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Abstract Wild animals living in proximity to humans

may benefit from recognizing people individually and

adjusting their behaviour to the potential risk or gain

expected from each person. Although several urban-

dwelling species exhibit such skills, it is unclear whether

this is due to pre-existing advanced cognitive abilities of

taxa predisposed for city life or arises specifically in urban

populations either by selection or through ontogenetic

changes facilitated by exposure to humans. To test these

alternatives, we studied populations of house sparrows

(Passer domesticus) along the urbanization gradient. We

manipulated the birds’ experience (hostile or not) associ-

ated with humans with different faces (masks) and mea-

sured their behavioural responses to the proximity of each

person. Contrary to our expectations, we found that while

rural birds showed less fear of the non-hostile than of the

hostile or an unfamiliar person, urban birds made no dis-

tinction. These results indicate that house sparrows are less

able to recognize individual humans or less willing to

behaviourally respond to them in more urbanized habitats

with high human population density. We propose several

mechanisms that may explain this difference, including

reduced pay-off of discrimination due to a low chance of

repeated interactions with city people, or a higher likeli-

hood that city people will ignore them.

Keywords Urban–rural gradient � Avian cognition �
Human disturbance � House sparrow

Introduction

Cities provide a complex and often challenging habitat for

wild animals, and various behavioural adjustments seem

important for successfully exploiting urbanized environ-

ments (Sol et al. 2013). One of the most characteristic

aspects of urban environments is frequent proximity to

humans, and animals’ ability to cope with this extreme

anthropogenic disturbance may play a key role in urban

adaptations (Carrete and Tella 2011; Møller 2010; Sol et al.

2013). For example, animals in more urbanized habitats

often show reduced fear reactions, e.g. flee at shorter dis-

tances from humans, but also adjust their activities in space

and time to avoid disturbance by people (reviewed in Sol

et al. 2013). Since humans may present both threat and

opportunities such as food, a fine-tuned response to dif-

ferent persons is thought to be beneficial for urban-dwell-

ing animals (Sol et al. 2013).

The ability to individually recognize humans has long

been known in domestic animals such as dogs (Mongillo

et al. 2010; Racca et al. 2010), sheep (Kendrick et al. 2001;

Peirce et al. 2001), rabbits (Davis and Gibson 2000), and

homing pigeons (Dittrich et al. 2010; Stephan et al. 2012);

for example, the latter two respond differently to people

who regularly feed them than to familiar or unfamiliar

people who have never fed them before. Recent studies

have also demonstrated such abilities in wild birds that live
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in urban areas. For example, feral pigeons delayed feeding

when food was offered by a previously hostile human

(Belguermi et al. 2011), and corvids and mockingbirds

attacked persons who had previously captured them or

approached their nests (Lee et al. 2011; Levey et al. 2009;

Marzluff et al. 2010). Since anti-predatory behaviours such

as vigilance and mobbing may entail high costs, of star-

vation and injury, respectively, individual recognition of

humans as potential predators may be adaptive by

increasing foraging efficiency and focusing mobbing on

hostile persons. Such discrimination may be particularly

beneficial for urban animals because higher human popu-

lation density makes humans a more common as well as

more relevant feature of the animals’ environment, and we

may also expect a broader range of behaviours from a

higher number of people, with a greater possibility for both

positive (e.g. bird feeding) and negative (e.g. harassment)

actions towards urban wildlife.

Various mechanisms have been hypothesized to explain

how the cognitive skills that are necessary for learning to

discriminate between individual humans by wild animals

may become especially prevalent in urban habitats. Firstly,

species with larger brains and more flexible behaviour are

believed to be pre-disposed for successfully exploiting

urban environments (Carrete and Tella 2011; Maklakov

et al. 2011; Snell-Rood and Wick 2013), and this pre-

existing cognitive capacity may also promote individual

recognition of humans once the species has colonized

urban habitats (Lee et al. 2011; Levey et al. 2009; Marzluff

et al. 2010; Sol et al. 2013). Secondly, species without

superior cognitive abilities may also establish themselves

in cities (Belguermi et al. 2011; Snell-Rood and Wick

2013) but once there, urbanized populations may undergo

selection for cognitive skills and diverge from rural pop-

ulations (Snell-Rood and Wick 2013). Thirdly, urban ani-

mals may develop distinct skills during ontogeny. For

example, since animal–human encounters are more fre-

quent in cities, this ‘‘pre-exposure to stimuli’’ throughout

the individuals’ life may facilitate their differentiation

between relevant stimuli, i.e. to detect and learn the dis-

tinctive features of humans representing different levels of

threat or benefit (Lee et al. 2011).

