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of Hamburg, Bundesstraße 55, DE-20146 Hamburg, Germany. BG also at: Dept of Wildlife Biology, Wildlife Management and Hunting 
Practice, Eberswalde Univ. for Sustainable Development, Eberswalde, Germany.

Habitat use by cervids can have large effects on vegetation. Therefore, factors influencing habitat use are pertinent to 
ecology, nature conservation as well as management of forests and hunting. The aim of this study was to identify factors 
influencing habitat use by red and roe deer, Cervus elaphus and Capreolus capreolus, in the Lüneburger Heide, Germany. We 
used faecal pellet counts as an indicator of habitat use and applied generalized linear models to conclude that habitat use 
by both cervids was largely explained by the availability of food plants. In particular, the occurrence of bilberry Vaccinium 
myrtillus and deciduous trees such as beeches Fagus sylvatica were of major importance. Nonetheless, red and roe deer 
showed preferences for different plant species, but for both deer, the presence of large trees and conifers, with exception of 
young Norway spruce Picea abies providing shelter for roe deer, was less attractive. Furthermore, the proximity of mineral 
licks was important for both cervids. Relative to roe deer, red deer showed a stronger avoidance of well-used paths. Surpris-
ingly, landscape features such as distance to settlements and elevated hunting standshad no significant effect. Our study 
demonstrates similarities and differences in habitat use of two important herbivores of the Northern temperate forests. We 
propose that managers establish ‘decoy’ sites for deer: areas with a high proportion of ground vegetation and young trees of 
lower forestry value. This will serve to divert deer from valuable trees and thereby enhance biodiversity. These open stands 
could be interspersed with dense islands of young coniferous trees to offer shelter and should be distant to frequently used 
pathways. Mineral licks may help enhance use of these sites. Providing an attractive resource for both species of cervids is 
the best way to manage large herbivores in economically valuable forests.

Keywords: anthropogenic influences, browsing, Capreolus capreolus, Cervus elaphus, decoy feed, food availability, landscape 
features, ungulates, vegetation composition

Habitat use is an important issue in the ecology of every 
species (Rosenzweig 1981) and is always a tradeoff between 
many factors like forage availability, disturbance, shelter, 
competition and predation risk. However, no habitat offers 
all these factors in equal balance. For example, human dis-
turbance and predation risk influence deer behaviour and 
can cause increased vigilance (Jayakody et al. 2008, Sönnich-
sen  et  al. 2013, Eccard  et  al. 2017), temporary departure 
from disturbed areas, or a change in diet composition (Sib-
bald et al. 2011). As remote areas become more and more 
accessible to a greater number of people, disturbance to wild-
life from human recreation is increasing (Staines and Scott 

1994, Sibbald et al. 2011). For example, free-roaming dogs 
accompanying walkers may result in red deer Cervus elaphus 
becoming more vigilant and concentrated than those in 
undisturbed areas (Jayakody et al. 2008). Moreover, cervids 
may adjust their foraging behaviour by browsing far from 
roads (Bonnot et al. 2013) as road traffic and hikers disturb 
them. Nonetheless, red and roe deer Capreolus capreolus may 
differ in their response to human disturbance (Latham et al. 
1997, Jiang  et  al. 2008). This has implications for how 
browsing by both species is managed in Europe where they 
are seen as detrimental to high value forestry.

Browsing by cervids on trees, saplings and seedlings can 
affect subsequent tree growth and wood quality (Lavsund 
1987, Vila et al. 2003, Bobrowski et al. 2015). Since both 
red and roe deer feed on twigs of trees in wintertime, at high 
density they may change forest structure and species compo-
sition (Partl et al. 2002, Hester et al. 2006, Bobrowski et al. 
2015). Especially young deciduous trees may suffer from 
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severe browsing by both species (Bobrowski  et  al. 2015), 
which might lead to reduced tree recruitment, a severe prob-
lem for silviculture in times of dying coniferous forests due 
to heat stress in Germany.

