Chapter 12
Pollutants in Urbanized Areas: Direct
and Indirect Effects on Bird Populations

Jaana Kekkonen

Abstract Industrialization, traffic, intensification of agriculture, and development
of human lifestyle in general during the last century have resulted in elevated levels
of various chemical compounds in our environment. Especially in urbanized areas,
harmful substances are produced in such quantities that they can have a deleterious
effect on the development, survival, and reproduction of organisms. Many bird
species have adapted to living alongside with humans and even discovered new
resources within the urban lifestyle. However, these birds are in greatest risk of
being harmfully effected by various chemicals.

This chapter reviews the effects of heavy metals and organic pollutants on avian
populations in urban areas. Case studies are brought together in order to gain
comprehension on how well we understand the role of these pollutants as factor
influencing the well-being of urban bird populations. The examples highlight the
fact that pollutants do not have only direct physiological effects but also indirect
effects through, e.g., decreased food availability. As populations of many urban
bird species are declining, new research developments for pollution studies are also
proposed.
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12.1 Introduction

Industrialization, traffic, intensification of farming, and development of human
lifestyle in general during the last century have resulted in elevated levels of various
chemical compounds in our environment (Candelone et al. 1995). As humans alter
the environment drastically, other species are also affected and need to adapt to the
potentially deteriorating conditions. Especially in urbanized areas, harmful sub-
stances are produced from traffic, housing, energy production, construction, and
production of goods in such quantities that they can have deleterious effects on the
development, survival, and reproduction of organisms. This has become a
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particularly large-scale problem given that more than half of the world’s human
population now lives in urban areas with a projected 68 % (6.3 billion people)
expected to live in cities by 2050 (World Urbanization Prospects 2012). Organisms
that have become closely associated to human housing are at greatest risk of being
affected. Bird populations in urban environments represent upper trophy levels of
food chains consuming both plants and other animals. Thus, as many pollutants
bioaccumulate as they pass between the trophy levels, birds are likely being
affected both directly and indirectly by pollutants (Burger 1993; Furness and
Greenwood 1993). Harmful substances can, for instance, reduce breeding perfor-
mance (reduced fertility, hatching failure), delay growth and development, cause
damages in organs, and in the end hamper survival (Romanowski et al. 1991;
Burger 1993; Janssens et al. 2003; Eeva et al. 2009). On the other hand, pollutants
also decrease the availability of, for example, invertebrates that the urban birds feed
on (McIntyre 2000). Urbanization has therefore created opportunities and new
living environments for bird species but, on the other hand, also deteriorating
conditions and challenges. As many bird species nowadays have declining trends
(BirdLife International), the role of pollution should also be considered (see also
Macias-Garcia et al. 2016).

Pollution in this chapter is defined as chemicals produced by human activities
into the environment. In urban environments, also light and noise pollution are
growing concerns (Fuller et al. 2007; Barber et al. 2010; Kempenaers et al. 2010;
Dominoni 2016). The scope here, however, is on chemicals because they already
form a highly problematic issue. The two main groups of pollutants studied in birds
are heavy metals and organic pollutants. Since the beginning of industrialization,
their amounts have increased almost exponentially in the urban habitats (Candelone
et al. 1995). Even though many regulations and cleaner production techniques have
helped to regulate and even decrease some of their amounts these days, the ever
growing human population and its demands make it difficult to stay on top of the
situation (Jarup 2003). Pollutants which have already been banned over the years
remain problematic due to their persistent nature, and they tend to stay in the
environment for very long times (Beyer et al. 1996; Agarval 2009). Thus, studies
on how the pollutants accumulate in food chains, how they affect different devel-
opment stages of urban birds, and, in the end, population demographics are needed
to evaluate for potential conservation actions.

For these reasons, it is very important to conduct research not only in laboratory
conditions but on wild populations (cf. Burger and Gochfeld 1997). Environmental
pollution has without a doubt a role in the declines of many bird species, but it is not
always easy to demonstrate the causal relationships as there are many other factors
affecting simultaneously in urban environments (Lepczyk and Warre 2012). In this
chapter I bring together some of the case studies done in urban environments and,
this way, bring forth on what is already known and what may be the gaps where
more research should be focused on. I aim to present the various chemical com-
pounds potentially found in urban environments, introduce interesting case studies
of pollution-influenced urban birds, and suggest directions for future studies.
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12.2 Different Pollutants

12.2.1 Heavy Metals

Heavy metals occur naturally in the environment in small quantities. However, due
to human actions, excessive amounts of heavy metals have ended up in the
ecosystems. Heavy metals are especially problematic for biological organisms
due to their accumulative properties and persistent nature. Some of the heavy
metals are even necessary to organisms as small amounts (Valko et al. 2005). For
instance, copper and zinc are essential for the immune system and iron for trans-
portation of oxygen (Percival 1998; Prasad 1998). However, other metals are
biologically not needed at all (e.g., cadmium, lead, mercury, nickel, arsenic).
Moreover, heavy metals can even bind to important molecules preventing biolog-
ically important processes. Since heavy metals are known to have long lasting toxic
effects that will not easily biodegrade, chronic exposure can have harmful effects
(Ikeda et al. 2000; Dauwe et al. 2006; Nam and Lee 2006). In some cases the
damages may appear only after several years (Furness 1996).

Large proportion of heavy metal pollution is airborne. Atmospheric concentra-
tions of heavy metals primarily result from burning of urban and industrial wastes,
mining, smelting processes, gas emission from motor vehicles, and combustion of
fossil fuels (Harrop et al. 1990; Mohammed et al. 2011). Heavy metal pollution is
thus spread effectively both at local and regional levels. Heavy metals access water
systems and soils from which they effectively accumulate in the food chains
(Suedel et al. 1994; Kaminski 1995; Labare et al. 2004). The heavy metals often
studied in birds are, e.g., lead, cadmium, zinc, iron, copper, and chromium.

Lead is probably the most measured one possibly because lead poisoning can
have so many physiological and behavioral impacts. Physiological effects include
anemia, emaciation, weakness, and poor growth and development (Franson 1996;
Kaminski and Matus 1998), which all affect overall body condition and survival.
Behavioral problems can include increased aggressiveness (Janssens et al. 2003)
and difficulties in flying and walking (Sanderson and Bellrose 1986). Also breeding
can be affected from lowered ability to attract a mate, build a nest, and adequately
feed nestlings (De Francisco et al. 2003). Previously, one of the main sources of
lead pollution was leaded fuel, but since the 1970s, most of the industrialized
countries have restricted the use of lead additives in motor fuels (Ancillotti and
Fattore 1998). As a result, the amount of atmospheric lead has reduced signifi-
cantly, but the lead residues have persisted in the soils. Moreover, lead is still
produced as a by-product in several industries like ore and metal processing, piston-
engine aircraft operating on leaded aviation gasoline, glass and chemical industries,
and energy production (Agarval 2009).

Cadmium poisoning in birds can cause growth retardation, anemia, and testicular
damage as well as renal failure which affects the calcium balance causing protein-
uria and bone decalcification (Larison et al. 2000). Cadmium pollution comes
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mainly from enrichment of zinc and steel industry and energy production (Agarval
2009).

Birds can regulate zinc effectively within a wide range of exposure. However,
when the exposure is too high, they exhibit symptoms like abnormalities in their
exocrine pancreas and decreased motor function (Zdziarski et al. 1994). The main
sources of zinc pollution these days are energy production, traffic, and metal
industry (Agarval 2009).

