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1. Abstract 
 

Human population keeps growing at an unprecedented pace and so do the effects of 

the anthropogenic footprint on wildlife habitat. As a result, human-wildlife conflict in urban and 

semi-urban areas is an issue of increasing concern. Empirical data from wildlife research carried 

out in urban areas are key to understand the effect of human pressures on wildlife ecology and 

behaviour, and to inform future wildlife management decisions within human dominated 

landscapes.  An empirical-driven management of wild animal populations is of vital importance 

for both human wellbeing and animal welfare. Animal welfare includes allowing animals to 

display natural behaviours, which is often significantly constrained within urban areas.  

Here, I gathered empirical data on the behaviour of fallow deer (Dama dama) mothers 

and their fawns during the fawning season in the largest urban park in Europe, Phoenix Park in 

Dublin, Ireland.  The aim of this study was to understand how female deer and their fawns have 

adapted their behaviour during the birth period in an area dominated by people (over 10 million 

visitors per year in an area of 10km2) and their dogs. More in detail, I have collated data about 

481 bedsites of 285 fawns during three consecutive fawning seasons, and modelled bedsite 

selection by fitting Resource Selection Functions (RSFs). In the first two to three weeks after birth, 

mothers leave their fawns alone hidden in the vegetation for several hours while they are grazing 

in the main pastures. Hiding is an anti-predator behaviour adopted by fawns to reduce predator 

pressure mainly from terrestrial predators such as the red fox. I found that, when choosing the 

bedsites where to give birth and leave fawns unattended, mothers significantly avoided hotspots 

of people presence, keeping a distance of at least 187.5m from them. In addition, bedsites were 

located away from roads (being rarely located within 50 meters from a road) and characterized 

by dense understory vegetation giving low visibility.  

For the first time, through the combination of bedsite data as well as observations of 

people and their dogs, I described bedsite selection at a resolution never attempted before, 

gathering empirical evidence on the features of bedsites selected by mothers to successfully give 

birth and protect their fawns during the first weeks of life. These data can be used by urban 

wildlife managers to protect fawning sites and alleviate human-wildlife conflict during this critical 
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period of the deer annual biological cycle. Ensuring fawns’ wellbeing and survival in urban areas is 

fundamental for maintaining high welfare standards of urban wildlife through the implementation 

of good management practices.               

 

Key Words: Bedsite, Human-wildlife Conflict, Human Pressures, Urban Wildlife, Resource 

Selection Functions. 

 
2. Statement of Original Authorship 
 

I hereby certify that this submitted work is my own, was completed while registered 
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4. Introduction 
 

We are currently fully embedded in the Anthropocene era (Morelli et al., 2020). This 

era is defined by the human impact to our planet ecology and geology. It is estimated that more 

than 50% of the population will be concentrated in continuously growing cities by 2030 (Lowry 

et al., 2013; Shochat et al., 2006). To accommodate the increasing number of inhabitants, cities 

are expanding at an extremely fast and unprecedented rate worldwide (Wolff et al., 2018). This 

expansion is causing an increase in encounters between humans and wildlife due to the 

urbanization of natural habitats. The process of wildlife moving from rural to urban areas is called 

synurbanization, forcing wildlife across taxa of the animal kingdom to either adapt or perish 

(Barber et al, 2010; Gallo et al, 2018; Huijbers et al, 2013; Lowry et al., 2013; Morelli et al., 2020; 

Shochat et al., 2006; Sol et al., 2013; Tucker et al., 2018; ). Urbanization has been shown to affect 

and shape animal behaviour including constraint to animal movement (Tucker et al., 2018), 

modification of predator-avoidance behaviour in prey (Gallo et al, 2018), modification of signal 

transmission (Lowry et al., 2013), and disruption of breeding season length (Lowry et al., 2013). 

The increase in urbanized areas around the world is allowing humans and their canine 

companions to access wild habitats that were once considered remote. As a result, studies which 

assess the consequences that human and canine presence have on wildlife are increasingly more 

important. Multiple studies have shown that human presence can change wildlife behaviour 

dramatically (Gander H. & Ingold P., 1997; Hebblewhite et al., 2005; Recarte et al., 1998; Shen-Jin 

et al., 2007; Whittington et al., 2004). Wildlife is shown to increase flight response and avoidance 

behaviour in locations with high human presence (Recarte et al., 1998). Moreover, it alters 

habitat use and movement of wildlife (Gander H. & Ingold P., 1997; Whittington et al., 2004). An 

example is the study from Whittington et al. (2004) which found that wolves path tortuosity 

increases when close to hiking trails with high human presence. Changes in wildlife habitat use 

and movement can be detrimental for all wildlife as they can cause trophic cascade effects that 

can alter the fragile balance of any ecosystem (Hebblewhite et al., 2005). Canine presence has 

also been found to alter wildlife behaviour (Manor R. & Saltz D., 2004; Martinetto K. & Cugnasse 

J.M., 2001; Miller et al., 2001). Previous studies have shown that canine presence increases the 

alert and escape distance in many ungulates species, and also reduces offspring/female ratio in 
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mountain gazelle (Manor R. & Saltz D., 2004; Martinetto K. & Cugnasse J.M., 2001; Miller et al., 

2001). Lower offspring numbers could be caused by increased vigilance and decreased breeding 

behaviour. A similar pattern was revealed in the study by St. Clair et al. (2009) where male elk 

were found to decrease reproductive behaviour, such as sparring and mating, and increase 

vigilance when close to busy roads. Due to the importance of breeding seasons in keeping wild 

animal populations healthy, changes in breeding behaviours can create a knock-on effect which 

in the long term could alter wild populations composition and natural selection processes.  

Breeding season as well as offspring rearing and weaning are critical periods of the 

annual biological cycle that ensure viable and healthy natural animal populations (Ellis L., 1995; 

Elowe et al. 1989, Williams G. C., 1966). Natural selection has been selecting for traits and 

adaptations aimed at maximizing mating success and fitness. By investing in body mass and antler 

size, male deer can become high competitors, achieve a significant mating success and pass their 

genes to the next generation (Vanpé et al., 2010). Even more critical, however, it is the need of 

adapting to local conditions and increase offspring survival. Lizards of the genus Anolis improve 

the chances of egg hatching by laying low clutch sizes every 1-2 weeks and therefore taking 

advantage of the short favourable climate conditions for reproduction in the tropical forest 

(Andrews et al., 1974). Similarly, bird species have adapted so that their breeding season time 

coincides with period of maximum food abundance for feeding their young (Both et al., 2006). 

