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Abstract

Due to the global increase in ungulate populations, numerous concerns are being raised
regarding widespread issues. These challenges are caused by overpopulated areas of deer,
including but not limited to, an increase in wildlife related road accidents, loss in agricultural
lands and spread of zoonotic diseases, thus costing countries millions financially. There are
multiple population control strategies being implemented to counteract these issues. To aid in
the development of said strategies, the aim of this research is to understand the habitat
preferences of roe deer (Capreolus capreolus) and if weather conditions influence their
distribution. Camera traps (CTs) were deployed across a rural and semi-urban space within a
wet temperate climate. Within this area, multiple variables were considered when distributing
the CTs such as, distance to areas with high levels of human activity, habitat type and weather
conditions. Due to the limitations of using CTs, an occupancy model using R statistical software
was deemed the most appropriate to carry out statistical analysis of the data. Out of nine
covariates researched within the study, only three were included within the model due to Akaike
information criterion (AIC) scores. Despite the expectations within this study, it was observed
that roe deer kept distance from any area with high levels of human activity. This included
distance, measured in kilometres (km), to the closest minor road, major road and housing areas,
as well as if there was a difference in occupancy estimates when dogs were present and if the
habitat type was urban or rural. Additionally, no weather conditions influenced the detection
rates of roe deer. Finally, contrary to the predictions, distance to river (km) had a strong
negative relationship, as roe deer had a higher detection rate when in close proximity to a river.
To conclude, hunting and fencing were recommended as population management strategies to
ensure the safety of both humans and roe deer. However, roe deer within Scotland are not of

concern regarding spread of zoonotic diseases and damage to property.



Introduction:

Over the past few decades, the population of wild ungulates has experienced significant
growth, leading to the widespread recolonisation across vast areas over multiple continents
(Carpio et al, 2021). This trend can be attributed to a combination of factors, including the
increase of restrictions in hunting legislation, a decline in natural predators of ungulates and
the restoration of natural habitats, all of which contribute to an increase in food availability and
decrease in mortality rate (Coté et al, 2004; Valente et al, 2020). Thus, leading to an array of
problems for both humans and a variety of plant species. The global rise in deer populations
has led to substantial economic, ecological and public health issues (Coté et al, 2004).
Economically, wild deer populations have reduced productivity and value of agricultural lands,
as well as increasing the number of vehicle collisions (McLeod, 2023). In Australia alone it
was estimated that $93.3 million was lost due to the wild deer population, among other costs,
$69.1 million in agricultural losses and $3.3 million in road vehicle collisions, (McLeod, 2023).
Furthermore, within Europe, the majority of deer related accidents are caused by roe deer
(Saenz-de-Santa-Maria & Telleria, 2015; Steiner et al., 2021), resulting in countless human
lives being endangered. Highlighting the importance of this, throughout the duration of this
research there was a warning for high risk of road collisions caused by roe deer across Scotland
and in particular the Aberdeenshire area (Fleming, 2024, NatureScot, 2024a), the focus area of
this study. This issue is not specific to Australia and Europe as Sharma & Khanal (2024)
reported 29,000 injures and 200 human deaths were due to deer related accidents within the
United States. Therefore, highlighting the urgent need for deer population control

internationally.

Ecologically, the lack of natural predators of ungulates has caused an imbalance in the
ecosystem. Specifically, in habitats containing herbivores, such as deer, carnivores will
typically play a crucial role in maintaining the herbivore population to keep the balance
between predator, prey and plants equal (McShea, 2012). The result of overpopulated areas of
deer has caused a decline in plant biodiversity. This has led to biotic homogenization and
adverse impacts on the dynamics of a wide variety of plant species (Perea et al, 2014).
Furthermore, the increase in deer has amplified the spread of zoonotic diseases that present as
a health risk to humans and cattle, complicating disease management (Hearst et al, 2023,
Palmer et al., 2004). Specifically, Kilpatrick et al (2014) found a positive correlation between
the number of black legged ticks and white-tailed deer reporting an 80% reduction of Lyme

disease reports in the area after a decline in the deer population. These reasons underscore the
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importance of addressing deer population management. Accordingly, this study focuses on the
habitat preferences of roe deer (Capreolus capreolus), to assist on future population

management strategies.

