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Introduction

Human disturbances present organisms with a vari-

ety of novel experiences, the impacts of which are

not completely understood. Human disturbance can

have morphological (Evans et al. 2009) or physiolog-

ical (Partecke et al. 2006) effects on wildlife, and can

result in a wide array of changes in behavior, such

as changes in daily patterns of activity (McClennen

et al. 2001; Tigas et al. 2002; Riley et al. 2003),

changes in anti-predator behavior (Mccleary 2009;

Kitchen et al. 2010), the development of avoidance

behavior along trails (Miller et al. 1998), shifting of

nest site locations (Yeh et al. 2007), modification of

vocalizations (Brumm 2004; Foote et al. 2004; Sun

& Narins 2005; Wood & Yezerinac 2006), and

changes in female mate selection, such that females

avoid nesting on the territories of males located near

higher levels of human-created noise (Habib et al.

2007). Examining how different species of animals

vary in their behavioral and evolutionary responses

to human disturbance will be the key to understand-

ing which species will be able to thrive in human-

disturbed habitats and which will not (Sih et al.

2011).

The animals that are going to be most successful

in colonizing urban habitats are likely to be those

that are best able to deal with human distur-

bance. Living in urban areas would seem to require

high levels of boldness, as boldness relates to an
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Abstract

Animals in urban habitats face a number of unique stresses, including

the necessity of dealing with high levels of human activity. Growing

research suggests that: (1) inherent traits, as opposed to learned behav-

ior, influence which species invade urban habitats, and (2) individuals

exhibit behavioral syndromes that limit behavioral flexibility. As a

result, perhaps only animals with inherently bold personalities success-

fully settle in areas of high human activity, and such animals may also

exhibit correlated variation in other behavioral traits, such as territorial

aggression. In this study, we examine boldness and aggression in several

urban and rural populations of song sparrows (Melospiza melodia). We

found that urban birds were both bolder toward humans and also

showed higher levels of aggression. We found a correlation between

boldness and aggression in all populations combined, but no correlation

within urban populations. Our results agree with other recent studies of

song sparrow behavior, suggesting that greater boldness and aggression

are general features of urban song sparrow populations, and a lack of a

correlation between boldness and aggression in urban habitats is a gen-

eral phenomenon as well. Urban habitats may select for bold and

aggressive birds, and yet the traits can vary independently. These results

add to a small number of studies which find that behavioral syndromes

break down in potentially high quality habitats.
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individual’s willingness to engage in risk taking

behaviors, such as exploring novel situations (Wil-

son et al. 1994). Risk taking and exploration of

novel environments correlate in great tits and this

exploratory behavior is heritable (van Oers et al.

2003). Boldness varies between individuals such

that some individuals are consistently bolder than

others (van Oers et al. 2003; Carere & van Oers

2004; Reaney & Backwell 2007; Webster et al.

2009; Wilson & Godin 2009). Thus, some inherently

bolder individuals may be better suited to actively

seek out and use resources available in urban set-

tings (Short & Petren 2008). If urban settings favor

bolder individuals, the heritability of the behavior

suggests that human disturbance may influence the

evolution of boldness in urban populations. Indeed,

it has been suggested that boldness toward humans

has been evolving in urban populations of Euro-

pean birds, where boldness correlates with time

since urbanization (Moller 2008). Changes in bold-

ness of urban birds becomes more significant when

we consider the possibility that as boldness evolves,

other correlated traits may change as well. Boldness

under predation risk has been found to be positively

correlated with aggression toward conspecifics in

sticklebacks (Bell 2005), great tits (Verbeek et al.

1996), fiddler crabs (Reaney & Backwell 2007), and

a previous study of song sparrows found that males

in highly disturbed urban habitat are significantly

more aggressive and score higher on an assay of

boldness than song sparrows in an undisturbed

rural habitat (Evans et al. 2010).