Physiological signs of copper toxicosis include weakness, anemia, and
decreased egg production, body and tissue weight, and feather growth (Stohs and
Bagchi 1995; Isanhart et al. 2011). Sources of copper include, e.g., copper sulfate,
antifouling paints, mining and metal industries, and coal-using power plants
(Christian Franson et al. 2012).

When accumulated in tissues, iron can increase hemosiderosis, i.e., iron deposits
in local tissues (Cork 2000). Most important sources of iron pollution are iron and
steel industries (Agarval 2009).

High levels of chromium can cause altered growth patterns and reduction in
survival. Moreover, there can be mutagenic, teratogenic, and carcinogenic effects
(Eisler 2000). Phosphate fertilizers, industrial and sewage wastes, landfill dumping
chromium-containing consumer products, and atmospheric emissions are main
sources of chromium pollution (Fishbein 1981; Outridge and Scheuhammer 1993).

There are many studies which measure the amounts of heavy metals in birds in
urban habitats and compare them to birds from rural habitats. However, it is not
always easy to show which levels result in deteriorated survival or reproduction
and, moreover, population declines. However, as the amount of studies increases,
these causality relationships can be determined more easily. Moreover, in urban
habitats when the amount of one heavy metal is increased, often also other heavy
metals are more pronounced. Thus, there are cumulative effects which may not be
easy to measure but surely affect the well-being of organisms living in the cities.

12.2.2 Organic Compounds

Organic compounds are produced in immense varieties by human housing, indus-
trial processes, and the production of a range of goods (Harrad 2009). Some of the
compounds are harmful already in small amounts, but at least excess amounts make
many of these compounds harmful to living organisms. The pathways and effects of
these contaminants in ecosystem level are not well known. However, some more
recent studies also on bird populations are shedding light into these important issues
since these compounds are being produced increasingly especially in urban envi-
ronments (Beyer et al. 1996).

Of particular interest is the chemical group of organohalogens, which constitutes
of thousands of compounds. Interestingly, some of them occur naturally in the
environment. However, the artificially excessively produced compounds have
become problematic in the nature. The occurrence of organohalogen pollutants
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has been of great concern because of their persistent, lipophilic properties,
bioaccumulative nature, capability of long-distance transportation, and adverse
effects on variety of different taxa (Beyer et al. 1996; Yu et al. 2014). Thus, we
need to be concerned of both humans and wildlife sharing the urban environments.
The use of some of these persistent organic pollutants (POPs) has been restricted by
international treaties. For example, the Stockholm Convention (United Nations
Environment Programme 2001) had 179 countries to agree to restrict and/or
eliminate the production and use of the compounds classified as POPs as well as
to study and potentially list new ones. However, many of the already restricted
pollutants will still persist for a long time in the environment. Moreover, other
compounds are still being produced, and thus information on their effects is needed.

The organic pollutants mostly studied in birds include pesticides and herbicides
like aldrin, dieldrin, endrin, hexachlorobenzenes (HCBs), hexachlorocyclohexanes
(HCHs), mirex, chlordanes (CHLs), and dichlorodiphenyltrichloroethane (DDTs)
and its metabolites, heptachlors, and toxaphenes (Beyer et al. 1996). Moreover,
chemicals like polychlorinated biphenyl (PCB), polybrominated diphenyl ether
(PBDE), and hexabromocyclododecanes (HBCDs) are used, for example, as sol-
vents, synthetic polymers, flame retardants, insulants, and intermediates in the
preparation of dyes and pharmaceuticals (Hale et al. 2006; Marvin et al. 2011).

The harmful effects of these organic compounds are often related to reproduc-
tion in birds. DDT through its metabolite DDE causes thinning of eggshells by
inhibiting calcium metabolism. The eggs break more easily and embryo mortality
increases. Moreover, DDTs are involved in reproductive impairment and affect
thyroid hormones, i.e., metabolic activity (Ratcliffe 1967; Hickey and Anderson
1968; Fry 1995). PCBs reduce clutch sizes, lower hatching and fledgling rates, and
cause hormonal disruptions as well as embryonic and offspring abnormalities.
Thus, increased levels of PCBs reduce the overall reproductive success of birds
(Fry 1995; Fernie et al. 2001).

PBDEs can affect the birds to delay the timing of reproduction, lead to fewer
copulations, cause longer egg-laying intervals, and reduce clutch sizes. Birds may
lay smaller eggs which have reduced fertility (Marteinson et al. 2010; Winter
et al. 2013). HBCDs affect hormonal levels like increasing testosterone and reduc-
ing thyroxine levels. Birds affected by HBCDs also present less active courtship,
produce eggs with reduced mass, have lower incubation temperatures, and may
present less active parenting behavior (Marteinson et al. 2010, 2012).

One of the first and most famous examples of harmful effects on birds is the
discovery of relationship between introduction of DDT as a pesticide and the
thinning of eggshells of birds of prey. This was linked to decreased reproductive
success (Ratcliffe 1967; Hickey and Anderson 1968). These types of studies
showed such clear causalities between organic compounds and deleterious effects
that they have contributed in banning the use of those compounds. However, there
are so many others produced and new ones developed from which the effects in
different trophy levels are not fully known and that these types of studies are needed
to fill the gaps that exist now.
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12.3 Sampling and Analysis Methods

Sampling designs vary between studies depending on the questions asked, the
geographical scale covered, and the type of samples aimed for. As birds are capable
of moving distances exceeding urban boundaries, the source of the pollution is not
always easy to pinpoint (i.e., point-source pollution like a factory). On the other
hand, the interest may not even be on the particular source but measuring the
general pollution level in the environment. However, in all studies, there needs to
be some type of references for the measured levels of pollutants in the birds. These
can be, for example, references measured from laboratory animals (e.g., Beyer
et al. 1996; Burger and Gochfeld 1997). Many studies also use comparisons
between samples from urban and rural sites (Table 12.1). Thus, I would like to
stress that when sampling of any pollution-related study is designed, these issues
need to be considered carefully so that the samples gained best describe the issues
the researchers wish to address.

Moreover, pollutants can be analyzed in many types of samples from birds
depending on the research questions. First of all, sampling can be done on dead
or live birds and, secondly, on different development stages, i.e., eggs, nestlings, or
adults. The potential differences between sexes in adult birds need to be taken into
account as well (Burger and Gochfeld 1992; Eeva et al. 2009). Eeva et al. (2009)
suggested that due to their higher reproductive effort, females might be more
susceptible to the negative health effects of pollution stress. Another possible
reason would be that because of differences in dispersal, sexes would have expe-
rienced different environments as young. Also ages need to be taken into account in
adult birds as we did, for example, in Kekkonen et al. (2012).

Tissues that are most interesting for pollution studies are the liver, kidney, lungs,
and blood. Blood samples can be taken from live birds. However, the pollutant
levels in blood are considered to generally reflect more recent exposure (Furness
and Greenwood 1993). The intestine organs represent a longer term accumulation
and thus can present different information. However, noninvasive sampling is
increasingly done by determining pollution levels also from the feathers of birds
(Jaspers et al. 2007). Birds can reduce their body burden of toxic substances by
excretion in their feathers (Dauwe et al. 2000; Dauwe et al. 2003). Pollution levels
in feathers reflect the conditions and diet during the period of feather growth, when
the feather is connected to the body with blood vessels. Feathers grow for few
weeks and thus they represent longer term pollution levels than blood samples
(Furness and Greenwood 1993). When birds are molding, they tend to stay in a
confined area, and thus, feather pollution levels also represent quite local pollution
(Fasola et al. 1998; Burger et al. 2007).