In ungulates, offspring and their mothers can exhibit several strategies to increase 

survival during their first weeks of life, which constitute a continuum ranging from “hider” to 

“follower” strategies (Walther, 1961a). In “hider” species, offspring hide in dense vegetation and 

they remain separated from the mothers for long periods of time. On the other hand, mother 

and young in “follower” species are always in close proximity and the mother directly protects 

the young against predators (Walther, 1961a). In “hider” species, such as fallow deer (Dama 

dama), selection of a suitable bedsite after parturition plays a major role in increasing offspring 

survival (Gerlach & Vaughan, 1991; Tull et al., 2001; Van Moorter et al., 2009; Monestier et al., 

2015). During this vulnerable time for offspring fallow deer mothers decrease their home-range 

sizes and select for denser habitats to increase concealment and decrease predator’s ability to 

detect fawns (Ciuti et al., 2005). In the current literature regarding ungulates, several studies 
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have been published on the selection of fawns’ bedsites and its relationship to survival (Smith et 

al., 1979; Long et al., 1998; Piccolo et al., 2010; Shuman et al., 2017). Nevertheless, very little is 

known on fawn bedsite selection in human dominated landscapes. As introduced earlier, human 

population keeps growing at an unprecedented pace and so do the effects of the anthropogenic 

footprint on wildlife habitat. Empirical data from wildlife research carried out in urban areas are 

key to understand the effect of human pressures on wildlife ecology and behaviour, and to inform 

future wildlife management decisions within human dominated landscapes. An empirical-driven 

management of wild animal populations is of vital importance for both human wellbeing and 

animal welfare. Animal welfare includes allowing animals to display natural behaviours, which is 

often significantly constrained within urban areas. This applies to deer living in semi-urban and 

urban areas, particularly the need of females to find suitable birth sites.  

Here, I have gathered data on 285 neonate bedsites in the largest urban park in Europe, 

Phoenix Park in Dublin, Ireland. Simultaneously with the bedsite data collections, I have collated 

direct observation of people and dogs present in the same area where fawns were monitored. 

These observations were key to disentangle how mother and fawns have adapted their behaviour 

during fawning in a human dominated environment. Phoenix Park is an ideal study location since 

it is visited by 10 million people every year, including their dogs. In addition, the main road 

connecting the north-west side of Dublin to the city centre cuts the Park in two. This busy road, 

together with the many side-roads that run across the park, create a large green urban area 

characterised by high levels of vehicle disturbance.  

 

The aim of this study was to understand how fallow deer mothers have adapted the 

way they select suitable hiding sites for their fawns due to high people and dog presence and 

high road connectivity of the park. Three main predictions were made regarding the adaptation 

of bedsite selection in urban areas: 

 

1.  Mothers are predicted to select areas characterized by dense vegetation and low visibility so 

as to reduce fawns’ detectability by terrestrial predators including humans.  
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2.  Bedsites are predicted to be located at greater distance to hotspots of people and dog 

presence than predicted by chance. 

 

3.  Bedsites are predicted to be located at greater distance from roads than predicted by 

chance. 

 

5. Materials and Methods 
 

5.1 Study Site  
 

   The study was conducted in Phoenix Park, an urban park located in North-West Dublin, 

Ireland (53°22'N, -6°21'W). James Butler, on behalf of King Charles II, established the park in 1662 

(The Office of Public Works, 2020). The park was originally inaugurated as a Royal Deer Park, in 

which fallow deer were imported from England for hunting purposes (The Office of Public Works, 

2020). Phoenix park encloses 709ha of land (Jennings et al., 2005), which makes it the largest 

park in a capital city across all Europe. The park is a notorious tourist attraction and is estimated 

to welcome 10 million visitors annually. The vegetation is composed mainly by grassland (56%) 

and woodland (31%). In addition, 7% of the park is covered by roads and buildings. Nowadays, 

the park is home to a fallow deer population of around 630 individuals (end of summer 

population estimate, which includes newborn fawns). The only natural predator in the park is the 

fox, which predate solely on newborn fawns. For this reason, the adult population is managed 

through a yearly culling to maintain the population at around 600 individuals, which is the 

maximum capacity that the park can support. The number of individuals culled changes each year 

and depends on the number of fawns that survive and join the herd. Fawn mortality rate in 

Phoenix Park was around 16% in 2018, 8.4% in 2019 and 19% in 2020. In the wild fawn mortality 

rate can go up to 50% in temperate ungulate species (Kjellander et al., 2012). In fallow deer it has 

been estimated to be around 24% (Kjellander et al., 2012). In addition, for population 

management purposes, over 90% of the newborn fawns are captured and ear-tagged during their 

first weeks of life.   
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5.2 Data Collection   
 

5.2.1  Fawn Bedsites and Random Sites 
 
 

Researchers from University College Dublin (UCD), in collaboration with the Office of 

Public Works (OPW), have been capturing and tagging new born fawns in Phoenix Park since the 

1970s. Tagging is important for the management of the deer population living in the park and 

research purposes. This activity takes place in the month of June, when fallow deer mothers give 

birth to their offspring. There are 7 sectors in which mothers tend to give birth and hide their 

fawns and they are located in the North-West part of the park. These sectors make up for the 

area surveyed during the fawn captures (Fig. 1).  

The capture team, composed of 10-15 people, survey 3-4 of these sectors between 

09:00 to 16:00 daily, capture and eartag all newborn fawns encountered during the survey, and 

gather environmental characteristics of the bedsites. All sectors are covered every two days and, 

when revisited, fawns that already have been tagged can be recaptured to monitor body growth 

and gather additional data on bedsite characteristics. The methodology used to capture the 

fawns consists in forming a line and each person walking parallel to each other maintaining a 2m 

distance. When someone sights a fawn, the spotter attracts the attention of the other members 

of the team which together circle the fawn and capture it with a fishing net. The nets used for 

captures are round fishing nets 1-1.5m long with a 1.5m handle. Once the fawn has been 

captured it is handled by two people. One person immobilizes the legs while the other holds the 

head and covers the fawn’s eyes. During the handling, a third person eartags the fawn, identifies 

the sex of the animal and weighs it, along with the collection of several morphological and 

physiological data used by ongoing scientific research.  