Either of the above mechanisms or any combination of

them may result in a better ability of urban animals to

individually recognize people. However, the different

combinations of these mechanisms predict varying levels

of individual human recognition within species across the

urban gradient. If memorizing persons is part of a pre-

existing cognitive arsenal of urban-invasive species with-

out further microevolutionary or ontogenetic adaptation,

then individuals of such species should be equally good at

telling people apart regardless of the type of habitat they

live in. In contrast, if this skill evolved or improved

specifically in urban populations or results from better

learning due to pre-exposure to stimuli, then animals from

habitats more densely populated by people should be better

at recognizing humans than conspecifics from less popu-

lated rural habitats. Previous studies of individual human

recognition by wild animals focused only on urban popu-

lations (Belguermi et al. 2011; Lee et al. 2011; Levey et al.

2009; Marzluff et al. 2010) and did not compare animals of

the same species from differently urbanized habitats.

To test the prediction of the ‘‘pre-adaptation’’ hypothesis

as opposed to the alternative scenarios, we studied house

sparrows (Passer domesticus), a species with long history

of commensalism with humans (Anderson 2006; Sætre

et al. 2012). House sparrows often exhibit novel behaviours

in the wild (Overington et al. 2009; Suárez-Rodrı́guez et al.

2013) and show remarkable learning skills in lab experi-

ments (Porter 1904; Sasvári 1985), suggesting they may be

good candidates for studies on cognition. We captured

sparrows from several populations along the urbanization

gradient, and tested experimentally whether they vary in

the degree of recognition of and/or responsiveness to

individual humans with whom they have different

experiences.

Methods

The present study is part of a more general project that

explores the causes and consequences of behavioural

flexibility in birds, and the same set of individual birds was

used in several experiments (Bókony et al. 2014). How-

ever, there is no overlap in the research questions and

results between this study and Bókony et al. (2014).

Methods shared by both studies are repeated here to make

all relevant details readily available.

Study subjects and housing

We captured house sparrows with mist nets (Ecotone,

Gdynia, Poland) from differently urbanized habitats in

Hungary from January to March in 2012. We focused on

capture sites from the two extremes of the urban gradient

occupied by house sparrows, i.e. isolated small farms or

edges of small villages and densely built inner city sites

(Table S1). Over 8 weeks, we captured 10–14 birds in total

each week from two sites of the same habitat type, alter-

nating city sites and farm/village sites weekly. At capture,

we measured each bird’s body mass (±0.1 g) and tarsus

length (±0.1 mm), and ringed them with an individually

numbered metal ring. The birds were transported to

Veszprém and housed indoors (for details, see Bókony

et al. 2014).
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A total number of 97 individuals participated in the

experiment. One week after capture, birds were placed

individually into 42 9 30 9 35 cm cages, each containing

two perches and a vertical plastic sheet hanging from the

top of the cage as shelter. All cages were in one room,

positioned on three shelves and visually separated from

each other with opaque plastic boards. About 2.5 m away

from the cages there was a curtain, behind which the

experimenter could hide. During the study, food (millet

seeds) was constantly available to 26 birds, whereas 71

birds were deprived of food for half an hour before and

after each training session (see below) as part of another

study (Bókony et al. 2014); this food availability treatment

was included in the statistical analyses but had no signifi-

cant effect on the behaviours analysed in this study.

Quantifying habitat urbanization

Urbanization of the capture sites was quantified based on

four habitat features: building density, vegetation cover,

the presence of roads, and human population density.

Firstly, the digital aerial photograph of each site was scored

by a single observer (S.P.) using the method of Liker et al.