Individual differences in boldness and aggression

can have significant consequences for habitat selec-

tion (Bejder et al. 2006; Carrete & Tella 2010), and

by extension, for species distribution. Duckworth

(2008) found that new areas along the edges of

existing populations are colonized by more aggres-

sive individuals, but that shortly after (within a few

generations) the highly aggressive trait disappears

from the population. Increased aggression is costly

to individuals (Wingfield et al. 2001; Duckworth

2006a). However, increased aggression can also be

beneficial as aggressive individuals benefit from

higher fitness levels in new populations than

their less aggressive counterparts (Duckworth 2008).

A correlation between aggression and exploratory or

risk taking behavior, then, may result in more

aggressive and bolder individuals being found in

novel environments, such as human impacted habi-

tats. However, Evans et al. (2010) found a correla-

tion between aggression and boldness in song

sparrows in some habitats but not others; specifi-

cally, aggression and boldness were correlated in a

rural Pennsylvania population, but not in an

urban North Carolina population. Thus, the relation-

ship between an aggression–boldness syndrome and

increases in these behaviors in human disturbed,

urban habitats remains unclear.

This study expands on the Evans et al. (2010)

study, comparing boldness and aggression in male

song sparrows in the same rural population with

nearby individuals found on human-disturbed urban

sites, such as parking lots, roads and near buildings.

Based on the results of previous studies on song

sparrows (Evans et al. 2010), we predict that males

holding urban territories will be both bolder and

more aggressive than their undisturbed counterparts

and that aggression and boldness will be correlated.

This study adds to this previous work in three ways:

(1) by adding additional urban populations, to deter-

mine whether increased aggression and boldness is a

general phenomenon in urban song sparrows; (2) by

increasing the sample size within urban populations,

to ensure that the lack of correlation between

aggression and boldness in the NC urban population

(Evans et al. 2010) was not a sample size effect; and

(3) to compare urban and rural populations on a

smaller geographic scale – as neither the rural nor

urban NC populations studied by Evans et al. (2010)

had a correlation between aggression and boldness,

it is possible that this lack of a correlation is due to

differences between PA and NC, not urban vs. rural

habitats.

Methods

This study was conducted in Crawford County,

Pennsylvania. The rural, minimally disturbed study

site was located within a 11 ha section of State

Game Land 214 (SGL) while disturbed, urban sites

were located in and around the towns of Linesville

and Conneaut Lake. These two towns are approx.

13 km from one another, and Linesville is approx.

14 km from the rural site, while Conneaut Lake is

approx. 9 km from the rural site. All three sites

share similar climate, elevation, and vegetative fea-

tures, though the disturbed settings contain obvious

human alterations (including buildings, ornamental

plants, mown lawns, etc.).

Rural Site

The rural study site is composed of old fields and

hedgerows of trees, surrounded on most margins by

wetlands. All territorial males in this population are
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marked with a unique combination of leg bands

including one permanent Fish & Wildlife band and a

unique combination of three plastic color bands. All

2008 territories on the rural site were mapped. The

area is not completely free of human disturbance as

it is managed for white-tailed deer and Canada

geese; however, management is limited to annual

mowing and occasional planting of some fields with

corn or seasonal grasses, neither of which occurred

during the 2008 study season.

Urban Sites

The two urban sites were the towns of Linesville

and Conneaut Lake, PA (population of 1155 and

708 respectively, according to the 2000 census, US

Census Bureau 2008c). Though these small towns

might not fit political definitions of the word

‘urban’, we use the word ‘urban’ here in a more

general sense, to denote the fact that the males on

these sites were in towns, and surrounded by roads,

parking lots and buildings in close proximity. Males

in these sites were located on accessible private

and public property in close proximity to roads or

parking lots. Males were located opportunistically

through observations during trips through both

towns and through the use of brief playbacks along

potentially suitable edge habitats, most of which

were along the edge of parking lots and buildings.

When a male was located, his location was noted

and a GPS point was saved to allow for easy location

on subsequent visits. Song sparrows outside State

Game Lands were not banded; location of territory

was used to recognize individual males. During the

breeding season, males show high territory fidelity:

in a 9-yr study of song sparrows in Pennsylvania,

only 3.4% of males switched territories within sea-

son (Hughes & Hyman, in press). Thus, even with-

out marked individuals, it is highly likely that males

tested in the same location days apart were the same

individual, though we cannot rule out a small num-

ber of misidentifications.