A fourth member of the team records the GPS coordinates of the bedsite and gathers 

data on its visibility. For the collection of visibility, a cardboard of 36x45cm, which emulates the 

average size of a fawn standing up, is used. The cardboard is vertically placed on the bedsite 

where the fawn has been found, and the person collecting the visibility walks 10m from the fawn 

in the direction of the four cardinal points. From the 4 cardinal points, the operator counts the 

number of visible triangles (out of 18 triangles that are visible on the cardboard) from a height of 
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70cm above the ground, which corresponds to the height from which a fox – the only natural 

predator in the area – could spot the fawn. The height of the fox (70cm) was chosen over the 

height of humans (180cm) and dogs (90cm) because the latter rarely leave the hiking trails of the 

park. Therefore, fawns have a higher risk of being sighted by foxes than humans and dogs. From 

the visibility collected in the four cardinal points, an average visibility is calculated and assigned 

to the bedsite.  

My study used the fawn capture data collected in 2018 (8-28 June), 2019 (7-28 June) 

and 2020 (6-28 June); comprising of 102, 83 and 100 individuals captured respectively (Fig. 2). 

However, the number of bedsite collected is higher since each fawn, if sighted again, can be re-

captured multiple times during the fawning season. Since all fawns move daily the bedsite 

location changes, therefore data is collected for the bedsite of all recaptures. The total number 

of bedsites collected was 163 in 2018, 155 in 2019 and 163 in 2020.  

In this research, I used a presence-availability design to depict bedsite selection, 

leading to the definition of Resource Selection Functions (RSFs, explained in full below) (Thurfjell 

et al., 2014; Ciuti et al., 2018). RSFs allow to assess the relative probability of selection by 

comparing environmental features of used sites (the sites where fawns were captured and 

tagged) to those of sites selected at random (available sites). To do so, random points were 

selected using a GIS software and visited during the fawning season, simultaneously to the fawn 

tagging operations. The number of capture points generated 150, 300 and 294 for 2018, 2019, 

and 2019, respectively (Fig. 2). Random points are generated using ArcGIS and they are created 

to be at least 20m between each other inside the areas surveyed by the capture team. The 20 m 

threshold avoids that 2 random points generate vegetation visibility from the same location.  All 

random points are visited during the fawning season using a handheld GPS. Visibility and GPS 

location are collected for each point.  
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Study Site 

 
Fig. 1: Satellite map of the study site location: Phoenix Park, Dublin, Ireland. The map illustrates in light blue the capture area, which includes all 

the areas of Phoenix Park that are routinely walked by the capture team during the fawning season.  
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                             2018                                                           2019                                                             2020 
 

Bedsite and Random Available Points Locations  
 

Fig. 2: Plots of bedsite locations (*) and random available points (  ) for 2018-20.
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5.2.2 Human and Dog Presence Observations 

 
 

Human and dog presence observations were collected during the fawning season of 

2019 (7th-28th of June), and such data have been used to build a human-dog-presence model to 

also be used in 2018 and 2020. This is starting from the assumption that the access to the hiking 

trail is comparable across years. The fawning area of the park, which is located in the north-west 

section of Phoenix Park, was divided into 4 sectors. Each of the sectors was surveyed 16 times, 

each being an hour long, bringing to a total of 64 observations. Observations were carried out 

between 9.00-17.00 during both weekdays and weekend. Observations were collected by 

walking at a speed of 5 km per hour in each sector along all main paths and trails. GPS handheld 

units were used to record the position of human and dog presence on path or trails (Fig. 3). If the 

human or dog were outside the path or trail, their GPS location was estimated combining the 

GPS position taken with the GPS hand-held unit with the data gathered using a Hawke Endurance 

Laser Range Finder, a compass (for the distance and bearing of people/dog with respect to the 

GPS position taken along the trail). Human groups were defined as any group containing one or 

more individuals. The number of people and dogs present was recorded for each group. The 

purpose of my study was to use this data collection and understand if bed-site characteristics and 

location is influenced by human and dog presence.  

 

5.3 Road and Vegetation Maps 
 

   Whereas visibility of bedsite was recorded by the research team by visiting both 

bedsite and random points, environmental maps of Phoenix Park were gathered from Ordinance 

Survey Ireland (OSI) (Fig. 4 & Fig. 5). These maps were used to extract the vegetation type at the 

sampling points as well as the distance of bedsites and random available points to the closest 

road. All maps were projected from the geographical reference system of the park (lat-long, GPS Units 

WGS 1984. EPSG: 4326) to its projected reference system (ITM IRENET95_Irish_Transverse_Mercator. 

EPSG: 2157).  
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                      Trail Map with People and Dog Observations 

 
Fig. 3: Trail map of Phoenix park fawning site. This map includes all paths and trails present in 

the fawning area (      ); and people and dog presence observations (    ). 
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                                Road Map 
 

Fig. 4: Road map of Phoenix park fawning site. As shown in the picture 5 types/infrastructures are 
present in the fawning site, which include: walk generals (indicating walking paths), single 
carriageways, dual carriageways, lanes and one roundabout. 
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      Vegetation Map 
 

Fig. 5: Vegetation map of Phoenix park fawning site. The main vegetation types in the site are: 
Grass/Clay Surface, Woodland Deciduous and Woodland Mixed. There are also small 
areas that are characterised by woodland coniferous and scrub as vegetation type.  

 



 17 

5.4 Data Analysis 
 

5.4.1 Data Screening 
 
The data analysis for this project was conducted through R programming language. The R free 

software environment version used was R-3.6.3 (R Core Team, 2020), while the interface version 

used was R-Studio 1.3.1056. The data were imported to R and screened for typing errors.  

 
5.4.2 Spatial Analysis in R 

 
Distance from roads and vegetation type 
 

The first step of the spatial analyses involved calculating the distance from the closest 

road - where vehicle traffic was allowed - for both bedsites and random points. The R gDistance 

function from the sp package was used for both tasks. Vegetation type was also obtained using 

the over function from the sp package. Once the extraction was completed, the vegetation type 

categories were simplified into: 

 

• Open Habitat: containing all the points falling in the vegetation map category of  

Grass/Clay Surface. 

• Forest Habitat: containing all the points falling in the vegetation map category of Scrub, 

Woodland Mixed, Woodland Deciduous and Woodland Coniferous.  