There are various population management strategies available to utilise. A popular
option is hunting, as this not only reduces population size but, in some cases, can also prevent
loss of plant biodiversity (Griesberger et al, 2023). Their study suggested that hunters picking
specific locations led to a reduction in forest diversity due to deer browsing. Additionally,
fencing can be used to direct deer away from roads to prevent wildlife related road accidents,
however this can be a costly solution (Donaldson & Elliott, 2021). Neverthless, their study also
noted that this method was deemed most effective when the habitat preferences were taken into
consideration during fence construction, eliminating unnecessary costs. Therefore,
understanding habitat preferences can aid in multiple management strategies when deciding on

locations for both hunting and fencing.

Roe deer distribution and behaviour can be significantly influenced by weather
conditions, understanding these impacts and spatiotemporal patterns can aid hunters in
developing new strategies for population management. This is highlighted by Baur et al (2021),
whose study found that various weather conditions, including temperature, rain hours and snow
depth, had a measurable impact on deer harvest numbers in Italy. The paper concluded that
future deer hunting strategies could in fact use spatiotemporal patterns as a guide for an
interval-hunting strategy, highlighting the importance of understanding weather preferences of
roe deer. Distribution of roe deer can also be greatly influenced by the structure of their habitat
as roe deer will typically avoid roads due to their distance from food sources (Torres et al,
2011). Understanding the distribution patterns can not only support hunters but also assist with
other management strategies to avoid human-wildlife conflict, such as creating wildlife

crossings in necessary areas.

The natural biological cycles of roe deer can be negatively affected by the presence of
artificial light and noise pollution (Ciach & Frohlich, 2019). Not only can this knowledge help
with choosing hunting areas, but it can also aid with utilising fencing to avoid human/wildlife
interactions. Additionally, deer breeding cycles can be influenced by high temperatures leading
to a decrease in reproductive success (Chirichella et al, 2019). This knowledge in turn can aid
hunters in anticipating population growth or decline, to then determine optimal hunting seasons

and quotas.



Camera Traps

Due to the high accuracy level of species identification, a common tool used for
observing moderately sized mammals are camera traps (CTs) (Lyra-Jorge et al, 2008).
Furthermore, Pfeffer et al (2018) highlights the accuracy of utilizing CTs and recommends
them for use in future research. CTs are particularly effective when studying species that are
very wary of humans (Lyra-Jorge et al, 2008). This wariness is highlighted by roe deer’s
avoidance of highly noise polluted areas (Ciach & Frohlich, 2019), thus CTs are an appropriate
tool when obtaining occupancy data. Despite the advantages of the CTs, it is difficult and time
consuming to set them up. CTs can be falsely triggered by crowding vegetation and so need to
be mounted at the correct height and angle to capture the target species (Apps & McNutt, 2018).
Moreover, CTs need to be checked regularly for breakages and battery changes (Apps &
McNutt, 2018). CTs are also limited by their ability to only observe the target species when it
passes directly in front of the CT (Hofmeester et al, 2021). This may lead to the target species
being falsely recorded as undetected, despite them being present in that location (Hofmeester
et al, 2021). Due to this limitation, this study deemed it appropriate to use an occupancy model

to account for these issues.
Occupancy Model

Occupancy models mitigate these limitations by using environmental covariates and
previous detection data to then estimate the detection and occupancy probabilities (MacKenzie
et al, 2002). The model does this by differentiating between whether the animal was detected
and if it was likely to be present in the area, accounting for imperfect data (Doser et al., 2022).
Therefore, if roe deer were occupying the area but did not pass in front of the camera, the
occupancy model estimates the probability of the roe deer occupying the area. Using R
statistical software, (Version 4.2.2, R Core Team, 2022), the model used to estimate the
occupancy of roe deer in each location was a single-season model, implemented using the
unmarked R package (Version 1.4.1, Fiske & Chandler 2011; Kellner., et al 2023). Despite the
model counteracting these limitations, the unmarked R package does have its disadvantages,
the model does not account for spacial autocorrelation (Doser et al, 2022; Version 1.4.1, Fiske
& Chandler 2011; Kellner., et al 2023). Overlooking spatial autocorrelation can lead to bias

within the estimates (Johnson et al, 2013).