Very interesting information is also gained by linking nestling growth rates,
survival, and potential deformities to amounts of pollutants. Developing organisms
have a potentially elevated susceptibility to pollution compared to adults. Eggs can
also be sampled for levels of pollution because females sequester pollutants into
them (Gochfeld 1997; Fasola et al. 1998). Concentrations in eggs typically reflect
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both circulating levels of contaminants in the blood as well as the stored reserves of
the females at the time of egg formation (Burger and Gochfeld 1996).

There is great variety of laboratory analysis methods to determine the levels of
different pollutants in different sample types. Whichever procedure is used, it
should be properly executed following certified protocols and laboratory condi-
tions. For heavy metals, in many cases so-called EPA methods are used
(US Environmental Protection Agency test methods) or other approved procedures
for chemical pollutants. After careful preparations, the concentrations are most
often measured using a type of mass spectrometry. Laboratory reagent blanks,
metals standard reference material, and replicate samples should be analyzed with
every batch of samples. For organic pollutants, the laboratory analyses are com-
pound specific, but in each case a certified protocol and conditions should be also
used. In a recent review, Tang (2013) covered recent developments in sample
preparation, separation, and detection in analysis of persistent organic pollutants
under the Stockholm Convention. This review provides good guidelines for future
studies, but as main points (a) gas chromatography is still a prominent chromato-
graphic technique for nonpolar POPs, and (b) mass spectrometry is prevailing in
sensitive, selective detection in POPs measurement (Tang 2013). Based on clinical
laboratory studies, there are benchmark values for the harmful levels for some of
the substances in the tissues. However, these levels depend very much on the
species and developmental stage, and thus these are not available for all case
studies (some presented in Table 12.1).

12.4 Different Effects Found in Bird Studies

Chemical pollutants can have an impact on body condition, behavior, survival,
breeding performance, and even DNA of avian fauna. Based on my literature
search, I present here some of the intriguing case studies to demonstrate the variety
of effects and, on the other hand, the challenges within the research field of urban
birds facing environmental pollution.

12.4.1 Pollutant Levels Discovered in Urban vs. Rural Adult
Birds

Based on the literature search, most of the studies have measured the levels of
different pollutants in different tissues of the birds, and either compared the results
to levels found from other studies or to benchmark values that relate to subclinical,
clinical, or lethal effects (Franson 1996; Pain 1996; Friend and Franson 1999).
Further, several studies have done comparisons between urban and rural sites.
These studies give very important information on what are the actual levels that
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the birds have to deal with in the urban habitats and whether these levels could be
harmful for individuals’ survival or reproduction. This helps to evaluate whether
there could be consequences for population level demographies.

In an interesting study linking body condition and lead pollution, Roux and
Marra (2007) measured lead concentrations in blood samples of seven passerine
species in urban and rural environments. They used both adults and nestlings and
assessed their body condition based on body mass in relation to length. They
determined soil lead concentrations on rural to urban gradient in the Washington
DC study area. Expectedly, the soil lead concentration was significantly higher in
urban sites compared to rural ones. Accordingly, urban adult and nestling birds had
significantly higher blood lead concentrations than rural ones. Interestingly,
ground-feeding birds had higher differences between urban and rural birds than
canopy/shrub feeding species. However, from the seven passerine species studied,
only gray catbird Dumetella carolinensis nestlings were found to have lower body
condition due to lead contamination. The levels of lead in adult urban birds of all
species ranged between 0.01 and 0.08 ppm in rural sites and between 0.07 and
0.26 ppm in urban sites. In general, the level of blood lead considered as lead
poisoning is confirmed at 0.2 ppm and above (De Francisco et al. 2003) and
sublethal at 0.5 ppm (Sanderson and Bellrose 1986). Here, despite urban birds
were found to have blood lead concentrations at and above the 0.2 ppm benchmark
value, no negative impact on body condition was found in adults. Birds may be able
to remove pollutants by excreting them throught vascular system or into feathers.
Moreover, e.g., protein- or calcium-rich diets can reduce the absorption of lead
(Sanderson and Bellrose 1986). With nestling birds, however, gray catbirds with
higher blood lead concentrations were also found to be in poor physical condition.

Lead concentrations were measured also in a study on blackbirds Turdus merula
and one of their main prey, earthworms (Scheifler et al. 2006). Sampling was done
in Besancon, France, and in a rural reference site. Blood samples, washed and
unwashed outermost tail feathers and breast feathers were collected from the
blackbirds. Individual body condition index was determined based on body mass
and tarsus length. Results showed that the lead concentrations in earthworms were
significantly higher in urban individuals than in rural ones. Moreover, concentra-
tions in outermost tail feathers, breast feathers, and blood were significantly higher
in urban than rural blackbirds. The use of washed and unwashed outermost tail
feathers allowed estimating the external contamination from, e.g., dust as opposed
to internal contamination. The result was that 37 % of the total lead concentration
was from external sources and the remaining 63 % can be linked to food chain. The
blood concentrations in urban blackbirds were on average 0.15 ppm which is
similar than what was found by Roux and Marra (2007). As the benchmark value
of 0.20 ppm for subclinical and physiological effects was not exceeded, it was not
so surprising that body condition did not vary with lead concentration. Neverthe-
less, this study shows that even though the atmospheric lead emissions have been
reduced dramatically globally, urban birds remain exposed to lead pollution.
Moreover, food transfer from soil invertebrates may be an important route of lead
exposure.
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The causal relationships between pollutants and urban bird populations may
indeed be quite complex, and the indirect effects of the pollutants should be also
considered. In a previous study, I and my collaborators studied levels of eight heavy
metals in house sparrows Passer domesticus in urban and rural habitats in Finland
(Kekkonen et al. 2012). The house sparrow has declined >60 % during the last
couple of decades. One suggested reason for this decline (especially in cities) is
heavy metal pollution. A museum collection from the 1980s was used to investigate
the accumulation of heavy metals (Al, Cr, Mn, Fe, Cu, Zn, Cd, Pb) in the livers of
these birds. Significantly higher heavy metal concentrations were found in the livers
of urban than rural birds which could support this hypothesis. Heavy metal levels in
urban birds were, however, not as high as in other house sparrow studies by, e.g.,
Gragnaniello et al. (2001) and Swaileh and Sansur (2006). Nevertheless, in their
study in the area of West Bank, Swaileh and Sansur (2006) found also clearly more
copper, lead, and zinc in the organs and tissues in house sparrows from urban areas.
When considering the Finnish house sparrow, the heavy metal pollution is unlikely
to be a sole cause of the severe declines. However, pollution is more pronounced in
cities and could thus contribute to declines through indirect effects, such as insect
availability, as shown for the house sparrow in Leicester, UK (Vincent 2005; Peach
et al. 2008). Along with other environmental factors, heavy metals decrease the
amount of some invertebrate groups in cities (Pimentel 1994; McIntyre 2000) that
are used as nestling food in many bird species. Vincent (2005) found annual
productivity (the number of fledged young) to be lower in urban areas due to
starvation of chicks when their diet contained a high proportion of vegetable
material or ants instead of, e.g., spiders. Moreover, Peach et al. (2008) reported
that years of poor reproduction were characterized by, e.g., high concentration of air
pollution from traffic.

