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Abstract 

Large carnivores can structure ecosystems by changing the behaviour and distribution of their prey, 
leading to cascading effects to lower trophic levels. In human dominated areas, humans are thought 
to have effects similar to large carnivores on ungulates on a macroscale, by forcing ungulates to 
avoid certain areas, and on a microscale, by forcing ungulates to avoid human tracks. However, it is 
not yet completely clear how these different scales interact to shape ungulate space use. We studied 
deer distribution and browsing behaviour in relation to the zonation of recreation and hunting and at 
different distances from tracks in a natural area in the Netherlands. We performed pellet counts 
along transects to study deer distribution and we measured browsing on manually planted saplings. 
In both forest and heathlands we compared zones with different hunting and recreational regimes 
and we compared plots close to tracks with plots further away from tracks. We found more deer 
pellets in the zone without hunting and recreation, which only on the heather also led to higher 
browsing levels. In the recreational zones we found less pellets closer to tracks, but this did not lead 
to lower browsing levels close to tracks. We found no difference between the zones with hunting and 
recreation and the zones with only recreation on distribution or browsing.  Overall, it seems like 
recreation affects deer distribution, but hardly affects browsing patterns and hunting does not add to 
the effect of recreation. We discuss possible explanations for these found effects, such as a shift in 
day-night rhythm, with the deer compensating browsing in human dominated areas during the night. 
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Introduction 

 
Large carnivores have a great impact on the ecosystem they live in. The species that are most 
obviously affected by large carnivores are their prey such as ungulates. Carnivores affect ungulates in 
various ways. The most straightforward way is population suppression, by hunting and eating the 
ungulates (Kuijper et al., 2013). In the last 20 years indirect effects of large carnivores on ungulates 
have also received increasing attention (Ripple and Beschta, 2006; Laundré, Hernández and Ripple, 
2010; Kuijper et al., 2013). These indirect effects include avoidance of otherwise suitable habitats 
(Kuijper et al., 2013; Donadio and Buskirk, 2018), increased vigilance (Laundré, Hernández and 
Altendorf, 2001) and altered group sizes (Proffitt et al., 2008). An example of avoidance of certain 
habitats comes from Poland, where deer were shown to avoid large tree logs, probably because their 
sight is obstructed, so they cannot see possible threats approaching (Kuijper et al., 2015). Another 
effect of the presence of large carnivores is a trade-off between risk and food quality, which can 
partly change food preference of ungulates (McArthur et al., 2014). These effects of carnivores on 
ungulates can have cascading effects on lower trophic levels. The cascading effects of population 
suppression are called density mediated effects and the cascading effects of the behavioural changes 
are called behaviourally mediated effects (Ripple and Beschta, 2006). This is famously studied in 
Yellowstone National Park in the United States, where the reintroduction of wolves caused elk and 
bison to change their habitat use, which diminished browsing in certain areas, while browsing in 
other areas increased, drastically changing vegetation composition (Laundré, Hernández and 
Altendorf, 2001; Ripple and Beschta, 2006; Beschta and Ripple, 2010; Painter and Ripple, 2012). This 
shows carnivores can structure ecosystems by changing the behaviour of prey species. Brown et al. 
(1999) introduced the term “ecology of fear” for this phenomenon (Brown, Laundre and Gurung, 
1999). Later, the “landscape of fear” was introduced, a visual model depicting the risk animals 
perceive in certain areas, trying to explain how these animals will use those areas in order to reduce 
their predation risk (Laundré, Hernández and Altendorf, 2001; Laundré, Hernández and Ripple, 2010; 
Bleicher, 2017) 
 
In many increasingly human-dominated areas, human disturbance due to, for example, recreation 
and hunting are thought to be just as important, or even more important than large carnivores in 
causing behaviourally-mediated effects (Proffitt et al., 2008; Ciuti et al., 2012). This is especially the 
case in the many areas were large carnivores have been absent for a long time due to human 
activities such as hunting and poaching (Sillero-Zubiri and Laurenson, 2001). Previous research has 
already shown that recreation, just like large carnivores, can cause ungulates to, among other things, 
decrease foraging (Taylor and Knight, 2003; van Kessel, 2015), flee (Miller et al., 2001; Taylor and 
Knight, 2003), avoid areas with little shelter (Marchand et al., 2014), increase night activity 
(Marchand et al., 2014), avoid otherwise suitable habitats (Gander and Ingold, 1997; Sibbald et al., 
2011; Peksa and Ciach, 2015), and trade-off food quality and safety (Lone et al., 2015). Additionally, 
hunting is thought to create fear-effects similar to large carnivores and recreation (Benhaiem et al., 
2008; Proffitt et al., 2008). These effects of hunting and recreation can take place on a macroscale, 
by avoiding larger regions (Proffitt et al., 2008; Visscher et al., 2017), but they can also take place on 
a microscale by avoiding tracks where recreants walk (Mathisen, Wojcicki and Borowski, 2018; 
Scholten, Moe and Hegland, 2018). In regions where both large carnivores and humans are present, 
it can also happen that ungulates live in closer proximity to humans, because large carnivores are 
afraid of humans as well and therefore the ungulates are more safe in the proximity of humans. This 
phenomenon where ungulates look for refuge in human-dominated areas is called the “human shield 
effect” (Kuijper et al., 2016; Smith et al., 2017). 
 
Current hunting methods only focus at population reduction, but do not always have the desired 
population suppressing effect (Simard et al., 2013). Therefore, Cromsigt et al. (2013) recently 
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suggested using fear effects of hunting as a management tool to influence ungulate distribution. 
They make multiple suggestions of hunting practices that should lead to the desired fear-effects, 
such as hunting with dogs, hunting year-round and creating high-risk and low-risk areas. However, 
little research has been performed on these subjects, so little is known about the fear effects created 
by the current hunting methods and of the fear effects created by hunting practices as proposed by 
Cromsigt et al.  
 
All in all, both hunting and recreation seem to be able to influence ungulate behaviour and 
distribution. However, little is known about the scale at which these factors act. Furthermore, it is 
not clear yet how these different fear-effects of humans are influenced by visibility and shelter (i.e. 
habitat type). Therefore, the aim of this study was to gain insight in the small-scale effects of 
recreation and hunting on the distribution and foraging behaviour of ungulates in open and closed 
habitat. We also studied how food choice and selectivity are influenced by human disturbance. As 
study sites we used the Dutch natural areas Veluwezoom and Deelerwoud, which consist partly of 
heathland and partly of forest. In these areas there are hunting and hunting-free areas as well as 
areas with and without recreation. We focussed on two species of ungulates that occur in those 
areas: red deer (Cervus elaphus) and fallow deer (Dama dama). Additionally, we performed a minor 
side study on wild boar (Sus scrofa). 
 
In this study we investigated how the abundances and food choice of red deer and fallow deer are 
influenced by recreational tracks and by hunting regulations. We studied this on both a macroscale, 
with zones of different human disturbance, and a microscale, with human hiking tracks within these 
different zones. We used phytometers, tree saplings we experimentally planted, to study the effects 
of areas with differing amounts of human disturbance on browsing patterns and we performed fecal 
pellet counts along transects to study the effects of these experimental groups on deer distribution. 
Overall, we expected human induced fear effects to be stronger in the heathlands than in the forests 
due to a higher visibility and lack of shelter options. We expected to find more deer droppings in 
areas where there is no hunting or recreation than in areas where hunting or recreation are allowed. 
Furthermore, we expected that there would be less droppings near tracks than further away from 
tracks. In the hunted areas and near the tracks we also expected the deer to be more selective in 
their food choice, because of the higher perceived risk. This would lead to high browsing levels of the 
palatable plants only in the risky areas and high browsing levels for all species in the safe areas. 
Finally, we expected the effects of recreation to be higher in areas with hunting than in areas without 
hunting. 
 