Research question:

Based on surrounding environmental factors what are the habitat preferences of roe deer

(Capreolus capreolus)?
Predictions:
Based on the trends observed in the evidence above, this study presents five predictions:

Roe deer will have a substantial presence in areas with human activity.
Roe deer will avoid rivers due to the climate type of Scotland.
Temperature will cause a decline in detections.

Wind and precipitation will have no impact on the detection rate of roe deer.

A o e

Areas with dogs assumed as present will have a reduced number of detections and

occupancy.



Methods

Study Design

The fieldwork spanned over a five-week period (7/05/2024 — 30/06/2024) in
Stonehaven Aberdeenshire, Scotland. The study was conducted during the summer months,
within a wet temperate climate. Nine CTs were used within this study, deployed across eighteen
locations (Figure 1). Due to logistics and availability, the cameras were separated into two
groups and moved bi-weekly. Each CT had a minimum of 500 metres distance between them
to decrease the risk of the same deer being detected, while still being near allowing for

movement of cameras due to land permissions.
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Figure 1 — A: A map derived from Google Maps, presenting all CT locations across the study
area. Each CT location is represented by white dots. B: A close-up version of the map from
figure 1A depicting the locations of eleven of the CTs. C: An additional close-up of the map
from figure 1A representing two CT locations. D: A close-up version of the map seen in figure

1A illustrating six CT locations.



There were weekly site visits for data collection and equipment maintenance. This was
essential for several reasons, firstly, the memory cards were wiped after data collection to
prevent them from reaching capacity, which would risk losing data. Secondly, the batteries
were changed when required, the CTs were also checked to confirm there was no damage to
them and had not been tempered with or stolen. Additionally, at each location, the coordinates
were recorded to ensure no cameras were lost. Google maps was used to obtain the coordinates
of each location, as well as calculate the distance from each CT to several of the covariates
using the map measure tool (Google Maps, 2024). The CTs were set to picture mode, again to
prevent the SD cards reaching capacity. For several of the covariates weather conditions per
day of the study were required. This data was obtained from the weather archive for Stonehaven
(Historical Weather & Weather Archive, 2024). As there is one weather station in Stonehaven,

it was only possible to have each location have the same weather conditions per day.
CT Placement:

The location of the CT placements was chosen prior to the cameras being deployed in
each location. This was due to required permission from landowners before any CTs could be
placed. Furthermore, an even spread between semi-urban and rural habitats were chosen to
ensure generalisability of results. An even spread was ensured by picking different locations
based on housing, roads and environmental surrounding, such as rivers, tree coverage and

assumed presence of dogs in the area.

The CTs were placed in areas unlikely to have people in close proximity, to avoid
General Data Protection Regulation (GDPR) issues. Furthermore, the placement was designed
for the CTs to be hidden to prevent people spotting any CTs from a distance. The CTs had to
be facing north to prevent the sun shining straight into the lenses and they were then strapped
onto a tree or post. Each CT was around one metre off the ground as to avoid false triggers
from ground vegetation and as this is the average height of a roe deer. The locations as shown
in Figure 1B, were chosen as they are located within a wooded area and include many features
that could affect the occupancy of roe deer. This area is the most distant from the dual
carriageway yet has a high-speed road nearby. The site is characterised by minimal housing, a
large river and frequent dog walkers. In contrast, locations displayed in Figure 1C were selected
for their more urban settings. One was situated in the middle of a housed area and near a major
road, whilst the other was close to buildings but further away from the major road. Finally, the

locations shown in Figure 1A were chosen to have a balanced mix of housing density, road



proximity, and assumed presence of dogs, ensuring a strong spread of factors that could affect

the occupancy of roe deer.
Occupancy Model

The data was recorded in the form of a binary string (1 = detection and 0 = non-
detection). Each detection per day was counted as that space being occupied for that 24-hour
period, the number of detections was not accounted for. Firstly, the occupancy model was fitted

without including any variables, a “null” model, to estimate the probability of detection (p) and

occupancy ().