(2008). We divided a 1-km2 area around the site of capture

into 10 9 10 cells, and each cell was assigned a score for

the cover of vegetation (0: absent, 1: \50 %, 2: [50 %),

density of buildings (0: absent, 1: \50 %, 2: [50 %), and

the presence of paved roads (0: absent, 1: present). From

these cell scores, we calculated five habitat characteristics

for each site (mean vegetation density, mean building

density, number of cells with roads, and number of cells

with [50 % vegetation and buildings, respectively). Then,

following Bókony et al. (2010), we collected data on the

density of residential human population for each settle-

ment. For the two sites in Budapest, we used the data for

the corresponding districts of the capital. For the three farm

sites, we ascertained population density by either asking

the residents (family farm at Szentgál) or consulting the

website of the farms (Üll}o-Dóramajor and Babat).

We then included the above five habitat characteristics

and human population density in a principal component

analysis (PCA), which resulted in a single axis with [1

eigenvalue that explained 92.75 % of total variance, and

correlated strongly negatively with mean vegetation den-

sity (r = -0.98) and number of cells with high vegetation

density (r = -0.99), and strongly positively with mean

building density (r = 0.98), number of cells with high

building density (r = 0.98), number of cells with roads

(r = 0.98), and human population density (r = 0.86). We

refer to the scores along this axis as ‘‘urbanization score’’.

In one set of the analyses, we divided the capture sites into

two groups (henceforth ‘‘urbanization category’’): ‘‘urban’’

(positive urbanization score) and ‘‘rural’’ (negative urban-

ization score); these categories matched the administrative

titles of all but one settlement in our sample (site Ajka is

located in the suburbs of a small town and received a

negative urbanization score).

Experimental protocol

To manipulate the experience of birds associated with

different human faces, a single experimenter (E.V.)

manipulated his appearance by wearing different latex

masks (Fig. 1) while playing each of three different roles

(henceforth: ‘‘mask treatment’’) which represented differ-

ent levels of threat to the birds, namely ‘‘hostile’’, ‘‘non-

hostile’’, and ‘‘unfamiliar’’. For each weekly group of birds

(referred to as ‘‘cohorts’’ hereafter), a different combina-

tion of masks was used from a total of four masks, and we

randomly distributed the masks between different treat-

ments among the cohorts (Table S2); each mask was used

for all kinds of treatment during the study. The experi-

menter did not change anything else (e.g. clothes) between

the treatments on the same day.

The experiment started 1 week after capture. During the

first 4 days of the experiment, there were 14 training ses-

sions, 7 for non-hostile and 7 for hostile treatment. Each

day, an equal number of non-hostile and hostile sessions

Fig. 1 Masks used for manipulating the experimenter’s appearance in the three treatments
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were performed in randomized order (Table S2). In the

non-hostile sessions, the experimenter came out from cover

and stood 2 m away from the cages facing the birds for

5 min, so all the birds could see him. In the hostile ses-

sions, he stood 2 m away from the cages for 1 min, then

approached the cages and mimicked an attack against each

bird of the cohort in randomized order for 20 s each by

following the bird with his hand along the cage bars.

On the fifth day, there were three test sessions during

which the experimenter stood 2 m away from the cages for

5 min wearing either the non-hostile mask, or the hostile

mask, or a third unfamiliar mask (not seen by the birds

before this session) in randomized order (Table S2). The

test sessions were recorded by a video camera, mounted on

a tripod about 2 m away from the cages.

Quantifying risk taking

The birds’ behaviour during the three test sessions was

analysed in detail from the video- recordings by E.V. using

Solomon Coder (Péter 2013). The observer was blind to the

birds’ capture location and the mask treatment they

received. For each bird, position and activity within the

cage were recorded as follows. The position of bird was

recorded continuously as ‘‘hiding’’ when at least its head

was behind the shelter; it was in the ‘‘back’’ when it was

not behind the shelter but in the back half of the cage, and

in the ‘‘front’’ if it was in the front half of the cage. Activity

was only recorded when the bird was not hiding, as

‘‘passive’’ if it did not move for at least 4 s, otherwise as

‘‘active’’. Because the videotaped sessions were slightly

different in length, we coded only the first 305 s (i.e. the

duration of the shortest recording) of each video record.

