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Abstract

There is a growing interest in the behavioural and life history mechanisms that allow animal

species to cope with rapidly expanding urban habitats, which impose frequent proximity to

humans. A particular case of behavioral bottleneck (i.e. conflicting interests) faced by ani-

mals in urban environments is how they will modulate the defence of their offspring against

the potential danger represented by humans, an aspect that has received scarce research

attention. We examined the nest defense against humans by a dense breeding population

of a raptor, the Black Kite Milvus migrans, within the megacity of Delhi (India). Here, kites

live on a diet dominated by human waste and meat offered through religiously motivated

bird feeding practices. Nest defense levels increased with the number of offspring, and with

the progression of the breeding season. Defense also intensified close to ritual-feeding

areas and with increasing human waste in the streets, suggesting synergistic effects of food

availability, parental investment, personality-boldness and habituation to humans, with con-

sequent attenuation of fear. Thus, the behavioural response to a perceived threat reflected

the spatial mosaic of activity of humans in the city streets, their cultural practices of ritual-

feeding, and their waste-management. For synurbic species, at the higher-end spectrum of

adaptation to an urban life, human cultural practices and attitudes may well be the most

defining dimensions of their urban niche. Our results suggest that, after initial urban coloni-

zation, animals may continue to adapt to the typically complex, heterogeneous environ-

ments of cities through fine-grained behavioural adjustments to human practices and

activities.

Introduction

Rapid, worldwide urbanization is raising interest in urban ecology and in the ways animals

adapt to novel and burgeoning urban environments [1]. In particular, behavioural mecha-

nisms that mediate such adaptation remain an under-researched topic [2, 3], with current
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knowledge mostly limited to a handful of species that have only recently colonized or are in

the process of capitalizing on urban environments e.g. [2, 4, 5]. Furthermore, these species

have typically been studied in biogeographic regions with a long history of wildlife persecution

by humans, whose proximity is frequently seen as a potential obstacle for urban colonization

e.g. [6, 7]. For example, many studies have focused on flight initiation distances (FID) to

explore how behavioural characteristics or personality features may allow certain individuals

to better cope with proximity to humans in highly anthropogenic environments [8–12].

A different scenario may be represented by those ‘synurbic’ species [13] that have lived

within human settlements for centuries. These species often show limited fear of humans and

sometimes even directly exploit them, as in the case of many populations dependent on car-

rion or garbage in traditional human societies which, often because of the ecosystem services

they provide, do not persecute them e.g. [14]. Information on the behavioural responses to

humans by these urban specialists would complete our current picture of adaptation to a rap-

idly urbanising world and offer insights into the range of behavioural strategies potentially

employed by urban wildlife to cope with a constant high proximity to humans [15, 16].

One particularly interesting case of behavioural bottleneck (i.e. conflicting interests) faced

by animals in urban environments is how to modulate their defence of young in a fixed nest or

den against the potential danger presented by humans. Such modulation is especially relevant

for large vertebrates armed with potentially dangerous weaponry and thus theoretically capa-

ble to drive humans away. This scenario is more complex than the one examined in studies of

flight initiation distance, because the fitness investment at stake (the offspring) is not mobile

and cannot be fully controlled by the animal (e.g. by fleeing). Thus, it may be particularly

informative of the extent to which urban animals perceive humans as a threat, how much risk

they are willing to take to defend their parental investment, and how this may vary along a

range of urban configurations and human attitudes towards wildlife. To our knowledge, few

studies have examined such aspects and most of them have focused essentially on the compari-

son of behavioural traits between urban and rural individuals (review in [2, 7]). While this

comparison renders important information on trait expression associated with the coloniza-

tion of urban environments, it assumes that all individuals that colonized a city adopted the

same behavioural strategies [16]. However, urban environments are often highly heteroge-

neous mosaics with marked variation in physical structure or human density [17, 18], to which

animals are likely to respond, potentially selecting for a more complex array of behavioural

strategies in urban animals than has thus far been recognized.

To explore these aspects, here we examine patterns of nest defense against humans by a

synurbic raptor, the Black Kite Milvus migrans, which exploits humans for food in a megacity

(Delhi, India) that incorporates a wide range of urban conditions, human densities and ritual-

ized animal-feeding practices. The Black Kite (hereafter kite) is a medium-sized opportunistic

raptor, widely distributed throughout Eurasia, Africa and Australia, and considered the most

successful raptor in the world. In India, the native, resident subspecies M. m. govinda is synur-

bic (sensu [13]], occurring almost exclusively in close association with humans in towns and

cities [19]. In Delhi, kites breed on both trees and artificial structures (pylons, towers), some-

times forming loose colonies and locally reaching extremely high densities, thanks to the

exploitation of human food ‘subsidies’ facilitated by inefficient refuse disposal and by religious

kite-feeding practices [20, 21]; (see Study area below). In particular, the relationship between

kites and humans in Delhi is dual: on one hand, kites depend on humans for food and thus

over-select breeding sectors in the city close to ritual-feeding sites, and with a high density of

humans and of their garbage in the streets [20]. On the other hand, people sometimes rob or

destroy kite nests to collect nestlings for the illegal bird trade, or to remove dangerous nest

materials from electricity pylons, telephone towers or light poles during maintenance

Offspring defense by an urban raptor

PLOS ONE | https://doi.org/10.1371/journal.pone.0204549 October 29, 2018 2 / 13

Scholarship Trust and Somerville College (https://

www.some.ox.ac.uk: Discretionary Grant 2017).

Funding for travelling and fieldwork by F. Sergio

was afforded by Project CGL2015- 69445-P of the

Spanish Ministry of Economy and

Competitiveness.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0204549
https://www.some.ox.ac.uk:
https://www.some.ox.ac.uk:


operations [22]. Thus, humans approaching a nest can be perceived by kites as a potential

threat to their offspring, soliciting a defense response.

