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Abstract

Humans are a major evolutionary force on wildlife via artificial selection. While often
explored through the lens of extractive interactions (e.g., hunting) able to favour certain
behavioura traits over others, the implications of non-extractive ones, such as wildlife
feeding, remain under-studied. Research has recently shown that people tend to feed (and
sometimes favour) a limited subset of bolder individuals within natural populations, although
its dynamics and consequences are not fully clear. Using fallow deer living in a peri-urban
setting as a model population, we studied whether mother deer that display reduced fear of
humans and consistently approach them for food adopt weaker anti-predator strategies by
selecting for fawning bedsites that are less concealed and closer to human hotspots, allowing
them to take advantage of additional artificial feeding opportunities in comparison to shier
mothers in this population. Our dataset encompassed 171 fawns from 109 mothers across 4
years. Contrary to our expectations, we found that mothers that regularly accepted food from
humans selected for more concealed bedsites farther away from them, giving their offspring
better protection while also taking advantage of additional artificial food during lactating.
Our results show marked behavioural adaptation by a subset of females, making this the first
time that the link between tendency to approach humans and strategies to protect offspring is
explored. Given previous findings that these begging females also deliver heavier fawns at
birth, our research adds a piece to the complex puzzle describing human manipulation of

behaviour in natural populations and its fitness consequences.

Keywords: Artificia feeding, anti-predator strategies, bedsite selection, human-wildlife
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Introduction

As humans and wildlife coexist in all walks of life, we have influenced wildlife
behaviour in countless ways over millennia. Due to the ever-increasing human population,
associated increases in consumption, and natural environmental cycles, habitats are in a
constant state of flux with land use changes like urbanisation and agriculture (McKinney,
2006, Ellis & Ramankutty, 2008). As well as large scale modifications to the landscape,
humans can impact wildlife behaviours through their activities and direct interactions with
them. Human-wildlife interactions can be classified as extractive, where a resource is
removed from the ecosystem by humans, or non-extractive, where interactions occur but
nothing is taken away (Griffin and Ciuti, 2023). Extractive interactions like hunting and
fishing, where the animal itself is removed from the system, and the impacts of these
activities have been extensively researched (Benitez-Lopez et al., 2017, Young et a., 2014).

Wildlife species must now contend with increases in habitat disturbance or loss,
scattered or fragmented food sources, changes in ecosystem functioning, frequent human
interactions, novel communities and conflict as they move into towns and cities (McKinney,
2002, Sol et al., 2013). These activities have been shown to promote the selection of both
behavioural and morphological traits in wildlife (Coltman et a., 2003, Ciuti et a., 2012,
Darimont et al., 2009). To successfully live in human dominated landscapes many animals
have adopted novel behaviours which alow them to make use of readily available
anthropogenically sourced resources (Flemming & Bateman, 2018, Griffin et al. 2022, Sol et
a., 2013). It remains largely unknown how behavioural traits can drive the adaptability of
wild animals to human-dominated landscapes and how these traits affect a species’
conservation status (Barbosa et al., 2021). Despite these knowledge gaps, there are several
examples in the literature of behavioural adaptations wildlife have developed to exploit

human environments. Gull species, including Lesser Black-backed Gulls (Larus fuscus) and
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Herring Gulls (Larus argentatus), ater their use of foraging patches throughout the day in
response to human activity patterns (Spelt et a., 2021). The Australian White Ibis
(Threskiornis molucca) is known to scavenge through anthropogenic waste, causing
management problems locally through pathogen spread (Epstein et al., 2006). Other species
have begun to utilise human-derived food sources more directly through artificial feeding
activities. In response to climate change and garden feeding, for instance, the Blackcap
(Sylvia atricapilla) has altered its winter migratory behaviour and now overwinters in
Northern Europe (Van Doren et a., 2021).

Artificial feeding has grown in popularity because unlike hunting or fishing, it
provides a non-extractive activity that still allows for close interactions with wildlife. It can
fall into two categories, accidental and intentional (Milner et al., 2014). Accidental feeding
opportunities occur when animals feed on anthropogenic food sources which were not
intended for feeding. For example, gulls eating food waste left behind in green areas and
parks (Meciusik, Lenda & Skorka, 2010). Additionally, free-ranging dogs (Canis familiaris)
in less developed countries are known to scavenge on human waste (Butler and du Toit,
2002). Whereas intentional feeding occurs when food is provided with the distinct goal of
feeding animals. Most commonly we see examples of people feeding garden birds (Plummer
et al., 2019), terrestrial mammals (Knight, 2010, Kojola and Heikkinen, 2012, Usui and
Funck, 2018) and marine megafauna (Senigaglia et al., 2020, Fitzpatrick et a., 2011).
Human-wildlife feeding research has shown that individuals can be fed as often as every 10
minutes (Usui and Funck, 2018).

