calculated speed of
movement (meter/minute) between consecutive locations by
measuring the distance in ArcGIS version 9.3.1 (ESRI,
Redlands, California, USA) and calculate time interval. We
only used locations that were a maximum of 20 min apart in
order to not include time when the GPS failed to register
positions. We log-transformed the dependent variable (speed

Table 1 The total number of deer-specific hunting events (N=156)
split over individual female red deer hinds per study site (N=2) and
years (N=3)

Site Hind-ID  2006/2007  2007/2008  2008/2009
Stavsjo—-Vira 2,121 13 - -

2,167 13 7 6

2,168 13 6 13

2,171 13 7 7

2,174 13 5 6
Valinge 2,122 5 2

2,169 4 3

2,170 5 -

@ Springer



80

Eur J Wildl Res (2014) 60:77-84

of movement). Site (Valinge and Stavsjo—Vird) was entered
as a fixed factor, and hunt per season (2—13) and hunting
season (1-3) as continuous factors, as well as hind-ID as a
random effect (to account for correlations between repeated
observations of the same individual) and two interaction
effects (“site x hunt per season” and “site x hunting season”).
Akaike’s information criterion (AICc) was used for ranking
quality of models. We considered the model with the lowest
AlICc score as the best model (Burnham and Anderson
2002). All statistical analyses were conducted using SPSS
Statistics version 21.0 (IBM SPSS Inc. Chicago, IL, USA).

Results
Red deer hinds

Flight distances and return times of red deer hinds were studied
during 46 drive hunts: 33 at Stavsjo—Vira and 13 at Valinge. Of
a total of 156 deer-specific hunting events (122 at Stavsjo—Vira
and 34 at Valinge), there was a clear detectable flight at 46
(29 %) deer-specific hunting events, 26 (76 % of 34 events) at
Valinge, and 20 (16 % of 122 events) at Stavsjo-Vird. In 43
(93 %) of the flights, the flight was made during the hunt. In
two flights, there was a first stage of flight during hunt and a
second continued flight in the evening after the hunt. One flight
was entirely made during the night after the hunt. All hinds fled
at least two times during the study period. Red deer hinds fled
more often in Valinge compared to Stavsjo—Vira (Table 2, F;,
152=37.650, p<0.001). The increasing number of hunts per
season was a significant predictor of flight behavior (Table 2,
Fi, 152=9.372, p=0.003), and there was also a tendency for
a significant difference between the three hunting seasons
(Table 2, Fy 15,=3.539, p=0.062). The distance between start
of flight and stop ranged between 0.4 and 15.0 km (N=46,
median 2.5 km). With a median flight distance of 3.4 km (range
0.9—15.0 km), hinds at Valinge generally fled longer distances
than hinds at Stavsjo—Vira (F, 5 25=7.016, p=0.043), where the
median flight distance was 2.0 km (range 0.4-7.1 km). In 28 %
(N=13, 11 at Valinge, and 2 at Stavsjo—Vira) of the flights, the
hind left its home range. The average time before returning to
the home range was 23 h (range 2—88, SD=25 (The 11 flights at

Valinge had an average return time of 26 h, and at Stavsjo—Vira,
the return times were 2 and 11 h.)).

We used a total of 14,215 estimations of speed of move-
ment of red deer hinds during drive hunts. Among the 12
models used to model variation in speed of movement, the
model with the lowest AICc value included hind ID, site,
hunts per season, hunting season, and the interactions “site x
hunt per season” and “site x hunting season” (Table 3). Red
deer hinds moved faster in Valinge compared to Stavsjo—Vira
(Fig. 1, Table 4). In Valinge, the speed of movement increased
with the number of hunts during the hunting season, but this
effect was not evident in Stavsjo—Vira (Table 4). Speed of
movement decreased during the three hunting season in
Valinge but remained similar in Stavsjo—Vira (Table 4).