Besides the heavy metal studies, information is increasing on organic pollutants
and urban birds. For example, Sun et al. (2013) linked diet and concentrations of
hexabromocyclododecane (HBCD) and its enantiomeric distributions on passer-
ines. These chemical compounds were determined in muscle and stomach contents
of three terrestrial birds from e-waste (electrical waste) and urban and rural
locations in South China. The study species light-vented bulbul Pycnonotus
sinensis, long-tailed shrike Lanius schach, and oriental magpie-robin Copsychus
saularis are all resident birds which have quite small-scale territories and foraging
areas, making them interesting for bioindicator monitoring of local pollution.
Urbanization and industrialization were found to relate to levels of HBCD. In
turn, birds from the rural site had the lowest concentrations of HBCD, urban site
the highest, and e-waste site the second highest. The diet seemed to be the most
important pollutant source for the birds. Moreover, the concentrations of HBCD
were highest in the oriental magpie-robin in all habitats which could indicate
differences in their diet. The oriental magpie-robins often feed in urban gardens
and cultivated areas which are likely more polluted by HBCD.

Yu et al. (2014) also studied contamination of organohalogen pollutants, includ-
ing DDT and its metabolites, PCBs, PBDEs, decabromodiphenylethane (DBDPE),
hexabromocyclododecanes (HBCDs), and dechlorane plus (DP) in Eurasian tree
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sparrows Passer montanus and common magpie Pica pica. They had three
metropolises of China (Beijing, Wuhan, and Guangzhou) and a reference rural
site. The results were very similar to Sun et al. (2013), i.e., levels of the
organohalogen pollutants were in general lower in the reference site than in the
urban sites. There were some differences between the urban area concentrations in
the muscle samples. The levels of DDTs were higher in Wuhan, whereas flame
retardants dominated in Guangzhou and Beijing. PCBs exhibited different homo-
logue profiles among different sites which is a likely result of different dietary
sources of the bird species. In general, PCB concentrations were at the low end of
worldwide figures which was not unexpected because PCBs are not used as much in
China as in other parts of the Northern Hemisphere. PBDE levels, however, were in
the same range as those of North America, and generally higher than in Europe.

Based on these examples, markedly increased levels of pollutants have been
found from urban birds compared to rural ones in many studies and different taxa.
In some cases, a link to the diet was established, and possible deteriorating effects
could be evaluated based on benchmark values. However, I consider that more
research on testing the effects on individual condition, survival, and breeding
parameters could be done. Even though a direct causal relationship to population
declines has not been established in many cases so far, all of the research done so far
are important pieces adding up to growing knowledge. When considering environ-
mental pollution, it is very important to remember that there are likely combined
effects which need to be taken into account. This means that environmental,
population demographic or other anthropogenic factors might interplay with the
effects of pollutants.

12.5 Effects of Pollution on Eggs and Nestling Stages
in Urban Areas

Earlier developmental stages of organisms may be more vulnerable to environmen-
tal effects and thus give different points of view also on pollution studies. Egg
characteristics such as egg size and eggshell thickness were the early signs of
detrimental effects of pollution on reproduction, growth, and nestling survival of
birds (Ratcliffe 1967; Bize et al. 2002). Both egg and nestling stages have been
studied in urban birds, and their importance in monitoring bioaccumulation of
contaminants in the human-inhabited environment has been quite well established.

Ortowski et al. (2014) studied the concentrations of chromium, nickel, cadmium,
and lead in rook Corvus frugilegus eggshells from rural and urban areas of western
Poland. They found that eggshells in large industrial cities had significantly higher
concentrations of chromium, nickel, and lead than crook egg shells collected from
small towns and villages. They highlighted the importance of taking into account
also local habitat effects when considering population declines. In another heavy
metal study, Nam and Lee (2006) investigated the heavy metal accumulation on
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breeding feral pigeons Columba livia in South Korea. They compared the egg size,
eggshell thickness, and reproductive parameters in colonies from cities of Seoul and
Ansan and found that the concentrations of lead in the bone and cadmium in the
kidney of adult pigeons in Seoul were three times higher than in Ansan colony. No
significant differences were, however, observed in egg characteristics, clutch size,
incubation periods, or hatchability of eggs between the two study sites. Body size
measurements of nestlings from Seoul were somewhat smaller, but the difference
was not statistically significant. Nestlings at Seoul fledged significantly later and
with a lower success than in Ansan. As Seoul is more polluted than Ansan, these
results indicate that heavy metal pollution may have negative effects on feral
pigeon breeding.

Organohalogen compounds were measured in urban birds of prey in two studies
by Dell’Omo et al. (2008) and Potter et al. (2009). In both cases the eggs contained
organohalogen pollutants but the effects on, for example, population level are
unclear. Dell’Omo et al. (2008) studied PCBs and DDTSs in Eurasian kestrel
Falco tinnunculus eggs in Rome, Italy. Organohalogen congeners were determined
from 27 unhatched eggs in years 1999 and 2005. The authors concluded that the
concentrations were not so high as compared to other kestrel study from earlier
period, and as the animals in the study area do not perform long migratory
movements, the contamination levels in the eggs are likely to present local pollution
levels. Potter et al. (2009) measured also organohalogen concentrations in 23 eggs
of the peregrine falcon Falco peregrinus. These eggs were obtained between 1993
and 2002 from 11 locations in the Chesapeake Bay region, USA. Different conge-
ners of PBDE and PCB as well as PBB153 and 4,4-DDE were measured. In
general, the levels or organohalogen compounds detected were similar to other
birds of prey studies in Europe and the USA (Potter et al. 2009). When considering
the habitat effect, only BDE 209 concentrations were significantly correlated with
the human population density of the area surrounding the nest. The authors con-
sidered that urban falcons may feed on prey which has less of the last mentioned
compounds than their rural counterparts but the mechanism for this is not clear.

On contrary, as Lam et al. (2008) measured a great variety of organohalogen
compounds (aldrin, dieldrin, endrin, hexachlorobenzene, mirex, chlordanes, DDTs,
heptachlors, toxaphenes, PCBs, PBDEs, dioxin-like equivalents (TEQH4IIEluc)) in
eggs of the little egret Egretta garzetta and black-crowned night heron Nycticorax
nycticorax, they found some physiologically significant levels of pollutants. The
study was done in three Chinese harbor cities: Hong Kong, Xiamen, and Quanzhou.
Concentrations of DDTs, PCBs, and chlordanes were significantly greater than
concentrations of other residues, and all in all DDTs were found to be most
abundant. The high levels of these compounds indicate that they pose likely
physiological health risks to the study populations.

Organohalogen compounds were also studied in the eggs of a river passerine, the
Eurasian dipper Cinclus cinclus (Morrissey et al. 2013). Among other pollutants,
compounds like PCBs and PBDEs are ending up into the urban streams and from
there secreted by female birds to the eggs. Morrissey et al. (2013) sampled dipper
eggs from 33 rural and urban rivers in South Wales and the English borders and
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found that concentrations of both total PCBs and PBDEs were positively related to
urbanization, whereas organochlorine pesticides such as p,p’-DDE, lindane, and
hexachlorobenzene were found in higher concentrations at rural sites. Levels of
PBDEs in urban dipper eggs were among the highest ever reported in passerines,
and some pollutant levels were even sufficient for causing adverse effects on
development. In another study, Morrissey et al. (2014) studied also dipper nestlings
for early development in respect to the same pollutants. They measured breeding
performance, as well as nestling growth, condition, and plasma thyroid hormones in
87 nests on urban and rural streams. They collected also invertebrate prey data for
knowledge on potential food scarcity. Interestingly, clutch sizes and egg fertility
were similar in both habitats and nest success was even higher at urban sites (food
abundance was not reduced). However, urban nestlings were significantly lighter
than rural ones, and brood sex ratios were increasingly male biased. In addition,
increased amounts of PCBs and PBDEs in urban sites were found to be linked to
reduced levels of thyroid hormones (T3) and poorer body condition. The authors
concluded that pollutant levels recorded from urban streams could have detrimental
effects on dipper nestling development.

