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Managing landscapes for multiple objectives: alternative forage
can reduce the conflict between deer and forestry
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Abstract. Deer (Cervidae) cause considerable damage to forest plantations, crops, and protected habitats.
The most common response to this damage is to implement strategies to lower population densities.
However, lowering deer density may not always be desirable from hunting, recreational, or conservation
perspectives. Therefore, knowledge is needed about additional factors beyond deer density that affect
damage levels, and management actions that consider competing management goals. We studied the
relationships between levels of bark-stripping by red deer (Cervus elaphus) on Norway spruce ( Picea abies)
and (1) relative deer density indices (pellet group count and deer harvest data), (2) availability of
alternative natural forage (cover of forage species) and (3) proportion forest in the landscape, both at a
forest stand scale and at a landscape scale. Extensive variation in damage level was evident between the six
study areas. On a stand scale, the proportion of spruce damaged was positively related to pellet group
density, indicating the importance of local deer usage of stands. In addition, available alternative forage in
the field layer within spruce stands and proportion forest surrounding stands was negatively related to
damage level. On the landscape scale, damage level was negatively related to availability of forage in the
field and shrub layers and proportion forest, but was not related to any of the relative deer density indices.
Increasing alternative forage may thus decrease damage and thereby reduce conflicts. Additionally, the
proportion of forest in the landscape affects damage levels and should thus be considered in landscape
planning and when forecasting damage risk. The relationship between local deer usage of stands and
damage level suggests that future studies should try to separate the effects of local deer usage and deer
density.

Key words: Cervus elaphus; deer management; forest damage; habitat fragmentation; landscape structure; land use
conflicts; large herbivores; Norway spruce; Picea abies; red deer; ungulates.
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INTRODUCTION

Deer (Cervidae) can have profound impacts on
vegetation leading to conflicts with humans

through damage to forest plantations and agri-
culture, but also through negative impacts on
habitats of high conservation value, e.g., those
with high biodiversity value or forests planted to
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avoid land slips and avalanches (Gill 1992a,
Conover 1997, Reimoser and Putman 2011). It is
widely accepted that there is a positive relation-
ship between deer density and their impact on
vegetation (McShea et al. 1997, Conover 2002,
Maûnsson 2009). Therefore counter-measures
commonly aim to limit or lower population
densities (Brown et al. 2000, Ĉote« et al. 2004).
However, deer density is only one of many
factors affecting browsing intensity and density
may also be subordinate to other factors (Kuijper
2011, Putman et al. 2011a). Thus, if the relation-
ship between deer density and browsing inten-
sity is weak, a reduction in density may not
result in the expected recovery of vegetation
(Putman et al. 2011a, Tanentzap et al. 2012).
Moreover, from hunting, recreational, or conser-
vation perspectives (e.g., if the deer species is
threatened) it is not always desirable to lower
deer densities (Gordon et al. 2004, Sharp and
Wollscheid 2009). Since deer range over large
areas, their management commonly involves
multiple, different human interests and conflict-
ing goals, for instance between forestry and game
management, but also more generally between
land use and conservation interests (Bunnefeld et
al. 2011, Putman et al. 2011b, Redpath et al. 2013).
Furthermore, single landowners with interests in
both forest production and in game management
will also have conflicting management goals
(Gordon et al. 2004, Mysterud 2006, 2010).
Meeting these multiple objectives and tackling
factors affecting herbivore impact on vegetation
requires a comprehensive understanding about
effectiveness of counter-measures as well as a
landscape scale approach that integrates several
potential land-use interests (Putman and Ken-
ward 2011).

At a larger spatial scale, factors other than
population density, such as landscape structure
and forage composition can also affect the level
of damage (for reviews, see Gill 1992a, Reimoser
and Gossow 1996, Putman et al. 2011a). A
general increase in forage availability within the
managed landscape, e.g., higher densities of trees
for timber and pulp production, can cause a
decreased level of damage due to diffusion of
browsing intensity (Maûnsson 2009), although
tree species diversity and stand structure are
also important factors (Reimoser and Gossow
1996, Kuijper 2011). Moreover, in line with the

attractant-decoy hypothesis, damage limitation
may be achieved by diverting browsing to more
preferred plants (Hja¬lte«n et al. 1993, Gundersen
et al. 2004). Field layer species (e.g., bilberry
(Vaccinium myrtillus) are a preferred forage
source for several deer species (Baskin and
Danell 2003) and may therefore be one alterna-
tive forage that could function as an attractant to
decrease browsing impact on trees (Putman
1989). Availability of field layer species is,
amongst other factors, affected by forestry
practices (Atlegrim and Sjo¬berg 1996, Bergstedt
and Milberg 2001, Parlane et al. 2006). Therefore
it may be possible to divert browsing intensity
from targeted plants by changing forest practices
to increase availability of alternative forage.
Forage availability may also be affected on a
landscape scale by intensive agriculture decreas-
ing the proportion of forested area (Be«langer and
Grenier 2002, Robinson and Sutherland 2002).
Composition of the landscape, e.g., forest cover
and fragmentation, has been shown not only to
affect deer diet (Rouleau et al. 2002, Abbas et al.
2011) and movement patterns (Coulon et al.
2008), but also the availability of preferred forage
in forests (Lesage et al. 2000, Rouleau et al. 2002).
This suggests that damage level not only
depends on local site conditions in forests but
also on composition of land cover types. Here we
compare damage level at different levels of forest
cover and forage availability to evaluate the
potential to mitigate conflicts between deer
density and forestry.