We feel that this represents a particularly interesting case study because: (1) Delhi kites

directly exploit humans for food, by accessing their waste or by grabbing meat offered to them

by people through religious, ritual feeding practices. Thus, they frequently come into close

contact with humans, which may affect their perception and fear of humans. (2) These offer-

ings and garbage disposal practices vary dramatically through the city (see Study area below),

implying that different kites may experience and perceive people in different ways through the

urban mosaic. (3) As medium-sized raptors armed with sharp talons and high aerial agility,

kites are potentially well capable to inflict injury on people and drive them away from their

nest-area. However, (4) much of the mortality experienced by kites is still of anthropogenic

origin [22], implying a delicate trade-off between the need to come close to humans for feeding

but avoid them or repel them in the appropriate context to ensure their own or their offspring

safety. Given all the above, when faced with people approaching their nest, kites will need to

take a quick defense-tactic decision, which may reflect these conflicting pressures. Further-

more, the balance of these pressures may change through the complex mosaic offered by this

megacity of 16 million people. In particular, because ready access to dense Muslim colonies

rich in ritual-subsidies is considered a key resource in this population (see [20, 21] and Study

area below), we hypothesized that it could alter the profitability for kites of hygiene levels,

green cover or built-up cover, ultimately affecting the defense-value of the offspring.

Materials and methods

This research is part of a larger and long-term study on the demography of Black Kites in

Delhi and has received bioethical approval by the Training, Research, and Academic Council

(TRAC) of the Wildlife Institute of India, Dehradun. The project took all precautions to ensure

researcher and animal safety. The study did not involve human participants other than the

research team.

Study area

Delhi is a megacity of more than 16 million inhabitants, currently covering an area of 1500

km2 and in constant, rapid expansion [23]. It is polycentric and heterogeneous, with a multi-

tude of juxtaposed urban configurations, which make it difficult to establish a linear urban-

rural gradient. Two aspects of Delhi are important in determining the food availability and

habitat quality for kites [20]. First, large portions of the city are characterized by poor solid

waste management, which affords food to kites in the form of carrion or refuse, and its associ-

ated prey-fauna (e.g. rodents, pigeons etc.). Secondly, many people (primarily in Muslim set-

tlements) engage in the centuries-old religious practice of feeding meat scraps to kites

(hereafter termed “ritualized-feeding”) typically offered by throwing meat into the air for the

birds to catch. These offerings are made for a variety of reasons, such as asking for blessings

and relief from sins and worries [24, 25]. Thus, waste management issues common to all com-

munities, and cultural rituals which are more specific to some, generate spatial heterogeneity

in the potential food availability for kites [20].

Field procedures

We systematically surveyed kite nests during 2013–2016 at 24 plots of 1 km2, which were ran-

domly stratified within Delhi (1500 km2) so as to cover all its possible urban settings, from

semi-natural to extremely built-up sites (details in [21]). This resulted in a sample of 101 nests,

each from a different territory, used at least once for breeding between 2013 and 2016. Nests
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were checked every 7–10 days until the chicks were at least 45 days old, in order to estimate

the number of young raised to fledging (chicks fledge when about 48 days old) (see [21] for

further details of nest checks and surveys). During each nest check, we assessed the intensity of

offspring defense by the parents against our own human intrusion as follows. During each

visit, a team consisting of a tree-climber (always the same for each nest) and one or two accom-

panying observers positioned themselves at a point from where the kite nest was in clear sight.

The point was chosen so as to be clearly visible to the parent kite perched in the nest area. The

team then walked slowly towards the nest. Once under the nest, we observed the behaviour of

the adults for 20 minutes while the tree-climber reached the nest and checked its content. We

classified the intensity of defense according to the following ordinal score: (score 0) the kite

remains perched at a distance (> 20 m) or flies far away, either silently or after alarm-calling a

few times; (score 1) it flies directly above the field-team in an excited manner while calling

repeatedly, or perches close-by (within 20 m) and alarms continuously, or perches within a

few metres of the climber (within the same nesting tree); and (score 2) it repeatedly dive-

bombs at the climber and ground-team, it may even stoop among tree-branches or electricity

wires, or perch a few metres from a team-member and then stoop again, sometimes hitting or

scratching with open talons, while continuously alarm-calling. Thus, progressively higher

scores were associated with higher costs and risks for the defending kite, including (a) in-

creases in energy costly activities, such as alarm-calling or flapping flight, and (b) increases in

potential risks, such as injuries while manoeuvring through the canopy or overhead electric

wires. Throughout, the defense score refers to the maximum intensity of defense shown by

either of the partners of each pair. This was justified by the fact that: (1) kites are monomor-

phic, making it impossible to distinguish males from females; and (2) no difference in defense

levels was noticed between the two partners of a pair (if one attacked, the other also attacked,

while if one remained quietly perched, the other did the same). All defense ratings were carried

out between 08:00 and 18:00 hrs (local time) avoiding unusual weather conditions (e.g. rain, or

excessive heat).

Predictors of offspring defense

To investigate how kite defense varied across the Delhi mosaic of urban structure, human

densities and practices, we measured a series of environmental, urban and human variables

previously found to be important components of habitat quality and food availability in this

population [20]. These variables are detailed in Table 1 and were devised so as to characterise:

(1) the timing, context and characteristics of the defense trial (e.g. number of people in the vis-

iting team, number of previous visits to a target nest); (2) the breeding stage, social setting

(intraspecific spacing) and content of the nest during the trial (e.g. number of offspring to be

defended); (3) the physical features of the nest and its immediate surroundings (e.g. its location

within a hedge, park or continuous woodland); (4) the urban landscape structure around the

nest (e.g. local road density or extent of impervious surfaces in the surroundings); and (5)

direct and indirect estimates of human activities and practices (e.g. access to dense Muslim col-

onies for reasons stated above, efficiency of waste management, or human density). Further

details of the recorded variables and their ecological rationale are given in Table 1 and in [20].