Methods 

Study Area 
 
We performed this study in the Deelerwoud (DW) and Veluwezoom National Park (VZ). These two 
natural areas lie within the bigger forest area of the Veluwe in the Netherlands and are separated by 
a highway but connected by a wildlife passage. They are both managed by Natuurmonumenten and 
consist partly of coniferous forest (mostly Pinus sylvestris), partly of deciduous forest and partly of 
heather. In both areas fallow deer are the most abundant ungulate species, followed by red deer and 
roe deer (Capreolus capreolus). Additionally, wild boar live in the area and there are a few places that 
are also inhabited by Scottish Highland cattle. The Deelerwoud has an area of 1230 ha. The whole 
area was hunting-free from 2001 until 2015, when hunting on fallow deer resumed in part of the 
area. Furthermore, 2 parts in the hunting-free area are refuge areas where recreation is not allowed. 
In the Veluwezoom, with a total area of 5000 ha, part of the area has been hunting-free since 2014 
and there has been hunting on both fallow deer and red deer in the rest of the area for decades. The 
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hunting season in both areas runs from July to March, 
depending on the species. Deer abundances are 
generally higher in the Deelerwoud than in the 
Veluwezoom (Natuurmonumenten, unpublished data).  
 
To examine the effects of hunting and recreation on 
distribution and foraging behaviour in different areas, 
we performed fecal pellets counts along transects and 
we planted palatable and less palatable saplings at 
certain locations and determined the browsing pressure 
on those saplings (details in next paragraph). To examine 
the effects of hunting we compared areas where hunting 
takes place (Hunting zones, HZ) with areas where no 
hunting takes place (Non-hunting zones, NHZ). To 
examine the effects of tracks we used a paired design in 
which we compared plots close to tracks with plots far 
away from tracks. We used the Strava heat map to make 
sure we only used plots that were located at tracks with 
comparable use. This online map shows how frequently 
tracks are used by people that have the Strava app on their mobile phone. Strava is an app used by 
both professional and amateur outdoor athletes to track their sporting performances. Furthermore, 
we used a refuge area with unused tracks as a control area to examine the effects of recreation.  The 
plots were evenly distributed over forest and heather. All observations were performed in April, May 
and June 2018. 
 
Study Design 
 
For the sapling measurements we used 284 phytometers, plants that are experimentally placed at 
plots and which are used to measure browsing intensity. These phytometer plots were evenly 
distributed over a range of different zones. In both our main areas (DW and VZ) we had 14 paired 
plots in zones where hunting is allowed and in zones where hunting is not allowed. In each of these 
hunting zones, we had 7 plots in the forest and 7 on the heather. Each paired plot consisted of a pair 
of saplings at 20 meters from the nearest track and a pair of saplings at 100 meters from the track 
(Figure 2). Furthermore, in the Deelerwoud we also had plots in a refuge area were both hunting and 
recreation are not allowed. Here, again, there were 7 plots in both forest and heather. Each pair of 
saplings consisted of a Quercus robur (common oak) sapling, a highly palatable species (Wakeland 
and Swihart, 2009), and a Betula pendula (silver birch) sapling, a moderately palatable species 
(Conover and Kania, 1988; Bergman, Iason and Hester, 2005). So in total we had a sample size of 7 
for each combination of area, habitat, zone, distance from tracks and species.  
 
All plots were located at least 150 meters from each other and at least 100 meters from the nearest 
other track. The plots in the forest were all placed in coniferous forest and they were chosen in such 
a way that within a radius of 3 meters around the saplings the dominant undergrowth species was 
bilberry (Vaccinium myrtillus), and the nearest tree was at a distance of at least 2 meters. The plots 
on the heather were chosen in such a way that within a radius of 3 meters around the saplings the 
dominant species was common heather (Calluna vulgaris). 
 
We used fecal pellets of deer as a proxy for the distribution of deer (Neff, 1968; Acevedo et al., 2010; 
Camargo-Sanabria and Mandujano, 2011). For the pellet counts we used 108 transects of 150 meters 
long and 2 meters wide, parallel to the tracks. Each plot consisted of a transect at 20 meter from the 
track and a transect at 100 meters from the track, just as with the phytometers (Figure 2). Each pair 
of transects was at least 100 meters away from any other transect and at least 100 meters from any 

Figure 1 Map of the study areas (green). The left area is 
the Deelerwoud, the right area is the Veluwezoom. The  
light green areas are hunting zones, the hatched areas 
are no hunting zones and the dark green area is the 
refuge area without hunting or recreation. 
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other adjacent track. We used the same groups as 
with the phytometers, so we had plots in each 
combination of habitat (forest and heather), 
hunting regime (HZ and NHZ) and area 
(Deelerwoud and Veluwezoom). In the refuge area 
in the Deelerwoud we only had transects in the 
forest, because there were not enough heathlands 
in the refuge area, and tracks through those 
heathlands that were big enough to contain a 150 
meter transect that was 100 meters away from the 
nearest track. For every combination of habitat, 
hunting regime and area and in the refuge area we 
had 6 transects. Almost all transects began at, or 
went through a plot of the phytometers. If we 
could not use such a plot to place a transect, we 
used the Strava heat map to choose similar 
frequently used tracks for the other transects. 
 
Planting Procedures 
 
We planted all tree saplings between the 7th and 
the 24th of April in 2018. We used 2 year old saplings of approximately 100 cm, because those are at 
the preferred height for fallow and red deer to browse (Renaud, Verheyden-tixier and Dumont, 2003; 
Kuijper et al., 2013). The Quercus robur saplings had an average height of 93 cm (± 13) and an 
average base diameter of 1.2 cm (± 0.2). The Betula pendula saplings had an average height of 130 
cm (± 8) and an average base diameter of 1.3 cm (± 0.2). We planted the saplings in holes of 20 cm 
wide, 20 cm long and 40 cm deep. We supplied the saplings with 1.5 litres of water when we planted 
them and did not water them afterwards. We did not use any fertiliser or potting soil. We planted 
the birch and oak of the same pair 1.5 meters apart, parallel to the track.  
 
Sapling Measurements 
 
After planting we measured the height of each sapling (in cm). We measured the height by taking the 
highest point of the sapling that was not a leaf and keeping the sapling as straight as possible. We 
measured the height to monitor how much apical browsing had taken place, which has been proven 
to greatly affect the growth characteristics of the sapling (Chaar, Colin and Leborgne, 1997). 
Furthermore, we counted all shoots with a bud on each sapling. We visited each plot 5 times after 
planting: once every 10 days (± 3 days) for 60 days, with the exception of day 50. During these visits 
we measured the height of the sapling, we counted the number of shoots browsed and the total 
number of shoots. We counted a shoot as browsed if there was a clearly visible straight cut at the 
top, or if the shoot was almost cut loose from the stem. For the total number of shoots we only 
counted all woody shoots to make sure we only counted the shoots that were already present when 
we planted the saplings. The height was measured in the same way as when we planted the saplings. 
 