Initially six occupancy covariates and three detection covariates were included within
the occupancy model. The occupancy covariates are distance, measured in kilometres (km), to
the closest river, minor road, housing area and the dual carriage way (major road), habitat type
(urban/rural), and if dogs were assumed as present in the area. Dogs were considered present
in the location, if one of two criteria were met, if they were seen whilst deploying the CT or if
captured by the CT. The detection covariates are temperature degree Celsius (0°), precipitation
in millimetres (mm) and wind speed metres per second (m/s) for each day the CTs were in each
location. Raw data for each detection covariate can be viewed in Figure 2. However, based on
the comparison of the Akaike’s Information Criterion (AIC) scores from each model, the
following covariates were removed; distance to housing, dual carriageway, river, presence of
dogs, temperature, precipitation and wind speed per day as the model fit was stronger and less

complex without them.
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Figure 2: A visual representation of the raw data for each weather condition with each data
point depicting the daily measurement per day of the study. A: The median temperature (°C).
B: Precipitation (mm) C: Wind speed (m/s).

The following four-lined equation represents the final model used to estimate the occupancy

of roe deer, incorporating occupancy covariates.
z; ~ Binomial(ys;)
logit(y;) = By + By X Road; + B, X Dog; + B3 X Urban;
Yik ~ Binomial(pi_k)
logit(pi,k) = o

where z is the absence or presence of roe deer, ; is each location, assumed to be
generated according to a binomial distribution, ¥ is the probability of absence and presence. Y
is estimated from the data and z is a latent variable. Fit on the logit link function, B, is the
intercept and [3; is the slope of distance to road and 3,43 is the contrast of assumed dog
presence and habitat type. Where y is the absence or presence of roe deer, « is the day and o, 1s

the intercept.
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Results
Roe Deer Habitat and Weather Preferences

Covariates associated with occupancy are as follows; assumed presence of dogs, habitat
type (urban/rural), distance (km) to road, dual carriageway, river and housing. Detection
covariates are as follows; temperature (°C), precipitation (mm) and wind speed (m/s) per day
of the study. Visualisation of each covariate can be viewed in figure 3.
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Figure 3 — Proportion data with roe deer detections against six occupancy covariates and three
detection covariates. Figures A-F presented are occupancy covariates and Figures G-I are
detection covariates. A: The proportion of deer detected versus the distance to road (km). Data
points relatively sparse wth slight skew of higher proportion to the left indicating negative
relationship. B: Proportion of roe deer against the assumed presence of dogs. Negative
relationship indicated by higher proportion of roe deer in areas wth no dogs presumed as
present. C: Habitat type versus the proportion of roe deer. Clear trend of higher proportion of
roe deer in rural areas. D: Relationship between distance to dual carriageway (km) and
proportion of roe deer. Data points sparse with slight skew to left of the plot, indicating positive
relationship. E: Negative relationship between distance to river (km) and proportion of roe
deer, with skew to right of the plot. F: Effect of distance to housing (km) of proportion of roe
deer. Data points indicate higher proportion as distance increases. G: Negative relationship
between precipitation (mm) and proportion of roe deer, clear skew to the right of the graph. H:
Proportion of roe deer against median temperature (°C), no relationship shown as data points
are too spread. I: Wind (m/s) versus proportion of roe deer, no relationship observed through
data points.
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Occuancy Models and Roe Deer Habitat Preferences

Multiple models were fitted to the data including a ‘null’ model which did not include
any covariates. The ‘null’ model resulted in an estimated occupancy probability of 67% (logit
0.73) and a detection probability of 28% (logit -0.96), as well as a Confidence 95% interval
(CI) of 0.35 for detection and CI of 0.85 for occupancy. The next model incorporated all
covariates from which AIC variable selction was applied resulting in the final model which
only included three occupancy covariates; distance to road, habitat type and assumed presence
of dogs, with no covariates influencing detection.