In particular, a key variable in our previous analyses on the predictors of kite site selection,

occupancy and breeding performance was the ease of access to dense Muslim colonies, which

provide abundant food supplies in the form of ritual subsidies [20]. More specifically, we previ-

ously showed that Delhi kites over-selected for breeding sites closer than available to the 1st,

2nd and, possibly, 3rd nearest Muslim colony (see [20] for details). Thus, to provide a compre-

hensive measure that integrated the proximity to the three nearest Muslim colonies with their

Offspring defense by an urban raptor
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Table 1. Variables measured during nest defense trials conducted at Black kite nests within the city of Delhi

(India).

Variable Description, rationale for use and predicted effect

Julian date Julian date of nest inspection. Earlier laying raptors are often older or higher quality

individuals with higher parental investments and were thus expected to be more aggressive

[52].

Breeding stage The breeding cycle was divided into five main stages: (1) pre- incubation; (2) incubation

(3) nestlings younger than 15 days; (4) nestlings of 15–30 days; (5) pre-fledging: 30–48

days old nestlings; (6) post-fledging. We expected defense to vary by stage because avian

nest defense often varies through the breeding season in conjunction with the growing

survival probabilities of the offspring e.g. [33–35].

Previous visits Number of previous nest checks by the research team. This variable was fitted to control

for potential habituation or reinforcement of aggressiveness by repeated sampling of the

same pair [53].

Team size Number of people in the research team (2 or 3). This was fitted to examine the impact of

the number of intruders on defense, if any.

Number of onlookers Number of people (not belonging to the field-team) within 20 m of the nest during the

defense trial. This was fitted to examine the impact of the number of onlookers on defense,

if any.

Number of offspring Number of eggs or chicks in the nest at the time of the defense trial. We expected higher

aggression by pairs with larger parental investments, as found in some previous studies e.g.

[33–35].

NND5 (m) Mean distance to the five closest kite neighbors. This variable focused on the impact of

local, spatial arrangement on defense intensity. We expected higher defense under more

crowded conditions (i.e. at higher quality, more attractive sites, which may entail higher

parental investments).

Territories within 200

m

Number of territories occupied within 200 m of the target nest. This variable focused on

the impact of local density on defense intensity. We expected higher defense levels at

higher local densities (i.e. at higher quality, more attractive sites, which may entail higher

parental investments).

Colony size Number of nests within the kite colony. We expected larger colonies to be more attractive

to individuals of a semi-social species, or to be associated with higher vigilance and larger

food supplies, leading to a higher motivation for defense.

Tree arrangement Categorical variable: 1 = isolated tree/pylon; 2 = line of trees (e.g. along an avenue);

3 = parkland (scattered trees with > 5–10 m of open ground between them, typically

grassland in urban parks); 4 = woodlot. These habitat configurations are known to be

differentially attractive to Delhi kites [20] and were fitted in order to investigate links

between habitat quality, urban landscape configuration and defense intensity.

Balcony Categorical variable: 0 = absence, 1 = presence of a balcony within 20 m of the nest. We

predicted that pairs in such close and constant contact with humans could show higher

aggressiveness through habituation and loss of fear.

Index of road density Number of asphalted roads crossed by a 500 m north-south and a 500 m east-west transect

crossing each other on the nest. Delhi kites over-select areas with more extensive road

networks, which are one of their main foraging habitats [20]. Thus, we expected defense-

levels to increase with road density.

Urban cover Percentage area covered by built-up structures (buildings, roads, parking lots, or any other

impervious surface) within 500 m of the nest. Urban and tree cover were fitted to

investigate links between offspring defense and urban landscape configurations. Urban

cover was also fitted as a quadratic effect to test the “intermediate disturbance hypothesis”

commonly proposed in the urban ecology literature [54], by which the favourability of

urban ecosystems to wildlife peaks at intermediate levels of the urbanization gradient.

Green cover Percentage area covered by shrub/tree vegetation within 500 m of the nest. Urban and tree

cover were fitted to investigate links between offspring defense and urban landscape

configurations.

Hygiene score Level of sanitation: 1 = clean areas; 2 = areas under poor waste management regimes a. The

level of street sanitation is an important component of habitat quality for this population

[20]. We expected higher aggression at sites with lower sanitation because of frequent

exposure to humans and because larger food supplies may imply larger broods and thus

higher parental investments.

(Continued)
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human population density (under the assumption that higher rates of refuse and ritualized-

feeding should occur in more densely-populated Muslim colonies), we extracted the first com-

ponent of a PCA [26] run on these four aforementioned variables. Its PC1 (hereafter “access to

Muslim subsidies”) explained 65% of the variance and had a high positive loading on Muslim

population density and high negative loadings on the distance to the 1st, 2nd and 3rd closest

Muslim colonies. Thus, it provided an increasing index of access to abundant “Muslim

subsidies”.

Statistical analysis

We employed a linear mixed effect ordinal regression (cumulative-link mixed effect model),

[27, 28] through package “ordinal” [29] to examine the effect of environmental, urban and

human variables on the ordinal score of offspring defense. The ordinal regression was run on

657 defence trials conducted at 101 unique nesting territories. Because territories were sam-

pled repeatedly, and because territories within the same plot were closer and thus potentially

more similar than territories sampled in different plots, we fitted as a random effect territory

identity nested within plot identity and year, so as to control for pseudoreplication and spatial

autocorrelation [30]. To reduce collinearity and the number of variables presented to the logis-

tic regression, we considered pairs of strongly inter-correlated variables (r > 0.60) as estimates

of a single underlying factor, and only retained for analysis the one estimated to be more bio-

logically important for the study organism.