These case studies show how studies on egg and nestling stages complement the
knowledge gained from monitoring bioaccumulation of pollutants in adult birds.

12.6 Interaction Between Pollutants and Pathogens
in Urban Birds

It has been noted that pollutants can affect epidemiology of wildlife diseases, but
the studies in this field have focused so far more on the function of immune systems.
Interestingly, pollutants can also potentially affect ecological interactions between
species like hosts and their pathogens or parasites. This approach was taken by
Gasparini et al. (2014) on Parisian pigeons Columba livia, who found that heavy
metals can indeed affect the epidemiology of diseases especially in the urban
environment. They used feathers of the pigeons to measure concentrations of
copper, cadmium, lead, and zinc. Moreover, they did cloacal swabs from the
pigeons to estimate prevalence and intensity of the parasite Chlamydiaceae and
blood smears to estimate the prevalence and intensity of haemosporidian parasites.
The study revealed that copper or cadmium levels in the feathers were not corre-
lated with parasites, but elevated levels of zinc were associated with both low
prevalence of Chlamydiaceae (ornithosis disease) and low intensity of
Haemosporidian parasites. However, high concentrations of lead in the feathers
were linked to high blood pathogen intensities. The interesting results from this
study give indications on heavy metal pollution having a role in host-parasite
interactions and encourage for further research.
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12.6.1 Behavioral Effects

Direct physiological effects are most often measured in pollution studies, but there
can be other types of indicators in bird populations on environmental contaminants.
In an interesting study, Gorissen et al. (2005) examined the expression of dawn
singing behavior in male great tits Parus major in relation to environmental
pollution. They compared the singing behavior of the males from an area extremely
polluted with heavy metals (in particular lead), with that of males from less-
polluted ones. However, all the sites can be considered to be located in an urbanized
environment near Antwerpen, Belgium. Males at the most polluted site had a
significantly smaller repertoire size in their singing. They also produced a signif-
icantly lower total amount of song during the dawn chorus than the males at a
distance of 4 km from the pollution source. Effect of age was also accounted for as
older birds have a larger repertoire. These results may be linked to a lowered male
quality at the polluted site. Lead pollution is known to have adverse effects to brain
development (e.g., Burdette and Goldstein 1986), and this decreased ability of a
male to invest in brain tissue has been suggested to be an important physiological
mechanism that links singing repertoire size to male quality (Garamszegi and Eens
2004). Thus, the expression of singing behavior could potentially be a used as an
indicator of environmental stress at the population level in birds. Moreover, there
could be other behavioral indicators which could be used for similar purposes
(Miranda 2016).

12.6.2 Effects on DNA

One of the latest developments in pollution studies with birds is the investigation of
effects to DNA. Pollutants which are genotoxic cause chemical and/or physical
modifications to the DNA, and this may lead to, for example, reduced fitness
(through gene and protein dysfunction), tumor initiation, growth impairment,
embryonic malformations, or reduced fecundity (Sadinski et al. 1995; Theodorakis
2001). Skarphedinsdottir et al. (2010) studied adult and young herring gulls Larus
argentatus in Sweden and Iceland to find out whether there is a link between
polycyclic aromatic hydrocarbons (PAH) measured in nearby surface sediments
and indications of genotoxic effects. They determined (a) the level of DNA adducts
(piece of DNA bonded to the chemical) and (b) the frequency of micronucleated
erythrocytes (red blood cells which have DNA disrupted outside nucleus). They
used blood, liver, kidney, and intestinal mucosa of the gulls. The results indicated
that both Swedish and Icelandic herring gulls are exposed to genotoxic pollution.
Urban samples had higher levels of DNA adducts than rural ones, and also the
levels of PAHs were higher in the urban sites. The frequency of micronucleated
erythrocytes was slightly elevated in all the sampling sites, reflecting a significant
background exposure. This study showed that the DNA adducts and potentially
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micronucleated erythrocytes can be useful as biomarkers for genotoxicity in birds.
However, there was no direct measurement of pollution levels in the tissues of the
gulls. Nevertheless, this study provides an interesting start for future studies, and it
can be used as a basis when designing next level research.

12.7 Future Directions for Studies on Urban Birds
and Pollution

Based on the literature search, there is growing number of research on chemical
pollution on birds in urban areas. However, as the study cases presented here show,
there are still many unanswered questions regarding the potential role and mecha-
nisms pollutants have on survival and breeding of individuals and, in particular,
how these issues may be linked to changes in population demographic level.

In order to tackle these issues more in depth, future studies in my opinion would
need to combine measuring mere levels of pollutants with other types of data like
body condition, survival indices, or breeding performance. These aspects need to be
considered already during project planning. Secondly, when possible, data on food
availability, environmental factors, population demographies, and anthropogenic
factors would be good to include. This way combined effects with other factors
could be mapped. Implementing many different factors is by no means easy but can
provide important new insights into, e.g., declining bird species.

There are also new research developments which open possibilities in this field.
Studying oxidative stress as a response to heavy metal pollution has been quite
recently lifted as one very potential way also to measure effects of environmental
pollutants. This response capacity of antioxidant defense plays an important role in
the protection of organisms against toxic-induced oxidative stress. Indeed, the
maintenance of a high antioxidant capacity in cells may increase tolerance against
different types of environmental stress (reviewed by Koivula and Eeva 2010).
Herrera-Duenas et al. (2014) studied house sparrows in two differently polluted
areas and found that oxidative stress markers, hemoglobin (Hb) and total antioxi-
dant capacity (TAC), were both lower in urban populations. Analysis methods are
quite well established in this field, but it has not been implemented much for urban
fauna in particular. Moreover, the rapid development of genomic methods can also
provide new ways to gather information on responses to environmental stress.
Effects of pollutants on DNA are studied in some field examples so far (e.g.,
Baos et al. 2006; Eeva et al. 2006), but not too much is yet known. Some heavy
metals and organohalogens are known be mutagenic, and thus in highly polluted
urban environment, there might be local effects. Moreover, DNA studies can reveal
it is possible to adapt to urbanization in terms of pollution and how this differs
between bird species.

One important factor which comes up frequently in these studies is the suitability
of birds to be used as bioindicators of environmental pollution (e.g., Cui et al. 2013;
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Valladares et al. 2013). The use of avian populations as biological monitors can be
an effective method in quantifying the overall health of the ecosystem since they
represent the upper trophy levels. Previously, raptors were the main focus because
they are in the highest level of food chains, but more often nowadays other species
are acknowledged as well. As seen from the case studies in this chapter, many
passerine species are of interest nowadays. Residential passerine species are espe-
cially suitable to reflect local contamination because of their small home ranges,
territories, and foraging areas whereas passerines with widespread populations
enable large geographical-scale monitoring (Dauwe et al. 2006; Van den Steen
et al. 2009). Water fowl are also used since they indicate the pollution in water
bodies (Pereda-Solis et al. 2012). Sampling designs depend on the study questions,
but feathers are increasingly used as a noninvasive source of samples for
biomonitoring of all sorts of pollutants (e.g., Malik and Zeb 2009; Hofer
et al. 2010; Padula et al. 2010). All in all, the techniques and knowledge are
available for executing multifaceted pollution studies of urbanized environments
in the future.