While the public perception may be that feeding wildlife is beneficial for animals, as
it is non-consumptive and does not involve capturing or killing, research is now focusing on
the potentially harmful, unseen impacts (Marion et a., 2008, Dubois and Fraser, 2013,

Griffin et al. 2022). The implications of these human activities are bifold as there are
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consequences for both humans and wildlife (Griffin and Ciuti, 2023). Feeding wildlife has
become commonplace, despite being strongly discouraged due to links between wildlife
feeding and disease transmission, increased aggression, welfare concerns and personal injury
(Marion et al., 2008, Dubois and Fraser, 2013). Many people may naively assume that
increased availability of food would lead to improved body condition and overall better
health but oftentimes the opposite is true (Mann et al., 2000, Borg et al., 2014, DiMaggio et
al., 2023). Considering that the health and fitness of an individual are heavily linked, it is
important that we understand how being fed by people impacts an individual’ s wellbeing and
physiology (Maréchal et al., 2016). Recent research has shown that human presence can elicit
a fear response in ungulates similar (or greater) than that seen for natural non-human
predators (Crawford et al., 2022) meaning individuals fed in close-contact interactions are
likely under increased stress around humans. General parameters of health in Barbary
macagues (Macaca sylvanus) have shown changes, with human-fed adults displaying larger
body sizes and poorer quality coat condition (Borg et al., 2014). Concerningly, the calves of
wild dolphins that engage in tourist feeding experience higher mortality than their non-
feeding conspecifics (Mann et al., 2000). This illustrates how the behaviour of a parent, its
feeding behaviour and anti-predator strategies can impact the health and survival of offspring.

Anti-predator strategies have evolved in wildlife over evolutionary time to allow
species to defend and conceal themselves and their offspring against predation threats
circumnavigating capture and consumption (Creel et al., 2005). Like any other behaviour,
these strategies have become adapted to living in human-dominated landscapes with literature
even referring to the “human super predator”, who elicits significant fear responses and
atered behaviours in wildlife (Smith et al., 2017, Crawford et a., 2022). As well as
functioning as predators within ecosystems, humans can aso aid in anti-predation because of

the “human shield” effect which alows prey species to live near humans by taking advantage
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of large predators' aversion to human presence. This phenomenon has been seen in many
predator-prey relationships, including elk (Cervus canadensis) and wolves (Canis lupus) in
the Rocky Mountains, and tapirs (Tapirus bairdii) and jaguars (Panthera onca) in tropical
forests in the Yucatan Peninsula (Hebblewhite et a., 2005, Pérez-Hores et a., 2022). This
human shield effect is often utilised when selecting suitable sites to deliver offspring as has
been seen in brown bears (Ursus arctos) that make use of humans as protective shields for
females wishing to defend their cubs from sexually selected infanticide (Steyaert et a., 2016).

We are beginning to understand the impacts on individuals who engage with humans
(Griffin et a. 2022, McLaughlin et a. 2022, Griffin et al. 2023), although we do not fully
know how these associations can affect future generations via selection pressures over
evolutionary time. Looking at the effects of human-wildlife interactions on parental care and
offspring fitness can give us an insight into future impacts, should these activities continue,
and help to inform management and mitigation strategies. Given the picture we have drawn
so far, we investigated anti-predator strategies adopted by females during weaning in an
animal population living in a peri-urban area where human-wildlife feeding interactions
occur. The Phoenix Park, embedded within the Dublin metropolitan area in Ireland, is
Europe’'s largest urban park and one such location. Urban and national parklands such as the
Phoenix Park provide ample opportunities for hand-feeding and close interaction between
visitors and the free-ranging herd of fallow deer (Dama dama) (Griffin and Ciuti, 2023).
Despite being strongly discouraged by management, feeding the deer has become
commonplace in the park (Griffin et a., 2022, Griffin et al., 2023). This popular activity has
led researchers to identify a spectrum of distinct behavioural types in the population to date,
consisting of bolder “acceptors’ and shyer “avoiders’ (Griffin et al., 2022). Individuals
boldly approaching humans and accepting food (known as consistent beggars) account for

~20% of the population that tolerate close contact with humans and associate them with food
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(Griffin et al., 2022). In comparison, shyer individuals have a lower tolerance for human
presence, either avoiding engagement with humans attempting to interact or actively moving
away from groups of people (Griffin et al. 2022).