To explore further the potential link between defense intensity and subsequent breeding

benefits, we related the eventual number of fledged young to the intensity of defense during

incubation (i.e. about two months before fledging) by means of a linear mixed model, again

with territory identity nested within plot identity and year as a random term.

All multivariate models were built through a backward stepwise procedure following Zuur

et al. [30]: all explanatory variables were fitted to a maximal model, extracted one at a time

from the maximal model, and the associated change in model deviance was assessed by the sig-

nificance of a likelihood-ratio test; the procedure was repeated until we obtained a final model

which only included significant variables [30]. To avoid over-parameterization, we ensured

never to fit more than N/3 variables to each maximal model, where N is the sample size of the

Table 1. (Continued)

Variable Description, rationale for use and predicted effect

Human density Average number of people walking within 2m of a stationary observer during 5 min at 10

locations randomly plotted within 200 m of the nest b. Delhi kites over-select sites with

intense human activity in the streets, leading to more food in the form of human refuse

[20]. We expected defense-levels to increase with human density in the streets because of

frequent exposure to humans and because larger food supplies may imply larger broods

and thus higher parental investments.

Access to Muslim

subsidies

First component (PC1) of a principal component analysis on Muslim density and on the

proximity to the three closest Muslim colonies (see Methods). Muslim subsidies are one of

the main food resources for Delhi kites [20, 21] and ready access to them was predicted to

boost offspring-defense because of frequent exposure to humans and because larger food

supplies may imply larger broods and thus higher parental investments.

a Categorical variable with two levels: 1 = efficient waste disposal with very scarce or no organic refuse in the streets;

2 = abundant and widespread refuse in the streets throughout the area, either in small frequent piles, in illegal

ephemeral dumps, or as individual items scattered a bit of everywhere through all streets [20].
b Counts were only operated between 10:00–17:00 hrs and avoided during atypical, momentary peak periods of

human traffic, such as exits from work or schools, in order to maintain consistency across sites [20].

https://doi.org/10.1371/journal.pone.0204549.t001
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analysed dataset [31]. Interactions were fitted only when we had a priori hypotheses about

their potential effect, based on our field observations and knowledge of the population. To

explore the possibility of curvilinear relationships, we fitted continuous variables as linear and

also as quadratic terms. Explanatory variables were fitted as standardized Z-scores because of

their different measurement units and in order to better evaluate their relative importance

[32]. Model assumptions were checked by investigating QQ plots, histograms of residuals, and

plots of standardized and normalized residuals against fitted values and against explanatory

variables [30, 31]. All mixed models were implemented in R.3.4.3 [33], all tests are two-tailed,

statistical significance was set at< 0.05, and all means are given ± 1 SE.

Results

Several variables entered the mixed model ordinal regression (Table 2). First, defense intensity

increased progressively along the breeding cycle and then declined in its final stages, especially

after the young fledged from the nest (Fig 1A). Second, defense levels increased with the num-

ber of offspring in the nest (Fig 1B). Third, the interaction of Access to Muslim subsidies and

Hygiene score was also significant (Table 2 and Fig 1C): under conditions of poor sanitation,

Table 2. Cumulative-link mixed effect ordinal regression (a) testing the effect of environmental, urban and

human variables on the ordinal intensity of offspring defense; and (b) linear mixed effect model testing the effect

of intensity of offspring defense in incubation on eventual fledgling production.

Variable ß ± SE Z-test P- value

a. Dependent variable: Intensity of defense (N = 657) a,b

Breeding Stage (incubation) 1.11 ± 0.8 1.39 0.164

Breeding Stage (small nestling) 3.11 ± 0.82 3.81 < 0.001

Breeding Stage (large nestling) 3.83 ± 0.8 4.78 < 0.0001

Breeding Stage (pre-fledging) 2.34 ± 0.76 3.07 0.002

Breeding Stage (post-fledging) 0.71 ± 0.97 0.73 0.463

Offspring number 1.61 ± 0.33 4.81 < 0.0001

Access to Muslim subsidies -6.23 ± 2.01 -3.1 0.001

Hygiene score 3.25 ± 1.01 3.24 0.001

Access to Muslim subsidies � Hygiene score 4.5 ± 2.02 2.22 0.026

Green cover -1.65 ± 0.68 -2.4 0.016

Urban cover -3.69 ± 1.62 -2.28 0.022

Urban cover ^2 3.20 ± 1.67 1.9 0.057

b. Dependent variable: fledglings produced c (N = 103)

Intensity of defense (during incubation) 0.28 ± 0.12 2.27 0.023

Intercept -0.36 ± 0.17 - -

a Cumulative link mixed model with a logit link function, based on N = 657 defense trials from 101 independent

territories. The dependent variable is the ordinal score of offspring defense intensity. Territory-identity nested within

plot-identity and year was fitted as a random factor.
b Variables presented to the model: Julian date, Team size, Number of onlookers, Previous visits, Breeding Stage,

Offspring number, NND5, Territories within 200 m, Tree arrangement, Balcony, Index of road density, Urban cover,

Green cover, Hygiene score, Human density, Access to Muslim subsidies, Access to Muslim subsidies�Hygiene score,

Access to Muslim subsidies�Urban cover, Access to Muslim subsidies�Green cover (the rationale for fitting

interactions can be found in the Methods).
c Generalised linear mixed model with Poisson errors and a logit link function, based on N = 103 defense trials from

60 independent territories sampled during incubation. The dependent variable is the number of young raised to

fledging stage. Territory-identity nested within plot-identity and year was fitted as a random factor.

https://doi.org/10.1371/journal.pone.0204549.t002
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defense levels increased more steeply with access to dense Muslim colonies than under cleaner

conditions, suggesting that low sanitation and ready access to Muslim subsidies acted in con-

cert, i.e. synergistically affecting aggressiveness. Fourth, defense intensity declined with the

green cover and was minimum at intermediate levels of built-up cover (Table 2A).

