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Handling Editor: Francesca Cagnacci artificial selection may be at work. We have tested this hypothesis using a wild
fallow deer population living at the edge of a capital city as our model population.

3. In contrast to previous assumptions on the randomness of human-wildlife feeding
interactions, we found that a limited non-random portion of an entire population
is continuously engaging with people. We found that the willingness to beg for
food from humans exists on a continuum of inter-individual repeatable behaviour;
which ranges from risk-taking individuals repeatedly seeking and obtaining food,
to shyer individuals avoiding human contact and not receiving food at all, despite
all individuals having received equal exposure to human presence from birth and
coexisting in the same herds together. Bolder individuals obtain significantly more
food directly from humans, resulting in early interception of food offerings and
preventing other individuals from obtaining supplemental feeding.

4. Those females that beg consistently also produce significantly heavier fawns
(300-500¢ heavier), which may provide their offspring with a survival advan-
tage. This indicates that these interactions result in disparity in diet and nutrition
across the population, impacting associated physiology and reproduction, and
may result in artificial selection of the begging behavioural trait.

5. This is the first time that this consistent variation in behaviour and its potential
link to artificial selection has been identified in a wildlife population and reveals
new potential effects of human-wildlife feeding interactions in other species

across both terrestrial and aquatic habitats.
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1 | INTRODUCTION

Artificial selection (i.e. selection driven by human activities) shapes
wild populations through the removal or promotion of certain mor-
phological and behavioural traits (Ciuti et al., 2012; Coltman, 2008;
Festa-Bianchet, 2003). Traditional artificial selection studies focus
on the impacts associated with harvesting activities, such as hunting
and fishing. These activities, when performed passively (as opposed
to under selective or ‘active’ conditions, whereby harvesters are in-
structed by managers to target a specific trait), typically target larger
body sizes, resulting in selection for the survival of smaller individ-
uals across both terrestrial (Stenseth & Dunlop, 2009) and aquatic
environments (Fenberg & Roy, 2008). The selective removal of ‘de-
sirable’ morphological traits from individual populations through
these processes is well-documented (Darimont et al., 2009). For ex-
ample, hunting has led to a documented reduction in the tusk size of
African elephants Loxodonta africana (Chiyo et al., 2015), horn size in
sable antelope Hippotragus niger (Crosmary et al., 2013), and antler
size in moose Alces alces (Schmidt et al., 2007) and deer (Allendorf
& Hard, 2009).

In recent years, the selection of behavioural traits by these har-
vest activities has also been documented. Variability in consistent
inter-individual behavioural differences (i.e. ‘personality’ or ‘temper-
ament’) is believed to be important for the functional ecology and
dynamics of wildlife populations (Wolf & Weissing, 2012). Hunting
and fishing studies have been shown to extract different personality
types from a population, for example hunting often targets bolder
personality types (Ciuti et al., 2012), as does passive gear in fishing
(i.e. traps and angling) (Arlinghaus et al., 2017), whereas active gear
(i.e. trawls) often captures shy individuals (Diaz Pauli & Sih, 2017),
in both cases promoting the presence of the other behavioural type
within the population. This is further supported by evidence from
studies focusing on random capture methods, which indicate sam-
pling bias regarding behavioural traits (Biro & Dingemanse, 2009),
with additional studies indicating that active-bold individuals are
more likely to be captured than their inactive-shy counterparts
(Wilson et al., 1993).

As human populations and urban environments expand (Finn
et al., 2008) putting humans into increased contact with wildlife
(Madden, 2008), focus on artificial selection is shifting to alternative
human activities beyond traditional harvesting (Lowry et al., 2013).
For example, urbanisation selects for bolder individuals that will
risk attempting establishment in an urban environment (Lowry
etal., 2013), while road development may select against bold individ-
uals that are more likely to attempt crossings (Oxley & Fenton, 1976).
However, little attention has been paid to one of the most popular
human-wildlife activities; the self-motivated, unregulated provision
of food for wildlife by humans (Christiansen et al., 2016; Lowry
et al., 2013), particularly within human-dominated landscapes such
as urban gardens and parks.

There are documented cases of people recreationally feeding
wild mammals (Burns & Howard, 2003; Orams et al., 1996) and birds
(Conover, 1999; Jones, 2011), and this is now often reported on

social media—signifying that recreational feeding is an increasingly
popular activity. However, the dynamics and impacts of these in-
teractions on the wildlife species involved require further research
(Hammerschlag et al., 2012; Orams, 2002). Potential impacts have
often been extrapolated from studies on provisioning (e.g. arti-
ficial feeding stations) or refuse sites. Feeding at these sites has
been shown to impact population density (Gilchrist & Otali, 2002),
inter-individual competition (Mudge & Ferns, 1982), and behaviour
(Burgin & Hardiman, 2015). Additionally, studies on urban species
that utilise human-subsidised resources (i.e. refuse and food left
out) flag concerns regarding malnutrition and shifts in reproductive
behaviours (Lowry et al., 2013). However, little attention has been
paid to whether behavioural variation plays a role in the utilisation of
these resources or whether willingness to access these sites acts as
an intra-population selective force. Additionally, these studies take
place in environments where the animals involved experience lim-
ited human exposure or contact, therefore the risk involved is lim-
ited (especially as they may be more active in these areas at night),
whereas recreational feeding interactions require that an animal
engage directly with a human to obtain a food item (for example,
directly from the hand) which involves a higher level of risk-taking.
Therefore, relying upon these feeding station/refuse site studies to
understand recreational feeding activities, especially in the context
of artificial selection, could be misleading.

