Chapter 6
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Abstract Although cities have existed for some millennia, it has been only in the
last few centuries that they have expanded to become a dominant feature of the
landscape. Their growth displaces original habitats and creates new ones, facing
birds with the challenge of adjusting their behaviour, physiology and life histories
to the novel conditions or be displaced into a shrinking and also increasingly altered
rural landscape. Here we identify the salient features—habitat structure, seasonal-
ity, interspecific interactions and pollution—in which cities differ from natural
environments and to which birds must adjust. Then we describe the several ways
in which urban birds have been found to differ from their rural counterparts.
Finally, we evaluate whether these differences constitute adaptations to urban
conditions or whether they are expressions of pre-existing adaptations to natural
conditions, such as behavioural plasticity, which also permit the colonisation of
urban habitats.
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6.1 There Was Once a Country Sparrow

Organisms constantly modify the environment, and it has been argued that virtually
every trait they exhibit has consequences on other organisms (Bailey 2012). Indeed,
our constant physical and chemical interactions with the surroundings, including
the biota, influence in several ways the functioning of the ecosystems. While most
such influences may be important, their impact on the environment is usually minor,
yet some have major, even drastic environmental effects. The history of life on
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Earth provides several examples of massive effects of organisms on the environ-
ment, such as the modification from a reductive to an oxidative atmosphere by
photosynthetic cyanobacteria. This biotic influence fundamentally changed the way
in which living organisms, erstwhile adapted to an anaerobic atmosphere,
reorganised their metabolic pathways to create aerobic respiration, thus using
toxic oxygen to extract energy from organic compounds (Kasting and Siefert
2002). Such major effects of organisms on the environment constitute selective
pressures that may bring about extinction but also can promote adaptations of
species to the changing conditions. In this era, which has been dubbed
Anthropocene (Zalasiewicz et al. 2010; Monastersky 2015), urbanisation is becom-
ing a major source of change, as cities sprawl over increasingly larger proportions
of the land, facing species with novel ecological conditions in which they may
thrive or from which they are displaced (Adams 2005; Goddard et al. 2010). The
transformation of natural landscapes into urban zones creates areas with similar
ecological conditions through the globe, contributing to biotic homogenisation
(Blair 1996, 2001).

Although in the long run new conditions may favour ecological novelty, which is
often an engine of speciation (cf. the many adaptive radiations that followed the
transformation of the atmosphere from reductive to oxidant), it seems clear that in
the short term, the main effect of major environmental disturbances is a loss of
biodiversity.

This seems to be the typical consequence of urbanisation, in which environmen-
tal alterations are often so drastic and rapid that exceed the limits of tolerance of
many species including plants, arthropods, amphibians, birds and mammals (Sih
2013). Yet, some species appear not only to be little affected by the urbanisation
process but to take advantage of it, which has allowed them to grow in number and
expand their range (Sol et al. 2013). Interestingly, these species seem to have some
behavioural attributes in common such as behavioural plasticity, which although
not a novelty, that may promote the spread and perhaps the diversification of urban
biota. Indeed, there are several examples of avian species that seem to be particu-
larly successful at colonising cities and which have consequently been often studied
with the aim of determining what enables them to become good city dwellers.

To explore what distinguishes those bird species that are widespread in cities
from those restricted to natural sites and to assess whether phenotypic differences
could be due to plasticity or to evolutionary change (see also Chap. 7 by Miranda
2016), we first identify the main factors in which cities differ from rural to natural
environments and that are likely to influence avian ecology. We then look into some
of the species which have inhabited the cities for longer periods of time trying to
identify which attributes they share and which ones allow them the successful
colonisation of cities. Finally, we discuss whether differences in the attributes
between urban and rural/wild populations or species can be safely regarded as
adaptations to urban life.
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6.2 How Are Cities Different from Natural Areas?

6.2.1 Habitat Structure and Seasonality

Cities represent a local change in habitat structure, climate and productivity, in
which the adaptations of local organisms to the pre-existing natural environment
may no longer work. Such disturbance alters ecological interactions thus leading to
changes in the biological communities (Shochat et al. 2006). Both the identity and
the distribution of plant species—sources of food, shelter, nesting places and
materials for native birds—are different between the cities and their surroundings
(e.g. McDonnell et al. 1997), and bird communities are responsive to those differ-
ences (Day 1995; Carb6-Ramirez and Zuria 2011; Becker 2013). Cities are not built
to promote biodiversity; thus their plant communities include only a small number
of species, often ornamental of exotic origin, which may not cover the needs of the
local avifauna (but see Gleditsch 2016). Nevertheless, green islands of vegetation—
parks and gardens— which receive regular irrigation, palliate some of the conse-
quences of urbanisation. Urban gardens help to buffer the fluctuations of temper-
ature and humidity due to the dryness and reflection coefficient (albedo) of concrete
and asphalt surfaces (Gilbert 1989; Jauregui 1991). Gardens also provide birds with
regular food supplies in the form of invertebrates that feed on the irrigated plants
and thrive in the thermal conditions provided by the vegetation (Pickett et al. 2001).
Finally, gardens offer shelter from the weather and predators to potential nesting
places; it is in them that native and exotic avian species alike concentrate (Susca
etal. 2011; Lugo et al. 2012). Urban gardens may also be frequented by predators,
thus potentially acting as ecological traps (Sorace and Visentin 2007). Because of
the constant irrigation, and also from design (as they include many perennial
species), these urban green islands can also represent a buffer from seasonality.

Many organisms adaptively time several aspects of their life history to the
predictable periodic changes that are caused by geophysical cycles (Lack 1968;
Murton and Westwood 1977; Nicholls et al. 1988). In addition to internal rhythms,
such tracking of the seasons occurs in response to changes in environmental vari-
ables (e.g. temperature, photoperiod, rainfall and food availability; Dawson 2008).
In cities, however, seasonality is buffered, and the cues that birds use to track it may
be blurred by gardening activities (Haggard 1990; Shochat et al. 2006). Also
urbanisation could alter phenology through altered photic conditions due to artifi-
cial lights at night. Yet, reduced seasonality does not necessarily need to be bad for
birds and may be the key to the success of some urban birds. For instance, bird
assemblage composition in parks of Valencia is maintained through the constant
arrival of migrant species through the year, arguably favoured by the stability of the
conditions, including food availability (Murgui 2007). These circumstances favour
resident species that can become dominant by excluding others from their urban
park territories and also contribute to the lack of functional response, by which
population size responds to fluctuations in food production.
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For other species, however, becoming urban residents is not an option, either
because they are migrants who need to reach their breeding or wintering grounds on
time or because the seasonality of key elements of their ecology (e.g. food or
predators) is not influenced by the conditions in the cities. Therefore, it is crucial
for them to correctly read the changes in the season in order to not risk local
extinction through the timing of food, shelter and other resources (Lugo et al. 2012).

6.2.2 Interspecific Interactions

Urbanisation modifies the structure of animal communities and the way in which
organisms interact. Cities do harbour a much reduced diversity of vertebrate
predators than natural environments (McKinney 2002). This is somewhat
counterbalanced by the very high numbers of those predators that are found in
cities, particularly domestic cats (Felis catus), whose reported effect on urban birds
can range from minor (e.g. Gering and Blair 1999; Gillies and Clout 2003) to severe
(e.g. Woods et al. 2003; Loss et al. 2013), often compromising the persistence of
urban bird populations (e.g. Baker et al. 2005; Van Heezik et al. 2010). The latter
may be particularly true for native bird species in areas where cats are not originally
native (Sorace 2002). Predation by cats may influence the composition of the urban
bird assemblage, with the least susceptible species becoming dominant (e.g. Noske
1998); it is intense, affecting millions of birds every year, although perhaps not
more so than in nonurban environments (Baker et al. 2008), and it appears to afflict
birds in low condition (old, diseased, injured), as would be expected elsewhere
(Baker et al. 2008).

The responses of avian predators to urbanisation vary between species and as a
function of the urbanisation process. Specialist predators, being more sensitive to
changes in the prey community, are typically much less frequent in cities than in the
surrounding habitats (Blair 2001; Mckinney 2006), which is not the case of more
generalist predators (Sorace and Gustin 2009). It has been argued that since
predator size is positively correlated with flight distance (from humans), large
predators are less likely to colonise urban habitats, thus allowing some relative
large prey species to settle there (Mgller et al. 2012). This process would not apply
to nocturnal predators, as human activity is much reduced at night (Chace and
Walsh 2006; Sorace and Gustin 2009).