 

Buffers  
 

As introduced earlier, the goal of resource selection functions is to compare 

environmental features of the bedsite (used points) with those of random available points. This 

analysis can be carried out at different spatial scales, e.g.: at the small spatial scale, bedsites are 

coupled with nearby random points (e.g., within a buffer of 250 m from the bedsite); whereas, 

at the largest spatial scale, bedsites would be coupled to all random points visited in the study 

site. Selecting different buffer sizes helps appreciating the variation of bedsite selection at 

different spatial scales. Therefore, I created buffers of different sizes around all bedsites to 

compare bedsites to the habitat available around them. The scales picked for the buffers had 
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different diameters: 250m, 375m, 500m, 750m, 1000m, 1500m and 2500m. The smaller diameter 

was chosen since it was the smallest buffer that allowed for all bedsites to be compared with 

enough random available points at such small scale. The larger scale is based on the total 

diameter of the fawning area. Intermediate buffers were included to look at how the selection 

changes between the fine and large scale.  

Buffer zones were created using the gBuffer function from the sp package in R (Fig. 6). 

After creating the buffers, a for loop function was used in order to match each bedsite to the 

random points that fell inside their corresponding buffer. This completed the bedsite database 

for the analysis. Environmental features were associated to bedsite and random available points, 

at different spatial scales, and this led to a database that was only missing the information 

regarding the number of people and dogs present (see next step of analysis). 

 

 
 
Fig. 6: Buffer zone of a bedsite located next to the Ordinance Survey Ireland buildings of 

Phoenix Park. 
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5.4.3 Creation of Human and Dog Presence Heat Maps 
 

    A heat map for people and dog in the fawning area was created to have an accurate 

model predicting the number of people and dogs occurring across the fawning site and 

understand how human disturbance affects bedsite selection. The generation of the map was 

achieved by using the human and dog presence observations collected in 2019. I created a grid 

of 50x50m cells on top of the fawning area. The grid was used to separately count the number of 

people and dogs in each cell during weekdays and the weekend. Since the observations on dogs 

were considerably lower that the observations of people number of dogs were converted into a 

binomial value. The binomial value indicated whether or not dogs were observed in the pixel 

area. These variables were then used to create two spatial Generalized Additive Model (GAM) 

for people and dogs in function of the fawning area location (east coordinate, north coordinate) 

and day of the week, specified in R as follows:  

 

Model 1 (people): gam(number of people ~ s(east coordinate, north coordinate, k=29) + day of the 

week, data = dataframe, family =  quasipoisson) 

Model 2 (dog): gam(dog presence  ~ s(east coordinate, north coordinate, k=29) + day of the week, 

data = dataframe, family =binomial) 

 

 The error family quasipoisson was chosen for Model 1 (people) since the data used was 

count data (Poisson process) with mild overdispersion (quasipoisson correction was used to account 

for overdispersion). For Model 2 (dog) the binomial family was chosen since the dog data was binary. 

The models were then used to predict the number of people present and probability of canine 

presence, creating two heat-maps respectively. The maps were created using the vis.gam function of 

the mgcv package. To my knowledge, this is the first time that this approach has been used in an 

urban park aiming at providing robust empirical evidence of human and dog presence. The maps were 

eventually interacted with the point layers and I extracted the values of people and dog predicted for 

the pixel sizes where bedsite and random points were located.  
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5.4.4 Collinearity Check 
 

The variables obtained from the data collection and spatial analysis were used to run 

a collinearity check, i.e., predictors to be included in the regression model and eventually in the 

resource selection function can be correlated but not highly correlated (i.e., Pearson correlation 

coefficient higher than 0.7 or lower than -0.7). Collinearity was assessed using the R pairs function 

as well as panel.smooth2, panel.cor, panel.hist (R Core Team, 2020). The pair containing the 

variables of people and dog resulted collinear (see Results), meaning that the people model also 

represented well the likelihood of dog occurrence. Since the variable of people contained a much 

higher number of observations and it was also considered more ecologically meaningful, the 

people variable was chosen over the dog variable as the predictor to be used in the habitat 

selection model.  

 
5.4.5 Transformation of Variables: People and Distance to the Road 

 
Resource selection function predictors must be normally distributed. The variables of 

people and distance were both transformed to improve the model fit and meet model 

assumptions. Both variables were transformed using Box.Cox, a family of power transformations 

which selects the best mathematical function for the data transformation to achieve data 

normality. The selection is achieved using a log-likelihood procedure to find lambda and 

transform the non-normally distributed variable (Fig. 7). This family of power transformations 

was introduced by the statisticians G.E.P. Box and D.R. Cox in 1964 (G.E.P. Box & D.R. Cox, 1964). 

The R package used to implement the transformation was the MASS package.  

Whereas the model fit considerably improved for the people variable (Fig. 8), it did not 

have the same effect for the road distance variable. The variable was therefore converted into a 

two level factor with a number being the threshold point between the two terms (e.g., given the 

threshold of 100 meters, the two levels would be “distance lower” and “distance higher” than 

100 meters. The threshold point was selected by running a sensitivity analysis and the pair of 

terms showing the lowest model AIC were used in the final model (Fig. 9). The new variable 

included the following two levels: 0-50m and >50m distance from the closest road. After the 
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transformation of the variables of people and road distance, another collinearity check was run 

and none of the variables used in the final model resulted to be collinear. 

 
Fig. 7: Plot of log-likelihood estimates to find the value of lambda (l) that achieves the optimal 

transformation for the variable of interest. 
 

 
 
Fig. 8: Normal Q-Q Plot of the variable of people before (left) and after (right) transformation 

with Box.Cox. 
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Fig. 9: AIC values obtained in the sensitivity analyses to find the best categorization for road 

distance. The threshold of 50 meters was the best one (lowest AIC) and was used to create 
the two levelled categorical variable of road distance (bedsites and random available 
points at a distance from the closest road lower or higher than 50 m). 

 
 

5.4.6 Binomial Generalized Mixed Model and Resource Selection Function 
 

The statistical approach used for this study was the Binomial Generalized Mixed Model 

(Binomial GLMM) which allows to estimate the parameters needed to build the Resource 

Selection Function (RSF), a class of functions first introduced by B.F.J Manly in 1993 (Manly B.F.J. 

et al., 1993). Through this approach habitat selection is analysed by comparing used points, the 

habitat selected by the animal, against random points, the habitat available to the animal. We 

can therefore understand if specific characteristics are preferred by the species of interest, in this 

case being fallow deer. The model used for comparing the used and random points is the 

Binomial GLMM where the relative probability of selection makes up for the response variable 
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(Table 1). The explanatory variables, on the other hand, are represented by the habitat 

characteristics and other confounding factors (Table 1).  