Notwithstanding, red and roe deer share resources (i.e. 
habitat quality and food availability), which may trigger 
competition among species (de Boer and Prins 1990). How-
ever, due to differences in gut morphology and physiology 
(Hofmann 1988), they differ in their nutritional needs and 
consequently in their diet preferences (Gebert and Verhey-
den-Tixier 2001, Felton et al. 2018, König et al. 2020) and 
thus may use available habitat differently. Furthermore, 
seasonality and interspecific interactions constitute envi-
ronmental constraints which likely influence food avail-
ability, and hence the use of food resources by individuals 
of sympatric populations (Storms et al. 2008). It has been 
shown that competition between red and roe deer negatively 
affected life history traits, whereas high red deer density neg-
atively influenced roe deer body mass (Richard et al. 2010). 
Latham et al. (1997) pointed out that red deer prefer a high 
proportion of older, more open thickets, whereas roe deer 
prefer sites with a higher proportion of young plants and 
thickets.

In many parts of Europe coniferous forests (mainly 
Picea abies) have been decimated by insect outbreaks, and 
so natural regrowth or plantations of native broadleaf spe-
cies (e.g. beech and oak) is essential to adjust forests to 
future climate changes. However, an abundance of young 
trees is attractive to deer (Gill  et  al. 1996, Latham  et  al. 
1996, 1997, Bobrowski  et  al. 2015), resulting in conflicts 
with forest managers. Therefore, understanding the factors 
influencing the habitat use is critical in developing manage-
ment approaches that balance the needs of foresters, hunters 
and those who use the forests for recreation as well as wild 
ranging large herbivores, which often have an iconic status 
for humans (Linnell  et  al. 2020). In this study, we inves-
tigated the effects of human disturbance, food availability, 
vegetation composition (including different tree heights), 
browsing and different anthropogenic landscape features on 
habitat use of sympatric red deer and roe deer, at sites in 
the Lüneburger Heide, Lower Saxony in northern Germany. 
We assume a stronger negative influence of roads, paths and 
settlements as well as elevated hunting stands for hunting 
on the habitat use of red deer compared to roe deer. On the 
other hand, cover and food availability should be the most 
important factors driving the habitat use of roe deer at small 
scales. Specifically, we addressed the following research ques-
tions: 1) are red deer more affected by human disturbance 
than roe deer? 2) Do red and roe deer use the same habitat, 
preferring the same vegetation composition? 3) Is food avail-
ability the most important factor influencing habitat use for 
both species?

Material and methods

Study area

The study was conducted at Wilsede, Forestry Department 
Sellhorn (53°9′N, 9°59′E, 100 m a.s.l.), located southeast 
in the conservation area ‘Lüneburger Heide’, Lower Sax-

ony, Germany. The study area is characterized by a yearly 
precipitation of around 800 mm and a mean annual tem-
perature of 8°C. Most of the 1240 ha study site is forested; 
the vegetation is dominated by coniferous trees, planted as 
monocultures over 200 years ago. Dominant overstory trees 
are Scots pine Pinus sylvestris, Norway spruce Picea abies, 
Douglas fir Pseudotsuga menziesii and European larch Larix 
decidua. The existing deciduous forest stands, such as beech 
Fagus sylvatica, birch Betula spp. and oak Quercus spp., are 
relatively small and often mixed with other deciduous trees 
(alder buckthorn Frangula alnus, hackberry Prunus padus, 
holly Ilex aquifolium, rowan Sorbus aucuparia and willow 
Salix spp.). Dominant ground cover plant species include 
bilberry Vaccinium myrtillus, blackberry Rubus fruticosus, 
raspberry Rubus idaeus and common bracken Pteridium 
aquilinum. The dominant large herbivore species at the 
site are roe deer at an estimated density of about 20 indi-
viduals per 100 ha. The density of red deer is estimated at 
about two individuals per 100 ha and the sex ratio is 1:1 
(K. Sierk, Forestry commission office, unpubl.). Hunting 
of both species takes place in autumn and winter (until end 
of February). At the time of the study large predators were 
not known to be present but wolves have been observed 
in other parts of the Lüneburger Heide since 2007. The 
Lüneburger Heide is a well known destination in Germany 
and frequently used for outdoor recreation. Consequently, 
there is a well-developed network of pathways throughout 
the forest.

Data collection

Fieldwork was conducted between February and March 
2012. A systematic design was used for data collection. 
The position of the sampling grid was randomly selected 
and the sampling plots were regularly distributed 100 m 
apart (Fig. 1). Each sampling point represented a 2 × 2 m 
sampling plot, whereas 1309 plots were investigated cover-
ing a total area of 5236 m2. Within each sampling plot we 
recorded 1) groups of faecal pellets from both red and roe 
deer, 2) tree species, 3) tree height (in three categories), 4) 
browsing damage according to three tree height categories 5) 
ground vegetation cover (Table 1).