Finally, the number of fledglings produced by a pair was positively related to the defense

intensity recorded for the same pair about two months earlier during incubation (Table 2B

and Fig 2).

Fig 1. The intensity of offspring defense by kites in Delhi (India) varied with: panel (a) the stage of the breeding cycle; panel (b) the number of offspring (eggs and/or

chicks) in the nest at the time of the defense trial; and panel (c) the interaction between access to Muslim subsidies and the amount of human waste in the streets (the

black circles and the solid line indicate breeding sites with poor street sanitation, while the white quadrats and dotted line portray cleaner sites with less refuse in the

streets). In panel c, Access to Muslim subsidies is shown above and below the median value (“high” and “low”, respectively) for clarity of presentation. Error bars

represent ± 1 SE.

https://doi.org/10.1371/journal.pone.0204549.g001

Fig 2. Number of fledglings produced by a pair in relation to the defense intensity exhibited by that pair two

months earlier during incubation. Error bars represent ± 1 SE.

https://doi.org/10.1371/journal.pone.0204549.g002
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Discussion

Kite defense levels progressively increased through the breeding cycle and reflected the num-

ber of offspring in the nest during each trial. These results confirmed those of several earlier

studies e.g. [34–36] and suggested that parents tuned their defense response in relation to their

parental investment, i.e. on the quantity and future survival prospects of their offspring, which

increased through the breeding cycle. The fact that defense intensity early in the season pre-

dicted eventual young production months later, by the end of breeding, implied three non-

exclusive possibilities: (1) parents could estimate the eventual likelihood of breeding success

early in the season and set their defense accordingly; (2) aggressive nest defense lowered preda-

tion rates at the nest, with consequent benefits for young production; or (3) high quality indi-

viduals (e.g. healthier, or larger) were simultaneously more aggressive and better breeders,

generating a positive association between two parameters separated by months in time. For

example, kites that were more aggressive against humans could potentially be more aggressive

against other more common nest predators such as crows or monkeys [21]. In support of this

idea, in another study, nest defense by a falcon was experimentally shown to lower nest preda-

tion rates by corvids [35]. The above mix of associative and causative mechanisms produced

results that are typical of avian nest defense studies e.g. [37, 38], suggesting that life in an

urban setting did not disrupt the typical links between behavioural traits and vital rates found

in avian populations.

More notably, despite constant close exposure to people, kite defense suggested that

humans were not perceived as a neutral component of the urban landscape, but rather as a

potential danger when they approached a nest. This implied a capability by kites to discrimi-

nate human attitudes and adjust their behaviour in a context-dependent manner, approaching

people to very close quarters for feeding but fleeing and sometimes even attacking them when

defending their offspring. Furthermore, defense levels varied through the city in relation to

cultural ritual-feeding practices, refuse management and landscape composition. In particular,

defense intensity was higher at sites that combined ready access to dense Muslim colonies

(where kites are fed by humans by tossing meat-scraps at very close quarters) with poor sanita-

tion (which promotes frequent feeding on anthropogenic waste close to people, e.g. at ephem-

eral garbage dumps also used by poor rag pickers digging for useful materials). This spatial

association could be the result of three non-exclusive mechanisms: (a) frequent and reiterated,

close contact with humans may have lowered fear, thus enhancing boldness and aggression;

(b) sites close to ritual-feeding areas or with poor sanitation are over-selected by kites and thus

likely occupied by higher quality individuals with higher parental investments [20], leading to

higher defense intensity; and (c) bolder individuals may be more likely to withstand constant

close proximity to humans and a bolder temperament is associated with greater aggression in

some species e.g. [39]. Thus, individual quality, personality, habituation and motivation may

have generated a spatial association between a behavioural strategy and a human cultural land-

scape, thus contributing to the growing appreciation of the importance of human cultural

geographies for urban ecology e.g. [40–43].

While the exact mechanism remains uncertain, the behavioural response of kites to a per-

ceived threat was finely tuned on the spatial arrangement of human activities and ritual prac-

tices, their consequent attitudes towards the birds, and their waste management organization.

In turn, this would create a dynamic behavioural landscape, reflecting the underlying urban

mosaic of resources, structures and human attitudes, to which kites will necessarily have to

adapt and respond, as shown for species that colonized urban environments more recently [5].

The fact that aggression peaked at close human proximity suggested that close coexistence

and habituation to people led to a loss of fear and heightened boldness towards humans, rather
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than an enhanced capability to avoid them by keeping a “low profile” or learning to ignore

them. Such dynamics may have been further favoured by the generally positive, religiously-

based attitudes of Indian people towards wildlife, as reported by several studies e.g. [44–46].

Overall, these results confirm and extend earlier findings of more aggressive offspring

defense by urban than rural individuals of a given species e.g. [47–49], suggesting that the

route to close coexistence with humans is often accompanied by fine-grained, context-depen-

dent strategies and trade-offs, rather than evolution of “blind tolerance” and indifference

towards human activities [50]. In this sense, most animals making frequent contact with

humans (through colonization of urban habitats, or through peri-urban encroachment) will

likely need to develop cognitive capabilities and behavioural tactics that will enable them to

exploit humans and cope with their omnipresent disturbance rather than learning to ignore

them, in order to attain long-term coexistence e.g. [10, 51]. In turn, acquisition of such traits

will likely be shaped by a two-way interaction between human perceptions, attitudes and prac-

tices on one part and daily experience and habituation to humans on the part of the animal.