An impoverished community of large predatory birds (see Mgller et al. 2012)
appears to contribute to the settlement of large corvids in some cities (e.g. Vuorisalo
et al. 2003). Corvids, in turn, are often responsible for high rates of nest predation in
cities (Major et al. 1966). Other known nest predators such as snakes and small
carnivores (i.e. viverrids or procyonids) are also scarce in most cities, which instead
harbour unnaturally high concentrations of cats.

Th evidence of how urbanisation affects the interaction between birds and
predators is not uniform, probably due to the fact that the planning of urban
landscapes varies across cities, thus affecting the assemblage and functioning of
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urban biological communities. Some authors report that predation decreases with
urbanisation (e.g. Mgller 2010), which is consistent with the fact that the density of
breeding birds is higher in urban areas than in their surroundings (although the
diversity of breeding species follows the opposite trend; Lancaster and Rees 1979;
Beissinger and Osborne 1982; Shochat 2004). However, other works report that in
the cities, there is a higher risk of predation, particularly on nests (Haskell
et al. 2001; Sorace 2002; Jokimiki et al. 2005; Chace and Walsh 2006), which
constitutes a crucial limiting factor for avian populations (Martin 1993; Conway
and Martin 2000). Again, cats frequently prey on fledglings, and it has been argued
that they have a major negative impact on breeding success of urban birds (Sorace
2002; Woods et al. 2003; Baker et al. 2008).

Because urbanisation brings about major changes in the composition of biolog-
ical communities, it is reasonable to expect that it has an effect on parasite-/
pathogen-host interactions. In the case of birds, this possible link has not been
very extensively investigated (c.f. Delgado and French 2012), but available infor-
mation suggests that the effect of urbanisation on the prevalence of avian parasitic
infections is a function of the parasites’ life cycle. On the one hand, both helminth
parasite richness and prevalence (Aponte et al. 2014; Calegaro-Marques and Amato
2014) and diversity of blood parasites have been found to decrease with urbanisa-
tion, arguably due to loss of intermediate hosts (Fokidis et al. 2008; Geue and
Partecke 2008). Conversely, viral infection (Avipoxvirus) and the severity of
coccidial (Eimeria spp.) infection are positively associated with the degree of
urbanisation in the house finch (Haemorhous [= Carpodacus] mexicanus;
Giraudeau et al. 2014). These two pathogens are directly transmitted, and their
prevalence may be linked to the high density of finches in the cities and possibly
also to the abundance of bird feeders that promote contagion. This latter effect is
worrying, since high densities of parasitised urban birds may spill infection to the
wild bird living in the neighbourhood of cities (see Bradley and Altizer 2007).

It is unclear why intermediate hosts (mainly ectoparasites) should be less
abundant in the cities than in rural areas, given that a large proportion of avian
ectoparasites complete their life cycles in the bird nests (Lopez-Rull and Macias
Garcia 2015) or on their plumage, while small water deposits that act as breeding
sites for Diptera (mainly mosquitoes) are normally abundant in urban areas. As
indicated above, most studies suggest that the effect of urbanisation on avian
parasite biology depends on the life cycle of the parasites, yet other factors such
as pollution may mediate this link. For instance, Bichet et al. (2013) found that lead
pollution, which is high in cities, is linked with prevalence of P. relictum. This
protozoan is responsible for one type of avian malaria, and since it requires an
intermediate (arthropod) host, it would not have been expected to be too prevalent
1n cities.
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6.2.3 Pollution

Pollution by chemicals, light and sound is a defining attribute of cities that can
negatively affect the physiology and disrupt the communication of birds. Organ-
isms inhabiting anthropogenic environments are exposed to both inorganic and
organic pollutants (see Kekkonen 2016) that often get into the tissues of birds
(e.g. lead accumulation in the kidneys of pigeons (Columba livia); Johnson
et al. 1982). This has prompted the use of urban birds to monitor pollution
(e.g. house sparrows [Passer domesticus] used to track heavy metals in cities;
Swaileh and Sansur 2006). At high concentrations, heavy metals can promote
hatchling mortality (Scheuhammer 1987), but even sublethal concentrations can
compromise bird condition (e.g. reducing both song repertoire and song output in
great tits [Parus major]; Gorissen et al. 2005) or increase susceptibility to disease
(Bichet et al. 2013). The progressive abandonment of leaded fuel has stalled the
accumulation of lead in the cities, although it persists in the soil and finds its way
into birds via earthworms and possibly other food (Scheifler et al. 2006). Currently
the risk of heavy metal intoxication is probably greatest in areas where metals are
extracted (see, for instance, Eeva and Lehikoinen 1996) than in cities, thus adap-
tations to contend with metal pollution—if they do exist—may not be particular to
urban birds.

City birds are exposed to organic pollutants such as insecticides and rodenticides
which are toxic to birds. These are often endocrine disruptors and as such can have a
variety of effects in birds (Giesy et al. 2003), from interfering with sex determina-
tion to promoting the expression of sexually selected attributes, as in some British
populations of common starlings (Sturnus vulgaris; Markman et al. 2008). Insec-
ticides were first implicated in raising the mortality of urban birds by Carson (1962)
in his inspirational Silent Spring and were famously recognised as the main cause of
peregrine falcon (Falco peregrinus) decline in eastern USA (Peakall 1970; Cade
etal. 1971). This rose concern about the ecological consequences of organochlorine
insecticides (DDT in particular) and was partly responsible for the drive to develop
less persistent organophosphorous insecticides. As with heavy metals, bird expo-
sure to insecticides is not greater in cities than in rural areas, and thus any
adaptation that may arise to contend with them would not be particular to the cities.
Similarly, rodenticides are widely used in agriculture to control voles and other
rodents, but also in cities, where they are ingested and damage several species of
both rural and urban birds (see Godfrey 1986).

Plastics and other materials discarded by humans also constitute a form of
pollution that can affect birds, particularly when used as nest materials. Thus
crows and probably many other birds bring plastic debris to their nests. This
often leads to entanglement and entangled chicks fail to fledge (Townsend and
Barker 2014). Interestingly, the probability of entanglement for nestling crows is a
function of the length of the plastic stripe/thread, which is larger in rural habitats
where plastic mesh and wiring are widely used in agriculture-related activities
(Townsend and Barker 2014).
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Light pollution is present within and outside the cities, yet while it only affects a
small proportion of rural birds, virtually every bird in the cities has to contend with
it. Human sources of light are unlikely to match the quantity of light that birds are
exposed to during the daylight hours, but can generate light that is qualitatively
different to sunlight, and, more importantly, extend the period during which birds
are exposed to light (see Dominoni 2016). Conventional low-frequency fluorescent
tubes emit light that flickers at a rate below 100—120 Hz. When the rate is too low,
the flicker can be perceived by and be stressful for some birds, particularly of fast
flying species (as they need to update the visual scene frequently; Evans
et al. 2012). This effect may be of concern for captive birds maintained under
artificial light, yet although urban birds may be exposed to low-frequency fluores-
cent light, this would only occur by night and may have negligible effect on them.

Artificial light in cities and roads extends the perceived day length. This has
several physiological effects on urban birds which are covered by Dominoni (2016,
and see also references therein). Briefly, urban light can affect the circadian
rhythms, reduce the age at maturity, advance the laying date and interact with
other anthropogenic pollutants such as noise and chemicals. It can compromise the
foraging efficiency and limit the foraging time of nocturnal birds dependent on
light-sensitive prey (but see Weaving and Cooke 2010).

The effect of sound pollution—from traffic and other forms of anthropogenic
noise—on organisms other than humans has been intensively studied, particularly
since the seminal paper by Slabbekoorn and Peet (2003). In contrast to natural
environments, the impervious surfaces of cities scatter sound waves and create
multiple reverberations that can cancel and distort acoustic communication
(Slabbekoorn et al. 2007). We now know that sound pollution causes major
disruptions in the communication of many taxa (insects (Schmidt and Balakrishnan
2014), fish (Popper and Hastings 2009), amphibians (Hanna et al. 2014), mammals
(Richardson et al. 1995; Schaub et al. 2008) including birds (see a recent review by
Gil and Brumm 2013). Noise masking has led to shifts in the composition of local
avian fauna (Francis et al. 2012) and has a major effect on the onset of the dawn
chorus (Gil et al. 2015).