In each sampling plot the total number of tree species 
were recorded and allocated to three height categories (HC) 
(HC1: 40–100 cm, HC2: 101–150 cm and HC3: > 150 
cm). Trees under 40 cm were excluded from the data set, 
since they are commonly browsed by rodents and lago-
morphs. The impact of browsing was estimated as the total 
number browsed trees per species in each height category. 
Thereby, ‘old’ browsing damage was not counted (older than 
a few months, which is recognizable by the dark colour). The 
classification in number of browsed and unbrowsed trees was 
less subjective than assessing browsing scores for tree species 
and was conducted to minimise observer bias. Furthermore, 
this method was less time-consuming than quantifying the 
exact browsing damage by counting twigs (Stolter 2008). To 
avoid identification errors of winter-dormant trees, Betula 
pubescens and Betula pendula were not separated and were 
treated as Betula spp. A detailed description concerning the 
tree composition and browsing damage can be found in 
Bobrowski et al. (2015).
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Euclidean distances to human settlements, roads and 
paths) as well as to elevated hunting stands (n = 176) and 
mineral licks (n = 46) were included (Table 1) in the data set.

The habitat use was studied using faecal pellet counts. 
This method is widely accepted for assessing habitat use and 
even for estimations of population numbers (Archibald et al. 
2005, Månsson et al. 2011, Hema et al. 2013, Schwarz et al. 
2017). However, our intention was neither the estimation 
of population numbers nor the investigation of activity pat-
terns. We counted faecal pellet groups to determine sites that 
were favoured by deer compared to other sites. The method 
is feasible for both deer species as neither uses latrines. 
Counting faecal pellets has been proven to represent a valu-
able approach if the number of occurring ungulate species 
is low (Spitzer et al. 2019). Since only red and roe deer are 

known to inhabit the studied area, faecal pellets can easily 
be distinguished by size, which minimizes the risk of mis-
identification with other deer species (Spitzer et al. 2019). 
Counts of faecal pellet groups were conducted at the same 
time as the vegetation assessment, and in the same plots and 
only at a single time in late winter (February–March). Only 
pellet groups consisting of more than seven individual pellets 
(Schwarz et al. 2017) were counted to avoid overestimations, 
as lower numbers of individual pellets in one pellet group 
might indicate moving animals.

Statistical analyses

All statistical analyses were performed by using the pro-
gramming language R (<www.r-project.org>, ver. 3.6.0).  

Figure 1. Study area (grey polygon) in the Forestry Department Sellhorn (53°9′N, 9°59′E, 100 m a.s.l.), Lüneburger Heide, Nieder-
sachsen, Germany (N = 1309). Paths and forest roads are in grey.

Table 1. List of all measured variables, tree species were measured in three different height categories (HC1–3) and separated into number 
of trees and number of browsed trees (b).

Anthropogenic landscape features distance to paths and roads, settlements, mineral licks, elevated 
hunting stands

Ground cover vegetation bilberry, blackberry, raspberry
Tree species all trees total and total b
All species were measured as total, total b and in different height classes 

(HC1, HC1b, HC2, HC2b, HC3, HC3b)
birch, beech, Douglas fir, European larch, hackberry, holly, 

Norway spruce, oak, rowan, Scots pine
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Generalized linear models (GLM) incorporated in the stat 
package (<www.r-project.org>, ver. 3.6.0) were used to ana-
lyze the impact of different factors on habitat selection of red 
and roe deer. Because of the distribution of the data (high 
number of zero values) we used Tweedie-distribution for 
modelling (tweedie package, Dunn 2017). We analyzed each 
species individually using their count of faecal pellets groups 
as dependent variables. We included vegetation parameters, 
browsing damage on different tree species and the distance 
to geographical features as potential covariates. We restricted 
our analyses to the ten most common tree species in the area 
(Stolter unpubl.) to avoid multiple co-variates. Furthermore, 
to reduce the number of variables and to avoid multiple cor-
relations we pre-examined our covariates for relationships 
with our dependent variables using Spearman’s rank correla-
tions (Table 2) using the psych package (Revelle, 2019) and 
scatter plots (Zuur et al. 2010, see also Stolter et al. 2013 for 
details).