We quantified risk taking using the following five

variables (higher values of each variable meaning higher

level of risk taking): (1) Front: the time the bird spent in the

cage’s front part; (2) Not hiding: the time the bird spent

outside the shelter (sum of front and back); (3) Flight

latency: the time the bird spent in the cage’s front from the

beginning of the session until moving to the back of the

cage or behind the shelter (0 for birds that were in the back

of the cage or behind the shelter at the beginning of the

session); (4) Hiding latency: the latency of the bird to go

behind the shelter for the first time (0 for birds that were

behind the shelter at the beginning of the session); (5)

Passivity: the time the bird spent without moving for at

least 4 s (excluding the time spent behind the shelter). We

interpreted longer passivity as a higher level of risk taking

because in our experiment passive birds were likely to be

more relaxed than active birds, as most activity was fleeing

behaviour. Passivity was also positively correlated with the

other 4 measures of risk-taking behaviour (see ‘‘Results’’).

All variables were computed separately for the three test

sessions of each bird. Since all five response variables

measured bold behaviour in the presence of a human, we

rank-transformed them and calculated the mean of these

rank scores to obtain a measure of the birds’ average risk

taking within a session (henceforth ‘‘risk taking’’).

To assess the repeatability of our behavioural mea-

surements, a second observer (G. S.) also coded the

behaviour of a subset of birds from the video recordings.

We randomly chose ten 5-min sessions from each of the

three treatments with at least one bird from each cohort,

such that no individual was sampled more than once. For

these 30 sessions, we calculated the risk-taking score as

described above for both observers and expressed the

repeatability between them by the intra-class correlation

coefficient (ICC; Nakagawa and Schielzeth 2010).

Statistical analyses

Consistency of behavioural variables between the three test

sessions and correlation of behavioural variables with each

other were tested by Kendall’s concordance tests (Legen-

dre 2005). The effects of mask treatment and habitat were

analysed using linear mixed-effects (LME) models with

risk taking as dependent variable. Since there were three

test sessions for each bird, and the stimulus was presented

for all birds in a cohort at the same time, we used bird ID

and cohort ID as nested random factors. We included the

following explanatory variables in the initial model: mask

treatment (i.e. hostile, non-hostile, or unfamiliar), urbani-

zation category (urban, rural), cage position (vertical and

horizontal), treatment order (i.e. order of the three treat-

ments over the test day, e.g. non-hostile-hostile-unfamiliar,

hostile-unfamiliar-non-hostile, etc.), session number (i.e.

first, second, or third), mask ID, food availability (i.e.

ad libitum or fasted), sex, and body condition. We quan-

tified body condition as the scaled mass index proposed by

Peig and Green (2009) using the equation of Bókony et al.

(2012, 2014). We also included two relevant interactions in

the initial model, namely the treatment 9 urbanization

interaction to test if the differences between responses to

the three treatments were different in urban and rural birds,

and the treatment order 9 session number interaction to

control for the possible effects of preceding treatments on

the same day. From the initial model, non-significant

(P [ 0.05) terms (food availability, sex and body condi-

tion) were dropped stepwise, and we report the final model

only. We also repeated this analysis by replacing urbani-

zation category with either urbanization score or human

population density. To test the pairwise differences of the

interaction between mask treatment and urbanization cat-

egory, we performed post hoc analyses by calculating

linear contrasts and correcting their P values using the false

discovery rate (FDR) method (Benjamini et al. 2001).

294 Anim Cogn (2015) 18:291–298

123



Results

The five risk-taking variables were significantly consistent

within individuals across the three test sessions (Kendall’s

concordance tests, not hiding: W = 0.9, P \ 0.001; front:

W = 0.66, P \ 0.001; flight latency: W = 0.52,

P \ 0.001; hiding latency: W = 0.68, P \ 0.001; passiv-

ity: W = 0.65, P \ 0.001; N = 97 in all tests) and were

positively correlated with each other (W = 0.48,

P \ 0.001). Risk taking was also significantly consistent

within individuals over the three test sessions (W = 0.79,

P \ 0.001, N = 97). Between the two observers, risk tak-

ing showed high and significant repeatability

(ICC = 0.913, P \ 0.001, N = 30).