12.8 Concluding Remarks

This chapter highlights the importance of studies on urban bird populations and the
threats which are posed to them by environmental pollutants. Despite the many
restrictions that have already been made for production of harmful substances,
many heavy metals and persistent organic pollutants will not be phased out from the
urban environment for a very long time. This is another stress factor that urban
fauna needs to deal with. Moreover, new chemical compounds are being developed.
Bird studies will not only help to understand the underlying mechanisms between
population demographics and environmental pollutants but the results can be linked
to protecting other taxa. Moreover, we humans share the urban living environment
with the birds, and thus, biomonitoring them will be of great benefit for us as well.
As a positive concluding remark, however, I want to end with a study from Eeva
and Lehikoinen (2000). They found that after a copper smelter was closed and the
side product lead decreased in the environment, the breeding success of two bird
species markedly increased as a result. These types of positive examples should
encourage researchers to gather in-depth data and bring forth the potential causal
relationships when studying organisms in our urbanized environments.



246 J. Kekkonen

References

Agarval SK (2009) Heavy metal pollution. A P H Publishing Corporation, New Delhi

Ancillotti F, Fattore V (1998) Oxygenate fuels: market expansion and catalytic aspect of synthesis.
Fuel Process Technol 57:163-194

Baos R, Jovani R, Pastor N, Tella JL, Jiménez B, Gomez G, Gonzalez MJ, Hiraldo F (2006)
Evaluation of genotoxic effects of heavy metals and arsenic in wild nestling white storks
(Ciconia ciconia) and black kites (Milvus migrans) from southwestern Spain after a mining
accident. Environ Toxicol Chem 25:2794-2803

Barber JR, Crooks KR, Fristrup KM (2010) The costs of chronic noise exposure for terrestrial
organisms. Trends Ecol Evol 25:180-189

Beyer WN, Heinz GH, Redmond-Norwood AW (1996) Environmental contaminants in wildlife:
interpreting tissue concentrations. CRC Press, Boca Raton, FL

Bize P, Roulin A, Richner H (2002) Covariation between egg size and rearing condition deter-
mines offspring quality: an experiment with the alpine swift. Oecologia 132:231-234

Burdette LJ, Goldstein R (1986) Long-term behavioural and electrophysiological changes associ-
ated with lead-exposure at different stages of brain-development in the rat. Dev Brain Res
29:101-110

Burger J (1993) Metals in avian feathers: bioindicators of environmental pollution. Rev Environ
Toxicol 5:203-311

Burger J, Gochfeld M (1992) Heavy metal and selenium concentration in black skimmers
(Rynchops niger) gender differences. Arch Environ Contam Toxicol 23:431-434

Burger J, Gochfeld M (1996) Heavy metal and selenium levels in Franklin’s Gull (Larus pipixcan)
parents and their eggs. Arch Environ Contam Toxicol 30:487—491

Burger J, Gochfeld M (1997) Age differences in metals in the blood of Herring (Larus argentatus)
and Franklin’s (Larus pipixcan) gulls. Arch Environ Contam Toxicol 33:436-440

Burger J, Gochfeld M (2000) Effects of lead on birds (Laridae): a review of laboratory and field
studies. J Toxicol Environ Health 3:59-78

Burger J, Gochfeld M, Sullivan K, Irons D (2007) Mercury, arsenic, cadmium, chromium lead, and
selenium in feathers of pigeon guillemots (Cepphus columba) from Prince William Sound and
the Aleutian Islands of Alaska. Sci Total Environ 387:175-184

Candelone J-P, Hong S, Pellone C, Boutron CF (1995) Post-industrial revolution changes in large-
scale atmospheric pollution of the northern hemisphere by heavy metals as documented in
central Greenland snow and ice. J Geophys Res 100:16605-16616

Christian Franson J, Lahner LL, Meteyer CU, Rattner BA (2012) Copper pellets simulating oral
exposure to copper ammunition: absence of toxicity in American kestrels (Falco sparverius).
Arch Environ Contam Toxicol 62:145-153

Cork SC (2000) Iron storage diseases in birds. Avian Pathol 29:7-12

Cui J, Wu B, Halbrook RS, Zang S (2013) Age-dependent accumulation of heavy metals in liver,
kidney and lung tissues of homing pigeons in Beijing, China. Ecotoxicology 22:1490-1497

Dauwe T, Bervoets L, Blust R, Pinxten R, Eens M (2000) Can excrement and feathers of nestling
songbirds be used as biomonitors for heavy metal pollution? Arch Environ Contam Toxicol
6239:541-546

Dauwe T, Bervoets L, Pinxten R, Blust R, Eens M (2003) Variation of heavy metals within and
among feathers of birds of prey: effects of molt and external contamination. Environ Pollut
124:429-436

Dauwe T, Janssens E, Eens M (2006) Effects of heavy metal exposure on the condition and health
of adult great tits (Parus major). Environ Pollut 140:71-78

De la Casa-Resino I, Hernandez-Moreno D, Castellano A, Pérez-Lopez M, Soler F (2014)
Breeding near a landfill may influence blood metals (Cd, Pb, Hg, Fe, Zn) and metalloids (Se,
As) in white stork (Ciconia ciconia) nestlings. Ecotoxicology 23:1377-1386

De Francisco N, Ruiz Troya JD, Aguera EI (2003) Lead and lead toxicity in domestic and free
living birds. Avian Pathol 32:3-13



12 Pollutants in Urbanized Areas: Direct and Indirect Effects on Bird Populations 247

Dell’Omo G, Costantini D, Wright J, Casagrande S, Shore RF (2008) PCBs in the eggs of Eurasian
kestrels indicate exposure to local pollution. Ambio 37(6):452-456

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

Eeva T, Lehikoinen E (2000) Recovery of breeding success in wild birds. Nature 403:851-852

Eeva T, Belskii E, Kuranov B (2006) Environmental pollution affects genetic diversity in wild bird
populations. Mutat Res 608:8—15

Eeva T, Hakkarainen H, Belskii E (2009) Local survival of pied flycatcher males and females in a
pollution gradient of a Cu smelter. Environ Pollut 157:1857-1861

Eisler R (2000) Chromium. Handbook of chemical risk assessment: Health hazards to humans,
plants, and animals. Lewis, BocaRaton, FL

Fasola M, Movalli RA, Gandini C (1998) Heavy metals, organochlorine pesticides and PCBs in
eggs and feather of heron breeding in northern Italy. Arch Environ Contam Toxicol 34:87-93

Fernie KJ, Smits JE, Bortolotti GR, Bird DM (2001) In ovo exposure to polychlorinated biphenyls:
reproductive effects on second-generation American kestrels. Arch Environ Contam Toxicol
40:544-550

Fishbein L (1981) Sources, transport and alterations of metal compounds: an overview. 1. Arsenic,
beryllium, cadmium, chromium, and nickel. Environ Health Perspect 40:43—64

Franson JC (1996) Interpretation of tissue lead residues in birds other than waterfowl. In: Beyer N,
Heinz GH, Redmon-Norwood AW (eds) Contaminants in wildlife: interpreting tissue concen-
trations. Lewis, Boca Raton, FL, pp 265-278

Friend M, Franson JC (1999) Field manual of wildlife diseases: general field procedures and
diseases of birds. U.S. Department of the Interior Washington: US Geological Survey

Fry DM (1995) Reproductive effects in birds exposed to pesticides and industrial chemicals.
Environ Health Perspect 103:165-171

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

Furness RW (1996) Cadmium in birds. In: Beyer WN, Heinz GH, Redmon AW (eds) Interpreting
environmental contaminants in animal tissues. Lewis, Boca Raton, FL

Furness RW, Greenwood JID (1993) Birds as monitors of environmental change. Chapman and
Hall, London

Garamszegi LZ, Eens M (2004) Brain space for a learned task: strong intraspecific evidence for
neural correlates of singing behavior in songbirds. Brain Res Rev 44:187-193