High correlation coefficients (rs ≥ 0.7 according to Dor-
mann et al. 2013), were found between most of the predictor 
variables indicating multi-collinearity. Therefore, we applied 
factor analyses (principal component analyses, PCA, for 
extraction) implemented in the psych package (Revelle 2019) 
to group variables into principal components (PCs; factor 
loadings can be found as Supplementary material Appendix 
1 Table A1, A2) to eliminate multi-collinearity. To ensure 
independence of the extracted PCs in the modelling process, 
we used the Anderson–Rubin-method (Anderson and Rubin 
1956). By using PCA, we reduced the number of explana-
tory variables and grouped them into new variables without 
losing information. Difficulties may arise in interpretation 
of the PCs, but since most variables were multiply correlated 
and the calculated PCs were often reasonably combined, 
we decided to use PCs, which gave us the ability to include 
all relevant measured variables. The model with the lowest 

Akaike information criterion value (AIC) is considered to be 
the most revealing model (Anderson 2008). In addition, we 
calculated ∆AIC and Akaike weights (AICc) to evaluate rela-
tive model performance in order to identify the most par-
simonious model (Akaike 1974, Wagenmakers and Farrell 
2004). All maps were created using ArcGIS (ESRI 2017).

Results

Based on 1309 sample plots, faeces of both red and roe deer 
were found on 301 plots (24%). Faeces from red deer were 
found on 81 plots and from roe deer on 251 plots. On 31 
plots, faeces from both species were found (Fig. 2, 10% of 
all plots with faecal pellets). Although highly significant, the 
correlation coefficient for faeces from red and roe deer was 
quite low rs = 0.122, p ≤ 0.001, n = 1309 including all plots 
investigated). Further correlation analyses revealed differ-
ence between faeces distribution from red and roe deer and 
other measured variables (Table 2). In order to highlight dif-
ferences between factors in influencing habitat use, we calcu-
lated models for red and roe deer, respectively.

Models for habitat use of red deer

The pre-examination resulted in 13 variables which were 
significantly correlated with the counts of red deer pellet 
groups (Table 2). These variables were summarized in a PCA 
and subsequently used as co-variates in GLMs in order to 
identify the major influences on habitat use. All other mea-
sured variables were excluded from the final model as they 
were not related to faecal pellet counts. Surprisingly, this was 
the case for some of the anthropogenic landscape features 
thought to be important, e.g. distance to settlements.

The GLM (Table 3) results revealed a negative influence 
of paths on the occurrence of red deer (PC5), followed by the 

Table 2. Measured variables included in the model development. Spearman’s rank correlations between faeces distribution from red and roe 
deer and explanatory variables are given, with *** p < 0.001, ** p < 0.01, * p < 0.05. Variables which were included in the principal com-
ponent analyses are indicated by ‘X’. Tree species were measured in three different height categories (HC1–3) and separated into number of 
trees and number of browsed trees (b).

Variables used for modelling
Red deer Roe deer

Spearman’s coefficient Spearman’s coefficient

Anthropogenic landscape features
 Distance to paths (m) X 0.1***
 Distance to mineral licks (m) X −0.063* X −0.101**
Ground cover vegetation
 Blackberry X 0.055*
 Bilberry X 0.098*** X 0.262***
Tree species
 Birch total X 0.077***

total (b) X 0.080*** X 0.092**
HC1 X 0.095*** X 0.065**
HC1 (b) X 0.107*** X 0.069**

 Beech total
total (b) X 0.057* X 0.075**
HC1 X 0.089***
HC1 (b) X 0.094*** X 0.072**

 Norway spruce total X 0.059*
HC1 X 0.075**

 Rowan total X 0.061*
total (b) X 0.083**
HC1 X 0.062*
HC1 (b) X 0.055*
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positive effects of the distance to mineral licks and bilberry 
(PC4), followed by the occurrence of rowan (PC2) and beech 
(PC3), both mainly resembled by HC1, whereas birch was 
less important (PC1). Because PC4 summarizes the occur-

rence of bilberry and mineral licks, we conducted further 
models to elucidate which of these two variables had a greater 
influence on the occurrence of red deer. Therefore, these two 
variables were considered separately with the other significant 
PCs (Table 4). The results showed that bilberry was marginally 
more important than the distance to mineral licks.