Where studies have actually focused on recreational feed-
ing interactions themselves (e.g. in tourism activities), willingness
to engage has typically been associated with conditioning (Finn
et al., 2008) rather than considering whether this behaviour could
be indicative of variation in behavioural traits. Researchers argue
that animals' engagement in interactions increases with exposure
(Laroche et al., 2007), which would imply that engagement is a ran-
dom process based on circumstantial learning. For example, some
behavioural variation has been documented between wild dolphins
that receive food from people, with some approaching more often
than others, leading to suggestions that these individuals have ex-
perienced ‘more conditioning’ (Smith et al., 2008). The randomness
of this process would imply that artificial selection of traits in these
populations, whether morphological or behavioural, is not at work.
However, these studies can only focus on the individuals that are
easily observable while accepting food from humans. To determine
whether recreational feeding activities are, therefore, actually re-
sulting in artificial selection, we must test whether a significant pro-
portion, if not an entire population, of animals that have experienced
equal exposure to interactions behave differently. Additionally, if
this is the case, we must uncover whether this particular behavioural
trait is promoted, for example through reproductive advantages, in-
dicating that it is artificially selected for.

Here, for the first time, we explore willingness to engage in di-
rect feeding interactions across an entire wild fallow deer Dama
dama population living at the edge of a metropolis, in which all in-
dividuals have equal opportunity to interact with humans (Griffin,
Haigh, Conteddu, et al., 2022). If artificial selection is at work, we
predict that only a subset of individuals repeatedly engage in these



1894 Journal of Animal Ecology

GRIFFIN ET AL.

interactions, with others existing along a spectrum of decreasing
levels of engagement, which would indicate that it is not a random
process. Providing only a subset of the population with additional
food could potentially result in weight gain (Clout et al., 2002) and,
therefore, increased weight of those individuals' offspring, which
would provide them with survival advantages (Amin et al., 2022;
Clutton-Brock et al., 1987). Notably, individual behavioural differ-
ences are documented as having a degree of heritability, potentially
through a combination of genetic and/or environmental factors
(Poissant et al., 2013; Réale et al., 2009), so there is the potential that
this behaviour could become more prevalent with time. This would
mark human-wildlife feeding interactions as a driver of artificial se-

lection in wild populations. Specifically, our goals are to

1. explore individual differences in willingness to interact (or ‘beg’)
by testing whether only a subset of individuals repeatedly
approach and engage with humans to obtain food, checking
whether this is repeatable within the individual (i.e. indicative
of a behavioural trait associated with inter-individual variability),
and categorising our population accordingly;

2. investigate differences in levels of supplemental food intake as
a function of begging behaviour (i.e. direct link between begging
behaviour and food intake) and assess variance in food accept-
ance among individuals displaying different levels of interactions
with humans (i.e. animals that beg more consistently may have a
greater variance among them than those that beg less because
only certain individuals within their category may actually obtain
food from humans);

3. Determine whether there is a reproductive advantage for those
individuals receiving supplementary food from humans by testing
whether the offspring of females that beg consistently are heav-
ier at birth, which is associated with survival advantages (sensu
Albon et al., 1983, Clutton-Brock et al., 1982, Amin et al., 2022),
than the offspring of those that either beg less or do not beg at all.

2 | MATERIALS AND METHODS

2.1 | Study area and population

The study was conducted in Phoenix Park, a 707 ha urban park located
in Dublin, Ireland, which receives an estimated 10 million visitors an-
nually. There is a resident fallow deer population of approximately 600
free-ranging individuals (late summer 2018-2019 estimates inclusive
of newborn fawns). This is a wild population in a natural area sur-
rounded by a wall and the environs of a capital city, with no chance for
the deer to emigrate and no natural predators (with the only exception
being red foxes who occasionally prey upon neonate fawns). Since the
1980's, University College Dublin wildlife biologists have been captur-
ing and ear-tagging newborn fawns in June, resulting in >80% of the
entire population being identifiable with ear-tags (ID). Deer are culled
annually by professional stalkers over the winter period as part of the
population management led by the Office of Public Works.

According to park rangers, it was not historically possible to ap-
proach most deer closer than 50 meters, with males being slightly
easier to approach compared to females (sensu Ciuti et al., 2004),
without causing herd displacement. However, between 5 and
10vyears ago, tourists began entering this tolerated distance to feed
the deer; a phenomenon boosted by the increased popularity of so-
cial media. Due to the Park's limited size and the high level of human
presence and vehicular traffic, all the deer experience continuous

human exposure from birth.

2.2 | Datacollection

All behavioural observations for this study were carried out at a
greater distance than that entered by tourists, were non-invasive
and conducted under research permit UCD AREC-E-18-28.
Observers remained passive and did not interact with either the
deer or the public, preventing the need for further ethical approval.
Observations ran from the start of May to the end of July in 2018
and 2019. This period was selected as nutrition intake is of key im-
portance; males are regrowing antlers (Dryden, 2016) and females
are nursing offspring (Ciuti et al., 2006). Collections were performed
from dawn to dusk using a stratified sampling design based on time
of the day, day of the week and area of the park. The area used by
deer in the Park was divided into eight sectors (four in the eastern
side of the Park where the males reside, and four in the western
side where the females reside), excluding two small areas (St Mary's
hospital and OSI campus, less than 3 hectares in total) that are ac-
cessible to deer but not open for public access. We then surveyed
these sectors following an a priori strict schedule of which sector to
enter daily.