For synurbic species, like kites, at the high end of the spectrum of adaptation to an urban life,

the above cited interaction may lead to behavioural and demographic traits fine-tuned not

only on urban physical structures, but also on human cultural practices and attitudes, which

for many species may become the most important, defining dimensions of their urban niche.

To date, most studies of animal behavioural responses to urbanization have focused on the

comparison between urban and rural individuals, in order to draw inferences on the character-

istics that enable or mediate the colonization of highly anthropogenic urban environments e.g.

[7, 9, 10]. Here, we show that marked heterogeneity in behavioural responses to humans also

continue to exist within cities and after centuries of initial urban colonization, suggesting fur-

ther fine-tuning of behavioural traits on specific dimensions of the urban environment. In this

sense, the urban-rural comparison does not target the end-result of colonization, but rather

defines only the beginning of a hierarchical process of adaptation to humans, who are increas-

ingly concentrated in cities. Thus, more research is needed on the fine-grained adjustments to

urban structure and human culture by animals that are already in their mature stage of adapta-

tion to an urban life.

Acknowledgments

We are grateful to Ben Sheldon, Chris Perrins, Tommaso Pizzari, Ujjwal Kumar, and the

Director, Dean and research coordinator of the Wildlife Institute of India for materials,

encouragement and advice on various aspects of the project. We thank Drs. A. Margalida, W.

Cresswell and two anonymous reviewers for helping us to improve a first draft of the manu-

script. Delhi Police, and the Forest Departments of Delhi and Uttar Pradesh, Delhi Transport

Corporation, Civic bodies of the Government of NCT of Delhi helped with legal permits, and

the Director of the National Zoological Park of New Delhi gave access to study kites in the

Park. Miranda House College and University of Delhi allowed access to their campus for nest

monitoring. We express our most heartfelt gratitude to all the volunteers of the “Black Kite

Project Group” from the University of Delhi (Sri Venkateswara and Deshbandhu Colleges),

especially U. Gupta, H. Malhotra, A. Singh, P. Kumar, H. Singh, U. Nair and M. Singh, who

provided essential field help, enthusiasm and cooperation in the environmental education of

locally assembling crowds of curious people. Special thanks to our field assistants Laxmi Nara-

yan, Prince Kumar and Poonam, who were the backbone of the field team. Finally, thanks to

all the landowners, managers and government officials who patiently cooperated with our con-

stant requests of access. We are thankful to the Publication Fee Assistance for financial support

towards the publication of this manuscript.

Offspring defense by an urban raptor

PLOS ONE | https://doi.org/10.1371/journal.pone.0204549 October 29, 2018 10 / 13

https://doi.org/10.1371/journal.pone.0204549


Author Contributions

Conceptualization: Nishant Kumar, Qamar Qureshi, Fabrizio Sergio.

Data curation: Nishant Kumar.

Formal analysis: Nishant Kumar.

Funding acquisition: Nishant Kumar, Qamar Qureshi, Yadvendradev V. Jhala, Fabrizio

Sergio.

Investigation: Nishant Kumar, Qamar Qureshi, Yadvendradev V. Jhala.

Methodology: Nishant Kumar, Fabrizio Sergio.

Project administration: Nishant Kumar, Qamar Qureshi, Yadvendradev V. Jhala.

Resources: Nishant Kumar, Qamar Qureshi, Yadvendradev V. Jhala, Andrew G. Gosler.

Software: Nishant Kumar.

Supervision: Qamar Qureshi, Yadvendradev V. Jhala, Andrew G. Gosler, Fabrizio Sergio.

Validation: Yadvendradev V. Jhala, Fabrizio Sergio.

Visualization: Nishant Kumar.

Writing – original draft: Nishant Kumar, Fabrizio Sergio.

Writing – review & editing: Nishant Kumar, Qamar Qureshi, Yadvendradev V. Jhala, Andrew

G. Gosler, Fabrizio Sergio.

References
1. McDonnell MJ, Hahs AK. Adaptation and adaptedness of organisms to urban environments. Annual

Review of Ecology, Evolution, and Systematics. 2015; 46: 261–280.

2. Miranda AC, Schielzeth H, Sonntag T, Partecke J. Urbanization and its effects on personality traits: a

result of microevolution or phenotypic plasticity? Global Change Biology. 2013; 19:2634–2644. https://

doi.org/10.1111/gcb.12258 PMID: 23681984

3. Hahs AK, Evans KL. Expanding fundamental ecological knowledge by studying urban ecosystems.

Functional Ecology. 2015; 29:863–867. https://doi.org/10.1111/1365-2435.12488

4. Chamberlain DE, Cannon AR, Toms MP, Leech DI, Hatchwell BJ, Gaston KJ. Avian productivity in

urban landscapes: a review and meta-analysis. Ibis. 2009; 151(1):1–18. https://doi.org/10.1111/j.1474-

919X.2008.00899.x

5. Evans KL, Hatchwell BJ, Parnell M, Gaston KJ. A conceptual framework for the colonisation of urban

areas: the blackbird Turdus merula as a case study. Biological Reviews. 2010b; https://doi.org/10.1111/

j.1469-185x.2010.00121.x

6. Smart J, Amar A, Sim IM, Etheridge B, Cameron D, Christie G, Wilson JD. Illegal killing slows population

recovery of a re-introduced raptor of high conservation concern–The red kite Milvus milvus. Biological

Conservation. 2010; 143:1278–1286. https://doi.org/10.1016/j.biocon.2010.03.002

7. Lowry H, Lill A, Wong BBM. Behavioural responses of wildlife to urban environments. Biological

Reviews 88:537–549. 2013; https://doi.org/10.1111/brv.12012 PMID: 23279382

8. Blumstein DT. Developing an evolutionary ecology of fear: how life history and natural history traits

affect disturbance tolerance in birds. Animal Behaviour. 2006; 71:389–399. https://doi.org/10.1016/j.

anbehav.2005.05.010

9. Møller AP. Flight distance of urban birds, predation, and selection for urban life. Behavioral Ecology and

Sociobiology. 2008; 63:63–75. https://doi.org/10.1007/s00265-008-0636-y

10. Carrete M, Tella JL. Inter-individual variability in fear of humans and relative brain size of the species

are related to contemporary urban invasion in birds. PLoS One. 2011; 6(4): e18859. https://doi.org/10.