Models for habitat use of roe deer

Eleven variables showed significant effects in preliminary 
analyses (Table 2). Again, the distance to settlements and 
paths were not related to the occurrence of faecal pellets.

The results of the GLM (Table 5) reveal the high influ-
ence of the occurrence of young beech trees (PC2), bilberry 
and the distance to mineral licks (PC4) on the occurrence 
of roe deer pellet groups. Additionally, the occurrence of 
blackberry (PC5) was important, whereas birch was less 
important (PC1), and spruce had only a minor influence 
(PC3). Similarly to the models of red deer, PC4 encapsu-
lates the occurrence of bilberry and distance to mineral licks, 
and when these were considered individually we found that 
bilberry had a greater influence than the distance to mineral 
licks (Table 6).

Figure 2. Distribution of faecal pellet groups from red deer (n = 81) and roe deer (n = 251). Faeces from both species were found on 31 
plots.

Table 3. Upper section: results of the GLM of red deer including all 
relevant PCs (AIC = 651.8); lower section: explanation of the vari-
ables summarized in the different PCs.

Estimate SE z-value p-value

Intercept −2.85 0.13 −22.49 ≤ 0.001
PC1 0.06 0.07 0.84 0.402
PC2 0.13 0.06 2.52 0.012
PC3 0.15 0.06 2.39 0.017
PC4 0.34 0.11 3.08 0.002
PC5 0.38 0.09 4.24 ≤ 0.001

PC1 PC2 PC3 PC4 PC5
Birch HC1 Rowan total Beech  

HC1
Bilberry Dist. path

Birch spp.  
HC1b

Rowan  
total b

Beech  
HC1 b

Dist.  
mineral 
licks

 

Birch spp. 
total b

Rowan HC1 Beech  
total b

 

Rowan HC1b  
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Discussion

Our results revealed that the habitat use by both cervids was 
largely determined by the availability of food plants, which 
were in our study broadleaf trees and ground vegetation, 
whereas, except from pathways, anthropogenic landscape 
features had no effects on the distribution of the animals.

We found faecal pellets of both cervids in our study area. 
Even though Spitzer et al. (2019) demonstrated the misiden-
tification of faecal pellets, which might lead to misinterpreta-
tion of habitat use, we assume that in our study area, where 
only the two ungulate species are common, identification 
errors might be minor. Under these conditions faecal pellet 
group counts are a helpful tool of gathering the habitat use 
of animals in a study area more accurate than a few collard 
animals or visual observations (Hema et al. 2013).

Although we found a significant relationship between the 
occurrence of groups of faecal pellets from both red and roe 
deer, only 10% of the plots with faecal pellets had faecal pel-
lets of both species, which suggests some differences in habi-
tat use In our study area the density of roe deer is quite high, 
while red deer occurs in smaller numbers. The territorial sys-
tem of roe deer, with males occupying larger home ranges 
(Ellenberg 1978, Wang and Schreiber 2001) and the rela-
tive large home range size of red deer (Gillich et al. unpubl.) 
might explain our results of a small overlap of both cervids 
in our study area.

Indeed previous studies have documented shared habi-
tat use as well as habitats with separate use (Latham et al. 
1996, 1997, Prokešová et al. 2006, Borkowski and Ukalska 

2008, Wu et al. 2016). We did not expect a total separation 
of both species but we expected differences in habitat use 
largely because of differences in the feeding behaviour based 
on the differences in the morphology of the digestive system 
of these two species (Hofmann 1988), but also because of 
differences in animals’ flight behaviour (Jiang  et  al. 2008) 
due to differences in animal responses to anthropogenic dis-
turbances.

However, recent studies demonstrate that roe deer 
is adapted to consume high amounts of fibre rich feeds 
(Dahl et al. 2020, König et al. 2020) which gives evidence 
that roe deer, which has been seen as a concentrate selec-
tor (sensu Hofmann 1988) might feed on similar food as 
the intermediate feeder, the red deer. This might lead to 
enhanced food competition between both species, when 
food availability declines (e.g. in winter).

We expected to find red deer in more open areas further 
away from human settlements and recreational paths, but 
also in older forest patches, which are typically used for shel-
ter. In contrast, we expected to find roe deer in denser veg-
etation dominated by small deciduous trees.