We recorded herd size, IDs present (accurate sex and age avail-
able from capture data after birth), location, and time upon finding
the herd. A unique ‘herd code’ was also assigned to each herd as
it was observed. If no herd was present in the scheduled sector,
then we entered the next sector in the ordered system and contin-
ued through the order until locating a herd. If multiple herds were
present in a sector (with a herd defined as a group of 2+ individu-
als within a visual estimate of approximately 50 m of each other and
within view of each other), then we selected one at random by flip-
ping a coin. We continued data collection on the same herd until the
end of the allotted time period for that day, or until the herd split or
merged with another group. If the herd split or merged with another
group, then we ended the observation and selected a new herd at
random for observation. The deer often form large herds, with fe-
male herds (mean+SD 105+ 78 deer) usually being larger than male
ones (41 +33 deer).

When humans approached to interact with the herd, we docu-
mented the number of people interacting, time and duration of the
interaction, location and IDs of the deer begging. Begging was de-
fined as a deer directly approaching a group of people with the ears
erect and eyes focused, remaining in alert and waiting for a food
offering. If and when the humans offered food items we recorded
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the time, the IDs of the deer present begging for it, the type of food
(e.g. carrot, bread, biscuit, etc.) and exact number of items accepted
by each ID, the way it was accepted (from the ground after being
thrown or directly from the hand, see Supporting Information, S1),
and interaction duration.

To test whether females begging for food have a reproductive
advantage, that is, increased body mass of fawns at birth, we col-
lected body weight (kg) of neonate deer over 3 consecutive fawning
seasons (2018-2020) and linked the identity of fawns to that of the
mothers via direct behavioural observations. The collection proto-
cols for fawn capture and weight measurement are outlined in Amin
et al. (2021), while recalibration to true birth weight and mother-
fawn pairings are outlined in the Supporting Information (S2). All col-
lections were performed with full ethical approval under research
permit UCD AREC-E-18-28.

2.3 |
(Goal 1)

Data analysis—Modelling begging behaviour

Data analyses were performed in R 4.0.5 (R Core Team, 2021). Our
dataset was composed of 25,291 rows, with each row correspond-
ing to an observation of an identified individual, the code for the
herd that they were present in, whether or not they engaged with an
interaction (binomial; 1 = a line for each time they engaged in a sepa-
rate feeding interaction over the course of that herd observation,
0 = they were documented as being present in the herd but never
approached any available feeding interactions), information on the
interaction (i.e. how many people were involved), what, if any, food
items they accepted if they did beg, and all additional data outlined
above including spatial and temporal information (see Supporting
Information, S3, for a sample of the dataset—note that ‘carrots’ are
included here as sample food columns, but our original database
has additional columns for multiple food types which have been re-
moved for simplification).

We fit a generalised linear mixed-effects model (GLMM) with
binomial distribution of errors following a priori structure using
glmer function in Ime4 (Bates et al., 2015), with begging as response
variable and deer ID and herd ID (observation number) as crossed
random intercepts. Our model a priori structure was built using pre-
dictors of interest that we selected prior to the beginning of the data
collection. We included deer age, sex, herd size, the total number of
people that attempted to interact with the herd during the obser-
vation session, the time of the week (categorical: weekday or week-
end), the time of the day, the amount of time the observer spent
monitoring the herd (duration, i.e. sampling effort), the month of
observation (categorical: May, June, July) and year of study (categor-
ical: 2018, 2019) as explanatory variables in our model. All numerical
predictors were scaled to improve model convergence, and were in-
cluded as both single and quadratic terms in the model to allow for
non-linear patterns.

We also included three two-way interactions in the model:
sex and age, sex of the individual and total amount of people that

attempted to interact with the herd, and sex and herd size, all of
which were included in both their linear and quadratic forms (result-
ing in six interactions in total). For details on variable selection ratio-
nale and a priori expectations, see S4.

We explored model simplification of our a priori model structure
by later re-running the model after excluding insignificant interac-
tions. However, as no changes to our results occurred, we opted
to pursue a modelling strategy using the full a priori model with-
out removing any insignificant predictor or interaction, therefore
producing the model with the more accurate confidence intervals
and coverage as recommended by Dormann et al. (2018). All pre-
dictors included in the model structure were not collinear (Irpl <0.7)
(Dormann et al., 2013).

Despite our sampling design allowing us to monitor the entire
population in a systematic fashion, we were aware of a number of
underrepresented individuals, that is, individuals monitored for just
a few hours, such as newborn fawns that did not join herds until
mid-July or deer that died early in collection. We were interested
in the random intercepts estimated by the GLMM for individual ID
(sometimes known as conditional modes, or best linear unbiased
predictors, BLUPs; Robinson, 1991), expected to span from the deer
that showed the lowest begging rate to the one that showed the
highest rate after taking all model predictors into account. However,
we did not want these estimates to be affected by noise introduced
by underrepresented deer. After data screening, we arbitrarily re-
moved any deer ID observed for less than 3 observation sessions
(equivalent to 18 hr over the 2-year monitoring period). We then
fitted the GLMM with the full sample size (database 25,291 rows)
and the one with censored underrepresented individuals, for ex-
ample mostly neonate fawns (database 23,490 rows), extracted the
random intercepts for individual deer from both and tested for the
repeatability of such estimates between the two models. Using the
rpt function in the rpTR package (Stoffel et al., 2017), we found a
remarkably high repeatability in random effect estimates (R = 0.993,
SE =0.001, Cl =[0.992, 0.994]). In the light of this preliminary analy-
sis, we decided to remove under-sampled individuals with no impact
on the overall random effect output.