1371/journal.pone.0018859 PMID: 21526193

11. Clucas B and Marzluff JM. Attitudes and actions toward birds in urban areas: human cultural differences

influence bird behavior. Auk. 2012; 129:8–16. https://doi.org/10.1525/auk.2011.11121

Offspring defense by an urban raptor

PLOS ONE | https://doi.org/10.1371/journal.pone.0204549 October 29, 2018 11 / 13

https://doi.org/10.1111/gcb.12258
https://doi.org/10.1111/gcb.12258
http://www.ncbi.nlm.nih.gov/pubmed/23681984
https://doi.org/10.1111/1365-2435.12488
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.1111/j.1469-185x.2010.00121.x
https://doi.org/10.1111/j.1469-185x.2010.00121.x
https://doi.org/10.1016/j.biocon.2010.03.002
https://doi.org/10.1111/brv.12012
http://www.ncbi.nlm.nih.gov/pubmed/23279382
https://doi.org/10.1016/j.anbehav.2005.05.010
https://doi.org/10.1016/j.anbehav.2005.05.010
https://doi.org/10.1007/s00265-008-0636-y
https://doi.org/10.1371/journal.pone.0018859
https://doi.org/10.1371/journal.pone.0018859
http://www.ncbi.nlm.nih.gov/pubmed/21526193
https://doi.org/10.1525/auk.2011.11121
https://doi.org/10.1371/journal.pone.0204549


12. Sprau P, Dingemanse NJ. An Approach to Distinguish between Plasticity and Non-random Distributions

of Behavioral Types Along Urban Gradients in a Wild Passerine Bird. Frontiers in Ecology and Evolu-

tion. 2017; https://doi.org/10.3389/fevo.2017.00092

13. Francis RA, Chadwick MA. What makes a species sunurbic? Applied Geography. 2012; 32(2):514–

521.

14. Gangoso L, Agudo R, Anadón JD, Manuel de la R, Suleyman AS, Porter R, et al. Reinventing mutualism

between humans and wild fauna: insights from vultures as ecosystem services providers. Conservation

Letters. 2012; 6:172–179. https://doi.org/10.1111/j.1755-263x.2012.00289.x

15. Kark S, Iwaniuk A, Schalimtzek A, Banker E. Living in the city: can anyone become an urban exploiter’?

Journal of Biogeography. 2007; 34:638–651. https://doi.org/10.1111/j.1365-2699.2006.01638.x

16. Evans KL, Chamberlain DE, Hatchwell BJ, Gregory RD, Gaston KJ. What makes an urban bird? Global

Change Biology. 2010a; 17:32–44. https://doi.org/10.1111/j.1365-2486.2010.02247.x

17. Grimm NB, Grove JM, Pickett ST, Redman CL. Integrated Approaches to Long-Term Studies of Urban

Ecological Systems. BioScience. 2000; https://doi.org/10.1007/978-0-387-73412-5_8

18. Lepczyk CA, Aronson MFJ, Goddard MA, Lerman SB, MaIvor JS. Biodiversity in the city: fundamental

questions for understanding the ecology of urban green spaces for biodiversity conservation. Biosci-

ence. 2017; 67(9):799–807. https://doi.org/10.1093/biosci/bix079

19. Naoroji R. Birds of prey of the Indian subcontinent. Om Books International, New Delhi, India; 2007.

20. Kumar N, Gupta U, Jhala YV, Qureshi Q, Gosler AG, Sergio F. Habitat selection by an avian top preda-

tor in the tropical megacity of Delhi: human activities and socio-religious practices as prey-facilitating

tools. Urban Ecosystems. 2018; 21:339–349. https://doi.org/10.1007/s11252-017-0716-8

21. Kumar N, Mohan D, Jhala YV, Qureshi Q, Sergio F. Density, laying date, breeding success and diet of

Black Kites Milvus migrans govinda in the city of Delhi (India). Bird Study. 2014; 61:1–8. https://doi.org/

10.1080/00063657.2013.876972

22. Kumar N. A study of resource selection by Black Kites Milvus migrans in the National Capital Region.

M.Sc. Thesis submitted to Wildlife Institute of India; Saurashtra University. Rajkot. Gujarat; 2013.

23. Census organization of India [Internet]. Census of India; c2011 [cited 25 Feb 2018]. Available from:

http://censusindia.gov.in/2011census.

24. Pinault D. Raw meat skyward: Pariah-kite rituals in Lahore. In: Comparative Islamic studies: notes from

the fortune-telling parrot: Islam and the struggle for religious pluralism in Pakistan (Ed. D.

Pinault), pp. 108–121, Equinox Publishing Ltd, Bristol, CT, USA; 2008.

25. Taneja AV. Saintly animals: the shifting moral and ecological landscapes of North India. Comparative

Studies of South Asia, Africa and the Middle East. 2015; 35:204–221.