Our research specifically aims to disentangle mothers’ anti-predator strategies during
the fawning season as a function of their willingness to accept food from humans. In most
cases, humans are the main threat for wildlife within human-dominated landscapes (Crawford
et a., 2022, Smith et al., 2017). This suggests that anti-predator strategies adopted by fearless
mothers, particularly during the birthing season, may be different from those that are more
afraid of humans. Our main prediction is that females that are less afraid of humans may have
weakened their anti-predator strategies during weaning when living within human dominated
areas. Specifically, we predict that bolder mothers that commonly accept food from park
visitors would hide their fawns in bedsites closer to human feeding hotspots which would
allow them to access feeding opportunities more easily. As feeding occurs within accessible
open aress of the park, hiding fawns closer to the hotspots of human feeding may be linked
with poorer conditions for fawn concealment. These bedsites may have a higher visibility
from most directions, leaving them open to discovery by predators, disturbance and harsh
weather conditions. Furthermore, we predict that the link between a mother’s willingness to
accept food from humans and bedsite selection (closer to human hotspots) would be stronger
during the first days of afawn’s life — when the decision of where the neonate fawn would be
delivered and concealed is expected to be entirely taken by the mother — and weaker for

bedsite |ocations occupied by older, more mobile and independent fawns.
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Materials and methods
Study site and population

We conducted our study on a free-ranging population of fallow deer inhabiting the
largest enclosed urban park of Europe, the 7km?® Phoenix Park in Dublin City centre, Ireland
(53.3559° N, 6.3298° W) over 4 years (2018-2021). The fallow deer population is maintained
at ~600 individuals by annual culls (targeting ~75 deer per year, Office of Public Works
OPW, official data). Other causes of mortality in this population are traffic collisions and
occasional predation upon neonate fawns by foxes (Vulpes vulpes) and unleashed dogs.
Phoenix Park is a public site with roads and walkways running throughout, making much of
the park accessible to the public and providing ample opportunities for human interaction
with the deer (Fig. 1, Griffin et al. 2022). The park receives an estimated 10 million visitors
annually (OPW, official data). Human-mediated feeding can be opportunistic, whereby
visitors offer food that was originally brought for their own consumption (or plants sourced
from the park), or premeditated, whereby food items such as carrots have been brought with

the intention of feeding the deer (Fig. 1).
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Figure 1: From top left clockwise i) adult females (picture by Laura L. Griffin) and ii) adult

males (picture by Bawan Amin) being hand fed carrots by park visitors; iii) neonate fawn
hidden in the bedsite vegetation (picture by Cliodhna Hynes) and iv) running away at release
after being ear-tagged by University College Dublin capture crew team (picture by Cliodhna

Hynes).

Fawn capture protocol

Falow deer fawns are ear-tagged (unique colour-number and colour-letter-number
combinations) annually during the first three weeks of life, resulting in the vast majority
(>80%) of the deer being individually recognisable for management and longitudinal research
purposes. Ear-tagging during our study was conducted under anima care permit UCD-
AREC-E-18-28, which also covers all non-invasive behavioural observations described in our
work. We subdivided the area of our study site that is typically selected by deer mothers to
give birth and conceal their fawns into 7 sectors, all of which were patrolled by a trained
capture team supervised by a certified wildlife biologist. Fallow deer are a hider species,

meaning their fawns are concealed amongst vegetation and left unsupervised in bedsites for
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long periods of time after birth (Kjellander et a., 2012, Torriani et al., 2006). Depending on
the number of bedsites discovered in each area, we visited an average of 2-3 sectors a day,
and each sector was patrolled at least once every 3 days. Once a bedsite was discovered, we
captured fawns using circular fishing nets (1-1.5 m diameter) with elongated handles (1-1.5
m length). Captured fawns were sexed and ear tagged. The fawn was weighed in a 100L cloth
bag using digital scales (resolution: 0.01 kg— Dario Markenartikelvertrieb) before being
released. The full capture protocol and description of additional data on neonate fawns can be
found in Amin et a. (2021). In most cases fawns were recaptured multiple times (from 1 to 4
times over the fawning period, Amin et al. 2021), meaning that the bedsite locations of fawns
of varying ages (from neonate fawns up to 3-week-old fawns) were recorded.