Behavioral Assays

All behavioral assays were run between May 21 and

June 20 2008 in the morning hours between 6 am

and 10 am. The order of experiments, assaying bold-

ness or aggression, was varied throughout so that

different individuals received different assays first. In

all cases, the boldness assay and aggression assay

were conducted on separate days giving the subjects

at least 1 d of rest between each experiment.

We quantified aggressive response using playback

experiments. Subjects were tested with playback

song from an unknown song sparrow, broadcast

from within the subject’s territory for 6 min. When

playback began, the subject was not singing, and

typically at an unknown location. The playback

speakers would be set up along hedgerows, allowing

the subjects to approach the speaker without ventur-

ing into open ground. The observer was located

approx. 20–25 m from the playback speaker, and

thus, in a location away from the path which the

subject would use to approach. The subject’s dis-

tance from the speaker during the playback was

recorded at 5-s intervals for 9 min (6 min of song

playback and 3 min of silence post-song); the aver-

age distance to the speaker was calculated for each

territorial male (Nowicki et al. 2002; Hyman et al.

2004; Hyman & Hughes 2006; Evans et al. 2010).

We interpret a closer approach to the speaker as

increased aggressiveness. Searcy et al. (2006) found

distance to the speaker during a playback experi-

ment was a significant predictor of attack, and this

measure of aggressive response is highly repeatable

within males, both within seasons (Nowicki et al.

2002; Hyman et al. 2004) and across years (Hyman

unpubl. data). The number of response songs sung

by the subject during the 9 min was also recorded.

Aggression assays were distributed throughout the

study sites to ensure that no individual male heard

another playback (such as his neighbor’s) on the day

he would be tested. Individual males were played

different playback tapes recorded from different

males, ensuring that it was not a reaction to a spe-

cific song that influenced the aggressive reactions.

We performed aggression assays with 22 males in

Linesville, 12 at Conneaut Lake, and 26 males on

the rural site.

Individual variation in boldness was measured with

a flight-initiation distance experiment (FID). The FID

is used to assess a male’s reaction to a potential

predator, in this case, a human observer. The assay

was conducted when the subject was located on a

singing perch no more than 10 m from the ground

and 20 to 25 m from the observer, to minimize the

FID’s dependence on intruder starting distance

(Blumstein 2003). The observer approached the male

at a rate of 1 m ⁄ s until the subject left his perch and

went into hiding. The observer’s distance from the

bird’s perch was recorded and the FID was calculated

following the methods of Blumstein (2006). A

shorter FID is interpreted as being bolder. FID has

been widely used as a measure of boldness, and

while FID may to some degree represent habituation
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to humans, it has been proposed to be a trait that

explains where individuals will settle in relation to

human disturbance (Carrete & Tella 2010). FID is

also highly repeatable in song sparrows (Evans et al.

2010). Furthermore, FID has been proposed to be a

trait under selection, explaining why urban animals

typically have lower FID scores than rural animals

(Moller 2008). We performed FID assays with 21

males in Linesville, 12 at Conneaut Lake, and 23

males on the rural site. We also performed multiple

trials, 1–4 d apart with 13 males to determine if FID

is repeatable.

To determine whether behaviors differed between

rural and urban habitats, a one-way ANOVA analy-

sis was used. To obtain normality, approach distance

to speaker was log transformed prior to analysis. To

determine whether aggression and boldness were

correlated, Pearson product moment correlations

were run for approach to speaker, number of

response songs, and FID both within each site and

collectively for all sites. These analyses were per-

formed using Minitab 15, provided by the College of

Charleston, SC. To determine whether variance in

aggression and boldness differed in the populations,

variances were calculated and compared suing

SYSTAT 12 (Systat software, Inc., Chicago, IL, USA).

To determine if the relationship between aggression

and boldness differed between habitats, the strength

of the correlations was compared using SYSTAT 12.