Final model predictions for fixed effects were plotted using li-
brary effects (Fox & Weisberg, 2018), which provided marginal 95%
confidence intervals. The r.squaredGLMM function from the Mumin
package (Barton, 2019) was used to compute the conditional and the
marginal R?. Temporal autocorrelation was screened using the par-
tial autocorrelation pACF function (Box et al., 2015), whereas spatial
autocorrelation was visually inspected by producing a variogram
(Zuur et al., 2009).

2.4 | Dataanalysis—Begging behavioural
categories within the population (Goal 1)

Begging behaviours displayed by individuals are ecologically sig-
nificant in the context of artificial selection if they are repeatable
over time. To test this, we ran a repeatability test on the same
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mixed-effect model structure described above using the rptBinary
function in the rpTR package (Stoffel et al., 2017).

After testing for repeatability, we extracted the 95% confi-
dence intervals for each random intercept value for deer ID and
then summarised them into behavioural categories. These be-
havioural categories were identified depending on how the ran-
dom effects and related confidence intervals were distributed
around the median random effect (zero, i.e., the median begging
behaviour of the population). Ultimately, these behaviours exist
on a continuum, but for clarification we subdivided these into
three categories; those whose random effect's 95% Cls remained
greater than zero, overlapped zero or was less than zero. This ap-
proach considers and categorises the BLUPs (random intercept)
while connecting them with the associated error (confidence in-
tervals; sensu Hadfield et al., 2010, Houslay & Wilson, 2017). We
then calculated the percentage of individuals of the population
falling into each of these categories.

2.5 | Dataanalysis—Food acceptance within
begging behavioural categories (Goal 2)

To quantify the different food intake of deer depending on their
begging behaviour, we calculated the rate of food acceptance by
dividing the number of food items by the total amount of time the
individual was observed for and rescaling this to an hour. We ran a
non-parametric Kruskal-Wallis one-way analysis of variance, which
we selected due to the non-normality of the data, to test for signifi-
cant variation in acceptance rates among begging categories using
the kruskal. test() function in the stats package (R Core Team, 2018).
We then performed a Kruskal-Wallis multiple comparison test to in-
vestigate differences between categories using the kruskalmc() func-
tion in the pcirRMESss package (Giraudoux et al., 2018). We opted to
utilise begging categories as opposed to the random effect outputs
(BLUPs/random intercept) as differences in confidence intervals
were incorporated into an individual's assignment to each cate-
gory, allowing us to moderate for error (sensu Hadfield et al., 2010,
Houslay & Wilson, 2017).

We also predicted that different begging categories would have
a different variance in their acceptance rate within their category,
that is, deer that avoid engaging in a lot of interactions with humans
are more likely to have a reduced variance in acceptance rate (close
to zero), whereas consistent beggars may have a greater variance
because only certain individuals within their category may actually
obtain food. We therefore tested for the homogeneity of variance
in acceptance rates across begging categories by fitting a non-
parametric Fligner-Killeen test using the fligner.test() function in the
sTATs package (R Core Team, 2018).

When deer beg for food, they can obtain a food item in two dif-
ferent ways: they can take it directly from the humans' hands, or they
can collect it from the ground when dropped or thrown by humans.
Collecting food thrown on the ground does not require these animals
to get too close to humans, whereas deer getting food directly from

people's hands are expected to be those animals particularly capable
of coping with close-distance human-deer interactions. We there-
fore repeated the same process described above (Kruskal-Wallis
one-way analysis of variance test followed by Kruskal-Wallis mul-
tiple comparison test and Fligner-Killeen homogeneity of variance
test), this time analysing interactions involving food hand-delivered

as opposed to thrown food items.

2.6 |
(Goal 3)

Data analysis—Fawn birth weight analysis

We extracted all females from our population for which we had both
a begging category assignment for their ID and a confirmed fawn
pairing at least once over 3years of data, 2018-2020. We then ana-
lysed the link between mother begging category and fawn weight,
(which, as previously mentioned, was recalibrated to weight at birth,
see Supporting Information, S2). We fit a a priori linear mixed effect
model using the Imer function in the LMe4 package (Bates et al., 2015),
with the recalibrated fawn birth weight as the response variable and
mother begging category, sex of the fawn and year of birth as the
predictors. We also included mother ID as a random effect as some
mothers appeared across multiple years in our dataset. Here, we
used begging category (derived from the BLUPs and their associ-
ated uncertainty—see above) but there is no full consensus on this
practice (see Dingemanse et al., 2020; Hadfield et al., 2010; Houslay
& Wilson, 2017). We, therefore, re-ran the same linear mixed effect
model with mother begging behaviour (BLUPs) instead of begging
category.

To ensure that any effects found linking mothers' begging
behaviour to fawns' weight at birth were indeed due to the dif-
ferences in diet caused by variation in engagement in feeding
interactions, as opposed to natural variation in resource intake
among mothers caused by different space use and habitat se-
lection, we produced a map to visually compare the home range
of consistent begging females with females from other begging
categories. We also assessed herd composition and calculated the
mean percentages that each begging behavioural category repre-
sent within all female herds. This check aimed to confirm whether
all behavioural categories were exposed to the same conditions
and, therefore, variances in results were not due to a subset being
consistently isolated.