 

Table 1: The table below indicates all elements present in the model and their respective categories. 
Habitat was considered just as a confounding factor and not a habitat characteristic due to the 
discrepancy in number of points between the two category levels (open and forest habitat).  

 
GLMM Model 

Response Variable Random Effect Explanatory Variables 

Used/available (1,0) Tag 
(identification 
code of the fawn) 

Habitat Characteristics Confounding Factors 

  Visibility (0, …, 1) Year (3 levels) 

  Road distance (in m) Sex (m,f) 

  People (# per 50x50m 
pixel) 

Weight (in kg) 

   Habitat (2 levels) 

 

 

    The Binomial GLMM differs from a more simple linear model for two reasons. Firstly, 

most of the time in habitat selection used points come from the same individual, making the 

datapoints not independent from each-other, which does not meet the linear model assumption 

of independency. The “Mixed Model” takes this into consideration by using the individuals’ IDs 

as a random intercept (Table 1). Furthermore, the response variable used to analyse habitat 

selection is a binary variable indicating whether the datapoint is used (true bedsite) or is available 

and could be used (random points). Since another assumption of the linear model is that the data 

residuals need to be normally distributed, the model chosen is “Generalized” to be able to 

account for a different family error distribution, in this case, binomial. Note that the output of a 

binomial GLMM would be the true probability of selection. Since we do not know if the random 

points have been used by the animal and are only indicative of the habitat availability, the true 

probabilities of the GLMM cannot be deemed as reliable. However, GLMM estimates are 

necessary to be inserted into the RSF, which allows to relax the assumption that random points 

are points not used by the animal. Hence, the RSF is introduced where the response variable is 
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transformed to indicate a relative probability, where the probability of selection can go from 0 

to ∞. 

 
The Binomial GLMM used to analyse the bedsite habitat selection was the following (R script 
structure):  
 
Bedsite Selection Model: glmer(used ~ Year +  

                   Sex +  
                   scale(Weight) + scale(Weight^2) + 
                   scale(Visibility) + scale(Visibility^2) +  
                   Habitat + 
                   Road_distance+ 
                   scale(People) + scale(People^2) + 
                   (1|Tag), data = data, family = binomial) 

 
The explanation for each element in the model and the reason for which it was selected 

can be seen in Appendix 1. All continuous variables were scaled to standardize them in order to 

be weighted the same in the model and achieve model convergence. In addition, a squared term 

was added for all numerical variables to account for non-linear patterns. Parameters estimated 

by the GLMM were extracted and inserted into the RSF which predicts relative (but not absolute) 

probability of selection.  

 

RSF structure (where m is the GLMM, beta refers to its estimates, i.e., m@beta[4] is the 

coefficient estimated for sex in the GLMM): 

 
RSF score [w(x)]     exp( m@beta[4]*Sex 

                          + m@beta[5]*Weight 
                          + m@beta[6]*Weight^2 
                          + m@beta[7]*Visibility 
                          + m@beta[8]*Visibility^2 
                          + m@beta[9]*Habitat 
                          + m@beta[10]*Road_distance 
                          + m@beta[11]*People 
                          + m@beta[12]*People^2 

 
with all confounding factors kept to a constant scenario: 
 
Year = 2018   Sex = f   Habitat = forest   Weight = median Weight   Weight2 = median Weight^2 
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 The beta estimates between 1 to 3 are not shown in the RSF structure because beta 

one was the estimate for the intercept (commonly dropped from RSFs) whereas beta 2 and 3 

where the estimates for year 2019 and 2020 respectively, therefore all scenarios depicted refer 

to year 2018. Four RSF scenarios were built for every spatial scale investigated: 

 

Scenario 1: Relative probability of selection as a function of number of people at a distance 

between 0 to 50 meters from the road, while keeping all other predictors to median values. 

 

Scenario 2: Relative probability of selection as a function of number of people at a distance higher 

than 50 meters from the road, while keeping all other predictors to median values. 

 

Scenario 3: Relative probability of selection as a function of vegetation visibility at a distance 

between 0 to 50 meters from the road, while keeping all other predictors to median values. 

 

Scenario 4: Relative probability of selection as a function of vegetation visibility at a distance 

higher than 50 meters from the road, while keeping all other predictors to median values. 
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6. Results 
 

6.1 People Heat-Map 
 

The heat-maps generated by the GAM Model 1 (people) and 2 (dog) are shown in Fig. 

10. The heat-maps are representative of the number of people and dogs per pixel (50x50 m) 

predicted to be present in the capture area. The X-axis and the Y-axis are the coordinates of the 

capture area and correspond to the easting and the northing coordinates, respectively. The 

colour palette is indicative of the number of people and dogs with red indicating the lowest 

people presence and white the highest. From both maps it can be appreciated a consistent 

avoidance of fawn bedsites for locations with high people and dog presence. More details on the 

models used to create the heat maps can be found in Appendix 2. 

 
6.2 Collinearity 

 
The collinearity check outputs can be found in Table 2. The only pair of variables that 

were found to be collinear were people and dog with a correlation value of 0.8, above the 

collinear threshold of 0.7. A decision was made on which variable to maintain based on 

meaningfulness and observation numbers. The people variable was considered more meaningful 

and had a higher number of observations, making it the preferred variable. 

 

 

Table 2: Collinearity check (Pearson correlation coefficients) among all the variables chosen to add to the bedsite selection 
model. Collinear pairs are indicated by a red box. 

 
 Used Year Sex Weight Visibility Habitat Road distance People Dog 

Used  - - - -0.05 - - -0.02 -0.03 

Year   0.05 -0.1 - - - -0.03 - 

Sex    0.2 - - - - - 

Weight     - - - 0.04 - 

Visibility      0.2 - 0.2 0.2 

Habitat       0.06 -0.08 - 

Road distance        -0.4 -0.3 

People         0.8 

Collinear variable pairs 
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Fig. 10: Heat-map of people and dog presence including bedsite locations (    ) and random sites (     ). X- and Y- axes are coordinates in meters. The 

greater the likelihood of having people in a specific location, the lighter the colour. Note how true bedsites avoid hotspot of people presence. 
The maps were made using a Generalised Additive Model (GAM) with 29 nodes (k=29). Numbers reported along the isopleths refer to number 
of people (left map) and number of dogs (right map) per 50x50 m pixels.
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6.3 Binary GLM Model and Visualisation of RSFs 
 

Seven Binary GLM models were run in the analyses for each buffer zone: 250m, 375m, 

500m, 750m, 1000m, 1500m and 2500m. Note that the buffer zone define the distance threshold 

at which the random points are associated to bedsites. The estimated coefficients for the 

variables of interest (Visibility, People and Road distance) can be found in Table 3, while all the 

other coefficients of the model are shown in Appendix 3. In all models, the number of people 

was always inversely related to the relative probability of selection, indicating for an avoidance 

of people hotspots. In addition, this relationship was not significant at the small scale, 250m and 

375m, while it began to be significant between the 375m scale and the 500m scale (Fig. 11).  