Results

Males within the urban sites were significantly

bolder than males in the rural site, allowing closer

approach by the observer (F2,57 = 6.081, p = 0.004,

Fig. 1). Post hoc analysis reveals that boldness score

for males in urban habitats (Linesville vs. Conneaut

Lake) did not differ from each other (Tukey test =

)0.424, p = 0.965), while males from both urban

locations were significantly bolder than the males

from rural locations (Linesville vs. SGL, Tukey

test = )4.291, p < 0.001, Conneaut Lake vs. SGL

Tukey test = )3.868, p < 0.047). For individuals

tested multiple times, there was a significant correla-

tion between FID scores from one trial to the next,

demonstrating consistent individual differences in FID

(Pearson Correlation: rp = 0.762, n = 13, p = 0.002).

Males on urban sites are also significantly more

aggressive than males located within the rural site,

(F2,57 = 32.303, p < 0.001, Fig. 2). Average aggres-

sive responses to the simulated intrusion were three

times stronger in the urban habitat than in the rural

habitat (urban sites = 2.94 m, rural site = 10.51 m)

with males on urban territories coming significantly

closer to the speaker and at times even landing on

it. Males on urban sites also sang significantly more

in response to playback than males on the rural site

(F2,31 = 8.516, p < 0.001). Post hoc analysis reveals

that aggression scores for males in urban habitats

(Linesville vs. Conneaut Lake) did not differ from

Fig. 1: Average flight-initiation distance in response to a human

observer (�x � SD) for birds at three study sites: Rural, Pennsylvania

State Gamelands 214, near Hartstown, PA, Urban 1, the town of Lines-

ville, PA, and Urban 2, the town of Conneaut Lake, PA. Birds in the

urban populations have significantly smaller flight-initiation distance

experiment than birds in the rural population.

Fig. 2: Average distance to speaker (log transformed, �x � SD) for

birds at three study sites. Birds in the urban populations show a

significantly closer approach to playback than birds in the rural

population.
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each other in aggressive response (Tukey test =

0.030, p = 0.946), while males from both urban

locations were significantly more aggressive than the

males from rural locations (Linesville vs. SGL, Tukey

test = )0.550, p < 0.001, Conneaut Lake vs. SGL

Tukey test = )0.580, p < 0.001).

If all males from both rural and urban habitats are

considered, aggression and boldness were correlated

(rp = 0.603, n = 56, p < 0.001, Fig. 3). Males who

reacted more aggressively to the simulated intrusion,

approached closer to the playback speaker, were also

more likely to delay their flight from a potential

predator, in this case the observer, and vice versa.

However, when separated by habitat, the correlation

between aggression and boldness was maintained on

the rural site (rp = 0.774, n = 23, p = 0.001), but the

relationship between aggression and boldness on the

urban sites was not significant (rp = 0.197, n = 33,

p = 0.272), and there was a significant difference in

the strength of the correlations between the two

habitats (Z = 2.875, p = 0.004). Our failure to find a

correlation between aggression and boldness in

urban habitats does not appear to have been due to

reduced variance in either variable: there was no sig-

nificant difference in variance between urban and

rural habitats for either boldness (variance in FID:

urban habitat = 19.064, rural habitat = 22.654,

F27,33 = 1.188, p = 0.637), or aggression (variance in

aggression: urban habitat = 0.059, rural habitat =

0.086, F26,34 = 1.477, p = 0.292), and for both aggres-

sion and boldness, the coefficient of variation in

urban populations was greater than in rural (aggres-

sion: CVurban = 0.613, CVrural = 0.308; boldness:

CVurban = 0.405, CVrural = 0.319).

Discussion

Animals living in urban habitats show a variety of

behavioral (Evans et al. 2010; morphological (Evans

et al. 2009) and physiological (Partecke et al. 2006)

differences from conspecifics living in undisturbed

rural habitats. Here, we demonstrate that song spar-

rows in even minimally disturbed urban habitats,

such as found in small towns, are bolder and show

higher levels of territorial aggression than song spar-

rows in nearby rural habitats. Thus, even over small

distances, low levels of human disturbance can have

significant impacts on behavior. In addition, we find

that while territorial aggression and boldness are cor-

related in the rural habitat, this syndrome is lost in

the urban habitat. Human disturbance, then, not

only affects the expression of individual behaviors,

but can also alter the relationships among them.