3 | RESULTS

3.1 | Sample sizes

We collected data across 92days (45 in 2018; 47 in 2019). Total time
spent in observation was just under 612 hr (314.3hrin 2018; 291.4 hr
in 2019). The resulting dataset was composed of data on 458 ear-
tagged individuals and 503 different herd combinations (259 female
herds, which included subadult males remaining with mother groups
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and the occasional buck, and 244 male herds). In total, we observed
87% of our entire population (434 out of 502 tagged individuals) in
2018, and 85% of our entire population (384 out of 453 tagged indi-
viduals) in 2019, after excluding newborn fawns that did not join the
herd permanently before sampling ended. For the fawn birth weight
analysis, our dataset was composed of 94 mothers and 134 fawns,
with 5 mothers delivering offspring all 3years, 30 twice and 59 only

once.

3.2 |
(Goal 1)

Modelling begging behaviour in fallow deer

The GLMM explained 88.5% of variation, including that explained
by inter-individual variability, whereas 62.1% of the variance was ex-
plained by fixed effects alone (Table 1). After taking the year of the
study into account, the following single predictors were all flagged
as significant by the model (Table 1): herd size, sex of the deer, time
of the week, number of people present to interact with, time of the
day, and age of the animal. In terms of the interactions included in
the model, only that between age and sex was flagged as significant
(Table 1). The model did not have residual spatial or temporal au-
tocorrelation (Supporting Information, S5). We also calculated the
odds ratios for this model (available in Supporting Information, Sé).
Begging decreased with increasing deer herd size (Figure 1a).
There was an optimum number of people present for maximum
begging behaviour; begging increased with the number of people
present and peaked at ~40-50 people, before it then decreased
(Figure 1b). In terms of temporal analysis, begging behaviour in-
creased on the weekends (Figure 1c) and peaked between 13:00-
14:00 daily (Figure 1d). Males were, in general, more likely to beg
for food than females, with begging increasing in females (Table 1)
continuously with age but dropping off in senescent males after they

reach approximately 8-9 years old (Figure 1e).

3.3 | Begging behavioural categories within the
population (Goal 1)

We found that begging behaviour was significantly repeatable among
individuals (R = 0.371, SE = 0.025, CI = [0.296,0.389], p<0.001 over
100 bootstraps; Supporting Information, S7). Based on the random
effect estimates and related 95% confidence intervals, we classified
each deer as a consistent beggar, occasional beggar or rare beggar
(Figure 2a), with all categories being well distributed among the two
sexes (Figure 2b). By simply looking at the number of times individu-
als were observed during the study and how many times they were
seen begging, we found that consistent beggars begged for food ap-
proximately 3 out of 10 times that they were observed (mean+SD:
29 +20% of times observed begging at least once during an entire
observation session), whereas occasional beggars and rare beggars
each only begged 3-4 out of 100 times that they were observed
(3+6%, and 4 + 5% respectively).

TABLE 1 Parameters estimated by the GLMM explaining the
likelihood of deer to beg for food in the Phoenix Park population,
Dublin. The model was fitted on 23,490 observations carried out
on 503 different herds (‘obs’) and 458 unique deer (‘ID’); both ‘obs’
and ‘ID’ were fitted as crossed random intercepts, with the variance
of ‘obs’ being 2.23 (SD = 1.49) and the variance of ‘ID’ being 5.36
(SD =2.32)

Standard
Fixed effects Estimate error Zvalue  Pr(>|z|)
Intercept -6.85845 0.33369 -20.55 <0.001
Herd size -1.77399  0.50712  -3.50 <0.001
Herd size? 111612  0.49824 2.24 0.0251
Sex [female] 0
Sex [male] 1.45744  0.34324 4.25 <0.001
Month [May] 0
Month [June] -0.44285 0.24618 -1.80 0.0720
Month [July] 0.02018  0.24901 0.08 0.9354
Year [2018] 0
Year [2019] 0.34128  0.20237 1.69 0.0917
Time of the week 0
[Weekdays]
Time of the week 0.49155  0.21224 2.32 0.0206
[Weekend]
Monitoring time -0.03588 0.30970 -0.12 0.9078
Monitoring time? 0.25956  0.28909 0.90 0.3693
People present 6.07857 0.45728 13.29 <0.001
People present2 -3.58509 0.39164 -9.15 <0.001
Average time of 3.91266  1.35286 2.89 0.0038
day
Average time of -3.78090 1.31860 -2.87 0.0041
day?
Age 1.59402  0.55892 2.85 0.0043
Age? 0.24444  0.50815 0.48 0.6305
Sex [male]: Age 3.68469  0.90932 4.05 <0.001
Sex[male]: Age® -4.57017  1.02529 -4.46 <0.001
Sex [male]: People 0.08524  0.47516 0.18 0.8576
present
Sex [male]: People -0.04942 0.38710 -0.13 0.8984
present2
Sex [male]: Herd 0.31321  0.54406 0.58 0.5648
size
Sex [male]: Herd -0.29170 0.52204 -0.56 0.5763

size?

In total, consistent beggars represent ~24% of the observed popu-
lation, while occasional beggars represent ~68% of the population and
rare represent ~8% (Figure 3). All three categories were present across
the sexually mature (4 - 8yo) and older (9 +yo) population, though
subadult individuals (0-3yo) were only composed of consistent and
occasional beggars (Supporting Information, S8). Notably, these beg-
ging categories only summarise the ear-tagged deer observed in each
season (87% in 2018, 85% in 2019), meaning that 13% of individuals in
2018 and 15% of individuals in 2019 (<70 individuals per year) known
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(a) Effects of Herd size

(b) Effects of Interaction Availablility
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FIGURE 1 Plots depicting the effect of deer herd size (a), number of people present (b), time of the week (c), time of the day (d), and age
interacted with sex (e) on the likelihood of a fallow deer to beg (y-axes) in the Phoenix Park, Dublin, as predicted by a generalised linear
mixed-effect model GLMM. Predicted effects are shown as lines surrounded by marginal 95% confidence intervals.

to be alive were never observed. These individuals likely selected to
remain in sites that were excluded from our sampling area as they are
permanently closed to the public and were, therefore, categorised as
‘avoiders’, that is, individuals that not only avoided direct human in-
teraction, but avoided areas where humans were present altogether.