We found that sparrows responded differently to the

three masks representing differently threatening persons,

and the degree of this discrimination differed between

urban and rural birds (mask treatment 9 habitat interac-

tion; Table 1; Fig. 2). Rural birds behaved more boldly

towards the familiar non-hostile person than the unfamiliar

person (linear contrast, P \ 0.001; P = 0.002 after FDR

correction) and, to a lesser extent, they were also more bold

towards the familiar non-hostile person than the familiar

hostile person (P = 0.012; P = 0.056 after FDR correc-

tion); there was no difference between their response

towards the hostile and the unfamiliar persons (P = 0.219;

P = 0.395 after FDR correction). In contrast, urban birds’

risk taking did not differ significantly among the three

treatments (P [ 0.371 for all linear contrasts; P [ 0.446

after FDR correction), whereas they tended to be bolder

towards the unfamiliar person (P = 0.042; P = 0.096 after

FDR correction) and less bold towards the non-hostile

person (P = 0.024; P = 0.072 after FDR correction) than

rural birds. These results are robust since we controlled for

several confounding variables in the analyses (Table 1) and

the effect of mask treatment 9 habitat interaction on risk

taking remained significant when we replaced the urbani-

zation category of each capture site (urban or rural) by

either the numeric urbanization score or human population

density (Table 1; Fig. 3).

Birds were the least bold in the first test session and

became bolder later during the day (Table 1); this diurnal

change was greatest when they saw the familiar non-hostile

mask in the first session (treatment order 9 session number

interaction, Table 1). Birds on the top shelf were bolder

than those on the lower shelves, and birds in the middle on

each shelf (i.e. those facing the experimenter most directly)

were the most fearful (Table 1). Overall, the birds behaved

Table 1 Analysis of deviance tables of the final LME models of the risk-taking score, using three alternative measures of habitat urbanization

(urbanization category, urbanization score and human population density; referred to as ‘‘urbanization’’ in the list of predictors)

Predictors Urbanization category Urbanization score Human population density

v2 df P v2 df P v2 df P

Intercept 65.81 1 \0.001 75.49 1 \0.001 65.11 1 \0.001

Mask treatment 0.12 2 0.940 8.38 2 0.015 14.81 2 0.001

Urbanization 0.08 1 0.779 1.26 1 0.263 0.88 1 0.348

Mask treatment 9 urbanization 11.93 2 0.003 13.63 2 0.001 10.43 2 0.005

Cage position—vertical 8.26 2 0.016 8.11 2 0.017 8.49 2 0.014

Cage position—horizontal 13.12 4 0.011 12.69 4 0.013 11.71 4 0.020

Mask ID 8.22 3 0.042 11.27 3 0.010 8.50 3 0.037

Treatment order 21.38 4 \0.001 23.27 4 \0.001 35.32 4 \0.001

Session number 1.53 1 0.216 3.14 1 0.076 0.36 1 0.548

Treatment order 9 session number 16.26 4 0.003 19.63 4 0.001 22.70 4 \0.001

The mask treatment 9 urbanization interaction, highlighted in bold, expresses the differences between birds from differently urbanized habitats

in the extent to which they respond differently to the three persons

Fig. 2 Effects of mask treatment on urban (N = 42) and rural

(N = 55) sparrows’ risk taking, shown as residuals controlled for

confounding effects. Differences marked by asterisk were significant

(**P \ 0.001, after false discovery rate correction P = 0.002;

*P = 0.012–0.042, after false discovery rate correction

P = 0.056–0.096)
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more fearfully towards mask B than the other three masks

(Table 1).

Discussion

Contrary to all hypotheses predicting better individual

recognition of humans in urban animals, we found that

house sparrows from more urbanized habitats were less

discriminating than rural conspecifics in their responses

towards persons from whom they had experienced con-

sistently different behaviours. This suggests that urban

sparrows either cannot tell persons apart by their faces, or

they can but do not adjust their behaviour accordingly. We

suggest that sparrows’ discrimination of, or responsiveness

to, individual humans may be constrained in highly

urbanized habitats due to increased costs and/or reduced

benefits.

Firstly, repeated encounters with the same person might

be rare in big cities, so animals may have difficulties with

and/or gain less advantage from memorizing individual

people. Notably, other wild species that differentiated

efficiently among persons (Belguermi et al. 2011; Lee et al.