6.3 Which Avian Species Thrive in Cities?

Because of the challenges that birds face in urban environments, not all species
seem to be able to thrive in cities, but of those that do, some seem to perform even
better in urban areas than in the wild. Bird communities in the cities tend to include
a large proportion of omnivores, granivores and aerial/ground insectivores, and
often the resident species dominate over noninvasive immigrants (Allen and
O’Connor 2000; Kluza et al. 2000; Poague et al. 2000; also see Lepczyk
et al. 2016; Chen and Wang 2016). Invasive species such as the house sparrow,
on the other hand, often outcompete ecologically similar native species such as the
North American House finch (Carpodacus mexicanus; Bennett 1990), and they can
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breed explosively and become noxious pests, such as the common pigeon, which
transmits disease and is harmful to buildings (but note that in some areas, notably in
western Europe, house sparrow populations seem to be collapsing; see Summers-
Smith 2003). Such preponderance of a few species also hints at different processes
structuring avian—and possibly biological—communities in cities and in the wild.

The distributions of birds such as the house sparrow (Passer domesticus) and the
pigeon (Columba livia; Driscoll et al. 2009) have become global as they moved
from the relatively few ancient Eurasian cities to virtually all the cities that
sprawled around the globe in the last 2000 years or so (Cocker and Tipling 2013).
In part because of this ubiquity, they have been thought to possess particular
attributes that favour life amongst humans. Yet even if they do have some traits
that facilitate their living in urban environments, the subsequent colonisation of
non-Eurasian cities by local fauna—which constitute most of the biodiversity in
those cities (Aronson et al. 2014)—suggests that whatever attributes facilitate city
dwelling, they are not exclusive of the few original urban species.

6.4 Recognising Adaptations

Since in this chapter we are exploring possible avian adaptations to urban life, it is
crucial to distinguish between attributes that evolved in nature but allow birds to
thrive in cities (e.g. noise and avian song; Brumm and Naguib 2009), from those
that may have evolved in response to the selective forces acting in the cities.
Normally, an adaptation is defined as the consequence of natural selection promot-
ing the reproduction of organisms with particular heritable attributes which then
become better represented in the next generation. Of the ten methods to detect
natural selection listed by Endler (1986), only two (or three; see below) have been
used to evaluate whether attributes in which urban bird differs from their rural
counterparts amount to adaptations to life in the cities. Such differences are
systematically referred to as adaptations (see Diamond 1986), yet in most cases,
alternative explanations have not been ruled out. Demonstrating that natural selec-
tion has been involved is not the only way to determine whether an attribute is an
adaptation. When phenotype and environment (e.g. urban/rural) are correlated,
common-garden experiments provide the method of choice to infer that the differ-
ences are the consequence of adaptation, and not of phenotypic plasticity, trans-
generational epigenetic effects or constitute preadaptations that evolved in natural
contexts where the selective agents are similar to those found on sites. For instance,
the surroundings of large waterfalls, which can be as noisy as the streets of a city,
have an influence on bird song that is comparable to that of anthropogenic noise
(see Brumm and Slater 2006).

Regardless of the underlying mechanism, ecological differences between birds
living in cities and those living natural sites are notable and ubiquitous. This
suggests that species exploiting urban environments typically adjust their pheno-
type to face the new challenges imposed by urbanisation. In the next section, we
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will review some examples of phenotype changes following urbanisation and the
nature of them.

6.5 Adapting to Life in the Cities

6.5.1 Habitat Structure and Seasonality

Responsiveness to attributes that indicate seasonality varies amongst and between
species and depends on phenotypic plasticity, which allows colonisation of differ-
ent environments (Lambrechts et al. 1996). As we saw above, cities buffer the
seasonal changes in the weather and in food availability. Cities also blur some of the
cues that can be used by birds to adjust their physiology/behaviour to changes of the
season. These changes should have led urban birds to become less seasonal. One
demonstration that this is the case comes from studies showing increased
sedentariness in urban blackbirds (Turdus merula; Partecke and Gwinner 2007).
The authors looked at the pattern of nocturnal activity and fat deposition, two
variables tightly linked to predisposition to migrate, of hand-reared birds from
urban to nonurban localities and found that the former had a significantly reduced
tendency to migrate. An earlier common-garden experiment by the same group
(Partecke et al. 2004) demonstrated that, although the timing of reproduction was
not different between birds from urban to nonurban areas, the former initiated
earlier (both sexes) and finished also earlier (females) their reproductive hormonal
activity, implicating a genetic difference in their physiological response to envi-
ronmental cues (see also Partecke et al. 2005). As the authors recognise (Partecke
and Gwinner 2007), these experiments do not quite preclude the possible influence
of early developmental (e.g. maternal) effects, yet taken together they constitute
one of the most convincing cases so far of adaptation by birds to urban life. As
indicated above, light pollution is associated with the adaptive shift in the timing of
breeding and sedentariness of urban blackbirds (Dominoni and Partecke 2015), yet
other ecological variables are associated with life-history differences between city
and field blackbirds in Spanish populations (Ibafiez-Alamo and Soler 2010). Since
membership to different lineages suggests that blackbirds have invaded European
cities several times independently (Evans et al. 2009), it is conceivable that
different processes have led to subtly different adaptations to urban life in different
cities, although to date only the case of the Munich population (Partecke et al. 2004;
Partecke and Gwinner 2007) constitutes a demonstration of life-history adaptation
of blackbirds to life in the cities.

Other environmental variables may also drive changes in seasonality or migra-
tory patterns of urban birds. For instance, regular food availability promotes earlier
breeding in urban than rural populations of Florida scrub jays (Aphelocoma
coerulescens; Schoech and Bowman 2001), possibly because it reduces the pro-
duction of corticosterone, a hormone with negative effects on reproduction. The
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fact that supplementing food to wild jays advanced their breeding time (Schoech
and Bowman 2001) shows that this is a plastic attribute, and thus there is no
indication of adaptation of breeding time in urban Florida scrub jays.

Adaptation may be implicated in changes of migratory habits. In particular, the
famous example of central European populations of the blackcap (Sylvia
atricapilla) migrating to Britain and Ireland to overwinter there instead than in
the traditional Mediterranean wintering grounds (Berthold and Terrill 1988) may
represent an adaptation to urban life. Blackcaps overwintering in Britain make
extensive use of feeding stations (bird tables and bird feeder) which are much more
abundant in the cities of the British Isles than in those around the Mediterranean.
Recent evidence has demonstrated that migratory direction is heritable and con-
trolled by only a few genes (Helbig et al. 1994) and can diverge rapidly due to
substantial additive genetic variance (Berthold and Pulido 1994). Populations
overwintering in Britain and Ireland arrive earlier at their breeding ground and
thus are temporally segregated from those migrating southwards (Rolshausen
et al. 2009). The two groups have diverged genetically (as assessed using neutral
markers) and phenotypically, westward-migrating birds having rounder wings,
slenderer bills (presumably linked to generalist-feeding habits at bird tables) and
a darker back colour than those that migrate to the south (Rolshausen et al. 2009).
Based on data from Fiedler (2003), Rolshausen et al. (2009) suggest that similar
processes may be taking place in as many as 50 bird species. If, as seems the case in
the blackcap history, exploitation of urban resources is a causal factor, then shifts in
avian migratory behaviour may be the most frequent avian adaptation to urban
conditions.

6.5.2 Food Availability

Food availability has also been implicated in the marked phenotypic-dependent
mortality of urban pigeons. Haag-Wackernagel et al. (2006) found that, in compar-
ison with wild populations, the proportion of urban pigeons with a colour pattern
known as checker decreased, whereas that of pigeons with bronze colour pattern
augmented. Although the causal link between juvenile colour and survival is
unclear, other authors have suggested that by remaining continuously in breeding
condition, dark-morph feral pigeons cannot accumulate fat reserves between breed-
ing periods and are therefore more vulnerable to food shortage than lighter morphs
(e.g. Murton 1970). It is unclear, nevertheless, whether this differential mortality of
urban pigeons leads to adaptation to city life.