Fecal pellets transects 
 
As described above we used transects of 150x2 meters to count deer dropping events (Acevedo et 
al., 2010; Camargo-Sanabria and Mandujano, 2011). We determined which pellets belonged to the 
same dropping event based on size, colour and shape and the likelihood of a deer walking that 
trajectory. If one pellet of a certain event was within the transect, we counted the entire group. The 
pellet dropping event group sizes were estimated in five different categories: 1-5, 6-10, 11-20, 21-50 

Figure 2 Schematic drawing of a plot with transects 
and saplings in the heathland. The black solid line is 
the track, the yellow and brown X’s are oak and 
birch saplings respectively. The blue dotted lines are 
the transects of 150 meters long. Distances are in 
meter. 
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and 50+. To be able to make a rough distinction between fallow deer and red deer, we divided the 
groups in 3 pellet size classes (<2 cm, 2-2.2 cm, >2.2 cm), based on the size of the biggest single pellet 
of the group. Furthermore we counted the number of dropping events of Scottish Highland cattle 
and wild boar on the transect. Because the Highland cattle are only present in a few fenced parts of 
the area we decided not to use this in our further analyses. For each transect we also estimated the 
area (in m2) that was disturbed by boar digging (i.e. rootling). We also counted the number of wildlife 
tracks crossing the transect. Tracks were only taken into account when the two researchers agreed 
there was a clear track visible at least two meters to both sides of the transect. Finally, we estimated 
the undergrowth at each transect in percentages. In heather the undergrowth was categorised as 
heather, grass or purple moor-grass. In forest the undergrowth was categorised as blueberry, grass 
or open space. For this categorisation we determined the dominant undergrowth at every section of 
5 meters of the transect.  
 
Statistical analyses 
 
Fecal pellet transects 
 
All statistical analyses were performed in R 3.4.3. We analysed the pellet counts using a general 
linear mixed effect model with a Poisson distribution. From the exploratory graphs we made, we 
concluded that multiple combinations of habitat and human use groups would have a very low 
number of pellet counts and a high number of zero observations if we only included dropping events 
of a certain pile size. Therefore, we used the total number of dropping events as our response 
variable, instead of only using groups of certain pile size. We built a large number of models and used 
the AIC value of these models to determine the best model. We accepted the most complex model, 
so the model with most predictors and interactions, that was within 2 points of the lowest AIC score  
as the best model (Burnham and Anderson, 2002).  
 
Our most complex model included the fixed factors habitat (forest, heather), human use (NHZ, HZ, 
refuge) and distance to tracks (20 and 100 meter) and all possible interactions between these 
factors. Since we used a paired design to look at the effects of tracks, we also included the random 
factor location, to link plots that were next to each other, with one being at 20 meters away from the 
track and the other at 100 meters from the track. Furthermore, we included area (DW or VZ) as a 
random factor, to account for possible differences between those areas, for example due to the 
higher deer density in the Deelerwoud. We included observer as random factors, because different 
observer pairs performed the measurements. Since it is easier in some undergrowth types to spot 
dropping than in others, we also included a few undergrowth types as random factors. To decide 
which ones we should include we checked with a regression analysis which undergrowth types 
significantly influenced the number of droppings we found. This yielded 3 significant results, namely 
the classes “open” (ß= 0.37 ± 0.10, p < 0.001) and “blueberry” (ß=-0.26 ± 0.10, p = 0.009) in the forest 
and the “open” class on the heather (ß = 0.86 ± 0.36, p = 0.02). For our model selection we made 
every possible combination of fixed effects and interactions and used the AIC score to select the best 
model. Finally, we analysed all interactions and variables left in this model with a post hoc Tukey test. 
Normality of the residuals was checked with a qqplot.  
 
To look at the differences between fallow deer and red deer we classified the droppings piles in the 
larger than 2.2 cm category as red deer and the piles in the category smaller than 2 cm as fallow 
deer. We did not use the intermediate category in this analysis to reduce overlap between the 
species so the chance of finding an effect of species would be bigger. Subsequently we used these 
proxies for the different deer species as response variables and performed an identical analysis as 
with the full dataset. We compared the best models of the two different deer species to see whether 
the different species react differently to human disturbance.  
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The analyses of the wildlife tracks and boar droppings were performed in a similar way, making 
different models and using the AIC score to choose the best models. The number of wildlife tracks 
and boar droppings were also analysed with a Poisson distributed general linear mixed effects model. 
The included fixed effects were the same as for the deer droppings and the included random effects 
were area, location and observer. If human use would be lost from the model, we made two 
separate models, one with the groups with recreation (HZ and NHZ) and one with the control group 
without recreation (refuge) and compared those models. In this case, we analysed the best models 
by performing ANOVA tests to see what was the minimal adequate model. 
 
We analysed the rootling areas of boar with a linear mixed effects model with the square root of area 
in square meters dug as a response variable. Both the fixed and the random effects were the same as 
with the boar droppings. If human use would be lost from the model, we again made two separate 
models, one with the groups with recreation and one with the group without recreation and we 
analysed the best models by performing ANOVA tests to see what the minimal adequate model was. 
 
Sapling measurements 
 
The sapling measurements yielded two datasets, namely one dataset containing the total number of 
shoots and the number of shoots browsed of each sapling and one dataset containing the height 
measurements of each sapling. We analysed browsing using a linear mixed effects model. The 
response variable of this model was the total number of shoots browsed plus the difference between 
the total number of shoots in that measuring round and the total number of shoots at the beginning 
i.e. the number of shoots that has disappeared over time. The most complex model we built included 
the factors habitat (forest or heather), human use (HZ, NHZ, refuge), distance (20 or 100 meters from 
the track), species (oak or birch), the continuous variable days since planting and every interaction 
between these fixed variables. Because our experimental design included repeated measurements 
on the same individuals, tree ID was included as a random factor. Since we used a paired design to 
look at the effects of tracks and species, we also included the random factor location. To account for 
the variation in numbers of shoots between the saplings, we included the total number of shoots 
from the first measuring round as a random variable. Finally, we included area (DW or VZ) as a 
random factor. For the sake of normality of the residuals we transformed the response variable 
(number of shoots browsed) using a square root transformation. For the model selection we used 
the same method with the AIC scores as with the transect data.  
 
We started the model selection with our full model, subsequently excluding all interactions that 
clearly did not have an influence. When all interactions and fixed effects that were left were 
somehow reasonable (p<0.4 or an effect expected based on exploratory graphs) we made every 
other model possible with part of those interactions and variables. We checked normality in our final 
model using a qqplot. The method of data management in case of the loss of human use as a factor 
was the same as described before (namely making two separate models for the refuge area and the 
recreational areas (HZ and NHZ)). When we found a final model, we performed a post hoc test on all 
interactions and variables left in the model to clarify which groups differed significantly from each 
other. 
 
For the height measurements we used a similar approach. The response variable of our linear mixed 
effects model was the ratio between height at the first measurement and the height at the 
concerned measurement (height growth). We chose this response variable for the sake of normality 
of the model residuals. The fixed effects and random effects were the same as with the browsing 
models. The only exception was that instead of the initial number of shoots the initial height was 
included as a random variable, to account for potential effects of initial height on attractiveness of 
the sapling and for the effect of initial height on the magnitude of the height growth. The procedure 
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of model selection was the same (AIC) and the method of data management in case of the loss of 
human use as a factor was also the same, i.e. making two separate models for the refuge area and 
the recreational areas (HZ and NHZ). We analysed every interaction and variable left in our final 
model with a post hoc Tukey test. 
 
Results 

Deer droppings 
 
The best model for predicting number of deer droppings 
included the interactions between human use and 
distance to tracks, habitat and distance to tracks and human 
use and habitat (Table 1). This was the most complete model 
within 2 AIC points of the lowest AIC score. The model with the 
lowest AIC score included the interactions between human use 
and distance to tracks and habitat and distance to tracks. The 
different interaction terms mean that the effect of human use 
is not the same in every habitat and that the effect of distance 
to tracks differs in the different habitats and human use 
groups. The model estimates of the best model are shown in 
Table 2. The qqplot of the residuals of this model is shown in 
Appendix A. 
 