We used red deer (Cervus elaphus) and damage
level on Norway spruce ( Picea abies) in Sweden,
in six areas with a varying range of forest cover,
as a model system to study the effects of
availability of alternative forage and forest
proportion on extent of deer damage. Red deer
are increasing in many parts of Europe (Milner et
al. 2006, Apollonio et al. 2010). The species
ranges over large areas (Jarnemo 2008, Kamler
et al. 2008) and can cause severe and costly
damage to forest plantationsÑespecially Norway
spruceÑthrough bark-stripping, mainly during
winter (Gill 1992a, 1992b, Reimoser and Putman
2011) . As a response to human disturbance, red
deer tend to adopt an activity pattern character-
ized by feeding in the open during night and
seeking shelter in the forest during day (Georgii
1981, Pepin et al. 2009, Allen et al. 2014).
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However, red deer, like most ruminants, have a
feeding behavior characterized by periods of
feeding interspersed with periods of rumination
and resting throughout a 24 hour period and
thus also need to feed during day-time (Bubenik
and Bubenikova 1967, Georgii and Schro¬der
1978, Clutton-Brock et al. 1982), meaning the
deer may be restricted in their food search to the
forest interior. Bark can provide roughage and is
comparable to other food items regarding nutri-
tional value, water and digestibility, but never-
theless seems to be less preferred forage due to
the energy consumption involved in removing
the bark from the stem (Gill 1992a). The preferred
winter diet of red deer in Sweden largely consists
of species in the field layer such as bilberry,
lingonberry ( Vaccinium vitis-idaea), and heather
(Calluna vulgaris) (Lavsund 1976). We aimed to
investigate the effect of alternative forage in the
forest (field and shrub layer species) and propor-
tion of forest in the landscape on the level of
bark-stripping damage taking into account two
spatial scales (small: stand; large: landscape).

METHODS

Study areas
Six study areas (Fig. 1) were selected with data

available on forest stand characteristics and
annual red deer harvest (Table 1). Harvest data
for the hunting season 2009/2010 were retrieved
from the estates comprising the study areas (1Ð4
estates per area). Three areas were situated in the
south of Sweden (areas 1Ð3, 5584 N, 13840 E,
nemoral zone). In this region the ratio of
agricultural land to productive forest is 1.5, and
the average forest productivity index is 11.1
m3ha� 1yr� 1. The productive forest area consists
of pine 10%, spruce 36%, mixed conifer 5%,
mixed conifer/broadleaved 7% and broadleaved
37% (Nilsson and Cory 2012). Common crops are
cereals (49% of arable land), ley (26%), oilseeds
(11%), sugar beets (8%), potatoes (2%), legumi-
nous plants (2%), green fodder (1%) and corn
(1%) (Jordbruksverket 2013). The more northern
region (areas 4Ð6, 58848 N, 16824 E, boreone-
moral zone) has a ratio of agricultural land to
productive forest of 0.5. Average forest produc-
tivity index is 7.9 m 3ha� 1yr� 1. The productive
forest area consists of pine 33%, spruce 30%,
mixed conifer 17%, mixed conifer/broadleaved

7% and broadleaved 9% (Nilsson and Cory 2012).
Dominating crops are cereals (48% of arable
land) and ley (43%), but there are also oilseeds
(7%), leguminous plants (1%) and green fodder
(1%) (Jordbruksverket 2013). Lynx (Lynx lynx)
occur permanently but sparsely in the northern
region, whereas visits in the southern study areas
are rare. There are no wolf (Canis lupus)
territories in any of the regions, just rare and
occasional visits of long-straying single wolves.
The main hunting season for red deer is from the
second Monday in October to 31 January (loose
dogs allowed). In the northern region females
and calves are also allowed to be harvested from
16 August, but only by using a •sit and wait •
hunting technique or stalking. However, hunting
disturbance continues during February as the
hunting season for wild boar ( Sus scrofa) lasts
until 15 February and for fallow deer ( Dama
dama) until the end of February. In each of the six
study areas, 30 stands of Norway spruce (min-
imum size 1 ha, age 20Ð40 years) were randomly
selected for collection of field data during 13 May
to 17 June 2010 (Maûnsson and Jarnemo 2013).

Level of damage
In each of the 180 spruce stands ten survey

plots were systematically and evenly distributed
(random starting point). Occurrence of fresh
bark-stripping damage (i.e., wounds from pre-
ceding winter) was measured on the 10 spruce
stems closest to the plot center (i.e., 100 spruce
stems per stand) and stems were classified as
damaged or not damaged (for details, see
Maûnsson and Jarnemo 2013).

Pellet group survey
An index of red deer use within targeted

spruce stands and forest stands in the surround-
ing landscape was estimated by counting the
number of red deer pellet groups within a 100 m 2

circular plot, using a fecal standing crop (FSC)
survey (species identification by size and shape
of pellets, Mayle et al. 1999; for details see
Maûnsson and Jarnemo 2013). Pellet groups were
surveyed within the targeted spruce stands
(pellet groupsstd, i.e., same plot center as damage
survey) and on plots distributed along transects
(pellet groupstrct) in each of the cardinal direc-
tions from the targeted stand (Fig. 1). The first
transect plot had the border of the plot tangential
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