The distribution of food resources differs markedly between cities and rural/wild
environments. Food of various types is abundant in urban environments, yet apart
from the case of the westward-migrating European blackcaps (which appear to have
evolved a beak morphology to suit the exploitation of a variety of seeds offered in
British and Irish bird tables; see above), there seems to be no examples of adapta-
tion of birds to human-provided food. Food processed for humans contains various
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toxicants and has generally a low ratio of nutritional to energetic content. This
might have promoted adaptations in generalist urban birds to avoid less nutritious/
more toxic food as well as physiological adaptations in food-supplied urban birds
(such as hummingbirds which are commonly attracted to feeders) to cope with a
diet rich in refined sugars.

Reports abound of birds starting to exploit anthropogenic food sources, from the
opening of milk bottles by tits in Britain to the cracking of nuts using cars by
Japanese crows (Corvus macrorhynchos; Nihei and Higuchi 2001). Blue (Cyanistes
caeruleus) and great tits (Parus major) were originally found in 1921 to open milk
bottles to consume the cream accumulating under the lid. At the time fresh milk was
customarily delivered at the doorstep in glass bottles fitted with a flexible metal lid
(tin and more recently aluminium). As bottles remained some time before being
taken indoors, this provided opportunity for birds to approach, inspect and exploit
this source of fat. The spread of this behaviour was mapped and quantified by Fisher
and Hinde (1949; Britain) and Hinde and Fisher (1951; Europe). This enabled
Lefebvre (1995) to evaluate the spread rate with models used in the study of
human cultural transmission (Cavalli-Sforza and Feldman 1981). That bottle open-
ing by Paridae was culturally transmitted which was not certain, particularly since
Sherry and Galef (1984, 1990) demonstrated that American parids (Parus [=
Poecile] atricapillus) are very likely to spontaneously open a bottle and that the
probability that this happened was not influenced by the presence of an experienced
tutor. Lefebvre (1995) found that accelerating (e.g. exponential) functions best
described the spread of bottle opening by tits in Britain and in Belfast. This is
consistent with the cultural transmission assumption of an autocatalytic increase in
the rate of spread over time. The idea that cultural transmission is involved was
further supported by the fact that data only poorly fitted the linear wave-of-advance
model which would describe the spread of the behaviour as a function of a constant
rate of untutored learning.

We devoted some time to this phenomenon as it is a textbook example of how
birds adjust their behaviour to exploit anthropogenic food sources. The controversy
regarding the mechanism of spread of milk bottle opening could be framed in the
wider discussion of whether such examples are genuinely novel traits that reflect
adaptation to cities or whether they represent exaptations (the expression in a novel
context of a pre-existing adaptation to deal with similar conditions; in this case the
adaptive behaviour of tits to uncover food items under lichens and bark). As seems
to be the case, this exemplifies two different exaptations: a tendency to seek food
under lichens and bark and a predisposition for cultural transmission. Also it
illustrates the transient nature of cities and the challenges and opportunities they
pose to colonising birds (and other organisms). The capability of learning—whether
socially or otherwise—and thus adjusting the behaviour to novel conditions may be
a key factor enabling some species to colonise urban environments (although we
note that cognitive abilities such as problem-solving need not necessarily be better
in urban than in rural populations; Papp et al. 2015). Maklakov et al. (2011)
demonstrated that brain size was positively associated with the probability that
members of passerine bird families, as well as individual species, bred in European
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city centres. These comparative analyses were prompted by the idea that cities
present birds with new challenges, and the previous demonstrations that big brains
facilitate the colonisation of novel environments, and that this effect is due to the
cognitive consequences of having a big brain (Sol et al. 2005). In their work, Sol
et al. (2005) used, as proxy of cognitive ability, the number of foraging novelties
reported for the species included in their study. This is a widely used index, yet it is
not exempt of problems, for it relies on perfect knowledge of foraging strategies.
For instance, the finding that Parus (= Poecile) atricapillus spontaneously opens
bottles suggests that this is likely to be an exaptation rather than a genuine urban
novelty. Still, employing behaviours evolved in one environment to exploit
resources encountered in a novel, one may require a degree of behavioural plastic-
ity. Since both technological and cultural changes ensure that the conditions
confronted by urban birds change constantly, it is likely that some degree of
behavioural plasticity is required to remain a successful urban coloniser. However,
even if behavioural plasticity requires large brains, the reported link between brain
size and urbanism (Maklakov et al. 2011) is as likely to be a consequence of
differential colonisation of cities by large-brained species as it is of being the result
of adaptation to urban life.

6.5.3 Interspecific Interactions

Nest predation influences both nesting strategy (cavity, open, etc.) and patterns of
nest attendance (e.g. Conway and Martin 2000) and determines the nature of urban
bird assemblages (Jokimati and Huhta 2000). But is there evidence that birds adapt
to the particular predation regimes found in cities?

A first line of defence against predation is avoiding encounters with predators.
Birds may achieve this by selecting safe/secluded perching, roosting and nesting
places (see Marzluff 2001). We are not aware of adaptive differences in those
behaviours between wild and urban bird populations; birds in forests and cities alike
take readily to breeding in nest boxes, and birds nesting in building crevices are
probably even safer than their rural, cliff-nesting counterparts.

Encounters with predators can also be avoided by preventing detection, for
instance, through cryptic colouration. There is no suggestion, however, that the
reported cases of difference in colour between urban and rural birds (e.g. Haag-
Wackernagel et al. 2006; see above) are the consequence of difference in predation
regimes. Also, although adaptation is suspected in the case of rapid evolution of
geographic colour races of P. domesticus in North America, as it parallels the
pattern of geographic variation of other species it is now sympatric with (Johnston
and Selander 1964), there is no evidence that this is a response to predation, nor that
it constitutes an adaptation to urban life.

Early detection of predators in the neighbourhood may allow the birds to either
avoid the place altogether (e.g. Amo et al. 2015) or to monitor its behaviour and
take evasive action as necessary. In birds, evasive action means to fly, and the
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distance at which a bird decides to fly is a function of both its fleeing tendency and
of the cost of leaving the place (Blumstein 2006). When low-risk encounters are too
frequent, tolerance would be advantageous, as it may allow birds to exploit feeding
resources efficiently. Accordingly, Mgller (2008) found that urban birds have a
reduced flight distance than their rural conspecifics. Further, Mgller (2009) found
that rural populations of bird species that have successfully become city dwellers
have shorter flight distances than sympatric populations of nonurban species. This
suggests that short flight distance may preadapt species to life in the city, although
the possibility that flight distance in rural populations has been influenced by gene
flow from urban populations cannot be ruled out. Mutually supporting evidence
strongly suggests that this is useful for city birds to have a short flight distances and
that a short flight distances enable colonisation of urban habitats. Yet there is no
evidence so far demonstrating that flight distance of a particular species has been
reduced following colonisation of cities and that such modification is genetically
based, i.e. short flight distance appears to be and exaptation, not an adaptation to life
in the cities.

Urbanisation also affects the interaction between parasites and their hosts. One
intriguing possibility is that cities provide some effective means for birds to deal
with ectoparasites. Indeed, urban birds have been reported to collect discarded
cigarette butts, rip them open and use the tar-loaded filter fibres as lining material
for their nest, thus bringing about a reduction in the number of ectoparasites
recovered from the nests (Suarez-Rodriguez et al. 2013). Since a similar effect is
achieved by wild birds using green material from plants with known repellent
activity (Dubiec et al. 2013), such behaviour may not be an adaptation to life in
cities but a modification of the materials used for antiparasitic defence. This
assumes that similar cues at the nest trigger the use of green aromatic plants and
discarded cigarette butts and that similar cues are also used to find and gather both
materials. On the other hand, the effectiveness of both aromatic plants and
discarded cigarette butts as ectoparasites repellent has not been compared. It may
be that the high concentration of substances in the smoked-through filters makes
them more effective at repelling ectoparasites (and also toxic; Suarez-Rodriguez
and Macias Garcia 2014), thus further promoting their use. The impact of urban
nest materials on ectoparasites abundance and diversity, and hence on the preva-
lence of the pathogens they transmit, remains hypothetical.

6.5.4 Pollution

Pollution may, in principle, select for advantageous physiological traits to detoxify
(chemical), adjust response thresholds (light) or modify the emission of signals to
avoid masking (noise). Although chemical pollution has diverse impacts on bird
populations, both within and outside the cities, we found no reports of novel
adaptations to contend with it, but there is one possible case of an exaptation
(Chatelain et al. 2015). The capture of zinc (and other heavy metals) by feather
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melanin makes advantageous for birds to be dark in areas polluted with heavy
metals. Urban pigeons have been found to be darker than their suburban counter-
parts (Chatelain et al. 2015), and this seems to represent an example of directional
selection in cities of an attribute evolved earlier in the lineage of vertebrates. Work
in this area is likely to become more common as avian genomic tools become more
abundant (see Zhang et al. 2014), which will allow the characterisation of urban-
rural differences, if any, on the expression of genes involved in detoxification.