26. Tabachnick BG, Fidell LS. Using multivariate statistics. HarperCollins, New York, USA; 1996.

27. Hedeker D, Gibbons RD. A Random-effects ordinal regression model for multilevel analysis. Biometrics.

1994; 50:933–944. PMID: 7787006

28. Agresti A. Analysis of ordinal categorical data, 2nd edn. Wiley, New York, USA; 2010.

29. Christensen RHB [Internet]. Regression Models for Ordinal Data [R package ordinal version 2015.6–

28]. In: The Comprehensive R Archive Network; c2015 [cited 27 Sept 2017]. Available from: http://cran.

r-project.org/web/packages/ordinal/.

30. Zuur AF, Ieno EN, Walker NJ, Saveliev AA, Smith GM. Mixed effects models and extensions in ecology

with R. Springer, New York, USA; 2011.

31. Crawley MJ. The R book. Wiley Press, Chichester, UK; 2013.

32. Grueber CE, Nakagawa S, Laws RJ, Jamieson IG. Multimodel inference in ecology and evolution: chal-

lenges and solutions. J. Evol. Biol. 2011; 24: 699–711. https://doi.org/10.1111/j.1420-9101.2010.

02210.x PMID: 21272107

33. R Development Core Team [Internet]. R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing, Vienna, Austria. URL; c2009 [cited 27 Sept 2018]. Available from:

http://www.R-project.org

34. Hakkarainen H, Korpimäki E. Nest defence of Tengmalm’s owls reflects offspring survival prospects

under fluctuating food conditions. Animal Behaviour. 1994; 48:843–849.

35. Sergio F, Bogliani G. Nest Defense as Parental Care in the Northern Hobby (Falco subbuteo). The Auk.

2001; 118:1047. https://doi.org/10.1642/0004-8038(2001)118[1047:ndapci]2.0.co;2

36. Møller AP, Nielsen JT. Parental defense of offspring and life history of a long-lived raptor. Behavioral

Ecology. 2014; 25:1505–1512. https://doi.org/10.1093/beheco/aru130

37. Montgomerie RD, Weatherhead PJ. Risks and rewards of nest defence by parent birds. Q Rev Biol.

1988; 63: 167–187.

Offspring defense by an urban raptor

PLOS ONE | https://doi.org/10.1371/journal.pone.0204549 October 29, 2018 12 / 13

https://doi.org/10.3389/fevo.2017.00092
https://doi.org/10.1111/j.1755-263x.2012.00289.x
https://doi.org/10.1111/j.1365-2699.2006.01638.x
https://doi.org/10.1111/j.1365-2486.2010.02247.x
https://doi.org/10.1007/978-0-387-73412-5
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1007/s11252-017-0716-8
https://doi.org/10.1080/00063657.2013.876972
https://doi.org/10.1080/00063657.2013.876972
http://censusindia.gov.in/2011census
http://www.ncbi.nlm.nih.gov/pubmed/7787006
http://cran.r-project.org/web/packages/ordinal/
http://cran.r-project.org/web/packages/ordinal/
https://doi.org/10.1111/j.1420-9101.2010.02210.x
https://doi.org/10.1111/j.1420-9101.2010.02210.x
http://www.ncbi.nlm.nih.gov/pubmed/21272107
http://www.R-project.org
https://doi.org/10.1642/0004-8038(2001)118[1047:ndapci]2.0.co;2
https://doi.org/10.1093/beheco/aru130
https://doi.org/10.1371/journal.pone.0204549


38. Redondo T. Avian Nest Defence: Theoretical Models and Evidence. Behaviour. 1989; 111:161–195.

https://doi.org/10.1163/156853989x00646

39. Evans JE, Boudreau K, Hyman J. Behavioural syndromes in urban and rural populations of song spar-

rows. Ethology. 2010; 116: 588–595.

40. Alberti M. Advances in urban ecology: integrating humans and ecological processes in urban ecosys-

tems. Springer, New York; 2008.

41. Forman RTT. Urban ecology: science of cities. Cambridge University Press, Cambridge, UK; 2014.

42. Pickett STA, Cadenasso ML, Childers DL, Mcdonnell MJ, Zhou W. Evolution and future of urban eco-

logical science: ecology in, of, and for the city. Ecosystem Health and Sustainability. 2016; 2: e01229.

https://doi.org/10.1002/ehs2.1229

43. Lepczyk CA, Warren PS, Machabée L, Kinzig AP, Mertig AG. Who feeds the birds? A comparison

across regions. In: Lepczyk CA, Warren PS (eds) Urban bird ecology and conservation. University of

California Press, Berkeley. 2012;pp 267–286. https://doi.org/10.1525/california/9780520273092.003.

0017

44. Saberwal VK, Kothari A, Rangarajan M. People, parks, and wildlife: towards coexistence. Orient Long-

man, Delhi, India; 2001.

45. Bagchi S, Mishra C. Living with large carnivores: predation on livestock by the snow leopard (Uncia

uncia). Journal of Zoology. 2006; 268:217–224. https://doi.org/10.1111/j.1469-7998.2005.00030.x

46. Karanth KK, Naughton-Treves L, Defries R, Gopalaswamy AM. Living with Wildlife and Mitigating Con-

flicts Around Three Indian Protected Areas. Environmental Management. 2013; 52:1320–1332. https://

doi.org/10.1007/s00267-013-0162-1 PMID: 24026255

47. Knight RL, Grout DJ, Temple SA. Nest-defense behavior of the American Crow in urban and rural

areas. Condor. 1987; 89:175–177.

48. Kunca T, Yosef R. Differential nest-defense to perceived danger in urban and rural areas by female Eur-

asian sparrowhawk (Accipiter nisus). PeerJ. 2016; https://doi.org/10.7717/peerj.2070 PMID: 27441105

49. Moroni E, Crivelaro AZ, Soares TL, Gullermo-Ferreira R. Increased behavioural responses to human

disturbance in breeding Burrowing Owls Athene cunicularia. Ibis.2017; 159: 854–859.
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