3.4 | Food acceptance within begging behavioural
categories (Goal 2)

Food items delivered by humans were mainly carrots (n = 4319, 45.3%
of the total items delivered), plants collected within the Park itself
(n = 1461, 15.3%), bread (n = 1168, 12.3%), apples (n = 1016, 10.7%),
and biscuits/chocolate/crisps (n = 587, 6.2%), and other miscellaneous
food and non-food (i.e., plastic bag, piece of papers) items (n = 978,
10.3%). We found that there was significant variation in food acceptance
among begging categories in both females (n = 238; Kruskal-Wallis test:
chi-squared = 112.34, df = 2, p<0.001, Figure 4a) and males (n = 220;
chi-squared = 95.75, df = 2, p<0.001, Figure 4b). Consistent beggars ac-
cepted more food than both occasional and rare beggars (Kruskal-Wallis
multiple comparison test p<0.05 in both cases); however, occasional and
rare beggars did not differ significantly from each other (p > 0.05). The me-
dian acceptance rate for female consistent beggars was 0.14 food items/

hr (min = 0, max = 1.76), for female occasional beggars was 0 items/hr
(min = 0, max = 0.31), and 0 items/hr (min = 0, max = 0.32) for female
rare beggars. Male consistent beggars had a median acceptance rate of
0.7 items/hr (min = 0, max = 2.21), O items/hr (min = 0, max = 0.58) for
male occasional beggars, and O items/hr (min = 0, max = 0.17) for male
rare beggars. We found different variances in food acceptance among
begging categories in both sexes (Fligner-Killeen test: females: chi-
squared = 141.77, df = 2, p<0.001; males: chi-squared = 103.97, df = 2,
p<0.001), with a higher level of variance in the consistent beggars when
compared to the other categories (Figure 4).

We also found significant variation in food acceptance among beg-
ging categories irrespective of mode of acceptance of food (food di-
rectly from the human's hand or mouth: n = 458; Kruskal-Wallis test:
chi-squared = 186.14, df = 2, p<0.001, Figure 5a; food items thrown
on the ground: chi-squared = 167.61, df = 2, p<0.001, Figure 5b). In
both cases, consistent beggars accepted more food than occasional
or rare beggars (Kruskal-Wallis multiple comparison test: p<0.05 in
all cases, Figure 5), whereas occasional and rare beggars did not differ
(p>0.05 in all cases). However, we did find higher levels of variation
in acceptance directly from the human (Fligner-Killeen test: chi-
squared = 321.35, df = 2, p<0.001) than acceptance from the ground
(chi-squared = 128.51, df = 2, p<0.001). Consistent beggars did gen-
erally display a higher rate of acceptance of food from the hand/mouth
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FIGURE 2 Breakdown of the deer population of Phoenix Park, into (a) three behavioural categories, consistent, occasional, and rare
beggars, based on GLMM random intercept estimates and the overlap of the 95% confidence intervals on zero, that is, the median begging
behaviour recorded for the population. The right plot (b) shows the distribution of the two sexes across the three begging categories.

Sampled Population
(n = 458)
n=109 n =349
Consistent
23.80% 76.20%
n=2314 n=35
Occasional
68.56% 7.64%
n=1>53 n=>56 n=144 n=170 n=23 n=12

48.62%

51.38% 45.86%

54.14% 65.71% 34.29%

FIGURE 3 Flow chart outlining the percentages of each behavioural category present in the deer population of Phoenix Park.

(min = 0, median = 0.27, max = 1.90 food items/hour), than occasional
beggars (min = 0, median = 0, max = 0.50) and rare beggars (min = 0,
median = 0, max = 0.11). Similarly, we also found higher rates of accep-
tance from the ground in consistent beggars (min = 0, median = 0.09,
max = 0.46) than in occasional beggars (min = 0, median = O,
max = 0.36) or rare beggars (min = 0, median = 0, max = 0.25), though
the rates were considerably less variable among begging categories
here than in acceptance from the hand/mouth (Figure 5).

3.5 | Effect of mother begging behaviour on fawn
birth weight (Goal 3)

In our final database, the 134 fawns were paired with 47 consist-
ent beggars, 85 occasional beggars and 2 rare beggars as moth-
ers (note that some mothers appeared repeatedly in the database
as specified in the ‘sample sizes’ section above). Due to the low
number of rare beggar mothers in this dataset, combined with
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FIGURE 5 Deer acceptance rate per hour of food provided by humans with the hand (a) or thrown to the ground (b) in Phoenix Park, in

relation to begging tendency (y-axis, GLMM random effect estimate) and begging category (consistent, occasional, and rare beggar). Males
and females are cumulated, each point corresponding to an individual deer.