Birds undoubtedly adapt to prolonged exposure to light in the cities, as they
sleep through the night (albeit less than in wild conditions; see above). Yet this is
likely sensory adaptation and is unlikely to be different from that undergone
through the year by birds living at high latitudes. But this sensory adaptation is
not complete, and as we saw above, hormonal activity, circadian rhythms, length of
breeding season and onset of maturity are all affected by urban light patterns in a
way that suggest that no evolutionary adaptation to light pollution is taking place.

Sound pollution in cities evokes a variety of responses from birds. When
exposed to noise that may mask their vocalisations, birds can modify the song
output (Diaz et al. 2011), increase the duration of their songs (Rios-Chelén
et al. 2013) or otherwise modify their structure (Francis et al. 2011), and they
may be uttered at different times (Fuller et al. 2007) and/or have some frequency
components altered (see reviews in Slabbekoorn 2013; Gil and Brumm 2013). A
small but growing number of papers also report that some bird species can adjust in
real time their songs in response to sudden bursts of noise (Bermudez-Cuamatzin
et al. 2009, 2010; Gross et al. 2010; Verzijden et al. 2010), whereas only a handful
involve species which lack (or appear to lack) the capability to vary their songs
(Francis et al. 2011; Rios-Chelén et al. 2013). These later cases may be examples of
adaptation to urban conditions by non-learning songbirds, although some degree of
vocal plasticity in suboscine birds cannot be ruled out (e.g. Rios-Chelén et al. 2005,
2012), and other mechanisms such as differential habitat use (discussed in both
Francis et al. 2011 and Rios-Chelén et al. 2013) could explain the difference in song
attributes between urban and rural populations of non-learning bird species.

Halfwerk et al. (2011) provide perhaps the best case for the adaptive value of
song adjustment to overcome masking of vocalisations by urban noise. They
showed experimentally that although low-frequency songs are preferred by females
and linked to female fecundity, exposure to urban noise impairs their effectiveness
and favours higher-pitched songs. Yet, this convincing evidence of the fitness value
of adjusting the frequency of song to prevent masking does not demonstrate
adaptation to cities, because male great tits can adjust the frequency of their
songs in real time (i.e. this is an adaptive plastic response, presumably evolved
elsewhere, that is also useful in cities).
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6.6 Conclusion

We have seen that most differences between rural and urban birds can be explained
as being consequence of either phenotypic plasticity or of differential colonisation
by individuals or species with sufficient behavioural plasticity to move into novel
environments. These two patterns raise the question of whether cities in fact
represent novel, more complex environments than birds would have experienced
in their evolutionary past. It is possible, instead, that cities are as challenging as any
novel environment that may confront birds, and the relative paucity of globally
successful urban species is the result of the rapid overtaking of other environments
by the cities. Still, it may be that the very speed at which urban landscapes spread at
the expense of natural ones poses a particular novel challenge to would-be urban
birds. We also saw that biodiversity within the cities, although lower than in their
surroundings, is dominated by local species.

We argue that, in terms of complexity, cities cannot compare with forest
ecosystems, particularly with those in the tropics. Cities do not have the vast
numbers of species (and hence of potential interactions) of tropical forests, and
their physical complexity is also probably lower. Seasonality is buffered in the
cities, and many links to parasite transmission are therein disrupted. It is also
unlikely that cities expose birds to physical or biological conditions that are
genuinely novel, in the sense of not having being experienced by birds over their
evolutionary past. Yet in one attribute, these environments pose a fundamentally
different challenge, cities keep changing. The urban conditions that house sparrows
confronted in the cities of the Fertile Crescent some 10,000 years ago are much
more similar to current rural conditions than to anything the same species confronts
in the midst of contemporary cities. Yet this urban species persists, suggesting that
it has kept pace with urban change (but see below). Whether being possessed of a
large brain has been the key to such behavioural plasticity is an open question.
Another open question is whether the current urban species will persist, and the
answer to this question seems to be negative in the case of one of the earliest city
dwelling birds, the house sparrow currently declining in Europe (Summers-Smith
2003). Even as birds adapt—or adjust—to living in cities, the cities continue
changing; waste management modifies every few human generations the distribu-
tion and availability of food, while environmental awareness means that measures
are taken to promote both the number and the diversity of species in our cities
(e.g. green roofs and walls, Baumann 2006; Chiquet et al. 2013). As successful city
dwellers become enormously numerous compared with their rural conspecifics, the
rural environment shrinks. This may lead to a constant flow of inadequate pheno-
types or maladaptive genes from the city to wild, which arguably may drive to
extinction the rural populations and seal the destiny of such species that have
colonised them, to that of the cities.

Finally, in spite of an already large and rapidly increasing number of works
centred on potential bird adaptations to urban life, there is a dire need of studies that
use in the cities the same tools traditionally used for detecting adaptation in nature,
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the direct measure of fitness in relation to the putative urban-adapted traits, together
with measures of its genetic underpinning.

References

Adams LW (2005) Urban wildlife ecology and conservation: a brief history of the discipline.
Urban Ecosyst 8:139-156

Allen AP, O’Connor RJ (2000) Hierarchical correlates of bird assemblage structure on northeast-
ern USA lakes. Environ Model Assess 62:15-37

Amo L, Lopez-Rull I, Pagan I, Macias Garcia C (2015) Evidence that the house finch (Carpodacus
mexicanus) uses scent to avoid omnivore mammals. Rev Chil Hist Nat 88:5

Aponte V, Gentes ML, Verreault J, Locke SA, Giroux JF, Marcogliese DJ, McLaughlin D (2014)
Effect of habitat use and diet on the gastrointestinal parasite community of an avian omnivore
from an urbanized environment. Can J Zoolog 92:629-636

Aronson MFJ, La Sorte FA, Nilon CH et al (2014) A global analysis of the impacts of urbanization
on bird and plant diversity reveals key anthropogenic drivers. Proc R Soc B 281:20133330

Bailey NW (2012) Evolutionary models of extended phenotypes. Trends Ecol Evol 27:561-569

Baker PJ, Bentley AJ, Ansell RJ, Harris S (2005) Impact of predation by domestic cats Felis catus
in an urban area. Mammal Rev 35:302-312

Baker PJ, Molony SE, Stone E, Cuthill IC, Harris S (2008) Cats about town: is predation by free-
ranging pet cats Felis catus likely to affect urban bird populations? Ibis 150:86-99

Baumann N (2006) Ground-nesting birds on green roofs in Switzerland: preliminary observations.
Urban Habitat 4:37-50

Becker M (2013) The role of urban climate and land cover in phenology, nest success, and habitat
use. Dissertation, University of Nevada, Reno

Beissinger SR, Osborne DR (1982) Effects of urbanization on avian community organization.
Condor 1982:75-83

Bennett WA (1990) Scale of investigation and the detection of competition: an example from the
house sparrow and house finch introductions in North America. Am Nat 135:725-747

Bermudez-Cuamatzin E, Rios-Chelén AA, Gil D, Macias Garcia C (2009) Strategies of song
adaptation to urban noise in the house finch: syllable pitch plasticity or differential syllable
use? Behaviour 146:269-1286

Bermudez-Cuamatzin E, Rios-Chelén AA, Gil D, Macias Garcia C (2010) Experimental evidence
for real-time song frequency shift in response to urban noise in a passerine bird. Biol Lett
7:36-38

Berthold P, Pulido F (1994) Heritability of migratory activity in a natural bird population. Proc R
Soc B 257:311-315

Berthold P, Terrill SB (1988) Migratory behaviour and population growth of Blackcaps wintering
in Britain and Ireland: some hypotheses. Ringing Migr 9:153-159

Bichet C, Scheufler R, Couerdassier M, Julliard R, Sorci G, Loiseau C (2013) Trace metal
pollution and malaria prevalence in the House Sparrow. PLoS One 8:¢53866

Blair RB (1996) Land use and avian species diversity along an urban gradient. Ecol Appl
6:506-519