The post hoc comparison of the interaction between 
human use and habitat revealed that for both the HZ and 
the NHZ there was a higher amount of dropping events on 
the heather than in the forest (Table 3). The HZ and the 
NHZ did not differ from each other in the two habitats, 
while in the forest, significantly more droppings were 
found in the refuge area than in the HZ and the NHZ 
(Figure 3). There is no clear reason why this interaction 
term was retained in our final model, since it is not 
significant (p=0.54) and the post hoc does not show a 
difference in the effect of human use groups for the different 
habitats. Because we did not measure on the heather in the 
refuge area, we also ran the models without the refuge area, 
but the best model stayed the same (ΔAIC=1.6847). 
 
Figure 4 depicts the change in number of dropping events 
found at 20 meters compared to 100 meters. If this change is 
significantly different from zero, there is an effect of distance 
to tracks. The post hoc comparison of the interactions of 
habitat with distance to tracks shows that in the forest there 
are significantly more dropping events at 100 meters from the 
track than at 20 meters from the track, while on the heather 
there is no effect of distance to tracks on the number of 
dropping events (Table 4). For the different human use 
groups, we found a significant effect of distance to tracks in 
the HZ and in the NHZ, but not in the refuge area.  

 
 

Model AIC ΔAIC 

HU*Di, Ha*Di 752.79 0.00 

HU*Ha, HU*Di, Ha*Di 754.41 1.63 
HU*Ha*Di 754.84 2.05 

HU*Di, Ha 756.39 3.60 
HU*Ha, HU*Di 758.06 5.27 

HU, Ha, Di 762.78 9.99 
HU*Ha, Di 764.47 11.68 

Hu, Ha*Di 764.77 11.99 

HU*Ha, Ha*Di 766.47 13.68 
Ha, Di 772.18 19.39 

Variable Est. SE T-value P 

Random 

Location 1.03 1.01 
  

HF_Open 0.00 0.00 
  

HF_BB 0.00 0.00 
  

HH_Open 0.00 0.00 
  

Observer 0.08 0.28 
  

Fixed 

Intercept 0.93 0.65 1.43 0.15 
Ha-Hea 2.35 0.45 5.21 <0.001 
HU-NHZ 0.30 0.46 0.64 0.53 
HU-Ref 1.83 0.56 3.25 <0.01 
Di-20 -0.63 0.14 -4.38 <0.001 
Ha-Hea:HU-NHZ -0.39 0.63 -0.62 0.54 
HU-NHZ:D-20 0.16 0.08 1.92 0.06 
HU-Ref:Di-20 0.69 0.17 4.11 <0.001 
Ha-Hea:Di-20 0.33 0.14 2.39 0.02 

Table 1 The 10 models with the lowest AIC scores 
predicting the number of deer dropping events. The 
AIC scores and the ΔAIC are shown. The models with a 
ΔAIC lower than 2 are depicted in bold. HU is human 
use groups (NHZ, HZ and refuge), Ha is habitat (forest 
and heather) and Di is distance to track (20 or 100 
meter). 

Table 2 Estimates of the best model predicting the number 
of deer dropping events. Estimate and standard error are 
given for both the fixed effects and the random effects. For 
the fixed effects the t- and p-value are also given. Significant 
(α=0.05) fixed effects are in bold. HF_Open is % of forest 
transect that had an open undergrowth, HF_BB is % of 
forest transect that had a blueberry undergrowth, 
HH_Open is % of heather transect that had an open 
undergrowth. Ha-Hea is habitat-heather, HU-NHZ is human 
use-no hunting zone, HU-Ref is human use-refuge area, Di-
20 is distance to tracks-20 meters. 
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Interestingly the model containing the three-way interaction of human use, habitat and distance was 
the third best model with an AIC score that was only 2.05 higher than the lowest AIC score. The post 
hoc comparison of this model shows a significant effect of distance to tracks in both the forest and 
the heather in the NHZ (ß=2.45±0.63, p=0.03 and ß=1.32±0.08, p<0.001 respectively) but no 
significant effect of tracks in either the forest (ß=1.45±0.22, p=0.38) or the heather (ß=1.16±0.07, 
p=0.35) in the HZ. 

 Est. SE Z-value 

Forest/Heather 

HZ 0.08 0.04 -5.61*** 
NHZ 0.12 0.05 -4.75*** 

Forest 

HZ/NHZ 0.69 0.32 -0.81 
NHZ/Ref 0.17 0.09 -3.22* 
HZ/Ref 0.11 0.06 -3.88** 

Heather 

HZ/NHZ 1.02 0.43 0.04 

 Est. 
100/20 

SE Z-value 

    

Habitat 
Forest 1.41 0.13 3.74** 
Heather 1.01 0.07 0.21 

Human Use 
HZ 1.59 0.14 5.42*** 
NHZ 1.35 0.10 3.99** 
Ref 0.80 0.09 -2.04 

Table 3 Post hoc comparisons of the 
human use-habitat interaction in the best 
model predicting number of deer 
dropping events. Depicted are the 
estimates, standard error and z-value of 
the forest-heather ratio in each human 
use group and of the ratios within one 
habitat between human use groups. 
Significantly different groups are in bold 
(α=0.05). HZ is hunting zone. *=p<0.05, 
**=p<0.01, ***p=<0.001. Other 
abbreviations as before.  

Table 4 Post hoc comparisons of the 
human use- and habitat-distance to track 
interaction respectively in the best model 
predicting number of deer dropping 
events. Depicted are the estimates, 
standard error and z-value of the 100 
meters/20 meters ratio in each human 
use group and each habitat. Significant 
ratios are in bold (α=0.05). Abbreviations 
as before.  

Figure 3 Number of deer dropping events on a 150x2 
meters transect for each combination of habitat and 
human use. There are no measurements in the refuge 
area on the heather.  

Figure 4 Relative difference of deer dropping events on 
a transect at 20 meters compared to a transect at 100 
meters for each combination of habitat and human 
use. A negative number means more droppings at 100 
meters. Human use groups as described before.  
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Species 
 
The 5 best models predicting the number of dropping events per 
species (>2.2 cm = red deer, <2 cm = fallow deer) are shown in 
Table 5. For the fallow deer all models within 2 points of the 
lowest AIC score contain distance to tracks, habitat and human 
use as predictors. For the red deer all models contain human use 
and habitat and 2 of the 4 best models contain distance to tracks. 
When we compare the model estimates of the models with all 
habitat, human use and distance to tracks as single predictors, we 
see similar results with for fallow deer more droppings in heather 
(ß = 2.44 ± 0.41, p < 0.01), more droppings in the refuge area (ß = 
2.09 ± 0.55, p < 0.01), and more droppings at 100 meters from the 
track (ß = -0.35 ± 0.08, p < 0.01), while for red deer we find more 
droppings in heather (ß = 2.73 ± 0.46, p < 0.01), more droppings in 
the refuge area (ß = 2.83 ± 0.65, p < 0.01), but no significant effect 
of distance to tracks (ß = -0.10 ± 0.10, p = 0.34). So, the only 
difference between the size classes of the droppings is that there 
seems to be no effect of distance to tracks for the bigger 
droppings, while there is one for the smaller droppings. 
 
All in all, there are less droppings in the forest than on the heather and less in the recreational areas 
than in the refuge area. In the recreational areas there are more droppings far away from the tracks 
than close to the tracks in the forest, while on the heather and in the refuge area there is no effect of 
distance to tracks. We could not detect a difference between red deer and fallow deer in their 
response to human use and habitat, but there were indications of a difference in effect of distance to 
tracks. 
 
Browsing 
 
The best model predicting the number of shoots 
browsed included the interaction between the 
factors time, human use (HZ, NHZ, refuge) and 
habitat (forest, heather) and the factor species (oak, 
birch) (Table 6). This means that the number of shoots 
browsed differs between the two species and that the 
number of shoots browsed over time is not the same 
for every habitat-human use combination. The 
estimates of this model are shown in Table 7. The 
qqplot of the residuals of this model is shown in 
Appendix A. The model had an AIC that was almost 5 
points lower than the second best model, containing 
the interaction time, human use and habitat and the 
individual factors distance to tracks (20 or 100 meter) 
and species. Since the factor distance to tracks was 
not included in our best model, distance to tracks had 
no significant effect on the number of shoots 
browsed.  
 