Gasparini J, Jacquin L, Laroucau K, Vorimore F, Aubry E, Castrec-Rouélle M, Frantz A (2014)
Relationships between metals exposure and epidemiological parameters of two pathogens in
urban pigeons. Bull Environ Contam Toxicol 92:208-212

Gochfeld M (1997) Spatial patterns in a bioindicator: heavy metal and selenium concentration in
eggs of herring gulls (Larus argentatus) in the New York bight. Arch Environ Contam Toxicol
33:63-70

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

Gragnaniello S, Fulgione D, Milone M, Soppelsa O, Cacace P, Perrara L (2001) Sparrows as
possible heavy metal biomonitors of polluted environments. Bull Environ Contam Toxicol
66:719-726

Hale RC, La Guardia MJ, Harvey E, Gaylor MO, Mainor TM (2006) Brominated flame retardant
concentrations and trends in abiotic media. Chemosphere 64:181-186

Harrad S (2009) Persistent organic pollutants. Blackwell

Harrop DO, Mumby K, Ashworth J, Nolan J, Price M, Pepper B (1990) Air quality in the vicinity
of urban roads. Sci Total Environ 93:285-292

Herrera-Duenas A, Pineda J, Antonio MT, Aguirre JI (2014) Oxidative stress of House Sparrow as
bioindicator of urban pollution. Ecol Indicators 42:6-9



248 J. Kekkonen

Hickey JJ, Anderson DW (1968) Chlorinated hydrocarbons and eggshell changes in raptorial and
fish-eating birds. Science 162:271-273

Hofer C, Gallagher FJ, Holzapfel C (2010) Metal accumulation and performance of nestlings of
passerine bird species at an urban brownfield site. Environ Pollut 158:1207-1213

Ikeda M, Zhang ZW, Shimbo S, Watanabe T, Nakatsuka H, Moon CS, Matsuda-Inoguchi N,
Higashikawa K (2000) Urban population exposure to lead and cadmium in east and south-east
Asia. Sci Total Environ 249:373-384

Isanhart JP, Wu H, Pandher K, MacRae RK, Cox SB, Hooper MJ (2011) Behavioral, clinical, and
pathological characterization of acid metalliferous water toxicity in mallards. Arch Environ
Contam Toxicol 61:653-667

Janssens E, Dauwe T, Van Duyse E, Beernaert J, Pinxten R, Eens M (2003) Effects of heavy metal
exposure on aggressive behavior in a small territorial songbird. Arch Environ Contam Toxicol
45:121-127

Jarup L (2003) Hazards of heavy metal pollution. Br Med Bull 68:167-182

Jaspers VLB, Voorspoels S, Covaci A, Lepoint G, Eens M (2007) Evaluation of the usefulness of
bird feathers as a non-destructive biomonitoring tool for organic pollutants: a comparative and
meta-analytical approach. Environ Int 33:328-337

Kaminski P (1995) The concentrations of calcium and heavy metals in soils, plants, invertebrates
and in food and organs of Tree sparrow (Passer montanus) nestlings in urban environments. In:
Pinowski J, Kavanagh BP, Pinowska B (eds) Nestling mortality of granivorous birds due to
microorganisms and toxic substances: synthesis. PWN—Polish Scientific Publishers

Kaminski P, Matus A (1998) The impact of urban environments on the growth and histopatho-
logical changes of tree sparrow (Passer montanus) nestlings. Pol J Environ Stud 7:131-150

Kekkonen J, Hanski IK, Viisdnen RA, Brommer JE (2012) Levels of heavy metals in House
Sparrows (Passer domesticus) from urban and rural habitats of southern Finland. Ornis Fenn
89:91-98

Kempenaers B, Borgstrom P, Loés P, Schlicht E, Valcu M (2010) Artificial night lighting affects
dawn song, extra-pair siring success, and lay date in songbirds. Curr Biol 20:1735-1739

Koivula MJ, Eeva T (2010) Metal-related oxidative stress in birds. Environ Pollut 158:2359-2370

Labare MP, Butkus MA, Riegner D, Schommer N, Atkinson J (2004) Evaluation of lead move-
ment from the abiotic to biotic at a small-arms firing range. Environ Geol 46:750-775

Lam JCW, Murphy MB, Wang Y, Tanabe S, Giesy JP, Lam PKS (2008) Risk assessment of
organohalogenated compounds in water bird eggs from South China. Environ Sci Technol
42:6296-6302

Larison JR, Likens GE, Fitzpatrick JW, Crock JG (2000) Cadmium toxicity among wildlife in the
Colorado Rocky Mountains. Nature 406:181

Lepczyk CA, Warre PS (2012) Urban bird ecology and conservation. University of California
Press, Berkeley and Los Angeles, CA

Macias-Garcia C, Suarez-Rodriguez M, Lopez-Rull I (2016) Becoming citizens: avian adaptations
to urban life. In: Murgui E, Hedblom M (eds) Ecology and conservation of birds in urban
environments. Springer, Heidelberg, pp 91-112

Malik RN, Zeb N (2009) Assessment of environmental contamination using feathers of Bubulcus
ibis L., as a biomonitor of heavy metal pollution, Pakistan. Ecotoxicology 18:522-536

Marteinson SC, Bird DM, Shutt JL, Letcher RJ, Ritchie 1J, Fernie KJ (2010) Multi-generational
effects of polybrominated diphenyl ethers exposure: embryonic exposure of male American
kestrels (Falco sparverius) to DE-71 alters reproductive success and behaviors. Environ
Toxicol Chem 29:1740-1747

Marteinson SC, Birda DM, Letcherb RJ, Sullivana KM, Ritchiea 1J, Fernie KM (2012) Dietary
exposure to technical hexabromocyclododecane (HBCD) alters courtship, incubation and
parental behaviors in American kestrels (Falco sparverius). Chemosphere 8§9:1077-1083

Marvin CH, Tomy GT, Armitage JM, Arnot JA, McCarty L, Covaci A, Palace V (2011)
Hexabromocyclododecane: current understanding of chemistry, environment fate and toxicol-
ogy and implications for global management. Environ Sci Technol 45:8613—-8623



12 Pollutants in Urbanized Areas: Direct and Indirect Effects on Bird Populations 249

MclIntyre NE (2000) Ecology of urban arthropods: a review and a call to action. Ann Entomol Soc
Am 93:825-835

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

Mohammed AS, Kapri A, Goel R (2011) Heavy metal pollution: source, impact, and remedies.
Environ Pollut 20:1-28

Morrissey CA, Stanton DWG, Pereira MG, Newton J, Durance I, Tyler CR, Ormerod SJ (2013)
Eurasian dipper eggs indicate elevated organohalogenated contaminants in urban rivers.
Environ Sci Technol 47:8931-8939

Morrissey CA, Stanton DWG, Tyler CR, Pereira MG, Newton J, Durance I, Ormerod SJ (2014)
Developmental impairment in Eurasian dipper nestlings exposed to urban stream pollutants.
Environ Toxicol Chem 33:1315-1323

Nam DH, Lee DP (2006) Monitoring for Pb and Cd pollution using feral pigeons in rural, urban,
and industrial environments of Korea. Sci Total Environ 357:288-295

Ortowski G, Kasprzykowski Z, Dobicki W, Pokorny P, Wuczynski A, Polechoniski R, Mazgajski
TD (2014) Residues of chromium, nickel, cadmium and lead in Rook Corvus frugilegus
eggshells from urban and rural areas of Poland. Sci Total Environ 490:1057-1064

Outridge PM, Scheuhammer AM (1993) Bioaccumulation and toxicology of chromium: implica-
tions for wildlife. Rev Environ Contam Toxicol 130:31-77