 

 
 

Fig. 11: Plot of the p-value of the people variable at all the scales. This plot clearly shows the 
change in significance between the low and middle scale and how it remains quite stable 
thereafter. 
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This means that people hotspots are significantly avoided and bedsites are usually at 

least 187.5m from such locations (the radius of the 375m buffer).  Visibility was always inversely 

correlated with the probability of selection and it was highly significant at all scales, meaning that 

all bedsites were characterized by dense vegetation. Distance from roads was positively related 

to the relative probability of selection, meaning that bedsites were selected to be more than 50m 

from the road. In addition, this relationship seems to be stronger at the smaller scale and weaker 

at the larger scale. The visualisation of the different RSF scenarios described above can be 

appreciated in Fig. 12 and Fig. 13.  

 

7. Discussion 
 

I found that, when choosing the bedsites where to give birth and leave fawns 

unattended, mothers significantly avoided hotspots of people presence, keeping a distance of at 

least 187.5 m from them. In addition, bedsites were located away from roads (being rarely 

located within 50 meters from a road) and characterized by dense understory vegetation giving 

low visibility.  For the first time, through the combination of bedsite data as well as observations 

of people and their dogs, I described bedsite selection at a resolution never attempted before, 

gathering empirical evidence on the features of bedsites selected by mothers to successfully give 

birth and protect their fawns during the first weeks of life. These data can be used by urban 

wildlife managers to protect fawning sites and alleviate human-wildlife conflict during a critical 

period of the deer annual biological cycle. Ensuring fawns’ wellbeing and survival in urban areas 

is fundamental for maintaining high welfare standards of urban wildlife through the 

implementation of good management practices.  

This study showed a higher disturbance to bedsites from people presence compared 

to road distance. This may be because from the animals’ perspective vehicles on the road follow 

a more predictable course compared to people walking/running in the park. Multiple studies 

have already shown that wildlife disturbance is highly dependent on the type of human activity 

(Stankowich, 2008; Naylor et al., 2009; Ciuti et al., 2012).  
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Table 3: Coefficient values for the Binomial GLM model for bedsite selection. The table also indicates 
the level of significance at different scales for the variable of people. 
 
Scale Variables Estimate Std. Error Z value Pr(>|z|) Significance 

250m Visibility -2.30137 0.21582 -10.663 <2e-16 *** 
Visibility^2 1.29053 0.25683 5.025 5.04e-07 *** 
Road distance [ >50] 0.30066 0.12802 2.349 0.0188 * 
People -0.05440 0.05392 -1.009 0.3130 - 
People^2 -0.01307 0.05243 -0.249 0.8031 - 

375m Visibility -2.44699 0.22051 -11.097 <2e-16 *** 
Visibility^2 1.38380 0.26738 5.175 2.27e-07 *** 
Road distance [ >50] 0.39127 0.12556 3.116 0.00183 ** 
People -0.09753 0.05470 -1.783 0.07462 . 
People^2 -0.08767 -0.05595 -1.567 0.11710 - 

500m Visibility -2.54987 0.22222 -11.475 <2e-16 *** 
Visibility^2 1.45634 0.27211 5.352 8.69e-08 *** 
Road distance [ >50] 0.39796 0.12392 3.212 0.00132 ** 
People -0.13049 0.05869 -2.223 0.02619 * 
People^2 -0.19872 0.06814 -2.916 0.00354 ** 

750m Visibility -2.55866 0.22764 -11.240 <2e-16 *** 
Visibility^2 1.43488 0.28440 5.045 4.53e-07 *** 
Road distance [ >50] 0.37582 0.12166 3.089 0.002008 ** 
People -0.11985 0.06183 -1.938 0.052575 . 
People^2 -0.26803 0.07587 -3.533 0.000411 *** 

1000m Visibility -2.45717 0.22983 -10.691 <2e-16 *** 
Visibility^2 1.33290 0.28778 4.632 3.63e-06 *** 
Road distance [ >50] 0.20170 0.12123 1.664 0.09616 . 
People -0.11980 0.06248 -1.917 0.05519 . 
People^2 -0.29164 0.07787 -3.745 0.00018 *** 

1500m Visibility -2.41233 0.22980 -10.497 <2e-16 *** 
Visibility^2 1.30659 0.28643 4.562 5.08e-06 *** 
Road distance [ >50] 0.20452 0.12151 1.683 0.0923 . 
People -0.12457 0.06413 -1.943 0.0521 . 
People^2 -0.35520 0.07985 -4.448 8.65e-06 *** 

2500m Visibility -2.37996 0.22760 -10.457 <2e-16 *** 
Visibility^2 1.29965 0.28195 4.610 4.04e-06 *** 
Road distance [ >50] 0.26029 0.12131 2.146 0.0319 * 
People -0.11213 0.06320 -1.774 0.0760 . 
People^2 -0.32845 0.07786 -4.219 2.46e-05 *** 

 
Significance (People):             1 (-)          0.1 (.)          0.05(*)           0.001(**)            0 (***)       
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RSF Scenarios 1 & 2 
 

Fig. 12: Plot of people/ha and RSF score [w(x)] indicating the relative probability of selection for people when being between 0 to 50 meters from 
the road (light blue) and more than 50 meters from the road (blue). On the X-axis is shown the number of people, which is indicative of 
people per hectare. The Y-axis, on the other hand, is the RSF score [w(x)] which indicates the relative probability of selection. The plot clearly 
shows that (i) bedsites are more likely to be in areas with fewer people than in areas with more people, (ii) bedsites are more likely to be at 
a distance higher than 50 m from the road compared to areas closer to the road and (iii) avoidance of people is not significant at the 250 
and 375 m scales – because bedsites were at a distance higher than such threshold  – whereas avoidance of people is always significant at 
larger spatial scales. 
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RSF Scenarios 3 & 4 
 