 

Model AIC ΔAIC 

Red deer 

HU, Ha 459.3666 0 
HU, Ha, Di 460.4116 1.045 
HU*Di, Ha*Di 461.172 1.8054 
HU*Ha 461.2865 1.9199 
HU*Ha, Di 462.3303 2.9637 

Fallow deer 

HU, Ha, Di 454.1689 0 
HU, Ha*Di 456.0392 1.8703 
HU*Ha, Di 456.0625 1.8936 
HU*Di, Ha 457.3809 3.212 
Hu*Ha, Ha*Di 457.9325 3.7636 

Model AIC ΔAIC 

Ti*HU*Ha, Sp 4113.81 0.00 
Ti*HU*Ha, Di, Sp 4118.47 4.66 
Ti*HU, Ti*Ha, HU*Ha, Sp 4128.16 14.35 
Ti*HU*Ha, Ti*Di, Sp 4129.33 15.52 
Ti*HU, HU*Ha, Sp 4130.66 16.84 
Ti*HU, Ti*Ha, Sp 4131.34 17.53 
Ti, HU*Ha, Sp 4132.57 18.76 
Ti*HU, HU*Ha, HU*Sp, Ha*Sp 4135.48 21.67 
Ti*HU, Ha           4138.27 24.46 
Ti*HU, Ha, Sp 4139.47 25.66 
Ti, HU, Ha, Sp 4140.85 27.03 
Ti*HU*Ha*Di, Sp 4175.37 61.56 
Ti*HU*Ha*Di*Sp 4286.93 173.11 

Table 5 The 5 models with the 
lowest AIC scores predicting the 
number of deer dropping events for 
both red and fallow deer. The AIC 
scores and the ΔAIC with the lowest 
AIC score are shown. Abbreviations 
as before. 

Table 6 Linear mixed effects models predicting the 
number of shoots browsed per sapling. The AIC 
scores and the ΔAIC with the lowest AIC score are 
shown. The models with a ΔAIC lower than 2 are 
depicted in bold. Sp means species (birch and oak), Ti 
means time (in days). Other abbreviations as before. 
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As time goes by, the number of shoots browsed 
increases. The birch saplings are significantly more 
browsed (ß = 0.59±0.10, p<0.001) than the oak 
saplings. Figure 6 shows the browsing percentages 
over time for every human use-habitat 
combination. The post hoc tests of the human use-
habitat interaction showed that in the forest 
habitat, there are no significant differences 
between the different human use groups, while on 
the heather there is significantly more browsing in 
the refuge area than in the hunting free and the 
hunting zone (Table 8). The HZ and the NHZ do not 
differ from each other on the heather areas. 
Furthermore, for all different human use groups 
there was more browsing on the heather than in the 
forest (Table 8). All in all, there is more browsing on 
the heather than in the forest and on the heather 
there is more browsing in the refuge area than in the 
recreational areas. 
 
 

 

Variable Est. SE T-value P 

Random 

Tree_ID 0.49 0.70 
  

Location 0.38 0.61 
  

Shoots_0 0.13 0.35 
  

Area 0.77 0.88 
  

Residual 0.70 0.84 
  

Fixed 

Intercept 0.093 0.660 -0.14 0.91 
Ti 0.055 0.003 19.05 <0.001 
Ha-Hea 1.204 0.307 3.92 <0.001 
HU-Hunt 0.022 0.307 0.07 0.94 
HU-Ref 0.166 0.386 0.43 0.67 
Sp-Oak -0.587 0.102 -5.78 <0.001 
TI:Ha-Hea -0.002 0.004 -0.04 0.97 
Ti:HU-HZ 0.000 0.004 -0.12 0.91 
Ti:HU-Ref 0.001 0.005 0.13 0.90 
Ha-Hea:HU-HZ -0.021 0.433 -0.05 0.96 
Ha-Hea:HU-Ref 2.855 0.528 5.41 <0.001 
Ti:Ha-Hea:HU-HZ -0.005 0.006 -0.78 0.43 
Ti:Ha-Hea:HU-Ref 0.041 0.007 -5.72 <0.001 

 Est. SE T-value 

Forest vs. Heather 

HZ -1.04 0.28 -3.70** 
NHZ -1.20 0.28 -4.29*** 
Ref -2.80 0.39 -7.25*** 

Forest 

NHZ-HZ -0.01 0.28 -0.03 
NHZ-Ref -0.19 0.36 -0.52 
HZ-Ref -0.18 0.36 -0.50 

Heather 

NHZ-HZ 0.16 0.28 0.56 
NHZ-Ref -1.78 0.35 -5.14*** 
HZ-Ref -1.93 0.35 -5.59*** 

Table 7 Estimates of the best model predicting the number of 
shoots browsed per sapling. Estimate and standard error are 
given for both the fixed effects and the random effects. For the 
fixed effects the t- and p-value are also given. The significant 
(α=0.05) fixed effects are in bold. Shoots_0 means number of 
shoots when planted, Sp-Oak means species-oak. Other 
abbreviations as before. 

Table 8 Post hoc comparisons of the 
human use-habitat interaction in the best 
model predicting number shoots 
browsed per sapling. Depicted are the 
estimates, standard error and t-value of 
habitat in each human use group and of 
each human use group within one 
habitat. Significantly different groups are 
in bold (α=0.05). Abbreviations as before.  

Figure 6 Proportion of shoots browsed for each combination of 
habitat and human use. Regression lines do not take the full 
model into account, only the relationship between the browsing 
proportion and time for each combination. Standard error of the 
regression line is omitted for clarity. Outcomes of the post hoc 
comparisons are depicted in the legend using letters. Human use 
groups as described before. 



15 
 

Height 
 
The best model predicting the height growth included time 
and the interaction between human use and habitat as 
predictors (Table 9). This means that the height growth 
changes over time and that it is not the same for every 
human use-habitat combination. The estimates of this 
model are shown in Table 10. The qqplot of the residuals of 
this model is shown in Appendix A. The residuals are not 
normally distributed, but we could not get the residuals 
normally distributed with any transformation and this was the 
closest we could get. This was our sole best model, since the 
second best model, containing only time and habitat as 
predictors, had an AIC score that was 3.5 points higher. Since 
species and distance to tracks were not included in our best 
model, there is no evidence for an effect of one of these 
factors on height growth.  
 
The relative height change increases significantly as time  
goes by (ß = 0.001±0.000, p<0.001), meaning that the  
sapling gets shorter, so the top has been browsed  
(Figure 5). Figure 5 shows the height ratio over time 
for every human use-habitat combination. The post 
hoc comparison showed that there was no difference 
in height change between forest and heather in the HZ 
and the NHZ (Table 11). However, there was a 
significant difference in the height change between 
forest and heather in the refuge area. Furthermore, in 
the forest all different groups had a similar height 
change, but on the heather, the height change was 
bigger in the refuge area than in the HZ and the NHZ.  
The HZ and NHZ did not differ from each other on the 
heather. We also ran the models with just the height 
growth between the start and the final measurement 
without the factor time, and the final model stayed the 
same (containing the human use-habitat interaction), 
with the second best model having a ΔAIC score of 2.89. 
All in all, every human use-habitat combination had a 
similar height change except for the heather in the 
refuge area where there was more apical browsing and 
therefore a higher height change. 
 