We recorded the bedsite coordinates and determined the average bedsite visibility
(sensu Bongi et a., 2008 and Amin et a. 2021) using a cardboard square the size of a
standing fawn (height: 45cm and width: 36cm) that was sectioned off into multiple equally
proportioned triangles. The square was held vertically perpendicular to the ground at the
bedsite such that an observer 10m away could record the proportion of the square that was
visible (i.e. how many triangles) at a height of 70cm from the ground in four cardinal
directions. The height matches that of ared fox (Vulpes vulpes), the only natural predator of

these fawns.

Willingness of female mothers to accept food from humans (a.k.a. begging rank)
Concurrent research in the park gathered observational data on human-deer
interactions and ranked deer along a continuum ranging from deer avoiding any interaction
with humans to deer consistently begging (i.e. approaching humans) for food (Griffin et al.,
2022, Griffin et al., 2023). Data collections on deer begging were carried out from May to

July each year (2018-2021) as this is an important time of the annual biological cycle of

10
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females (late gestation, birth, early weaning, Ciuti et al., 2006). Females were monitored
using a stratified sampling design based on time of the day, day of the week, and area of the
park with collections running from dawn to dusk (Griffin et al 2022). The whole park area
utilized by deer was subdivided into sectors and patrolled on a strictly scheduled basis. Once
a herd was identified, observation team members (at most 3 individuals) identified all deer
belonging to the group, collected data on human presence and behaviour (e.g., feeding the
deer), and on feeding interactions as they occurred. The start and end time of each interaction,
number of people involved, identity of deer involved, what they were fed, how they accepted
it (from the hand, thrown to the ground, or from a human’s mouth), and any other deer-
human or deer-deer interactions that occurred simultaneously (e.g. petting, harassing, or
dominance displays) were recorded. The full procedure for collection of begging interactions
is outlined in Griffin et al. (2022). This includes how the individual deer were assigned a
begging rank, i.e. the best linear unbiased predictor (BLUPs, Robinson, 1991): this
corresponds to the random intercept value of a generalized linear mixed effect model fitted to
predict the likelihood of a deer to beg for food (ranging from -2.16 to 5.10) corresponding to
the deer willingness to approach humans and accept food after taking into account of group
size, time of the day, people present, among the many others confounding factors included

(Griffin et a. 2022).

Mother-fawn pairs

To determine maternal connections, we observed females of this population between
July and August after the fawning season. There is no paternal care in this species (Chapman
et al., 1997) so fawns will first appear in the female herd with their mothers. As such only
maternal relationships can be determined and fathers are unknown. During this time, we

recorded interactions such as true suckling, following, and social grooming between mothers

11
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and fawns including the ear tags of both individuals involved. True suckling (a.k.a. front
suckling) occurs when afawn feeds from its mother in plain sight of the mother (usually from
the front or side) so that she is aware this individual is suckling and lets them. True suckling
is distinguished in the field from alosuckling (Roulin, 2002), where a fawn approaches a
female that is not its mother from the back and attempts to suckle but is usually driven away
by the female once she becomes aware. Following behaviour is distinguishable when a fawn
stays very close to a female and amost mirrors her actions by moving in sync or very closely
behind her. Social grooming can occur either from mother to fawn or fawn to mother. We
confirmed a mother-fawn pair after 3 independent sightings (not occurring in the same
observation period) of one or a combination of these interactions (Griffin et al, 2023). We
only included fawns that had a confirmed mother-fawn pairing as our aim was to investigate

whether a mother’ s begging rank affected her bedsite location.

Data handling and analysis

We combined the individual willingness by deer mothers to beg and accept food from
park visitors (begging rank sensu Griffin et al. 2022) to data of their respective fawns. Each
row of our final dataset corresponded to a unique capture event of a given fawn at a recorded
bedsite along with bedsite visihility, distance (in meters) to the most popular hotspot of
human feeding in the female sector of the park, identity of the fawn and itsweight (in kg) and
sex, mother’s identity and age (years old). The age of the mother was exact because all
individuals in this population were tagged as neonates. The hotspot of feeding was
determined by taking the geometric centroid of the spatial observations of human feeding the
deer (sensu Griffin et al. 2022), which we used to calculate the distance between such a
popular location to the bedsite and test our main hypothesis that begging mothers would

conceal their fawns closer to humans. Fawn weight was used as a proxy for age (instead of

12
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subjective age estimated in days by fawn handlers) sensu Amin et al (2021), being the 2
metrics highly correlated (rs = 0.77).