Our analysis showed that a major factor determining 
habitat use was vegetation dominated by bilberry and young 
deciduous trees (HC1) which commonly showed signs of 
feeding by deer. Food availability might therefore be a com-
mon main driver of habitat use. The results are underpinned 
by the results by Bobrowski  et  al. (2015) who examined 
feeding damage of deer in the same area. Consistent with 
these findings, older forest stands (HC2, 3) and those with 
abundant coniferous trees are less important to the deer, as 
the number of faecal pellets groups in these sites were low, 
which is consistent with the study of Bobek et al. (1984).

However, there were some species-specific differences in 
the vegetation preferred by the two deer in the present study. 
Although red deer preferred areas with bilberry, followed 
by rowan and beech, roe deer preferred areas with beech, 
followed by bilberry and blackberry. For both cervids birch 
was important but to a lesser extent. Bilberry is a common 
food resource for both species and the deciduous trees are 
known to be a preferred source for feeding for deer (Saint-
Andrieux et al. 2009, Mysterud et al. 2010, Bobrowski et al. 
2015). The choice of specific food plants is mainly influ-
enced by the nutritional quality (Hagemoen and Reimers 
2002, Dussault et al. 2005, Stolter et al. 2005, Ferretti et al. 
2008, Bjørneraas et al. 2012, Felton et al. 2018). The over-
all quality of a habitat differs between seasons (Stolter et al. 
2013), whereas the food availability depends on the vege-
tation composition and therefore is often related to forest 

Table 4. Results of two GLMs of red deer including PC 2, 3 and 5 and two different co-variates (either bilberry or distance to mineral licks).

Co-variate
Bilberry Distance to mineral licks

Estimate p-value Estimate p-value

Intercept −2.93 ≤ 0.001 −2.51 ≤ 0.001
PC2 0.13 0.018 0.14 0.010
PC3 0.14 0.035 0.15 0.017
PC5 0.4 ≤ 0.001 0.37 ≤ 0.001
Covariate 0.015 0.012 −0.001 0.16

AIC 652.1 657.5
ΔAIC 0 5.35
AICw 0.936 0.065

Table 5. Upper section: results of the GLM of roe deer including all 
relevant PCs (AIC = 1535.9); lower section: explanation of the vari-
ables summarized in the different PCs.

Estimate SE z-value p-value

Intercept −1.57 0.07 −23.28 ≤ 0.001
PC1 0.08 0.04 1.95 0.052
PC2 0.14 0.03 3.91 ≤ 0.001
PC3 0.05 0.05 1.12 0.26
PC4 0.37 0.06 6.55 ≤ 0.001
PC5 0.08 0.03 2.54 0.011

PC1 PC2 PC3 PC4 PC5
Birch HC1 Beech  

HC1 b
Spruce  

HC1
Bilberry Blackberry

Birch  
HC1 b

Beech  
total b

Spruce  
total

Dist. mineral  
licks

Birch total
Birch total b
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management practices (Morrison  et  al. 2006). Therefore, 
the preference for specific food plants may not only depend 
on traits, such as chemistry and morphology (Stolter 2008, 
Stolter et al. 2013), but also on the surrounding vegetation 
(Bee et al. 2009).

Furthermore, the occurrence of mineral licks was positively 
related to the faecal pellet counts of both cervid species and 
thus seems to be important for habitat selection and use. Min-
eral licks offer sodium, magnesium and other trace elements, 
which are often limited to deer because of either a low concen-
tration or lack of availability in the plants. In these situations, 
many species of animals rely on mineral licks or mineral rich 
soils (Laurian et al. 2008, Tobler et al. 2009).

Contrary to our expectations, we found no influence of 
the vicinity of settlements or elevated hunting stands on the 
distribution of faecal pellets of either deer species. However, 
our study site was surrounded only by small villages and we 
did not measure habitat use during the hunt and during 
summer, when human disturbance may be greater due to 
tourism and agricultural activity. Therefore, other study areas 
and times might lead to different results (Wu et  al. 2016, 
2019 but see Tinoco Torres et al. 2011).