AlIC-based variable selection led to the selection of the minimum adequate model,
which retained the impact of the distance to road (km), habitat type and assumed presence of
dogs. Both the model’s estimate (Table 2) and Figure 4A illistrate a negative relationship
between assumed presence of dogs and the probability of roe deer occupancy. Probability of
roe deer occupancy sits at approximately 87%, in comparison to 32% when dogs are assumed
as present. However, the estimates have a high level of uncertainty given the 95% confidence
intervals (CI) overlap considerably. Distance to road demonstrated a strong positive
relationship (Table 1 & Figure 4B). This is evident in Figure 4B, as the trend line increases
close to 100% from approximately 25%. Roe deer prpobability is substantially higher when in
a rural area than in an urban one, when in an urban area the probaility is 0% whilst rural has a
probability of approximately 87% (Figure 4C). In combination with this and the estimate (Table
1), a strong negative relationship is exhibited. However the estimates portray uncertainty within
the model as the 95% CI overlap substantially coupled with the standard error of 32.63 (Table
2).

Table 2 — The parameter estimates (on the logit link scale) from the final model, including
covariates; distance to road (km), habitat type and assumed presence of dogs.

Parameter \ Estimate \ Standard Error
Occupancy

Intercept 1.39 1.20

Road slope 5.96 3.76

Urban contrast -8.52 32.63

Dogs present contrast -2.62 1.63

Detection

Intercept 1-0.96 1 0.175
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Figure 4 — Two dot plots and a line graph representing the occupancy model output of estimated
probability of roe deer presence versus three covariates associated with occupancy. A: The
influence of assumed presence of dogs, demonstrating a negative relationship. B: The positive
trend between distance to road (km) and the probability of roe deer presence. The steep trend
line indicates a strong relationship; however, the 95% CI (grey ribbon) indicates high
uncertainty in the relationship. C: The negative relationship portrayed by the substantial
difference in probability between rural and urban habitats.
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Table 1 — The AIC results and number of parameters for models performed as a comparison for
the best fitting model. Covariates are as follows; temperature (°C) for each day (temp),
precipitation (mm) for each day (precip), wind speed (m/s) per day (wind), assumed presence
of dogs (dogsYes), distance to river (km) (river), distance to road (km) (road), distance to dual
carriageway (km) (dual), distance to housing (km) (housing), the type of habitat (habitatUrban).

Model AIC No. of Parameters
Occupancy

~dogsYes + river + road + dual + housing +
habitatUrban

230.6274 | 11

Detection

~Temp + precip + wind
Occupancy
road-+habitat+dogs

221.3495 |5
Detection
~1
Occupancy
~1

225.8202 2
Detection
~1
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Discussion

The overarching aim of this research was to collect evidence of roe deer habitat
preferences with consideration to a population management plan. In total, six occupancy
covariates and three detection covariates were investigated to determine the habitat roe deer
favour in a wet temperate climate. Whilst the results of this study all have relatively strong
relationships, high uncertainty is observed within the occupancy model. Therefore, when
reviewing the results from this research, the small sample size should always be considered.
Ideally a larger sample size and utilising a model that could account for all four seasons would

be recommended for any future population management plans.

It was determined that the median temperature per day of the study did not have an
influence on the proportion of roe deer detected. This result did not align with prediction 3.
This contrasts with existing research observing lower deer distribution during higher
temperatures, such as Van Beest et al (2013). However, it is of note that their study was
completed in southern Manitoba, Canada. The mean temperature of Manitoba during summer
is 27°C with a maximum of approximately 38°C (Bumsted et al, 2024), whilst the mean and
maximum temperature throughout this study was substantially lower at 11.9°C and 16.1°C.
This difference of results is also evident within a study by Pérez-Barberia et al (2020). Their
research noted that mothers and fawns reduce movement during high temperatures in an
attempt to avoid heat stress in temperatures >16°C. Despite the duration of this study being
shortly after fawning season (Gaillard et al, 1993), the mean temperature was 11.92°C.
Therefore, the colder wet temperate climate of Scotland may explain the insignificant effect of
temperature on roe deer. Furthermore, the difference between the lowest and highest mean
temperature was merely 4.95°C, indicating that the temperature range was insufficient to
accurately assess the impact on roe deer detections. Therefore, a limitation within this study is
the research spanning only 5 weeks during one season, not allowing for substantial change in
temperature that can influence detection rate of roe deer. For future improvement, it is
recommended to span research over four seasons to get a true representation of the effect of
temperature, to give a more holistic understanding when considering population management
control. Additionally, wind speed per day also had no influence on the proportion of detected
roe deer, and thus, aligning with prediction 4. While two studies observed wind speed
influencing activity patterns of white-tailed deer, this has been only under extreme weather
conditions, either when temperatures were higher than normal (Beier & McCullough, 1990),