We used multivariate mixed-effect models to estimate the link between mother’'s
begging behaviour and the characteristics of the selected bedsites. Using the brms package
(Buerkner, 2017), we fit a Bayesian multivariate mixed-effect model to explain the variability
and covariance of two response variables describing the characteristics of the bedsite (bedsite
visibility and its distance to human feeding hotspot) as a function of the following predictors:
begging rank and age of the mother; weight of the fawn at capture and its sex. The model was

as follows:

(Bedsite visibility + Distance to feeding hotspot) ~ Mother’s begging rank + Fawn weight +
Mother’s age + Sex + Mother’s begging rank* Fawn weight + Mother’s age* Fawn weight +

Mother ID + Year

We included the interaction between mothers’ begging rank and fawn weight (proxy
for age) to test our hypothesis that lighter (younger) fawns and related bedsite characteristics
will be more strongly driven by mothers’ begging rank — as opposed to older fawns which
can be more independent, mobile, and less driven by mothers in terms of where to hide. Table
1 provides a summary of all the variables used. We also included the interaction between
mothers’ age and fawn weight to control for the fact that more experienced (older) females
may conceal their neonate fawns better. All numerical predictors were scaled to improve
model convergence. Including both single and quadratic terms of our explanatory variables
resulted in increased uncertainty in the model and overfitting. Therefore, based on the
inspection of model fit and residuals’ patterns, we were satisfied by the fact that the inclusion

of single terms and two-way interactions gave the model sufficient flexibility to account for
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non-linear effects. Finaly, identity of the mother and year of capture were included in the
model as crossed random intercepts. All predictors included in the model were successfully
screened for collinearity issues (Jrp| < 0.7) (Dormann et al., 2013). Begging rank of mothers
was correlated to their age but far from collinear, with a Pearson correlation coefficient r, =
0.108, showing the tendency of older mother to be more likely to beg for food than younger
ones (sensu Griffin et al. 2022). This allowed us to include both predictors in the model and
assess the effect of mothers' begging rank on selected bedsite characteristics while
accounting for age and experience. All data handling and analysis, including statistical and

GlIS analysis was carried out using R 4.0.5. (R Core Team 2021).

Table 1: Summary of the variable used in the model. All numerical predictors were scaled to

improve model convergence.

Variable Description Scaled
Bedsite visibility (BV) Visbility of bedsite to predators Yes
Distance to feeding hotspot | Distance to popular human feeding hotspot Yes

within the park

Mother’s begging rank Numerical score measuring how Yes

consistently mother accepts food from

humans
Fawn Weight Weight of fawn at capture Yes
Mother’'s age Age of mother Yes
Sex Sex of fawn No
Mother ID Identity of the mother No
Y ear Y ear of fawn capture No

14
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Results:

Data were collected from 280 capture events of 171 neonate fawns born to 109
mothers. The dataset encompasses multiple fawning seasons across 4 subsequent years
(2018-2021 inclusive). The n = 171 fawns were evenly distributed across the study with 42
fawnsin 2018, 38 in 2019, 44 in 2020 and 47 in 2021. Ninety fawns were captured once, 57
twice, 20 three times, and only 4 four times within the same fawning season. Mother’s age
ranged between 2-17 years (mean: 6.7 years) across the study period. Of the 109 mothers
included in the study, 63 gave birth to one fawn only, 33 to two, 10 to three and only 3
females gave birth to 4 fawns over 4 years.

We reported in Table 2 the parameters estimated by our Bayesian multivariate mixed-
effect model explaining the variability of the two response variables (bedsite visibility and its
distance to people feeding hotspot, both fitted with Gaussian distribution of errors) inclusive
of the variation of the crossed random intercepts (mother’s identity and year of study). We
did not find a clear covariance between bedsite visibility and their distance to the hotspot of
people feeding (group-level effects in Table 2), showing that bedsites with low visibility can
be found both close and far from the people hotspot. In relation to population-level effects,
specificaly referring to single effects not included within interactions, we found no effect of
the sex of the fawn on the characteristics of the bedsite (both visibility and distance to the
human feeding hotspot, Table 2). In relation to the interaction terms specifically included to
test our a priori hypotheses, we found clear effects of the interactions of mother’s begging
ranks with fawn’s weight (proxy for age), as well as of the interaction between mother’s age
(proxy for experience) and fawn’s weight (Table 2). We have expanded these results below

aong with the relevant figures.