  

Model AIC ΔAIC 

Ti, HU*Ha -2055.42 0.00 

Ti, Ha -2051.93 3.50 

Ti, HU, Ha -2049.46 5.96 

Ti, HU*Ha, Di -2048.66 6.76 

Ti, HU*Ha, Sp -2047.68 7.74 

Ti -2043.86 11.57 

Ti, Ha*HU, Ha*Sp -2040.98 14.44 

Ti, HU*Ha, Di, Sp -2040.92 14.51 

Ti, HU -2040.20 15.22 

Ti, HU*Ha, HU*Di, Sp -2039.48 15.95 

Ti*Ha, HU*Ha*Di, Sp -2026.65 28.77 

Ti*HU*Ha -2023.54 31.88 

Ti*HU*Ha*Di*Sp -1738.34 317.09 

Variable Est. SE T-value P 

Random 

Tree_ID 0.023 0.153 
  

Location 0.000 0.000 
  

Height_0 0.002 0.044 
  

Area 0.002 0.042 
  

Residual 0.007 0.085 
  

Fixed 

Intercept 0.988 0.039 25.65 <0.01 
Ti 0.001 0.000 4.78 <0.001 
Ha-Hea 0.055 0.034 1.62 0.11 
HU-HZ 0.002 0.034 0.04 0.96 
HU-Ref -0.008 0.043 -0.18 0.86 
Ha-Hea:HU-HZ 0.001 0.048 0.02 0.99 
Ha-Hea:HU-Ref 0.239 0.058 4.12 <0.001 

Table 10 Estimates of the best model predicting height 
growth per sapling. Estimate and standard error are given 
for both the fixed effects and the random effects. For the 
fixed effects the t- and p-value are also given. The 
significant (α=0.05) fixed effects are in bold. Height_0 
means the height when planted. Other abbrevations as 
before. 

Table 9 Linear mixed effects models predicting 
the height growth per sapling. The AIC scores and 
the ΔAIC with the lowest AIC score are shown. 
The models with a ΔAIC lower than 2 are depicted 
in bold. Abbreviations as before. 
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Wildlife tracks 
 
The 5 models with the lowest AIC score predicting the number 
of wildlife tracks are depicted in Table 12. The three models that 
are within 2 points of the lowest score all do not contain human 
use as a predictor. Therefore, we made a minimal adequate 
model for the refuge area and for the HZ and NHZ areas 
combined. In the HZ and NHZ we found no significant effect of 
either habitat (p=0.62) or distance to tracks (p=0.74). In the 
refuge area distance to tracks was the only possible predictor, 
since we did not measure on the heather in the refuge area. 
However, distance to tracks was not significant in the refuge area 
either (p=0.66). So, for both the HZ and NHZ areas and the refuge 
area the minimal adequate model included no fixed effects as 
predictors. Hence, the number of wildlife tracks was not affected 
 by habitat, human use zones or distance to tracks. 
 
 
 
 
 
 
 
 

 Est. SE T-value 

Forest vs. Heather 

HZ -0.06 0.03 -1.65 
NHZ -0.06 0.03 -1.62 
Ref -0.29 0.05 -6.28*** 

Forest 

NHZ-HZ 0.00 0.03 -0.04 
NHZ-Ref 0.01 0.04 0.18 
HZ-Ref 0.01 0.04 0.22 

Heather 

NHZ-HZ 0.00 0.03 -0.07 
NHZ-Ref -0.23 0.04 -5.54*** 
HZ-Ref -0.23 0.04 -5.48*** 

Model AIC ΔAIC 

~ 458.7784 0 
Di 460.7587 1.9803 
Ha 460.7646 1.9862 
HU 461.7999 3.0215 
Ha, Di 462.745 3.9666 

Table 11 Post hoc comparisons of the 
human use-habitat interaction in the 
best model predicting the height 
growth per sapling. Depicted are the 
estimates, standard error and t-value 
of habitat in each human use group 
and of each human use group within 
one habitat. Significantly different 
groups are in bold (α=0.05). 
Abbreviations as before.  

Table 12 The 5 linear mixed effects 
models with the lowest AIC scores 
predicting the number of wildlife tracks. 
The AIC scores and the ΔAIC with the 
lowest AIC score are shown. The models 
with a ΔAIC lower than 2 are depicted in 
bold. Abbreviations as before. 

Figure 5 Height growth for each combination of habitat and human use. 
Regression lines do not take the full model into account, only the relationship 
between the height growth and time for each combination. A negative number 
means the sapling has become lower. Standard error of the regression line is 
omitted for clarity. Outcomes of the post hoc comparisons are depicted in the 
legend using letters. Human use groups as described before. 
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Boar droppings 
 
The 5 models with the lowest AIC score predicting the number 
of boar dropping piles are depicted in Table 13. The two 
models that are within 2 points of the lowest score both do 
not contain human use as a predictor. Therefore, we made a 
minimal adequate model for the refuge area and for the HZ 
and NHZ areas combined. In the HZ and NHZ the interaction 
habitat and distance to tracks was significant (p=0.05). On the 
heather there was no effect of distance to tracks (100/20 ratio 
ß=1.22±0.35, p=0.89), while in the forest there were more 
droppings far away from the tracks (100/20 ratio ß=3.29±1.42, 
p=0.03). In the refuge area distance to tracks was the only 
possible predictor, since we did not measure on the heather in 
the refuge area. Distance to tracks was not significant in the 
refuge area (p=0.20). These results are similar to the results of 
the deer droppings, with more droppings being at 100 meters 
distance to tracks than at 20 meters from the tracks in the HZ 
and NHZ in the forest, and no effect of distance to tracks in 
the HZ and NHZ on the heather or in the refuge area. 
 
Boar rootling 
 
The 5 models with the lowest AIC score predicting the area 
disturbed by boar rootling is depicted in Table 14. All models 
within 2 AIC points contain habitat as a predictor, some 
contain distance and some contain human use. Since three of 
them are equally complex, to find the best model we 
performed a stepwise elimination, starting at the model 
containing all predictors that are included in one of the 4 top 
models (so Ha*Di, HU). The interaction of habitat and 
distance to tracks was not significant (p = 0.33). Human use 
was not significant either (p = 0.24). Because human use was 
not in our minimal adequate model, we also analysed rootling 
for the recreational and refuge area separately. In the 
recreational area there was no significant effect of distance to 
tracks (p = 0.14) and there was significantly more rootling in 
the forest than on the heather (ß = 1.14 ± 0.27, p < 0.001). In 
the refuge area there was no significant effect of distance to  
tracks either (p = 0.22). Overall, we found there was significantly  
more rootling in the forest than on the heather and there was no  
effect of distance to tracks or human use. 
  

Model AIC ΔAIC 

Ha*Di 264.8245 0 

Di 264.9569 0.1324 

HU, Ha*Di 267.9397 3.1152 

HU, Di 267.998 3.1735 

HU*Ha, HU*Di 462.745 4.2866 

Model AIC ΔAIC 

Ha 345.4229 0 

Ha, Di 345.8535 0.4306 

HU, Ha 347.2017 1.7788 

Ha*Di 347.2604 1.8375 

HU, Ha, Di 347.5986 2.1757 

Table 13 The 5 linear mixed effects 
models with the lowest AIC scores 
predicting the number of boar dropping 
events. The AIC scores and the ΔAIC with 
the lowest AIC score are shown. The 
models with a ΔAIC lower than 2 are 
depicted in bold. Abbreviations as 
before. 