or extremely low (Lang & Gates, 1985). The lack of temperature change within this research
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may give reason to why there was no impact of wind speed on detection of roe deer. To the
knowledge of this study, there is limited research on the impact of wind speed on cervid species,
thus making it difficult to determine if the result of no effect is a true result or due to study
limitations. Being aware of the impact weather conditions have on the detection and
distribution of roe deer would contribute to a hunting strategy for population control of roe
deer. Therefore, a future management plan would benefit from researching each season of the

year.

The relationship between distance to major roads (dual carriageway) and minor roads
(road) with roe deer have both shown to be negative, contradicting prediction 1. It was found
that distance to dual carriageway presented a stronger relationship than distance to road (Figure
3A & 3D). Whilst ungulates typically avoid roads, Meisingset et al, (2013) observed red deer
crossing roads at night, in low disturbance areas. This result is further supported by studies
observing that deer and ungulates overall tend to avoid major roads with high traffic and
disturbance levels (Kusta et al, 2017; Meisingset et al, 2013). Therefore, the weaker
relationship of distance to road can be attributed to the differing disturbance levels between
major and minor roads. This can also explain the uncertainty within the occupancy model, as
roe deer may have avoided minor roads during daytime but not during the night. This in turn
leads to the conclusion that deer related vehicle incidents should not be of priority in a deer
management plan. However, contradicting to the results, throughout the duration of this study
there was a high-risk warning for deer related road accidents within the study area (Fleming,
2024, NatureScot, 2024a). Due to the dangerous nature of road accidents, the final conclusion
of this result is to sustain all efforts towards preventing wildlife related road accidents.
Additionally, a recommendation for future research would be to split day and nighttime as there
is the possibility of roe deer crossing roads during the night, allowing for these differences to
be accounted for. Moreover, knowledge of ungulate avoidance of major roads could aid in a
management plan to control an outbreak of zoonotic diseases. This can be attributed to roads
acting as barriers for migration and therefore, host gene flow (Trombulak & Frissell, 2000). As
a result, avoidance of major roads can be used to identify areas with a high abundance of deer

with restricted movement, aiding in highlighting potential areas for investigation.

Two habitat types were researched within this study, urban and rural. The result for
habitat type indicates that roe deer prefer spaces that are rural instead of urban, thus not aligning
with prediction 1. It was observed by Ciach & Frohlich (2019) that roe deer favour areas that
do not have any artificial lighting and tend to avoid the areas that do. Urban areas typically
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have artificial lighting which in turn could drive roe deer away from the location. This is further
supported by a study completed by Jasinska et al (2021), as it was observed that when roe deer
enter urbanised areas, the locations had minimal light pollution and land fragmentation. This
evidence also presents an explanation for the uncertainty within the occupancy model, if roe
deer were to go into urban areas with minimal light pollution and human disturbance, this could
skew the results. This provides further justification for separating night and daytime for a future
study, as this would account for roe deer entering in urbanised areas during daylight hours when
artificial lighting will not have an effect. The above evidence also supports the negative
relationship seen for distance to housing. The results for distance to housing, reveal a trend of
higher proportion of roe deer when further away from housing, remaining inconsistent with
prediction 1. Housing schemes are classified as an urban space, providing an explanation for
the results being consistent with one another. Although, it is possible for deer to enter urbanised
and housing areas by mistake, deer can misinterpret rivers as migration corridors into urban
areas (Ciach & Frohlich, 2019). This is especially evident within this study as there are two

rivers running through rural areas and into urbanisation, the Carron and Cowie rivers.