16


https://doi.org/10.1101/2023.08.16.553188
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.16.553188; this version posted August 18, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Table 2: Parameters estimated by the Bayesian multivariate mixed-effect model explaining
the covariation of the two response variables (bedsite visibility (BV) and its distance to
people feeding hotspot (DH), both fitted with Gaussian distribution of errors) as a function of
mother’s begging rank and age, weight and sex of the fawn inclusive of a priori interactive
effects. Mother identity and year of study were both fitted as crossed random intercepts. The
model was fitted on n = 280 observations drawing from 3 chains, each with 4000 iterations
(warmup = 250, thin = 2, total post-warmup draws = 5625). To improve readability, asterisks
(*) have been added to indicate estimate and related 95% confidence intervals not passing

ZEero.

Group-Level Effects
~M other

Estimate | Est. [-95% | U-95% | Rh | Bulk Talil

Error Cl Cl at ESS ESS

Intercept SD (BV) 021 * 0.15 0.01 052 1 1505 4993
Intercept SD (DH) 0.70 * 0.07 0.57 0.83 1 6739 9454
Intercept correlation (BV vs DH) -0.04 0.40 -0.87 0.81 1 418 654
~Year
Intercept SD (BV) 052 * 0.39 0.13 158 1 5574 7641
Intercept SD (DH) 0.14 * 0.16 0.00 0.58 1 6197 6002
Intercept correlation (BV vs DH) 0.16 0.58 -0.92 0.97 1 9056 9826
Population-Level Effects
Intercept (BV) -0.00 0.31 -0.67 0.62 1 7954 7375
Intercept (DH) 0.02 0.14 -0.25 0.29 1 8588 8383
Mother’s begging rank (BV) -0.08 0.06 -0.20 0.04 1 8150 9167
Mother’ s begging rank (DH) 0.10 0.06 -0.02 0.23 1 9385 9474
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Fawn’'sweight (BV) -0.31 * 0.06 -0.43 -0.19 1 7627 8829
Fawn’sweight (DH) -0.09 * 0.05 -0.19 0.01 1 9200 9703
Mother’s age (BV) -0.14 * 0.07 -0.27 -0.01 1 8530 9152
Mother’s age (DH) 017 * 0.08 0.01 0.33 1 9335 9155
Sex of fawn (m) (BV) -0.05 0.12 -0.29 0.18 1 8287 9730
Sex of fawn (m) (DH) 0.05 0.11 -0.16 0.26 1 9917 10060
Mother’ s begging rank * Fawn’sweight (BV) 0.11 0.06 -0.00 0.24 1 7674 9003

Mother’ s begging rank * Fawn’sweight (DH) -0.13 * 0.05 -0.24 -0.03 1 8554 9795

Fawn’sweight * Mother’ s age (BV) 012 * 0.05 0.02 0.23 1 7994 8805

Fawn’sweight * Mother’s age (DH) -0.10 * 0.05 -0.19 -0.01 1 9514 9159

Family specific parameters:

Sigma (BV) 0.90 0.05 0.80 0.99 1 3306 5735

Sigma (DH) 0.66 004 | 059 073 |1 |7028 | 9016

(BV): Bedsite visibility is the response variable

(DH): Distance to the human Hotspot is the response variable

We found a strong tendency by consistent beggar mothers (i.e. higher begging rank) to
conceal their fawns in sites with reduced visibility (Table 2; Fig. 2, left panel), but this was
true for younger (lighter) fawns and not for older (heavier) and more mobile fawns. Contrary
to our main expectations, fawns of consistent beggar mothers were found in areas further
away from the hotspot of human feeding when compared to the fawns of shyer mothers with
lower begging ranks (Table 2; Fig 3, left panel). This pattern was, again, clear when the

fawns were younger (lighter) and vanished for older and heavier fawns (Fig. 3 left panel).
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Figure 2: Effect of begging rank of the mother (x-axis, left panel) and mother’s age (years
old, x-axis, right panel) interacted with the weight of the fawn (first and third quartile, in kg)
on the visibility (scaled, y-axis) of bedsites as predicted by the Bayesian multivariate mixed-
effect model. Begging mothers (higher begging rank) as well as older and more experienced
mothers tended to hide their fawnsin less visible sites (lower visibility) when the fawns were

younger (lighter weight), whereas such arelationship was absent for heavier (older) fawns.
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Figure 3: Effect of begging rank of the mother (x-axis, left panel) and mother’s age (years
old, x-axis, right panel) interacted with the weight of the fawn (first and third quartile, in kg)
on the distance to feeding hotspot (scaled, y-axis) of bedsites as predicted by the Bayesian
multivariate mixed-effect model. Fawns were hidden in sites further from feeding hotspots by
both consistent begging mothers and older and more experienced ones, whereas such a

relationship was absent for heavier (older) fawns. Note that in the plot a scaled value of

distance 1 corresponds to 901m and a scaled distance of -0.5 corresponds to 476m.