Fig. 13: Plot of visibility and RSF score [w(x)] indicating the relative probability of selection for visibility when being between 0 to 50 meters from the 

road (light blue) and more than 50 meters from the road (blue). Visibility is on the X-axis and its scale goes from 0, indicating for a bedsite 
not visible, to 1, indicating for a bedsites completely visible. The Y-axis, on the other hand, is the RSF score [w(x)] which indicates the relative 
probability of selection. The plot clearly shows that (i) bedsites are more likely to be in areas with lower vegetation visibility, (ii) the pattern 
is consistent across scales,  and (iii)  bedsites are more likely to be  at a distance higher than 50 m from roads
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For example, the study by Ciuti et al. (2012) showed that Elk (Cervus canadensis) behaviour was 

impacted more by humans on foot than bicycles and horses on the trails and roads. However, 

this pattern has only been shown on adult animals, while this study shows it for the first time in 

neonates during the fawning season. Studies on adult ungulates have shown human avoidance 

and behavioural changes when close to locations with high human disturbance levels (Manor and 

Saltz, 2005; Lv et al., 2007). Mountain Gazelles (Gazella gazelle), for example, not only actively 

avoid humans, they have also been shown to alter their flight distance when close to human 

presence hotspots (Manor and Saltz, 2005). Similar results have been found in Lv et al. (2007) 

study where fallow deer were observed to increase vigilance rate when close to locations with 

high people density, while increasing resting time when being further away from humans. My 

study adds new empirical evidence to the effect of humans on ungulate behaviour by reporting 

for the first time the response to traffic on roads and, more importantly, the avoidance of people 

hotspots in mothers selecting bedsites for their fawns in fallow deer.  

Vehicles disturbance has been widely documented to impact wildlife behaviour. Noise 

disturbance created by busy roads, for example, creates a phenomenon called “noise masking”. 

Noise masking impacts communication between individuals in a wide range of taxa. Many studies 

have shown severe effects on reproductive success, density and community structure as well as 

anti-predator and foraging behaviour (Barber et al., 2010; Pelletier, 2014; Papouchis et al., 2001; 

Bonnot et al., 2013). Most ungulates avoid being close to roads, especially when high-traffic levels 

are present, independently of the consequences (Pelletier, 2014; Papouchis et al., 2001). For 

example, a study by Bonnot et al. (2013) showed that roe deer avoid roads even if it compromises 

their access to important feeding sites. The same avoidance behaviour has been shown in this 

study results, where a preference was shown for the selection of bedsites in locations that were 

further than 50 meters from the nearest road. In addition, the intensity for road distance was 

shown to be stronger at the smaller scale compared to the large scale. This indicates that mothers 

are trying to find a perfect balance between trying to avoid both people and roads. When already 

avoiding hotspots of people there are only a handful of suitable location that they can hide their 

fawns in. Inside those locations it seems that they select for locations that are further away from 

the road. In addition, in the area of the park were female give birth, roads are quite close to 
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locations that allow for high level of concealment. Therefore, this could be a perfect compromise 

between being away from the road and conceal their newborns. 

Several studies have shown that concealment and safety of the young are one of the 

top priorities for ungulate mothers choosing a bedsite to hide their newborns (Barbknecht et al., 

2011). An example of this anti-predator strategy is the selection for low visibility habitats when 

choosing fawns’ bedsite. This strategy has been observed in multiple studies, one of them is the 

research conducted by Bongi et al. (2008) where lactating roe does were shown to select for 

habitats with decreased visibility. Another example is the study by Ciuti et al. (2005) which 

revealed a preference for dense vegetation and low visibility to help in the protection of the fawn 

from predators. This anti-predator behaviour was shown to remain intact even when living in 

urban areas. The results of this study demonstrate a consistency in the selection for low visibility 

when choosing fawns’ bedsites throughout all scales, indicating for a selection for low visibility 

independently of the scale.  

The results of this study will be extremely beneficial for wildlife managerial decisions 

for the protections of fawning sites in urbanised landscapes as well as national parks. During the 

fawning season hiking trails closer than 187.5m from fawning sites could be temporarily closed 

to minimise disturbance of fawning sites. In addition, if there are fawning sites known to be less 

than 50m from a road, road traffic could be minimised in these locations. Finally, lower 

vegetation in fawning sites should not be cut close to this critical period in order to ensure that 

suitable bedsites, where fawns are able to hide effectively, are maintained.  

 

8. Conclusion 
 

This study revealed a behavioural adaptation in fallow deer bedsite selection during 

fawning. Mothers clearly avoid both people and roads when selecting for a suitable bedsite to 

hide their newborns. People hotspots are kept at a distance of at least 187.5m, whereas roads 

with motorized vehicle access are kept at a distance of at least 50m. These results provide clear 

indications that can be used by urban managers to protect fawning sites. These findings show 

once again how human dominated habitats can change the behaviour of wildlife. The adaptive 

advantage of avoiding people hotspots can have both negative and positive implications. Human 
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hotspots in locations with suitable lower vegetation cover could push bedsites to be in less 

suitable locations, increasing natural predation events. However, avoidance of people is a 

positive sign indicating that the population is not yet habituated to human presence. Being away 

from humans allows natural predators, like foxes, to continue to predate on fawns, allowing for 

natural selection to take its course. Close proximity to humans would decrease these predation 

events, since human avoidance in predators would create a ‘shield’ for fawns to avoid predation. 

Unfortunately, I believe it is only matter of time for mothers to become fully habituated to 

humans if close human-deer interactions continue to happen. This would cause fawns bedsites 

to be closer to humans and not allow natural selection by predation to happen. Knowing the 

impact that humans are having on wildlife population living in urban areas is fundamental to 

avoid detrimental effects on wildlife welfare and health. The impact we have on wildlife can be 

minimized by understanding the issues present and creating management plans to solve them. 

These plans could, in the long term, avoid potential human-wildlife conflicts. Therefore, more 

studies are essential in order to explore the effects of human disturbance on fawns’ weight and 

survival. These studies will be essential to ensure good animal welfare practices and avoid 

negative consequences of human-wildlife conflicts in urban areas. 
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11.  Appendices 
 
Appendix 1: explanation for each element in the model and reasoning behind their inclusion. 
 

 
Variable 

 
Explanation 

 
Reason to be included 
 

Tag Ear tag number used to identify 
individual fawns. 

Used to account for the non-
independency of bedsites, due to 
fawns being captured multiple 
times. 

Year Year in which the bedsite/ random 
point was collected. 

Used to account for variability 
within years. 

Sex Sex of the animal. Used to account for potential sex 
bias. 