Red deer stags

For the red deer stags, there were 8 flights registered during
16 deer-specific hunting events. It is unknown whether the
non-fleeing stags were unaffected by dogs and hunters, or if
they managed to face and withstand the dogs. Median flight
distance was 5.1 km (range 1.2—13.3 km). Three flights were
made entirely during the hunt, three during the night after the
hunt, and two flights were made in two parts with a first part
during the hunt and a second during night. During three of
the flights (three different individuals) in the beginning of the
hunting season, the stag left its rutting place and migrated to
its winter—summer area, not to return to the rutting area until
the next year’s rut. The stags that performed a seasonal
migration between the summer or winter areas and the rut-
ting area had all left the rutting area by the end of the first
week of hunting, both in 2007 (three of four stags) and in
2008 (two of three stags, same migrating individuals as in
2007).

Discussion

The median flight distance of 2.5 km by hinds may appear
close to the 3.5 km found by Jeppesen (1987) and the 4.0 km
found by Sunde et al. (2009), both studies conducted in
Denmark. That the hunting activities had an effect on the

Table 2 Parameter estimates (83)

of the main effect of site Model term B SE P Odds ratio 95 % CI for odds ratio
(Stavsjo—Vira or Valinge), hunt
per season (“Hunts”, between 2 Lower Upper
and 13), and hunting season
(“Season”, N=3) on presence/ Intercept —0.286 0.679 0.674 0.751 0.197 2.872
absence of flight behavior Stavsjo—Vird -3.722 0.607 <0.001 0.024 0.007 0.080
(N=156) by red deer during Valinge 0 B B -~ -~
drive hunts
Hunts 0.225 0.073 0.003 1.252 1.083 1.447
Season 0.517 0.275 0.062 1.678 0.974 2.889
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Table 3 Model selection based on Akaike’s information criterion
(AICc) for variables affecting speed of movement (meters/minute
(log-transformed), N=14,215) of red deer hinds during drive hunts
(N=156). Models were performed with hind ID as a random factor,
using site (Stavsjo—Vird and Valinge), hunt per season (“Hunts”, be-
tween 2 and 13), and hunting season (“Season”, N=3) as fixed factors

Model K A Wi
ID+site+hunts+season+site x hunts+site X season 8 0 0.76
ID+site+hunts+season+site x hunts 7 227 024
ID+site+hunts+season+site x season 7 146 O
ID+site+hunts+season 6 173 0
ID+site+hunts 5 174 0
ID+hunts+season 5 197 0
ID+hunts 4 199 0
ID+site 4 252 0
ID+site+season 5 2% 0
ID 3 273 0
ID+season 4 275 0
No effect 2 1,131 0

Included in the table are number of model parameters (K), differences in
AlCc values between each model and the best fitting model (Af) and
model weights (w;). We used variation around the mean as null model
(No effect)

movements of the hinds was clear. Undisturbed, the same
hinds rarely moved in excess of 4 km?, being active mainly

during night, with daytime resting areas averaging 0.25
(Stavsjo—Vird) and 0.37 km® (Valinge) (Allen 2012). The
maximum distance of 15 km in the present study is also near
the 17 km maximum recorded by Sunde et al. (2009).
However, whereas Jeppesen (1987) seem to have measured
flight distance from position before disturbance, the defini-
tion of a flight differed between Sunde et al. (2009) and the
present study. Sunde et al. (2009) only acknowledged flights
reaching outside the home ranges and then measured flight
distance from nearest home range border, indicating that the
actual flight distances were longer. The average flight dis-
tances recorded in Denmark and Sweden are, however, low
compared to the average of 19 km that Bateson and
Bradshaw (1997) measured in England, but then the use of
hound packs that chase the deer for several hours is likely to
impose a more persistent and severe disturbance than the
Swedish methods do.