When looking at the interaction of mother’s age and fawn weights (Table 2), accounting for
the effect of begging rank, older and more experienced mothers concealed their fawns in less
visible sites (Fig. 2 right panel) and more distant to the hotspot of human feeding (Fig. 3 right
panel). Similarly to the interaction with mother’s begging rank, the pattern was evident in

younger (lighter) fawns and vanished in older and heavier fawns.
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Discussion

Our aim was to disentangle anti-predator strategies during the birth period of
consistently begging mothers' in a semi-urban environment. Our main a priori expectation
was that female deer that show a reduced fear response to humans and regularly accept food
from them (sensu Griffin et a. 2022) would have concealed their fawns closer to the hotspot
of artificial feeding. By doing so they could more easily exploit artificia food while
remaining relatively close to their concealed offspring, facilitating maternal care
responsibilities such as suckling. Contrary to our expectation, consistent beggar females
displayed the most adaptable behaviour within a relatively small site with high human
activity. Consistent beggar mothers took advantage of artificial feeding opportunities by
showing higher acceptance rates than others in the population (Griffin et al. 2022) and as we
have shown in our study, they concealed their fawns in areas that tended to have thicker
vegetation and were farther away from human feeding hotspots compared to shyer females.
Our results clearly document a remarkable adaptation to local ecological conditions shown by
a subset of female deer living in an urban park. These findings raise questions pertaining to
how inter-individual differences in response to human selection pressures may shape the
behaviour of wildlife within increasingly human-dominated landscapes. Our work adds an
important piece to this puzzle - describing in detail inter-individual variability in coping with
humans within the same population, but also raises new questions which we expand upon
further below.

The same preferences for birthing and hiding fawns in concealed areas with thicker
vegetation further away from human feeding hotspots shown by begging females are adopted
by older mothers. In general, older females will have gained experience from raising previous
offspring and, therefore, females tend to become better mothers as they age (Paitz et al.,

2007). But consistent beggar mothers vary across the age range within our population with
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some being much younger and less experienced mothers than others. This illustrates that
individuals engaging in begging activities have acquired beneficial behavioural traits
normally associated with older, wiser, and more experienced mothers.

We a priori predicted that the link between mothers’ willingness to accept food from
humans and bedsite selection closer to human hotspots would be stronger during the first
days of afawn’s life — when the decision of where the neonate fawn will be delivered and
concealed is expected to be entirely taken by the mother — and weaker for bedsite locations
occupied by older, more mobile, and independent fawns. Our data confirmed this prediction,
and we showed that the link between bedsite characteristics and mothers behaviour were
evident only in captures of young neonates usually within a week after birth, meaning that the
decision to choose this location was driven by the mother (Blank, 2017). As fawns mature,
mothers begin using contact calls to locate them, suggesting that they have only an
approximate knowledge of the fawn’s location (Torriani et al., 2006). This suggests that
fawns begin to take an active role in deciding their location and move around more
independently of their mothers after the first period of the hiding phase when they barely
move.

Bedsite selection is an incredibly important behavioural decision by mothers of hider
species because fawn survival would depend on multiple factors including predation, disease,
and hypothermia (Jarnemo and Liberg, 2005, Kjellander et al., 2012). The mothers can limit
these threats by selecting suitable bedsite locations especially for hider species where a
fawn’s greatest defence from predation is cover and cryptic colouration (Grovenburg et al.,
2010), and adequate shelter from cold and damp weather conditions can help to fend off
hypothermia and disease. It has previously been shown that bolder mothers (the same females
included in this study) receive more food than their shy conspecifics, resulting in them giving

birth to fawns that are typically 300-500g heavier (Griffin et al., 2022, Griffin et al., 2023).
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Not only are these fawns heavier, but they also exhibit higher growth rates than the offspring
of mothers who do not beg (Griffin et a., 2023). This provides their offspring with an
advantage early in life when weight is an important predictor for neonate survival (Amin et
al., 2022) and mortality is at its highest in early life for ungulate species (Gaillard et al.,
1997). Considering neonate fawns rely solely on their mother’s milk for nutrition in early life
(Chapman et al., 1997), this could be linked to previous research which has shown that
lactating females who receive supplementary feeding show increased milk production (Garg
et a., 2013). Previous research has aso shown that prolonged nursing occurs in heavier
offspring in similar ungulates (Martinez et a., 2009). Combining these previously established
early life characteristics of higher birth weight and faster growth rates (Amin et al., 2022,
Griffin et a., 2022, Griffin et al., 2023) with our findings about superior bedsite location, the
offspring of bolder mothers are consistently awarded multiple survival advantages from in
utero to young adult life stages. This provides evidence that begging, risk taking mothers are
better adapted to this environment than shyer, risk avoiding females.