Blair RB (2001) Creating a homogeneous avifauna. In: Marzluff J, Bowman R, Donnelly R (eds)
Avian ecology and conservation in an urbanizing world. Springer Science & Business Media,
New York, pp 459486

Blumstein DT (2006) Developing an evolutionary ecology of fear: how life history and natural
history traits affect disturbance tolerance in birds. Anim Behav 71:389-399

Bradley CA, Altizer S (2007) Urbanization and the ecology of wildlife diseases. Trends Ecol Evol
22:95-102



6 Becoming Citizens: Avian Adaptations to Urban Life 107

Brumm H, Naguib M (2009) Environmental acoustics and the evolution of bird song. Adv Study
Behav 40:1-33

Brumm H, Slater PJB (2006) Ambient noise, motor fatigue, and serial redundancy in chaffinch
song. Behav Ecol Sociobiol 60:475-481

Cade TJ, Lincer JL, White CM, Roseneau DG, Swartz LG (1971) DDE residues and eggshell
changes in Alaskan falcons and hawks. Science 172:955-957

Calegaro-Marques C, Amato S (2014) Urbanization breaks up host-parasite interactions: A case
study on parasite community ecology of rufous-bellied thrushes (Turdus rufiventris) along a
rural-urban gradient. PLoS One 9:7

Carbé-Ramirez P, Zuria I (2011) The value of small urban greenspaces for birds in a Mexican city.
Landsc Urban Plan 100:213-222

Carson R (1962) Silent spring. Honghton Mifflin Co, Boston

Cavalli-Sforza LL, Feldman MW (1981) A theory of cultural evolution: cultural transmission.
Princeton University Press, Princeton, NJ

Chace JF, Walsh JJ (2006) Urban effects on native avifauna: a review. Landsc Urban Plan
74:46-69

Chatelain M, Gasparini J, Frantz A (2015) Do trace metals select for darker birds in urban areas?
An experimental exposure to lead and zinc. Glob Change Biol 22(7):2380-91. doi:10.1111/
gcb.13170

Chen SH, Wang S (2016) Bird diversities and their responses to urbanization in China. In:
Murgui E, Hedblom M (eds) Ecology and conservation of birds in urban environments.
Springer, Heidelberg, pp 55-74

Chiquet C, Dover JW, Mitchell P (2013) Birds and the urban environment: the value of green
walls. Urban Ecosyst 16:453—462

Cocker M, Tipling D (2013) Birds and people. Jonathan Cape, London

Conway CJ, Martin TE (2000) Effects of ambient temperature on avian incubation behaviour.
Behav Ecol 11:178-188

Dawson A (2008) Control of the annual cycle in birds: endocrine constraints and plasticity in
response to ecological variability. Philos T Roy Soc B 363:1621-1633

Day TD (1995) Bird species composition and abundance in relation to native plants in urban
gardens, Hamilton, New Zealand. Notornis 42:175-186

Delgado VC, French K (2012) Parasite-bird interactions in urban areas: current evidence and
emerging questions. Landsc Urban Plan 105:5-14

Diamond JM (1986) Rapid evolution of urban birds. Nature 324:107-108

Diaz M, Parra A, Gallardo C (2011) Serins respond to anthropogenic noise by increasing vocal
activity. Behav Ecol 22:332-336

Dominoni DM (2016) Ecological effects of light pollution: how can we improve our understanding
using light loggers on individual animals? In: Murgui E, Hedblom M (eds) Ecology and
conservation of birds in urban environments. Springer, Heidelberg, pp 251-270

Dominoni DM, Partecke J (2015) Does light pollution alter daylength? A test using light loggers
on free-ranging European blackbirds (Turdus merula). Philos Trans R Soc B 370:20140118

Driscoll CA, Macdonald DW, O’Brien SJ (2009) From wild animals to domestic pets, an
evolutionary view of domestication. Proc Natl Acad Sci USA 2009:9971-9978

Dubiec A, Goudii I, Mazgajski TD (2013) Green plant material in avian nests. Avian Biol Res
6:133-146

Eeva T, Lehikoinen E (1996) Growth and mortality of nestling great tits (Parus major) and pied
flycatchers (Ficedula hypoleuca) in a heavy metal pollution gradient. Oecologia 108:631-639

Endler JA (1986) Natural selection in the wild. No. 21. Princeton University Press, Princeton, NJ

Evans KL, Gaston KJ, Frantz AC, Simeoni M, Sharp SP, McGowan A, Dawson DA, Walasz K,
Partecke J, Burke T, Hatchwell BJ (2009) Independent colonization of multiple urban centres
by a formerly forest specialist bird species. Proc R Soc B 276:2403-2410


http://dx.doi.org/10.1111/gcb.13170
http://dx.doi.org/10.1111/gcb.13170

108 C. Macias Garcia et al.

Evans JE, Smith EL, Bennett ATD, Cuthill IC, Buchanan KL (2012) Short-term physiological and
behavioural effects of high- versus low-frequency fluorescent light on captive birds. Anim
Behav 83:25-33

Fiedler W (2003) Recent changes in migratory behaviour of birds: a compilation of field obser-
vations and ringing data. In: Berthold IP, Gwinner E, Sonnenschein E (eds) Avian migration.
Springer, Berlin, pp 21-38

Fisher J, Hinde RA (1949) The opening of milk bottles by birds. Brit Birds 42:347-357

Fokidis HB, Greiner EC, Deviche P (2008) Interspecific variation in avian blood parasites and
haematology associated with urbanization in a desert habitat. J Avian Biol 39:300-310

Francis CD, Ortega CP, Cruz A (2011) Vocal frequency change reflects different responses to
anthropogenic noise in two suboscine tyrant flycatchers. Proc R Soc B 278:2025-2031

Francis CD, Kleist NJ, Ortega CP, Cruz A (2012) Noise pollution alters ecological services:
enhanced pollination and disrupted seed dispersal. Proc R Soc B Biol Sci 279:2727-2735

Fuller RA, Warren PH, Gaston KJ (2007) Daytime noise predicts nocturnal singing in urban
robins. Biol Lett 3:368-370

Gering JC, Blair RB (1999) Predation on artificial bird nests along an urban gradient: predatory
risk or relaxation in urban environments? Ecography 22:532-541

Geue D, Partecke J (2008) Reduced parasite infestation in urban Eurasian blackbirds (Turdus
merula): a factor favoring urbanization? Can J Zoolog 86:419-1425

Giesy JP, Feyk LA, Jones PD, Kannan K, Sanderson T (2003) Review of the effects of endocrine-
disrupting chemicals in birds. Pure Appl Chem 75:2287-2303

Gil D, Brumm H (2013) Acoustic communication in the urban environment: patterns, mecha-
nisms, and potential consequences of avian song adjustments. In: Gil D, Brumm H (eds) Avian
urban ecology. Oxford University Press, Oxford

Gil D, Honarmand M, Pascual J, Pérez-Mena E, Macias Garcia C (2015) Birds living near airports
advance their dawn chorus and reduce overlap with aircraft noise. Behav Ecol 26(2):435-443

Gilbert OL (1989) The ecology of urban habitats. Chapman and Hall, London

Gillies C, Clout M (2003) The prey of domestic cats (Felis catus) in two suburbs of Auckland City,
New Zealand. J Zool 259:309-315

Giraudeau M, Mousel M, Earl S, McGraw K (2014) Parasites in the city: Degree of urbanization
predicts poxvirus and coccidian infections in house finches (Haemorhous mexicanus). PLoS
One 9:e86747

Gleditsch J (2016) The role of invasive plant species in urban avian conservation. In: Murgui E,
Hedblom M (eds) Ecology and conservation of birds in urban environments. Springer,
Heidelberg, pp 413-424

Goddard MA, Dougill AJ, Benton TG (2010) Scaling up from gardens: biodiversity conservation
in urban environments. Trends Ecol Evol 25:90-98

Godfrey ME (1986) An evaluation of the acute oral toxicity of brodifacoum to birds. Paper
presented at the Proceedings of the twelfth vertebrate pest conference, p 27

Gorissen L, Snoeijs T, Van Duyse E, Eens M (2005) Heavy metal pollution affects dawn singing
behaviour in a small passerine bird. Oecologia 145:504-509

Gross K, Pasinelli G, Kunc HP (2010) Behavioral plasticity allows short-term adjustment to a
novel environment. Am Nat 176:456-464