The relationship between precipitation and roe deer detections, appears to be strongly
negative, with a slight skew in the data when the detection rate of roe deer increases when
precipitation is higher. However, figure 2B illustrates said relationship is not accurate, for the
most part precipitation remained low below 3mm for the duration of the experiment, despite
two occasions where precipitation was above 13mm. Throughout the experiment precipitation
remained consistently low hence why this relationship is illustrated as strongly negative as this
is the only time roe deer could have been detected. Moreover, the skew in the data can be
attributed to the two bouts of high precipitation. As such, roe deer were detected when
precipitation was both high and low, and no relationship can be determined due to the limited
data. Contrasting to prediction 2 of this study a strong negative relationship between distance
to river and roe deer detections was observed. There is limited research on the effect of rivers
in a wet climate, as most current studies investigate this effect in a hot arid environment or with
the presence of predators (Long et al, 2009; McKee et al, 2015). Deeming these studies as
incomparable as there are no natural predators of wild deer within Scotland (NatureScot,
2024b) and this study is based in a wet climate. A likely justification for the unexpected result
is the lack of precipitation leading to a decline in rain dependent water resources, turning rivers
into a valuable water supply. Eom et al (2023) observed a similar response in Siberian roe deer,

as seasonal movement of deer was strongly influenced by resource availability. The results

17



have highlighted a knowledge gap between the influence of rivers in the summer months of a
wet climate and deer. Due to this future research would be recommended to investigate the

differences between low and high precipitation on influencing resource tracking.

Roe deer had an aversion to locations with assumed dog presence, aligning with
prediction 5. This is not uncommon amongst deer as it can be seen in numerous studies. An
example of this was observed in white-tailed deer which exhibited the highest levels of
avoidance when dogs were accompanied by owners, rather than humans or dogs by themselves
(Parsons et al, 2016). This correlates to this study as all dogs seen at each location were
accompanied with an owner, giving reason to why roe deer would have avoided these locations.
Furthermore, Padi¢ et al (2015), also observed roe deer fleeing at the sight of a human, as well
as auditory stimuli of dogs barking. This reinforces the idea of roe deer favouring areas without
any humans or dogs present. However, their research was based in a popular hunting zone
which was suggested as a possible reason for their flight response. Hunting at each location
within this research cannot be accounted for as this study is unaware of any hunting at each
site. That said, if roe deer within this study were to associate humans as accompanied with
dogs, this could lead to the same fleeing response that the hunters cause, as locations with dogs
were also popular walking trails. This association could be a possible explanation for the
uncertainty seen within the model as it could lead roe deer to flee even in cases where no dogs
were present. Moreover, the appearance of a human when CTs were being deployed could have
also triggered a flight response, thus causing uncertainty within the model. The awareness of
roe deer avoidance of humans and dogs can prove essential in multiple population management
strategies. For instance, this could aid hunters in picking locations in the case of a cull for
population reductions, as well as locations for fencing roe deer into quiet and peaceful spaces

to prevent any stressors.

The findings of this study provide important insights into the habitat preferences of roe
deer and how weather conditions may alter their behaviour. The predictions of this research
anticipated roe deer would be observed in spaces with substantial human activity, despite the
disadvantages for the roe deer. Due to the outcome of these findings, roe deer are unlikely to
pose as a threat in consideration to zoonotic diseases and damage to property. However,
regarding deer related road accidents, although the results suggest roe deer avoid major and
minor roads, precautions should be taken to protect both roe deer and humans. Therefore, two
population management plans are recommended from this study; hunting to regulate

population size and fencing to protect deer from hazardous areas. Awareness of such
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preferences can aid in developing a population management plan for both strategies. The use
of hunting to reduce population sizes can be benefited by understanding habitat preferences as
it can provide insight into where roe deer are likely to be situated. Moreover, using the
knowledge gathered within this study, fencing can be implemented to ensure roe deer are kept
in a safe and undisturbed environment. Due to the limitations of the occupancy model not
accounting for spatial autocorrelation, it is suggested that future investigations incorporate this
to alleviate risk of bias within the results. Conversely, Diniz-Filho, Bini & Hawkins (2003)
highlight that deploying a statistical model that fails to include spatial autocorrelation does not
necessarily invalidate the results. Thus, the results from this study should not be disregarded as
it does not account for spatial autocorrelation. Additionally, future research including a larger
sample size and a longer time span would allow for true representation of the influences

environmental factors can have on the distribution of roe deer.
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