However, there was striking difference between the two 
deer species in the impact of pathways, with this being a 
major effect on red deer but not for roe deer. The study area 
was well connected by a variety of forest roads and hiking 
paths. Our results showed that red deer avoided these paths, 
which are utilized mainly for hiking and cycling, but also by 
foresters and hunters. These activities can increase vigilance 
of red deer (Jayakody  et  al. 2008) or drive red deer from 
the source of disturbance (Reimoser and Gossow 1996, Sib-
bald et al. 2011, Webb et al. 2011). However, other ungu-
lates like the Rocky Mountain elk Cervus canadensis nelsoni 
also avoided roads (Cole et al. 1997) and although previous 
studies have demonstrated that roe deer and eastern roe deer 
Capreolus pygargus bedfordi also avoid roads (Hewison et al. 
2001, Jiang et al. 2009), this was not the case in our study.

Nevertheless, unlike red deer, we found a minor influence 
of young Norway spruce (HC1) on habitat selection, which 
seem to be not connected to food availability as the trees 
were not browsed. Young Norway spruce is generally not a 
preferred food plant by cervids (Bobrowski et al. 2015) due 
to its poor digestibility and high concentrations in plant sec-
ondary metabolites (Stolter et al. 2009). Instead, these young 
spruce plants could provide cover for roe deer (Gill  et  al. 
1996, Latham et al. 1997). San José et al. (1997) determined 
that roe deer favoured high cover and high botanical diver-
sity of tree stratum. Additionally, roe deer preferred forest 

with young trees (Welch et al. 1990), e.g. early successional 
stages (Henry 1981, Staines and Welch 1984), which might 
offer additional thermal cover in the case of young conifer-
ous trees (Partl  et  al. 2002) and additional food resources 
in the case of deciduous trees in combination with under-
ground vegetation such as bilberry (Latham et al. 1999).

Our results suggest similarities in habitat choice of the 
two cervids. For both cervids the availability of bilberry as 
a common food resource and the occurrence of deciduous 
trees as food seem to be the main driver of habitat use. How-
ever, the impact on the distribution is plant species-specific. 
Furthermore, the vicinity of mineral licks was important 
for both deer species. In contrast to roe deer, the results for 
red deer suggest a stronger anthropogenic influence on the 
choice of the habitat, but all other measured anthropogenic 
landscape features had no effects on both cervids (e.g. settle-
ments, elevated hunting stands).

Conclusions

Our results could be used to design strategies for managing 
deer in commercial forests and for hunting. For example, our 
study site is characterized by two important factors: Firstly, 
typically for German forests, our study area contains many 
old trees, with a high proportion of coniferous trees. But 
we found that sites containing young trees were preferred as 
these offer more food resources. If the density of both species 
is maintained at a similar level a greater availability of young 
trees as a food resource will help to avoid deer stripping the 
bark from old trees but at a cost to recruiting forestry target 
species such as beech.

We therefore recommend the maintenance of open sites 
with ground vegetation such as bilberry and with young 
non-target deciduous tree species like rowan and birch as 
feeding sites. This could be useful ‘decoy’ to draw deer away 
from trees of high value to the forest industries and thereby 
enhance biodiversity. Our results show, that these young 
open forest stands should be interspersed with dense islands 
of young coniferous trees to offer shelter. Additionally, min-
eral licks could also be useful to attract deer and lure it to 
the created feeding sites. This attraction will be beneficial to 
hold the created feeding site in an early successional state. 
However, these young forest stands (feeding sites) should 
not be close to target tree species for forestry and pathways 
used by humans as disturbance may lead red deer retreat-
ing to old forest stands and possibly feeding on bark (Kiff-
ner et al. 2008, Borkowski and Ukalski 2012). Subsequently 

Table 6. Results of two GLMs of roe deer including PC2 and PC5 and two different co-variates (either bilberry or distance to mineral licks).

Co-variate
Bilberry Distance to mineral licks

Estimate p-value Estimate p-value

Intercept −1.69 ≤ 0.001 −1.15 ≤ 0.001
PC2 0.13 ≤ 0.001 0.14 ≤ 0.001
PC5 0.08 0.004 0.07 0.02
Covariate 0.02 ≤ 0.001 −0.001 0.002

AIC 1517.11 1549.0
ΔAIC 0 31.89
AICw 0.99 0
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after implementing feeding sites, hunting strategies can be 
adapted to this kind of animal distribution management, 
e.g. hunting can be either banned or enhanced at these sites. 
These management options may improve existing forests and 
might be helpful to bring into accordance biodiversity, for-
estry, human recreation and wildlife.
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