 

 

 

 

Table 14 The 5 linear mixed effects 
models with the lowest AIC scores 
predicting the number area disturbed by 
boar rootling. The AIC scores and the 
ΔAIC with the lowest AIC score are 
shown. The models with a ΔAIC lower 
than 2 are depicted in bold. 
Abbreviations as before. 
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Discussion 

 
We studied ungulate distribution and browsing in zones with different recreation and hunting 
pressure, on a macroscale, by comparing refuge zones (no human access), recreational zones (only 
recreation is allowed, hunting is not allowed) and hunting zones (both hunting and recreation are 
allowed) and on a microscale by comparing plots close to tracks to plots far away from tracks. We 
counted droppings along transects and we planted saplings and measured browsing on those 
saplings for 60 days after planting. In our study we also compared forest and heathland and browsing 
intensity on two different sapling species differing in palatability. 
 
On a macroscale we found more droppings in the refuge area than in the recreational and hunting 
zones, but there was no difference between the recreational and hunting zones. On a microscale we 
found more droppings far away from tracks than close to tracks in the recreational and hunting 
zones, while there was no effect of distance to tracks in the refuge zone. Furthermore, we found 
more deer droppings in the heathlands than in the forest. With our sapling data, we found overall 
more shoot browsing on the heather than in the forest, while the height growth only showed this 
trend in the refuge area. Furthermore, in the forest there was no difference between the different 
human use zones, but on the heather there was more browsing in the refuge area. We found no 
effect of distance to tracks on shoot browsing or height growth. 
 
Distribution 
 
The fact that we found more droppings in heathlands than in forest is in accordance with a  previous 
study in Poland showing that deer prefer to feed in more open places in the forest (Kuijper et al., 
2009). In this case the open places are the heathlands, which seem to be preferred by deer. Kuijper 
et al. suggest that forest gaps are preferred because of higher plant growth rates in open areas. 
Another possible advantage of forest gaps is the higher presence of more herbaceous plants and 
grasses compared to closed forest (Kuijper et al., 2009). We think the same factors can explain the 
higher dropping numbers on the heather in this study. 
 
Another macroscale effect we found is that there are more droppings in the refuge area than in the 
recreational and hunting zones. This is also in accordance with previous studies that showed that 
deer tend to avoid humans as much as possible (Mathisen, Wojcicki and Borowski, 2018). However, 
we did not find an additional effect of the hunting regimes. The number of droppings in the 
recreational zone was similar to the one in the hunting zone. A previous study showed a similar 
result, where elk changed their behaviour during the hunting season similarly in both hunting free 
and hunted areas (Proffitt et al., 2008).  In our study area the hunting season runs from 
approximately July to March, depending on the species, so our measurements were performed 
outside the hunting season (April-June). Hunting could have a temporary effect during the hunting 
season, but not outside the hunting season. Another explanation for the lack of difference between 
the recreational zones and hunting zones is that the zones are quite small and not too strict, since 
there have been reports of deer being shot within a hunting free zone and hunting is often 
concentrated in certain parts of the hunting zones, which makes it difficult for the deer to 
understand where they can be hunted and where they cannot. Furthermore, because hunting is 
performed in such a way that it causes as little stress as possible, it is possible that the deer do not 
perceive places where they are hunted as more dangerous than places where they are not hunted 
(Cromsigt et al., 2013). For our design it would have been interesting if we had had an area where 
recreation was not allowed and hunting was allowed, because then we could have tested the effects 
of hunting compared to the refuge area with no hunting and no recreation. It could be that hunting 
alone has a similar effect as recreation alone compared to areas without recreation and hunting, but 
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that adding an extra type of human disturbance does not add anything to deer’s avoidance of an area 
with one type of human disturbance already present. Cromsigt et al. (2013) suggest that one method 
to make hunting a more effective managing tool to manage the distribution of ungulates is to create 
high risk and low risk areas. In our study, we only found evidence that this could work with recreation 
as a factor in driving deer distribution, we did not find indications that this might work with hunting. 
 
We found more droppings far away from tracks than close to tracks in the recreational and hunting 
zones, which is in accordance with previous studies that showed that deer tend to avoid tracks used 
by humans (Mathisen, Wojcicki and Borowski, 2018). So, it looks like the deer try to avoid contact 
with humans on a microscale by staying away from the tracks where they can run into humans.  We 
did not find an effect of distance to tracks in the refuge area, which suggests that it is really the 
presence of humans on the tracks that causes deer to be more abundant further away from the 
tracks and not the tracks themselves. Since deer seem to prefer to feed in forest gaps (Kuijper et al., 
2009), it would be expected that deer are more abundant near tracks than far away from tracks if 
deer would pay no attention to recreants on tracks, as tracks may be perceived as small forest gaps. 
We think that there is only an effect of distance to tracks in the forest and not on the heather, 
because the deer are mostly in the forest during daytime when the tracks are being used, while they 
are mostly in the heathlands during the night when the tracks are not used by humans. Hence, the 
deer would not have to avoid the tracks on the heather. We will come back to this in more detail 
below in the section day/night rhythm. We did not find a difference in the effect of distance to tracks 
between the hunting zone and the recreational zone, which is probably caused by the same factors 
as explained before. However, one model that was almost significant suggested that there would be 
an effect of distance to tracks in the hunting zone alone in the two habitats. This would indicate that 
hunting does add to the effect of recreation on deer distribution.  Future research could look into 
this to see if this difference is really present and if it is a long-term or short-term effect. Since we 
found similar effects of distance to tracks on wild boar droppings, with a higher dropping density 
further away from the tracks in the forest, it seems like this human disturbance has a consistent 
effect on multiple ungulate species.  
 
Deer species 
 
For fallow deer and red deer separately, classified by pellet size, we found the same effect of the 
different habitat types and human disturbance, with more droppings in the refuge area and more on 
the heather for both species. The best models for these species included less significant predictors 
that had an effect on their distribution than all droppings combined, but this is probably caused by 
the lower sample size for the separate species. The only difference between the deer species we 
found was that there was no effect of distance to tracks on red deer, while there was one on fallow 
deer. This is surprising, because red deer are commonly seen as more shy and less tame than fallow 
deer. This result could be explained by the larger sample size for the smaller pellet size classes. It was 
also difficult to categorize the different pellet groups correctly in a certain size class in the field. 
Furthermore, the size of the pellets is not a very precise measure of species, because a small or 
young red deer can have smaller pellets than a big fallow deer, so there is quite a margin of error 
when using this method to study the different species (Spitzer et al., 2019). A camera study might 
give more reliable results on the differences between the deer species. 
 
Browsing 
 
The result that there was more browsing on our saplings in the heathlands is in accordance with the 
result from the pellet counts, of which we also found more on the heather. This may be explained by 
the deer’s preference to forage in more open spaces, because of better food there (Kuijper et al., 
2009). Interestingly, for the growth measurements, only in the refuge area we found significantly 
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more size reduction on the heather than in the forest, while in the recreational and hunting zones 
there was no difference in relative sapling height between the habitats. We think the reason for this 
is that the deer prefer the more open habitats, but hide in more sheltered areas like the forest during 
the day (Licoppe and Crombrugghe, 2003; Bonnot et al., 2013; Coppes et al., 2017). In areas where 
there are no people, there is less reason to hide, causing the difference between heather and forest 
to be larger compare to areas with recreation. In these recreational areas, deer avoid the preferred 
heathlands more often to hide in the forest, reducing the difference between heather and forest. 
This is probably also the reason why we did not find a difference between the recreational and 
hunting zones and the refuge area in the forest for the browsing measures. The overall browsing is 
higher in the refuge area, but this difference is mainly caused by the higher browsing on the heather. 
Since we found more droppings in the forest in the refuge area than in the forest in the recreational 
and hunting zones, this would suggest that the deer do spend time in the forest in the refuge area. 
However, when they want to feed they especially go to the heather, while in the recreational and 
hunting zones they do not dare to go to the heather to feed more often. Thus, although the deer 
density is lower in the recreational and hunting zones, the ratio of time spent feeding in the forest 
compared to the heather is higher than in the refuge area. Therefore, the browsing levels in the 
forest are similar in refuge, recreational and hunting zones, but the browsing levels on the heather 
are much higher in the refuge area.  
 