2011; Levey et al. 2009; Marzluff et al. 2010) were tested

mostly in university campuses where the human popula-

tion, while numerous, might be more constant than at the

busy bus/train stations we mostly sampled (Table S1).

Nevertheless, in these studies, only a few negative expe-

riences (Levey et al. 2009) or even a single one (Marzluff

et al. 2010) was enough for the birds to efficiently recog-

nize a hostile person, indicating that at least in those spe-

cies repeated encounters may not be necessary for

individual recognition of humans.

Secondly, in more urbanized habitats, the interactions

between humans and birds might be less diverse, as people

may behave more neutrally towards birds, so memorizing

different persons may be more rewarding in rural than in

urban habitats. This idea is supported by recent studies

indicating that both hostile and benevolent human behav-

iours towards birds are more common in less urbanized

areas (Clucas and Marzluff 2012), a higher proportion of

people engage in bird feeding at sites with low population

density (Fuller et al. 2012), and people in rural areas are

better at recognizing endangered birds (De Azevedo et al.

2012). Also, house sparrows are often treated as pests in

the countryside due to their crop consumption and dis-

placement of other birds (Anderson 2006). Thus, rural

sparrows, while encountering fewer people overall, may

encounter more who are actually worth remembering, both

hostile and friendly.

Thirdly, sparrows in urban environments might face

some cognitive constraint on learning. For example,

pigeons can discriminate between less than a thousand

images in an associative learning task (Cook et al. 2005),

whereas human population density can exceed several

thousands per square kilometre in cities (Table S1), so

memory load might prevent urban birds from efficiently

learning to recognize people and remembering their atti-

tudes. Although urban species are thought to be cognitively

superior (Lee et al. 2011; Levey et al. 2009; Marzluff et al.

2010; Sasvári 1985; Sol et al. 2013), little is known about

differences in learning ability between urban and rural

conspecifics. Even in species that generally perform well in

cognitive tasks, urbanization might suppress the expression

of behavioural flexibility by the above mechanisms. For

example, a recent study found that cranial capacity, a proxy

for brain size, tended to decrease over time in urban pop-

ulations whereas it increased in rural populations of several

mammalian species (Snell-Rood and Wick 2013), and

smaller brain can result in limited cognitive abilities. Fur-

thermore, another urban species, the Zenaida dove (Zena-

ida aurita) learned more slowly in a foraging task when

human disturbance was high (Boogert et al. 2010).

Finally, urban and rural birds might use different cues to

tell people apart. In our experiment, only the experi-

menter’s head (face and hair) was manipulated by masks,

his height, build, clothing, or movements were not. If urban

birds pay less attention to the face than rural birds, this may

have limited their performance. However, the face is typ-

ically a central cue for animals in interactions with humans

(Racca et al. 2010; Stephan et al. 2012); for example, dogs

prefer to interact with humans with faces oriented towards

them and visible eyes (Gácsi et al. 2004) and they differ-

entiate less between their owners and strangers when their

heads are covered (Mongillo et al. 2010). Also, birds may

view humans as potential predators, and in predator–prey

interactions facial orientation and eye-gaze direction may

provide vital information about the predator’s intentions

Fig. 3 Interactive effects of mask treatment and human population

density (on logarithmic scale) on risk-taking (shown as residuals

controlled for confounding effects). Lines are regression lines from

the final LME model
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for the prey (Carter et al. 2008; Hampton 1994). Accord-

ingly, previous studies on birds found that face differences

allow effective recognition of human individuals even for

long periods (Marzluff et al. 2010) while clothing seems to

be a less important cue (Belguermi et al. 2011; Lee et al.

2011; Levey et al. 2009).

Our study highlights the potential for urbanization, and

particularly interactions between humans and wild animals,

to have intricate effects on the evolution of animal cogni-

tion and behavioural flexibility. Differences not only in

people’s numbers but also the diversity and predictability

of their behaviours towards animals may interplay in

shaping the pay-offs and constraints of animals’ behav-

ioural responses to human disturbance, which is an exciting

avenue for further research.
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city: body size and condition of house sparrows along the

urbanization gradient. J Anim Ecol 77:789–795. doi:10.1111/j.

1365-2656.2008.01402.x

Maklakov AA, Immler S, Gonzalez-Voyer A, Rönn J, Kolm N (2011)
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