The hinds at Valinge fled more often, longer distances,
and at higher speed than the hinds at Stavsj6—Vird. The
number of dogs in the drives was higher at Valinge, which
possibly may have affected the flight behavior. The most
likely explanation, however, should be the structure of the
landscape. Stavsjo—Virad represents an almost homogenous
forest landscape, whereas Valinge is a mixed forest—agricul-
tural landscape. It may be that deer are more easily disturbed
in fragmented and more open landscapes (Jeppesen 1987,
Millspaugh et al. 2000; Conner et al. 2001; Jayakody et al.
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(N=14,215) in relation to hunt per
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consecutive hunting seasons Lg 807 S?r? C? ?n
(1-3, corresponding to years % @ ’
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Table 4 Parameter estimates (13)

for model terms in the model Model term B 95 % ClI for SE P

with the lowest AICc value

(shown in Table 3) explaining Lower Upper

variation in speed of movement

(meters/minute (log_ Intercept 0.449 0.394 0.505 0.028 <0.001

transformed), N=14,215) of red Stavsjo—Vird -0.113 -0.177 -0.050 0.032 0.001

deer hinds during drive hunts Valinge _ _ 0 -~

(N=156). Hind ID was used as a

random factor, and site (Stavsjo— Hunts 0.073 0.063 0.084 0.005 <0.001

Vird and Valinge), hunt per sea- Season —0.008 —0.028 0.011 0.010 0.045

son (“Hunts”, between2and 13),  Saysjs-Vird x hunts ~0.066 -0.077 -0.056 0.005 <0.001

and hunting season (“Season”, Vali « hunt 0

N=3) as fixed factors alnge = hunts B B B
Stavsjo—Vira x season 0.022 0.001 0.043 0.011 0.039
Valinge x season - - 0 -

2008; Sunde et al. 2009). It is probably more difficult to
avoid detection and to remain in smaller forest patches, and if
a flight cannot be avoided, the distance to the next forest
patch offering shelter is probably longer. The difference in
speed of movement between the two areas could also reflect
that flights conducted in open and most likely high risk
habitats should be made at high speed, whereas flights in
concealed habitats can be performed more cautiously.
Moreover, it should also be easier to run fast in the open
compared to in the forest with hindering vegetation and, as
was the case in the present study areas, rocky terrain and
boulders.

Jeppesen (1987) does not report number of hunts, but states
that hinds left their home ranges in 10 out of 18 recorded
flights in connection with hunts. Sunde et al. (2009) observed
that hinds in their study left their home range in 53 % of the
deer-specific hunting events. This could be compared to the
hinds in the present study that only left their home ranges in
8 % of all marked deer hunts (13 out of 172) and in 28 % of the
flights. However, the detailed movements of the dogs and the
dog keepers following the dogs were unknown to us and not
used in the analysis. The proportion-marked deer that actually
came in contact with hunters or dogs was, thus, also unknown,
whereby the proportion of fleeing deer and disturbed deer may
be substantially higher. It is therefore difficult to decide
whether a hind not making a move during or after the hunt
was in close contact with dogs or hunters, but managed to
stand still and avoid detection, or if the hind simply was not
disturbed at all. Even so, the lower ratio of leaving home range
in the present study compared to the Danish studies could be
attributed to the more or less homogenous forest landscape. In
Jeppesen (1987), the study area consisted of 63 % open land.
In the study of Sunde et al. (2009), deer were marked in a
1,400 ha forest plantation surrounded by open, mostly agri-
cultural, land, indicating that if the deer left the plantation,
they had to move relatively long distances to reach security
cover. Another difference between the present study and the
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Danish studies is that the Danish hinds commonly postponed
their flight until dark, whereas the hinds in our research area
generally left already during the hunt. Also, this could be due
to the different types of landscapes. In the forested landscape,
it may be possible to conduct a flight in closed habitats, but in
the fragmented landscape, the fleeing deer probably need to
cross open areas—something that may be highly risky during
daytime. Although the sample size is small, it was interesting
to see an indication of higher tendency for males to postpone
the flight until after the hunt, perhaps indicating behavioral
differences between the sexes.