Weight Weight of the animal, which was 
used as a proxy for the age of the 
animal. Weight always resulted 
collinear with age. Therefore, 
weight was chosen over age as a 
more objective measurement. 

Used to account for potential age 
bias. 

Habitat Habitat in which the animal was 
captured. 

Used to account for potential bias 
due to the habitat the bedsite was 
in.  

Visibility How visible the animal is when 
hiding in that location. From 0 
being not visible and 18 being 
completely visible. Further 
explanation on visibility measures 
can be found under the Material 
and Methods section. 

Used to understand if bedsites are 
selected based on visibility. 

Road distance Distance of the bedsite/random 
site to the nearest road. 

Used to understand if bedsites are 
selected based on road distance. 

People Number of people (per 50x50 m 
pixels) in the location of the 
bedsite/ random site. 

Used to understand if bedsites are 
selected based on number of 
people. 
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Appendix 2: GAM Model 1 (people) and Model 2 (dog) summary. 
 
Model 1 (people): 
 
Significance:             1 (-)          0.1 (.)          0.05(*)           0.001(**)            0 (***)     
 

Family: quasipoisson 
Link function: log 
Formula: 
people ~ s(x_axis, y_axis) + dow 
Parametric coefficients: 

 Estimate Std. Error t value Pr(>|t|)  

(Intercept) -12.1318 1.9014 -6.381 2.10e-10 *** 
dowweekend 0.6448 0.1066 6.047 1.71e-09 *** 
Approximate significance of smooth terms: 

 edf Ref. df F p-value  

s(x_axis,y_axis) 28.97 29 7.406 <2e-16 *** 
R-sq(adj) = 0.184 Deviance explained =  43.9% 
GCV = 2.1399 Scale est. = 5.378 
n = 2484  

   
Model 2 (dog): 
 
Significance:             1 (-)          0.1 (.)          0.05(*)           0.001(**)            0 (***)     
 

Family: binomial 
Link function: logit 
Formula: 
dog ~ s(x_axis, y_axis) + dow 
Parametric coefficients: 

 Estimate Std. Error z value Pr(>|z|)  

(Intercept) -11.2134 2.0431 -5.489 4.05e-08 *** 
dowweekend 0.2989 0.1736 1.721 0.0852 . 
Approximate significance of smooth terms: 

 edf Ref. df Chi. sq p-value  

s(x_axis,y_axis) 28.75 28.98 97.76 2.9e-09 *** 
R-sq(adj) = 0.12 Deviance explained =  26.1% 
UBRE = -0.61285 Scale est. = 1 
n = 2484  
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Appendix 3: Coefficients of Binary GLM models not shown in the results.  
 
Significance:             1 (-)          0.1 (.)          0.05(*)           0.001(**)           0 (***) 
 

Scale: 250m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -3.39045 0.16137 -21.011 <2e-16 *** 
Year2019 -0.97618 0.12207 -7.997 1.28e-15 *** 
Year2020 -1.33774 0.12380 -10.805 <2e-16 *** 
Sex (Male) 0.02158 0.10011 0.216 0.8293 - 
Weight 0.08826 0.31559 0.280 0.7797 - 
Weight^2 -0.11144 0.31421 -0.355 0.7228 - 
Habitat 0.19751 0.11180 1.767 0.0773 . 

 
Scale: 375m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -4.19019 0.16486 -25.416 <2e-16 *** 
Year2019 -0.92205 0.11936 -7.725 1.12e-14 *** 
Year2020 -1.25596 0.12109 -10.372 <2e-16 *** 
Sex (Male) -0.01882 0.09882 -0.190 0.84895 - 
Weight 0.12149 0.30953 0.393 0.69468 - 
Weight^2 -0.12861 0.30585 -0.421 0.67411 - 
Habitat 0.03996 0.11115 0.360 0.71920 - 

 
Scale: 500m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -4.72259 0.16948 -27.866 <2e-16 *** 
Year2019 -0.84347 0.11859 -7.112 1.14e-12 *** 
Year2020 -1.16764 0.12036 -9.701 <2e-16 *** 
Sex (Male) -0.02104 0.09858 -0.213 0.83097 - 
Weight 0.18451 0.31099 0.593 0.55298 - 
Weight^2 -0.17123 0.30570 -0.560 0.57539 - 
Habitat -0.07963 0.11065 -0.720 0.47174 - 

 
Scale: 750m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -5.32262 0.17222 -30.907 <2e-16 *** 
Year2019 -0.67398 0.11779 -5.722 1.05e-08 *** 
Year2020 -1.02082 0.11993 -8.512 <2e-16 *** 
Sex (Male) 0.02503 0.09787 0.256 0.798154 - 
Weight 0.18455 0.31031 0.595 0.552018 - 
Weight^2 -0.17166 0.30484 -0.563 0.573343 - 
Habitat -0.20157 0.10875 -1.854 0.063796 . 

 



 42 

 
Scale: 1000m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -5.42690 0.17183 -31-584 <2e-16 *** 
Year2019 -0.61296 0.11729 -5.226 1.73e-07 *** 
Year2020 -1.00437 0.11823 -8.424 <2e-16 *** 
Sex (Male) 0.03033 0.09731 0.312 0.75524 - 
Weight 0.17868 0.31252 0.572 0.56750 - 
Weight^2 -0.17202 0.30807 -0.558 0.57659 - 
Habitat -0.18012 0.10830 -1.663 0.09628 . 

 
Scale: 1500m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -5.66131 0.17108 -33.091 <2e-16 *** 
Year2019 -0.65991 0.11699 -5.641 1.69e-08 *** 
Year2020 -0.95661 0.11931 -8.018 <2e-16 *** 
Sex (Male) 0.04637 0.09739 0.476 0.6340 - 
Weight 0.10977 0.31040 0.354 0.7236 - 
Weight^2 -0.11405 0.30691 -0.372 0.7102 - 
Habitat -0.25122 0.10806 -2.325 0.0201 * 

 
Scale: 2500m Estimate Std. Error z value Pr (>|z|) Significance 

(Intercept) -5.77268 0.16877 -34.204 <2e-16 *** 
Year2019 -0.70036 0.11676 -5.998 1.99e-09 *** 
Year2020 -0.98314 0.11871 -8.282 <2e-16 *** 
Sex (Male) 0.03313 0.09717 0.341 0.7331 - 
Weight 0.08524 0.31048 0.275 0.7837 - 
Weight^2 -0.09228 0.30750 -0.300 0.7641 - 
Habitat -0.22119 0.10763 -2.055 0.0399 * 

 