the results from our analyses on food acceptance showing little
variation in food intake between occasional and rare beggars, we
opted to group these in the analysis for comparison with consist-
ent beggars. The mixed-effect model explained 32.6% of variation
in birth weight, with 18.0% being explained by the fixed effects
alone (Table 2). Both begging category of the mother and sex of

the fawn (i.e. heavier males) were flagged as being significant
(Table 2). Consistent beggars produced significant heavier fawns
at birth than occasional and rare beggars (Figure 6), with our re-
sults indicating that mothers who beg consistently are delivering
fawns that are up 300-500g more than those mothers who dis-
play reduced begging behaviour.
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TABLE 2 Parameters estimated by

the LMER explaining the variability of
birth weight in fawns as a function of
mother begging category, sex of fawn and
year of birth. The model was fitted on
134 different fawns across 94 different
mothers, with the ID of the mother being
set as a random effect (variance = 0.077,

Fixed effects

Intercept

Category [occasional and rare]

Sex [female]

SD =0.28) Sex [male]
Year [2018]
Year [2019]
Year [2020]
4.9 F
4.8 r
D
e 4.7 r
2
(]
=
E 4.6 -
m
c
3
L 451 -
4.4 F
434 —
consistent other

Begging Category of Mother

FIGURE 6 The effect of the begging behavioural category of the
mother on the birth weight (in kg) of the associated fawn. Predicted
effect is depicted along the marginal 95% CI.

Our replicated analysis, using BLUPs instead of the begging
category for mothers, showed similar patterns, and is shown as
Supporting Information (59). In terms of assessing other factors
outside of begging behaviour that may have an effect (such as
differences in resource availability per category), we found that
not only do female occasional and rare beggars share the same
home range, and therefore resource availability, as female con-
sistent beggars (Supporting Information, S10), but they are also
consistently observed in the same groups and therefore have
equal opportunity to interact. Female herds are commonly com-
posed of multiple behavioural categories, with consistent beg-
gars representing less than 1/3 of the herd members (mean + SD:
28.97%+15.93%), occasional beggars representing the vast
majority (62.18% +16.57%) and rare representing a minority
(8.85% +8.64%).

Category [consistent]

Standard

Estimate error T value Pr(>|t])
4.53324 0.14418 31.44 <0.001
0

-0.32290 0.12680 -2.55 0.0013
0
0.52288 0.11382 4.59 <0.001
0

-0.10440 0.14828 -0.70 0.4828
0.01516 0.13111 0.12 0.9082

4 | DISCUSSION

As outlined in the first goal of our study, we wished to determine
whether engagement by wild animals with humans was random or
whether only certain individuals would tolerate these close contact,
‘high-risk’ interactions. This aimed to identify this behaviour, for the
first time, in a free-ranging population (i.e. not comparable to pen-
based behaviour) interacting with humans directly, as opposed to the
indirect interactions associated with site or feeding station-based
studies. We have now identified that likelihood to interact or ‘beg’
from humans exists on a continuum of repeatable behaviour across a
deer population of individuals that, notably, have all experienced the
same levels of human exposure. It is well known that behaviours in
animals exist on a continuum (Wilson et al., 1994), but this had yet
to be explored in relation to wildlife begging for food from humans.
We were able to classify the population that was observable in areas
with open access to the public (~86%) into three categories, which
we argue may also exist in other wildlife populations in close contact
with humans; those that consistently beg, occasionally beg and rarely
beg. The remaining subset of the population (~14%, avoiders) selected
to limit themselves to smaller areas that are closed to the public. This
reflects what is widely accepted in random capture studies, that is,
that we are less likely to trap, or in this case observe, the shy-inactive
individuals present in any population due to their careful avoidance of
humans (Biro & Dingemanse, 2009; Leclerc et al., 2017, 2019; Wilson
et al., 1994). Notably, the proportions of different begging behaviours
seen within this deer population are reflected in similar proportions
in other populations relating to different foraging techniques, such as
in the classical examples of producers and scroungers in pigeons and
zebra finches (David et al., 2011; Giraldeau & Lefebvre, 1986). Our
data report current levels, however, it is possible that 5-10years ago,
when humans started feeding deer in the park, the percentage of indi-
viduals interacting was lower than the one recorded during this study
period, leading to the possibility that the current observations may
already be the result of artificial selection. Long-term research will be
able to disentangle the variation in the proportion of consistently beg-
ging individuals over time.

The repeatable variation in behaviour between individuals/cat-

egories is only of consequence if it results in differences in dietary
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intake (reasoning for Goal 2), as this may establish it as a driver of
new evolutionary forces reminiscent of resource competition stud-
ies (Wolf & Weissing, 2012). We have established that the consis-
tent, occasional and rare beggars had access to a variety of high
concentrate food items, including bread, biscuits and fruit, among
others, which were mostly accessed by consistent beggars. In partic-
ular, these consistent beggars obtain the majority of food offered di-
rectly by humans, which enables early interception of food offerings
as they compete with other members of the herd. The high level of
variation in food item intake present within this category is further
evidence of inter-individual competition at work, with the boldest
and most aggressive individuals potentially receiving the most food
items. Notably, it is possible that these bolder individuals may also
naturally invest more time in foraging activities (Kurvers et al., 2010),
meaning that human provision of food could be further exacerbating
variations in nutrition intake.

This dietary variation raises questions regarding differences
in nutrition intake, the associated physiological impacts, and how
these are likely to result in artificial selection. For example, in deer,
supplementary feeding may result in increased body weight and
size (Volpelli et al., 2003), which is also linked to increased antler
size (Dryden, 2016), both of which play an important role in mating
success (Jennings et al., 2004). In our own study (Goal 3), we have
shown that the supplementary feeding provided to those females
that consistently beg produce heavier offspring. Notably, studies
from this system have shown that heavier fawns are afforded a
greater survival advantage (Amin et al., 2022), similar to what has
been suggested in other studies regarding different species survival
(Cabrera et al., 2012; Clutton-Brock et al., 1987; Maniscalco, 2014).
Therefore, human-mediated artificial selection may favour begging
individuals, and attention must extend to other targeted popu-
lations in terrestrial (e.g. birds in gardens) and marine ecosystems
(e.g., dolphins and seals in harbours and tourist hotspots; Jones &
Reynolds, 2008; Orams et al., 1996), as clearly these activities, which
are perceived by many in the public as benign (Hockett & Hall, 2007),
are actually having unseen effects.