Territorial song sparrows found within the urban

habitats responded with significantly higher levels of

boldness – allowing a potential predator to approach

on average 4 m closer – and aggression – approach-

ing the speaker simulating a territorial intrusion to

one-third the distance – as compared to their coun-

terparts on the rural site <13 km away. Evans et al.

(2010) found similar differences in behavior when

comparing rural song sparrows in Pennsylvania and

Purchase Knob, NC, with those on the campus of

Western Carolina University, Cullowhee, NC. The

populations compared in Evans et al. (2010) were

either quite distant from each other (Pennsylvania

vs. North Carolina) or quite different in elevation

(Purchase Knob, NC elevation c. 5000 ft vs. Cullo-

whee, NC, elevation c. 2200 ft), raising the possibil-

ity that habitat differences independent of proximity

to human populations could be responsible for the

observed differences in territorial male behavior.

Given the relatively small spatial scales over which

the present study was conducted, it is unlikely that

habitat differences unrelated to human impacts (i.e.,

climate, elevation, major vegetative features, etc.)

can account for the differences in male territorial

behavior. The difference in behavior between these

populations is all the more noteworthy, as the

‘urban’ sites used in this study were small towns

Fig. 3: Correlation between boldness (flight-initiation distance) and

territorial aggression (log average distance to playback) for birds in

urban (closed circles) and rural (open circles) habitats. Aggression and

boldness were correlated in all populations combined. However, when

separated by habitat, the correlation between aggression and bold-

ness was maintained on the rural site but not on the urban sites.
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with populations of <1200 people, whereas the

urban site in Evans et al. (2010) was a densely

developed college campus. As such, the urban sites

studied here are likely to be on the low end of possi-

ble human impacts in an area. Various studies have

demonstrated that low levels of human activity can

change bird behavior or even bird community struc-

ture (Miller et al. 1998; Heil et al. 2007) when cer-

tain species are unable to be flexible and adjust their

response to humans in the landscape. Our results

demonstrate that, within a species, proximity to

even small human populations can have significant

and substantial impacts on the behavior of territorial

birds. When viewed in combination with Evans

et al. (2010), these results suggest a strong general

pattern for urban populations of song sparrows to be

both bolder and more aggressive than rural popula-

tions. At this point, we cannot determine whether

increased boldness in the urban birds is a result of

evolutionary change, as suggested by Moller (2008)

or individual habituation, but even a change via

habituation reveals a level of behavioral plasticity

apparently not found in all bird species (Miller et al.

1998; Heil et al. 2007), which may allow some spe-

cies to invade urban habitats (Moller 2010).

We initially proposed that urban males would

show higher aggression if it was correlated with

boldness as part of a behavioral syndrome. Boldness

and aggression have been connected in many other

species (Verbeek et al. 1996; Bell 2005; Reaney &

Backwell 2007), and we found an overall correlation

between aggression and boldness within this popula-

tion. However, boldness and aggression were corre-

lated among territorial male song sparrows within

the rural site, but not within the urban habitat.

Evans et al. (2010) argued that low variation in

boldness and aggression in the urban population

made it difficult to observe a correlation due to a

reduction in variation along both axes. In the pres-

ent study, however, we found no significant differ-

ences between urban and rural populations in

variance in boldness and aggression. Thus, the lack

correlation between boldness and aggression in

urban populations of song sparrows, observed here

and in Evans et al. (2010), is most likely not due to

limited variation. While Evans et al. (2010) found a

significant correlation between boldness and aggres-

sion in only one rural population, a significant corre-

lation exists if the rural populations are pooled

(rp = 0.386, n = 33, p = 0.031), and subsequent

studies in yet other populations have found a corre-

lation in rural, but not urban populations (J. Hy-

man, unpubl. data). Thus, a significant correlation

between boldness and aggression appears to be char-

acteristic of rural populations, and the lack of a cor-

relation appears to be characteristic of urban

populations.