The average return time of 23 h in the present study can be
compared to Sunde et al. (2009) who recorded an average
return time of nearly 5 days. It is possible that the longer return
time is an effect of the more open and fragmented landscape in
western Denmark. A majority of the hinds returned already
within 24 h, often during the night after the hunt. This could
perhaps imply that the disturbance effect of a drive hunt is not
that severe. However, a factor that needs to be considered is
how often red deer experience drive hunts. The estates in this
study all tried to minimize the number of drive hunts per
season, aiming at causing as little disturbance as possible,
yet reaching their harvest goals. It is, however, not uncommon
in Sweden to hold drive hunts every week (typically during
weekends) throughout the hunting season.

With increasing number of hunts per hunting season, the
hinds at Valinge increased their speed of movement (Fig. 1).
They thereby seemed increasingly disturbed with number of
hunts, even though they also seemed to get used to the
disturbance with time (Fig. 1). This suggests that the number
of drive hunts per season should be considered. However, this
might also indicate that frequent disturbances could offer a
method to decrease damage to forest plantations and crops. It
would, thus, be interesting to investigate whether more fre-
quent drive hunts cause red deer to abandon areas for longer
periods, or even permanently. If deer react to repeated distur-
bance by leaving areas, this can be used to deter deer from
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forest plants or crops sensitive to damage as part of a push—
pull strategy (Pyke et al. 1987; Miller and Cowles 1990; Nolte
1999). The concept of push—pull strategies is to repel (push)
pest species from unsuitable resources and attract (pull) them
to areas or resources where they can be eliminated, or where
their presence is harmless (Cook et al. 2007).

Stags left the rutting area during or in connection to hunts
during the first hunting week not to return to their rutting
areas until the next year’s rut. It may, therefore, be that the
high hunting activity during this first week more or less
functions as a signal to the stags that it is time to depart
and head for the winter area. That the timing of migration can
be affected by hunting activities has been shown for red deer
in North America (Conner et al. 2001; Vieira et al. 2003).
One interesting question is whether this has been a success-
ful survival strategy for stags compared to staying, i.e., that
the risk of being culled is higher in the rutting area than in the
winter area, and whether hunting can reinforce sexual segre-
gation in red deer and affect timing of seasonal migration of
the males (Jarnemo 2008).

Hunters may reconsider the strategy of starting the hunt-
ing season with drive hunts and instead use less disturbing
hunting methods such as sit-and-wait or stalking during the
first weeks of the season. The advantages of using these
methods are that the stags might remain longer in the rutting
areas, and that a selective harvest is easier to conduct.
Management areas aiming at a sustainable harvest of a deer
population with an even sex ratio and a high average age of
males often express worries about the deer (especially males)
moving outside the management unit and become a subject
to high harvest rates and being shot before reaching fully
mature age. With these objectives, management areas should
carefully consider alternative hunting methods to drive hunts
and try to decrease the number of drive hunts.

Red deer can cause severe damage to forest plantations
and crops (Gill 1992; Verheyden et al. 2006; Reimoser and
Putman 2011; Mansson and Jarnemo 2012), and the sug-
gested counteraction generally is to decrease population
density (Putman et al. 2011; Reimoser and Putman 2011).
However, game management is increasingly important for
rural economy in Europe (Apollonio et al. 2010; Mysterud
2010) as well as in Sweden (Mattsson et al. 2008; Liberg
et al. 2010; Hillve 2012), and red deer is a species of high
status among hunters (Milner et al. 2006; Mattson et al.
2008; Mysterud 2010). Game management may want to
sustain high densities of deer, and use harvest techniques
securing a long-term maintenance of deer and not risking
deer abandoning the grounds. There are also cases where
conservation efforts are made for the preservation of threat-
ened subspecies of red deer (Hartl et al. 2003; Lovari et al.
2008; Hoglund et al. 2013). Conflicting goals, e.g., forestry
and agriculture versus game management or conservation,
thus create a need for solutions enabling the combination of

forestry and crop production with economic game manage-
ment or preservation of threatened species/subspecies. Not
causing too much disturbance in areas where the deer are
accepted, combined with disturbance actions in damage sen-
sitive areas, may offer one possible solution to this challenge.
This, however, requires detailed knowledge of how deer
react to various types of disturbances.
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