Another striking result is that we, unlike previous studies (Mathisen, Wojcicki and Borowski, 2018) 
did not find any effect of distance to tracks on the browsing levels, whereas we did find an effect of 
distance to tracks on the dropping counts. This seems to suggest the deer overall spend less time 
near tracks in the recreational areas, but they still visit the tracks to feed, probably at times when 
there are no recreants present in the area. If this is the case, the effect of tracks during daytime 
would be neutralised during the night. Coppes et al. (2017) already found this neutralising during the 
night time, but there have been no previous reports of this neutralising behaviour actually cancelling 
out the behaviourally mediated trophic cascades caused by human disturbance. An explanation for 
the lack of this neutralising effect in other studies such as Mathisen et al. (2018), could be that this 
study was performed in an area inhabited by wolves, and these wolves like to use the tracks at night 
(Musiani, Okarma and Jędrzejewski, 1998), keeping them dangerous for the deer when there are no 
people. A camera study could show if indeed most of the browsing close to tracks takes place during 
the night. We will come back to this below in the section day/night rhythm. 
 
Sapling species 
 
An indication of the stress the deer experience during their feeding at certain places could be a 
different reaction and browsing rate to the two sapling species. We expected that the more palatable 
species (oak in this case) would get heavily browsed at all locations, and the less palatable birch only 
get at the safe places. This would indicate a higher stress level which would cause the deer to be 
more selective in their food choice (McArthur et al., 2014; Lone et al., 2015). However, we found that 
for the height growth the two sapling species did not differ from each other, while for the shoot 
browsing the birch saplings were on average more heavily browsed than the oak saplings at all 
locations, without differentiation between the different locations. The result of the height growth is 
possibly due to the high deer densities, resulting in an overall high browsing pressure, possibly 
masking the difference between the different species. One factor that could explain the higher shoot 
browsing on birch could be that our method of measuring browsing overestimates browsing on 
birch, while it underestimates the browsing on oak. We counted all available shoots, but the oak 
saplings had many buds very close to the stem that are difficult to browse, while the birch saplings 
had many well accessible twigs and buds. Also, the birch saplings were on average bigger and had 
more leaves at planting which could make the birch saplings more attractive.  For a future study it 
would be interesting to see whether the result would be the same with another method of 
measuring browsing.  
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Cascading effects  
 
Although we found clear effects of recreation on the distribution of deer, the possibility for cascading 
effects on saplings seems relatively small. The deer prefer eating on the heathlands, especially in the 
refuge area, so they probably play a role in maintaining open heathlands. In the forest the browsing 
pressure was on average lower than on the heather and similar over all different zones. Furthermore, 
we did not find an effect of distance to tracks in either heather or forest on the browsing levels, so 
there are also no indications of cascading effects on the microscale. On the microscale the effects of 
tracks on browsing are possibly neutralised during periods with little human disturbance such as the 
night. Our side study on wild boar confirmed the same trend. We found less droppings near tracks, 
but the area per transect disturbed by rootling, which could cause a cascading effect, was not 
influenced by distance to tracks. Overall, we did not find real evidence for cascading effects on tree 
sapling browsing on either the micro or the macroscale. 
 
Day/night rhythm 
 
When we take the results all together, there are quite a few that point in the direction of a strong 
day-night (or high recreation pressure – low recreation pressure) rhythm. Coppes et al. (2017) 
already showed that in Germany deer showed less day and more night activity in areas with high 
human disturbance. They also showed that deer go to their most preferred habitat during the night, 
while during the day they take human disturbance into account in their habitat choice. In our area 
the deer seem to prefer the heathlands over the forest, so at night, when there are no recreants the 
deer would be mostly present in, and browsing on, the heathlands. At night there is no reason to 
avoid the tracks because there are no recreants anyway since access to the area is forbidden at night, 
explaining the lack of a distance to tracks effect on the heather. The moment the first people arrive, 
the deer probably flee into the forest to hide. When the areas were closed off for the public for a 
short while because of a disease outbreak, it was observed the deer showed less fleeing behaviour, 
while they spent more time in the human dominated areas (Ten Hoedt 2001). In the forest during the 
day they do avoid the tracks because the tracks are heavily used during the daytime. However, in the 
refuge area, there are no recreants so the deer stay on the heathlands for a large part of the time, 
minimalizing the difference, at least in the browsing pressure, between the recreational areas and 
refuge area in the forest. If this hypothesis were true, we would expect the dropping ratio between 
the refuge and recreational area to be even bigger on the heather than in the forest, however, we 
were not able to count droppings on the heather in the refuge to test this idea. The lack of an effect 
of distance to tracks on browsing is probably explained by neutralising taking place at night. In the 
night the deer probably forage more in the areas where they cannot forage during daytime, resulting 
in an overall lower abundance near tracks but an equal browsing rate. A camera trap study could tell 
us more about this day-night rhythm and about possible differences in vigilance levels when 
browsing near tracks or far away from tracks.  
 
Future research 
 
There are multiple possible follow-up studies that could be performed to look into a few questions 
that were raised with the results of this study. First of all, a camera study could shed light on, for 
example, if it is true that deer prefer heather in the night and the forest during the day, if there is a 
difference in distribution between fallow deer and red deer and if deer are more vigilant in the 
hunting zones than in the recreational zones. Another interesting addition could be measuring during 
the hunting season. There might be more effects of the different hunting regimes in this situation. A 
follow-up study about the effects of hunting, could have a set-up with zones where hunting is 
allowed but recreation not. If these zones would show similar results to the recreation only zone, this 
would suggest that both hunting and recreation have an effect on deer, but when grouped together 
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this effect remains the same. Furthermore, we only had one real refuge area and no suitable 
heathlands in the refuge area to perform the transect study. Because the refuge area does seem to 
have a big impact on the deer population it might be interesting to study this in bigger and more 
areas. The food choice experiment gave different results than we expected, possibly because the two 
sapling species we planted where morphologically very different from each other. In a future study it 
would be interesting to either select species that are more similar or to use a different method of 
measuring browsing. If there still would be no difference between browsing levels on the two species 
in the different human use zones, this would probably be explained due to the very high browsing 
pressure. We could also follow the long-term survival of the saplings in the different zones. This 
could show if the higher browsing pressure in for example the refuge area also affects the survival 
rates. Finally, a very interesting follow-up study is handed to us by nature itself. Since the wolf has 
recently returned to the Netherlands and particularly the Veluwe, on a short-term it will be possible 
to study the effects of the return of this apex predator to the system. Will the spatial distribution of 
deer remain the same or will the wolves cause a human shield effect, with the deer moving more 
towards human presence? 
 
Conclusions 
 
Overall, it seems like deer, even in a relatively small area with a high deer density, change their 
distribution to avoid recreants. They do this on a macroscale by preferring areas without recreation 
and on a microscale by avoiding tracks with recreants in the forest. These macroscale effects are also 
visible in browsing pressure on the heather, but not in the forest. Otherwise there are few 
indications that humans cause cascading effects by inhibiting deer to eat at certain places, such as 
close to tracks. There are also no indications that deer avoid areas where hunting took place in the 
winter season, compared to areas where recreants are allowed, but hunting not. So overall, in a 
small area with high recreation pressure and without carnivores, human recreation affects deer 
distribution, but hardly affects browsing patterns and hunting does not add to the effect of 
recreation. 
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Appendix A 

 
 

 
QQplot of the best model predicting the number of deer dropping events 
 
 

 
 
QQplot of the best model predicting the number of shoots browsed of the saplings 
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QQplot of the best model predicting the height growth of the saplings 
 

 

 

 