Understanding population differences in behav-

ioral syndromes and when syndromes break down is

considered to be an important next step in under-

standing the significance of behavioral syndromes

(Sih & Bell 2008). Finding a behavioral syndrome in

some populations but not in others has been noted

in studies in sticklebacks (Gasterosteus sp., Bell 2005;

Dingemanse et al. 2007), where exposure to preda-

tion causes the correlation between boldness and

aggression to arise (Bell & Sih 2007), and in damsel-

fish (Stegastes leucostictus) where a behavioral syn-

drome involving aggression and courtship behavior

occurs in males in rural territories but not in males

on artificial high quality territories (Snekser et al.

2009). For syndromes involving aggression and bold-

ness, Sih & Bell (2008) argue that a correlation

between aggression and boldness reflects a trade-off

between the benefits of effective resource gathering

and costs of predation for aggressive, bold individu-

als. If predation is low, then all individuals can be

flexible and express higher levels of boldness and

the syndrome disappears. Perhaps, it is informative

that in both the stickleback and damselfish exam-

ples, though dealing with different behavioral syn-

dromes, the syndromes disappear in high quality

habitats. In our study, the difference between rural

and urban sites in whether aggression and boldness

are correlated in song sparrows suggests that human

disturbance may affect habitat quality in such a

way that changes the relationship between these

behaviors; the human influenced urban habitats

may represent high quality habitat, although the key

variables which differ between the habitats remain

unclear.

Given that aggression and boldness appear to be

typically uncorrelated in urban song sparrow popula-

tions, the higher aggression of urban males is unli-

kely to be simply a consequence of urban habitats

favoring bolder (and therefore more aggressive)

males. High aggression in urban areas could occur if

urban habitats represent high quality habitat, and

either: (1) only the most inherently aggressive males

obtain a high quality territory, or (2) males on

high quality territories invest more highly in territo-

rial defense, adjusting their behavior to become

more aggressive. Support for either scenario can be

found in the literature. Duckworth (2006b), for

example, found that male bluebirds did not change

their aggressive behavior if their territory quality
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was manipulated after they had established their

claim on an area, suggesting that in this species, indi-

viduals do not vary their aggressive response with

territory quality. A large number of studies, however,

have found that the behavior of the individual

territory holder changes to reflect the quality of the

territory after experimental manipulation (Ewald &

Carpenter 1978; Camfield 2006; Snekser et al. 2009).

These are not actually mutually exclusive hypothe-

ses, as pointed out in a study by Kontiainen et al.

(2009) which found that individual female Ural owls

(Strix uralensis) showed individual variation in aggres-

sion in nest defense, and that intensity of nest

defense changed to reflect resources. They argued,

however, that individual variation in nest defense

aggression accounted for a large proportion of the

phenotypic variance in aggression seen, and that

aggression was a trait under selection (Kontiainen

et al. 2009). In song sparrows, evidence suggests that

territorial aggression is a consistent individual trait

(Nowicki et al. 2002; Hyman et al. 2004; Hyman &

Hughes 2006); however, we do not know whether

individuals also vary their aggressive responses

according to territory quality.

Our comparison of rural vs. urban habitats dem-

onstrates that seemingly small human disturbances,

small towns or rural developments, can nonetheless

have large impacts on the behavior of wild animals,

changing not only the degree to which these behav-

iors are expressed, but the relationships between

behaviors. Several other studies have noted that the

mere presence of humans in primarily rural habitats

can influence habitat settlement (Gutzwiller &

Anderson 1999) and community structure (Skagen

et al. 1991; Gutzwiller 1995; Fernandez-Juricic 2002;

Heil et al. 2007), as shier species avoid hiking trails

and other areas with human activity. Human distur-

bance has the potential to act as a selective force,

quickly resulting in the evolution of phenotypic dif-

ferences in urban and rural environments (Yeh

2004; Badyaev et al. 2008; Moller 2008), and as

urbanization and human disturbance increases,

humans may be influencing the evolution of wildlife

around them in unpredictable ways. Understanding

how human activities impact behavior and evolution

may continue to be an important consideration for

management and conservation strategies.
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