Haag-Wackernagel D, Heeb P, Leiss A (2006) Phenotype-dependent selection of juvenile urban
feral pigeons Columba livia. Bird Study 53:63—170

Haggard WH (1990) Urban weather. Int J Environ Stud 36:73-82

Halfwerk W, Bot S, Buikx J, Van der Velde M, Komdeur J, Ten Cate C, Slabbekoorn H (2011)
Low songs lose potency in urban noise conditions. Proc Natl Acad Sci USA 108:4549¢14554

Hanna DEL, Wilson DR, Blouin-Demers G, Mennill DJ (2014) Spring peepers Pseudacris crucifer
modify their call structure in response to noise. Curr Zool 60:438-448

Haskell DG, Knupp AM, Schneider MC (2001) Nest predator abundance and urbanization. In:
Marzluff J, Bowman R, Donnelly R (eds) Avian ecology and conservation in an urbanizing
world. Springer Science & Business Media, New York, pp 243-258



6 Becoming Citizens: Avian Adaptations to Urban Life 109

Helbig AJ, Berthold P, Mohr G, Querner U (1994) Inheritance of a novel migratory direction in
central European blackcaps. Naturwissenschaften 81:184-186

Hinde RA, Fisher J (1951) Further observations on the opening of milk bottles by birds. Brit Birds
44:392-396

Ibafiez-Alamo JD, Soler M (2010) Does urbanization affect selective pressures and life-history
strategies in the common blackbird (Turdus merula L.)? Biol J Linn Soc 101:759-766

Jauregui E (1991) Influence of a large urban park on temperature and convective precipitation in a
tropical city. Energ Buildings 15:457-463

Johnson MS, Pluck H, Hutton M, Moore G (1982) Accumulation and renal effects of lead in urban
populations of feral pigeons, Columba livia. Arch Environ Contam Toxicol 11:761-767

Johnston RF, Selander RK (1964) House sparrows: rapid evolution of races in North America.
Science 144:548-550

Jokimaki J, Huhta E (2000) Artificial nest predation and abundance of birds. Condor 102:838-847

Jokimiki J, Kaisanlahti-Jokiméki M-L, Sorace A, Fernandez-Juricic E, Rodriguez-Prieto I,
Jimenez MD (2005) Evaluation of the “safe nesting zone’” hypothesis across an urban gradient:
a multi-scale study. Ecography 28:59-70

Kasting JF, Siefert JL (2002) Life and the evolution of Earth’s atmosphere. Science
296:1066-1068

Kekkonen J (2016) Pollutants in urbanized areas — direct and indirect effects on bird populations.
In: Murgui E, Hedblom M (eds) Ecology and conservation of birds in urban environments.
Springer, Heidelberg, pp 227-250

Kluza DA, Griffin CR, Degraaf RM (2000) Housing developments in rural New England: effects
on forest birds. Anim Conserv 3:15-26

Lack DL (1968) Ecological adaptations for breeding in birds. Methuen, London

Lambrechts MM, Perret P, Blondel J (1996) Adaptive differences in the timing of egg laying
between different populations of birds result from variation in photoresponsiveness. Proc R
Soc B 263:19-22

Lancaster RK, Rees WE (1979) Bird communities and the structure of urban habitats. Can J
Zoolog 57(12):2358-2368

Lefebvre L (1995) The opening of milk bottles by birds: evidence for accelerating learning rates,
but against the wave-of-advance model of cultural transmission. Behav Process 34:43-54

Lepczyk CA, La Sorte F, Aronson M, Goddard M, MacGregor-Fors I, Nilon C, Warren P (2016)
Global patterns and drivers of urban birds. In: Murgui E, Hedblom M (eds) Ecology and
conservation of birds in urban environments. Springer, Heidelberg, pp 13-34

Lopez-Rull I, Macias Garcia C (2015) Control of invertebrate occupants of nests. In: Deeming C,
Reynolds J (eds) Nest, eggs, and incubation. Oxford University Press, Oxford

Loss SR, Will T, Marra PP (2013) The impact of free-ranging domestic cats on wildlife of the
United States. Nat Commun 4:1396

Lugo AE, Carlo TA, Wunderle JM (2012) Natural mixing of species: novel plant—animal com-
munities on Caribbean Islands. Anim Conserv 15:233-241

Major RE, Gowing G, Kendal CE (1966) Nest predation in Australian urban environments and the
role of the pied currawong Strepera graculina. Aust J Ecol 21:399-409

Maklakov AA, Immler S, Gonzalez-Voyer A, Ronn J, Kolm N (2011) Brains and the city:
big-brained passerine birds succeed in urban environments. Biol Lett 7:730-732

Markman S, Leitner S, Catchpole C, Barnsley S, Miiller CT, Pascoe D, Buchanan KL (2008)
Pollutants increase song complexity and the volume of the brain area HVC in a songbird. PLoS
One 3:e1674

Martin TE (1993) Nest predation among vegetation layers and habitat types: revising the dogmas.
Am Nat 141:897-913

Marzluff JM (2001) Worldwide urbanization and its effects on birds. In: Marzluff J, Bowman R,
Donnelly R (eds) Avian ecology and conservation in an urbanizing world. Springer Science &
Business Media, New York, pp 1947



110 C. Macias Garcia et al.

McDonnell MJ, Pickett STA, Groffman P, Bohlen P, Pouyat RV, Zipperer WC, Parmelee RW,
Carreiro MM (1997) Ecosystem processes along an urban-to-rural gradient. Urban Ecosyst
1997:21-36

McKinney ML (2002) Urbanization, biodiversity, and conservation the impacts of urbanization on
native species are poorly studied, but educating a highly urbanized human population about
these impacts can greatly improve species conservation in all ecosystems. BioScience
52:883-890

McKinney ML (2006) Urbanization as a major cause of biotic homogenization. Biol Conserv
127:247-260

Miranda AC (2016) Mechanisms of behavioural change in urban animals: the role of microevo-
lution and phenotypic plasticity. In: Murgui E, Hedblom M (eds) Ecology and conservation of
birds in urban environments. Springer, Heidelberg, pp 113-134

Mgller AP (2008) Flight distance of urban birds, predation, and selection for urban life. Behav
Ecol Sociobiol 63:63-75

Mgller AP (2009) Successful city dwellers: a comparative study of the ecological characteristics of
urban birds in the Western Palearctic. Oecologia 159:849-858

Mgller AP (2010) The fitness benefit of association with humans: elevated success of birds
breeding indoors. Behav Ecol 21:913-918

Mgller AP, Diaz M, Flensted-Jensen E, Grim T, Ibafez-Alamo JD, Jokimiki J, Mind R, Marké G,
Tryjanowski P (2012) High urban population density of birds reflects their timing of urbani-
zation. Oecologia 170:867-875

Monastersky (2015) http://www.nature.com/news/anthropocene-the-human-age-1.17085?7WT.ec_
id=NEWS-20150312

Murgui E (2007) Effects of seasonality on the species—area relationship: a case study with birds in
urban parks. Glob Ecol Biogeogr 16:319-329

Murton RK (1970) Melanism in rock dove. Br Birds 63:389-390

Murton RK, Westwood NJ (1977) Avian breeding cycles. Clarendon Press, Oxford

Nicholls TJ, Goldsmith AR, Dawson A (1988) Photorefractoriness in birds and comparison with
mammals. Physiol Rev 68:133-176

Nihei Y, Higuchi H (2001) When and where did crows learn to use automobiles as nutcrackers?
Tohoku Psychologica Folia 60:93-97

Noske RA (1998) Breeding biology, demography and success of the rufous-banded honeyeater,
Conopophila albogularis, in Darwin, a monsoonal tropical city. Wildlife Res 25:339-356

Papp S, Vincze E, Preiszner B, Liker A, Bokony V (2015) A comparison of problem-solving
success between urban and rural house sparrows. Behav Ecol Sociobiol 69:471-480

Partecke J, Gwinner E (2007) Increased sedentariness in European blackbirds following urbani-
zation: a consequence of local adaptation? Ecology 88:882-890

Partecke J, Van’t Hof TJ, Gwinner E (2004) Differences in the timing of reproduction between
urban and forest European blackbirds (Turdus merula): result of phenotypic flexibility or
genetic differences? Proc R Soc Lond B 271:1995-2001