Padula V, Burger J, Newman SH, Elbin S, Jeitner C (2010) Metals in feathers of black-crowned
night-heron (Nycticorax nycticorax) chicks from the New York Harbor Estuary. Arch Environ
Contam Toxicol 59:157-165

Pain DJ (1996) Lead in waterfowl. In: Beyer WN, Heinz GH, Redmon-Norwood AW, Beyer WN,
Heinz GH, Redmon-Norwood AW (eds) Environmental contaminants in wildlife: interpreting
tissue concentrations. CRC Press, Boca Raton, FL, pp 251-264

Peach W1J, Vincent KE, Fowler JA, Grice PV (2008) Reproductive success of House Sparrows
along an urban gradient. Anim Conserv 11:493-503

Percival SS (1998) Copper and immunity. Am J Clin Nutr 67:10645—-1068S

Pereda-Solis ME, Martinez-Guerrero JH, Toca-Ramirez JA (2012) Estimation of hepatic levels of
heavy metals and metalloids in aquatic birds from a wetland irrigated with residual water in the
city of Durango, Mexico. J Anim Vet Adv 11:826-830

Pimentel D (1994) Insect population responses to environmental stress and pollutants. Environ
Rev 2:1-15

Potter KE, Watts BD, La Guardia MJ, Harvey EP, Hale RC (2009) Polybrominated diphenyl ether
flame retardants in Chesapeake Bay region, U.S.A., peregrine falcon (Falco peregrinus) eggs:
urban/rural trends. Environ Toxicol Chem 28:973-981

Prasad AS (1998) Zinc and immunity. Mol Cell Biochem 188:63—-66

Ratcliffe DA (1967) Decrease in eggshell weight in certain birds of prey. Nature 215:208-210

Romanowski J, Pinowski J, Sawicka-Kapusta K, Wlostowski T (1991) The international sympo-
sium of the working group on granivorous birds. The effect of heavy metals upon development
and mortality of Passer domesticus and Passer montanus nestlings — Preliminary Report. In:
Pinowski J, Kavanagh B, Gorski W (eds) Nestling mortality of granivorous birds due to
microorganisms and toxic substances. PWN - Polish Scientific Publishers, Warszawa, pp
197-204

Roux KE, Marra PP (2007) The presence and impact of environmental lead in passerine birds
along an urban to rural land use gradient. Arch Environ Contam Toxicol 53:261-268

Sadinski WJ, Levay G, Wilson MC, Hoffman JR, Bodell WJ, Anderson SL (1995) Relationship
among DNA-adducts, micronuclei, and fitness parameters in Xenopus laevis exposed to benzo
(a) pyrene. Aquat Toxicol 32:333-352

Sanderson GC, Bellrose FC (1986) A review of the problem of lead poisoning in waterfowl.
Illinois Natural History Survey, Champaign, Illinois. Special publication 4. 34 p. Jamestown
ND: Northern Prairie Wildlife Research Center Online



250 J. Kekkonen

Scheifler R, Coeurdassier M, Morilhat C, Bernard N, Faivre B, Flicoteaux P, Giraudoux P, Noel M,
Piotte P, Rieffel D, de Vaufleury A, Badot PM (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

Shealy PM, Newsom JD, Zwank PJ (1982) A lead toxicity study of waterfowl on Catahoula Lake
and Lacassine National Wildlife Refuge. Report to Louisiana State University by Louisiana
Co-operative Wildlife Research Unit, 77 p

Skarphedinsdottir H, Hallgrimsson GT, Hansson T, BarSiene J, Higerrotha A, Liewenborga B,
Tjéarnlunda U, Akermana G, Barsiene J, Balk L (2010) Genotoxicity in herring gulls (Larus
argentatus) in Sweden and Iceland. Mutat Res/Genet Toxicol Environ Mutagen 702:24-31

Stohs SJ, Bagchi D (1995) Oxidative mechanisms in the toxicity of metalions. Free Radic Biol
Med 18:321-336

Suedel BC, Boraczek JA, Peddicord RK, Clifford PA, Dillon TM (1994) Trophic transfer and
biomagnification potential of contaminants in aquatic ecosystems. Rev Environ Contam
Toxicol 136:21-89

Sun YX, Luo XJ, Moa L, He MIJ, Zhang Q, Chen SJ, Zou FS, Mai BX (2013)
Hexabromocyclododecane in terrestrial passerine birds from e-waste, urban and rural locations
in the Pearl River Delta, South China: Levels, biomagnification, diastereoisomer- and
enantiomer-specific accumulation. Environ Pollut 171:191-198

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

Tang H (2013) Recent development in analysis of persistent organic pollutants under the Stock-
holm Convention. TrAC 45:48-66

Theodorakis CW (2001) Integration of genotoxic and population genetic endpoints in
biomonitoring and risk assessment. Ecotoxicology 10:245-256

Valko M, Morris H, Cronin MTD (2005) Metals, toxicity and oxidative stress. Curr Med Chem
12:1161-1208

Valladares P, Alvarado S, Urra C, Abarca J, Inostroza J, Codoceo J, Ruz M (2013) Cadmium and
Lead content in Liver and Kidney tissues of Wild Turkey Vulture Cathartes aura (Linneo,
1758) from Chanaral, Atacama desert, Chile. Gayana 77:97-104

Van den Steen E, Pinxten R, Jaspers VLB, CovaCi A, Barba E, Carere C, Cichon M, Dubiek A,
Eeva T, Heeb P, Kempenaers B, Liflejd JT, Lubjuhn T, Ménd R, Massa B, Nilsson JA, Norte
AC, ORell M, Podzemny P, Sanz JJ, Senar JC, Soler JJ, Sorace A, Torok J, Visser ME,
Winkel W, Eens M (2009) Brominated flame retardants and organochlorines in the European
environment using great tit eggs as a biomonitoring tool. Envinron Int 35:310-317

Vincent K (2005) Ph. D. thesis: investigating the causes of the decline of the urban House Sparrow
Passer domesticus population in Britain. De Montfort University, Great Britain

Winter V, Williams TD, Elliott JE (2013) A three-generational study of In ovo exposure to PBDE-
99 in the zebra finch. Environ Toxicol Chem 32:562-568

World Urbanization Prospects (2012) The 2011 revision. United Nations, New York

Yu L-H, Luo X-J, Liu H-Y, Zeng Y-H, Zheng X-B, Wu J-P, Yu Y-J, Mai B-X (2014)
Organohalogen contamination in passerine birds from three metropolises in China: geograph-
ical variation and its implication for anthropogenic effects on urban environments. Environ
Pollut 188:118-123

Zdziarski JM, Mattix M, Bush RM, Montali RJ (1994) Zinc toxicosis in diving ducks. J Zoo Wildl
Med 25:438-445



	Chapter 12: Pollutants in Urbanized Areas: Direct and Indirect Effects on Bird Populations
	12.1 Introduction
	12.2 Different Pollutants
	12.2.1 Heavy Metals
	12.2.2 Organic Compounds

	12.3 Sampling and Analysis Methods
	12.4 Different Effects Found in Bird Studies
	12.4.1 Pollutant Levels Discovered in Urban vs. Rural Adult Birds

	12.5 Effects of Pollution on Eggs and Nestling Stages in Urban Areas
	12.6 Interaction Between Pollutants and Pathogens in Urban Birds
	12.6.1 Behavioral Effects
	12.6.2 Effects on DNA

	12.7 Future Directions for Studies on Urban Birds and Pollution
	12.8 Concluding Remarks
	References