As these repeatable behavioural traits are noted as having
a degree of heritability (Dingemanse et al., 2012; Dochtermann
et al., 2015) they may be lost if selected against, especially in
enclosed populations with no inflow of genetics, such as wildlife
populations embedded within human dominated landscapes and
urban areas. The artificial selection potentially driven by these
interactions may also contribute to other driving forces; for ex-
ample, the growing popularity of hand feeding in a variety of bird
species has continued to gain traction through videos posted on
social media (Moller, 2008). With studies already showing genetic
divergence between birds in urban and rural areas (Charmantier
et al., 2017), potentially stimulated by urban environments favour-
ing bold behavioural types (Lowry et al., 2013). The reproductive
promotion of bold individuals that accept food shown in our study
may further drive this evolutionary force in these avian species.
In terms of marine wildlife, hand feeding has become increasingly
popular as a recreational activity (Semeniuk et al., 2007), and the

possibility that these activities could be contributing to the forces
acting upon these often at-risk populations requires consideration.
As previously mentioned, the feeding of terrestrial mammals by
humans has also been documented (Burns & Howard, 2003), yet,
no empirical studies regarding variation in begging behaviours
have been performed for these species. Now that we have gath-
ered empirical evidence that this may be occurring, it is of fun-
damental importance that the associated impacts caused by this
activity be evaluated.

Our study has also uncovered key information, which contrib-
utes to our understanding of how these interactions may function
in other wildlife species. Details regarding the roles of different pre-
dictors are of key importance to ecologists and wildlife managers
as we begin to unravel the dynamics of these complex interactions.
We have uncovered interesting findings regarding the age and sex
of the targeted animal, the congregation size of both humans and
the targeted wildlife group, and temporal aspects, which enable us
to better understand what drives these complex interactions, as ex-
panded upon below.

Overall, males beg proportionally more than females; males are
larger than females (McElligott et al., 2001), requiring a greater nu-
tritional intake for size maintenance (Demment & Van Soest, 1985).
Males also tolerate human presence more than their female counter-
parts and generally tend to exploit richer feeding areas, even when
characterised by higher human presence, in order to invest in body
size (Ciuti et al., 2004). In our study's case, it is likely that males invest
more in these feeding interactions than females during the spring
and summer months as a larger body size is advantageous during the
rut (McElligott et al., 2001) and that this would continue afterwards
to compensate for the loss of condition typically associated with the
rut (Clutton-Brock et al., 1982) during the harsher winter months.
However, in terms of age, our results showed that older individuals
beg more overall among females, whereas males show a decrease in
begging behaviour later in life. It is likely that females, who typically
live longer than males (McElligott et al., 2002), become more adept
at spotting and intercepting food offerings with age. Conversely,
older males are likely impeded by the physiological decline associ-
ated with cervids after years of exposure to the rut (Clutton-Brock
et al., 1982; McElligott et al., 2002; Yoccoz et al., 2002), preventing
them from competing against prime males efficiently and, therefore,
resulting in reductions in their begging behaviour.

Understanding how herd size may influence interactions is par-
ticularly important as popular targets for feeding interactions, such
as ruminants and birds, tend to form herds or flocks. We found that
individuals in larger herd sizes are less likely to beg, as larger herd
sizes may prevent individuals from spotting or reaching all interac-
tions, also favoured by reduced levels of vigilance and scanning in
larger herds (Childress & Lung, 2003). Conversely, it is also import-
ant to understand how human congregation may influence an an-
imal's likelihood or willingness to interact. Our findings show that
begging increases with the number of interactions available up to
~40-50 people before it plateaus and then decreases. Animals may
become more stressed beyond this cut-off point, which likely bears
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important consequences for cortisol levels and associated health im-
pacts (Roth, 1985).

As for the temporal aspects, we found that begging behaviours peak
circa 13:00-14:00 in the day and over the weekend (compared to on
weekdays). Wildlife in human-dominated landscapes typically show
peaks in activity at dawn and/or at dusk (Ensing et al., 2014; Grinder &
Krausman, 2001; Ossi et al., 2020) avoiding periods of intensive human
activity. However, animals seeking feeding interactions show a high level
of begging activity during the times which coincide with the most out-
door activity by humans globally (Glass et al., 1992; Walls et al., 2018),
potentially altering the typical circadian patterns of targeted wildlife.

Our study has begun to unravel the complex dynamics and impacts
of these popular human-wildlife interactions. For the first time, we
have found definitive evidence that engagement with humans in these
interactions is not random, but instead is a repeatable trait driven at
the individual level. This results in dietary differences, which may be
driving artificial selection by providing reproductive advantages for
the individuals involved. Additionally, we have uncovered key drivers
of these interactions which may prove to be invaluable, for example,
for park officials who wish to design targeted management campaigns
to reduce human-wildlife contact. Ultimately, our study opens the
field for further research into the role of human-wildlife feeding inter-
actions in artificial selection within wild populations, which must now
be explored in other species across different ecological contexts and

varying levels of human presence and pressure.
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