Partecke J, Van’t Hof TJ, Gwinner E (2005) Underlying physiological control of reproduction in
urban and forest-dwelling European blackbirds Turdus merula. J Avian Biol 36:295-305

Peakall DB (1970) Pesticides and the reproduction of birds. Freeman, San Francisco, CA

Pickett STA, Cadenasso ML, Grove JM, Nilon CH, Pouyat RV, Zipperer WC, Costanza R (2001)
Urban ecological systems: linking terrestrial ecological, physical, and socioeconomic compo-
nents of metropolitan areas. Annu Rev Ecol Syst 2001:127-157

Poague KL, Johnson RJ, Young LJ (2000) Bird use of rural and urban converted railroad rights-of-
way in southeast Nebraska. Wildlife Soc B 2000:852-864

Popper AN, Hastings MC (2009) The effects of anthropogenic sources of sound on fishes. J Fish
Biol 75:455-489

Richardson WJ, Greene CR Jr, Malme CI, Thomson DH (1995) Marine mammals and noise.
Academic, San Diego, CA


http://www.nature.com/news/anthropocene-the-human-age-1.17085?WT.ec_id=NEWS-20150312
http://www.nature.com/news/anthropocene-the-human-age-1.17085?WT.ec_id=NEWS-20150312
http://www.nature.com/news/anthropocene-the-human-age-1.17085?WT.ec_id=NEWS-20150312

6 Becoming Citizens: Avian Adaptations to Urban Life 111

Rios-Chelén AA, Macias Garcia C, Riebel K (2005) Variation in the song of a sub-oscine, the
vermilion flycatcher. Behaviour 142:1115-1132

Rios-Chelén AA, Salaberria C, Barbosa I, Macias Garcia C, Gil D (2012) The learning advantage:
bird species that learn their song show a tighter adjustment of song to noisy environments than
those that do not learn. J Evol Biol 25:2171-2180

Rios-Chelén AA, Quirés-Guerrero E, Gil D, Macias Garcia C (2013) Dealing with urban noise:
vermilion flycatchers sing longer songs in noisier territories. Behav Ecol Sociobiol 67:45-152

Rolshausen G, Segelbacher G, Hobson KA, Schaefer HM (2009) Contemporary evolution of
reproductive isolation and phenotypic divergence in sympatry along a migratory divide. Curr
Biol 19:2097-2101

Schaub A, Ostwald J, Siemers BM (2008) Foraging bats avoid noise. J Exp Biol 211:3174-3180

Scheifler R, Ceeurdassier M, Morilhat C, Bernard N, Faivre B, Flicoteaux P, Giraudoux P, Noél M,
Piotte P, Rieffel D, De Vaufleury A, Badot P-M (2006) Lead concentrations in feathers and
blood of common blackbirds (Turdus merula) and in earthworms inhabiting unpolluted and
moderately polluted urban areas. Sci Total Environ 371:197-205

Scheuhammer AM (1987) The chronic toxicity of aluminium, cadmium, mercury, and lead in
birds: a review. Environ Pollut 46:263-295

Schmidt AKD, Balakrishnan R (2014) Ecology of acoustic signalling and the problem of masking
interference in insects. J Comp Physiol A 201:133-142

Schoech SJ, Bowman R (2001) Variation in the timing of breeding between suburban and wildland
Florida Scrub-Jays: Do physiologic measures reflect different environments? In: Marzluff J,
Bowman R, Donnelly R (eds) Avian ecology and conservation in an urbanizing world.
Springer Science & Business Media, New York, pp 289-306

Sherry DF, Galef BG Jr (1984) Cultural transmission without imitation: milk bottle opening by
birds. Anim Behav 32:937-938

Sherry DF, Galef BG Jr (1990) Social learning without imitation: more about milk bottle opening
by birds. Anim Behav 40:987-989

Shochat E (2004) Credit or debit? Resource input changes population dynamics of city-slicker
birds. Oikos 106:622-626

Shochat E, Warren PS, Faeth SH, Mclntyre NE, Hope D (2006) From patterns to emerging
processes in mechanistic urban ecology. Trends Ecol Evol 2:186-191

Sih A (2013) Understanding variation in behavioural responses to human-induced rapid environ-
mental change: a conceptual overview. Anim Behav 85:1077-1088

Slabbekoorn H, Peet M (2003) Birds sing at a higher pitch in urban noise. Nature 424:267

Slabbekoorn H, Yeh P, Hunt K (2007) Sound transmission and song divergence: a comparison of
urban and forest acoustics. Condor 109:67-78

Slabbekoorn H (2013) Songs of the city: noise-dependent spectral plasticity in the acoustic
phenotype of urban birds. Anim Behav 85(5):1-11

Sol D, Duncan RP, Blackburn TM, Cassey P, Lefebvre L (2005) Big brains, enhanced cognition,
and response of birds to novel environments. Proc Natl Acad Sci USA 102:5460-5465

Sol D, Lapiedra O, Gonzalez-Lagos C (2013) Behavioural adjustments for a life in the city. Anim
Behav 85:1101-1112

Sorace A (2002) High density of bird and pest species in urban habitats and the role of predator
abundance. Ornis Fennica 79:60-71

Sorace A, Gustin M (2009) Distribution of generalist and specialist predators along urban
gradients. Landsc Urban Plan 90:111-118

Sorace A, Visentin M (2007) Avian diversity on golf courses and surrounding landscapes in Italy.
Landsc Urban Plan 81:81-90

Suarez-Rodriguez M, Macias Garcia C (2014) There is no such a thing as a free cigarette; lining
nests with discarded butts brings short-term benefits, but causes toxic damage. J Evol Biol
27:2719-2726



112 C. Macias Garcia et al.

Suarez-Rodriguez M, Lopez-Rull I, Macias Garcia C (2013) Incorporation of cigarette butts into
nests reduces nest ectoparasite load in urban birds: new ingredients for an old recipe? Biol Lett
9:20120931

Summers-Smith D (2003) The decline of the house sparrow: a review. Br Birds 96:439-446

Susca T, Gaffin SR, Dell’Osso GR (2011) Positive effects of vegetation: urban heat island and
green roofs. Environ Pollut 159:2119-2126

Swaileh KM, Sansur R (2006) Monitoring urban heavy metal pollution using the House Sparrow
(Passer domesticus). J Environ Monit 8:209-213

Townsend AK, Barker CM (2014) Plastic and the nest entanglement of urban and agricultural
crows. PLoS One 9:e88006

Van Heezik Y, Smyth A, Adams A, Gordon J (2010) Do domestic cats impose an unsustainable
harvest on urban bird populations? Biol Conserv 143:121-130

Verzijden MN, Ripmeester EAP, Ohms VR, Snelderwaard P, Slabbekoorn H (2010) Immediate
spectral flexibility in singing chiffchaffs during experimental exposure to highway noise. J Exp
Biol 213:2575-2581

Vuorisalo T, Andersson H, Hugg T, Lahtinen R, Laaksonen H, Lehikoinen E (2003) Urban
development from an avian perspective: causes of hooded crow (Corvus corone cornix)
urbanisation in two Finnish cities. Landsc Urban Plan 62:69-87

Weaving M, Cooke R (2010) The effect of artificial night light on the abundance of nocturnal
birds. Vic Nat 127:192

Woods M, McDonald RA, Harris S (2003) Predation of wildlife by domestic cats Felis catus in
Great Britain. Mammal Rev 33:174-188

Zalasiewicz J, Williams M, Steffen W, Crutzen P (2010) The new world of the anthropocene
1. Environ Sci Technol 44:2228-2231

Zhang G, Li B, Li C, Gilbert MTP, Jarvis ED, Wang J (2014) Comparative genomic data of the
Avian Phylogenomics Project. GigaScience 3(1):26



	Chapter 6: Becoming Citizens: Avian Adaptations to Urban Life
	6.1 There Was Once a Country Sparrow
	6.2 How Are Cities Different from Natural Areas?
	6.2.1 Habitat Structure and Seasonality
	6.2.2 Interspecific Interactions
	6.2.3 Pollution

	6.3 Which Avian Species Thrive in Cities?
	6.4 Recognising Adaptations
	6.5 Adapting to Life in the Cities
	6.5.1 Habitat Structure and Seasonality
	6.5.2 Food Availability
	6.5.3 Interspecific Interactions
	6.5.4 Pollution

	6.6 Conclusion
	References