While individuals who regularly engage in human feeding activities may be better
adapted in this context, it is important to note that bolder behaviour is not always
advantageous as previously mentioned (Mann et al., 2000). The link between increased
offspring survival and food acceptance is context dependent. It has been argued that feeding
activities should only be deemed acceptable, “if it could be controlled, if it has a beneficial
conservation effect and if it did not compromise an animal’s long-term welfare” (Dubois and
Fraser, 2013). Another issue with artificial feeding in this scenario is that deer are often given
foods that are vastly different from their natural diets (e.g. chocolate, crisps/chips, and
sandwiches). When an animal is regularly exposed to human food that they cannot digest it
worsens their physical health leaving them more susceptible to parasites and disease

(Brookhouse et a., 2013) that could be passed on to other healthy (potentially non-begging)
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members of the population. Adaptability of species to urban settings has been increasingly
studied over the last decade (e.g. Bateman and Fleming 2012; Odden et al. 2014), and
concerns have been raised about the non-random sorting of individuals (Sol et al 2013) with
the urgency to improve our understanding of the mechanisms through which behaviour helps
animals to cope with such environmental alterations.

While bold behaviour may be rewarded in some cases within an intraspecies context
through fitness advantages over shyer conspecifics (Amin et al., 2022, Griffin et al., 2022,
Griffin et al., 2023), it is questionable whether it is beneficial when we consider inter-species
relations. In this landscape, humans and deer are constantly in close proximity due to the size
and use of our study site. Bold behavioura types have been linked to behaviours like
aggression and risk-taking (Marion et al., 2008, Dubois and Fraser, 2013) which can cause
injury (both to deer and people). These types of interactions can lead to increased conflict
between humans and wildlife, which in turn may require more robust management strategies
(and financial investment) to monitor and minimise these problems.

Previous studies have shown that extractive activities like hunting and fishing are
pushing selection towards less desirable traits in wild animals (Allendorf and Hard, 2009).
Based on our bedsite selection findings coupled with previous findings of increased fawn
birth weights and growth rates (Amin et a.,2022, Griffin et a., 2022, Griffin et al., 2023),
beggar individuals have a clear survival advantage over conspecifics that beg less. It could be
argued feeding activities promote the artificial selection of bolder begging behaviours
(Griffin et al., 2022, Griffin and Ciuti, 2023). In a more natural setting, this behavioural type
would exist within a herd but the proportion of bold to shy individuals would be maintained
through the associated costs of boldness e.g. predation (Hulthén et al., 2017). However due to
the lack of predation for bolder adults in this circumstance boldness can continually be

rewarded with additional food without the same level of associated risk which could therefore
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be encouraging this behaviour. If artificial selection is occurring, and bolder mother's
offspring are surviving better than their shyer conspecifics we could see an increase in the
proportion of bold individuals in populations over time.

Our research advances our understanding of human-wildlife interactions and related
knock-on effects, but several questions remain unanswered. The next steps in better
understanding the impacts of these close contact associations between humans and wildlife
are to allocate research efforts into understanding whether these behaviours are passed down
through generations and the mechanisms involved. Griffin et a (2022) documented high
intra-individual repeatability in fallow deer begging behaviour across years, suggesting that
personality could play a role in driving the behaviour of the bold beggars. This would be
particularly problematic if the innate propensity to interact with humans is a heritable trait
like other personality dimensions (e.g. Dochtermann et al. 2015, Sinn et al. 2006, Weiss et al.
2000). It is not yet understood whether this propensity would be inherited genetically or —
aternatively or in addition - if cultural transmission of begging behaviours occurs from
mother to offspring, either or both contributing to the maintenance and potential increase in
the frequency of this behaviour over generations. Either way, it must be aresearch priority to
better understand how humans are — voluntarily or not - shaping the behaviour of wildlife

within increasingly human dominated landscapes.
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