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1. Introduction

Feral pigeons are birds now largely present with naturalized populations all around the
world (Lever, 1987). The Rock Dove (Columba livia), which is their ultimate ancestor, was
originally present in coastal and inland cliffs of central and western Palearctic and in the
northern Ethiopian regions, as well as in those of the Indian subcontinent (Goodwin, 1983).
These wild populations gave rise to domestic breeds as a result of artificial selection, having
been the pigeons one of the first birds subjected to domestication (Sossinka, 1982).
Domestics readily go feral, they have done so widely and in different times and locations',
both in their natural range and in all continents where they were transported as captive
birds, and subsequently introduced (Johnston & Janiga, 1995; Lever, 1987). Pigeons are
granivorous birds tightly linked to arid and rocky habitats, so that feral populations remain
linked to human settlements both as a consequence of their domestic origin and by these
biological characteristics, that act in synergy (Baldaccini, 1996a). According to Goodwin
(1978) the synanthropism of ferals is mainly a consequence of the food resources becoming
available with the development of agriculture or otherwise mainly depends on the presence
of buildings that constitute a vicariant habitat with respect to the natural one, as suggested
by Hoffmann (1982). Food resources and human buildings are the key ecological factors that
bring ferals into most cities and towns worldwide (Haag-Wackernagel, 1995), extensively in
agricultural habitats and wherever man has constructed suitable recoveries to dwell in,
forming stable or increasing populations of millions of individuals as stated by BirdLife
International (2004) for Europe or Sauer et al. (2008) for the USA. The way by which feral
pigeons established in urban habitats has been illustrated from a historical point of view by
Ghigi (1950) and van der Linden (1950) and recently reviewed by Johnston & Janiga (1995),
Haag-Wackernagel (1998) and Baldaccini & Giunchi (2006). Even in the Old World,
synanthropic wild Rock Doves have a very marginal contribution to the constitution of feral
populations (Ballarini et al., 1989; Johnston & Janiga, 1995).

2. Problem overview

The presence of feral pigeons in urban habitat and their degree of interactions with
human life and activities can be perceived in many ways, ranging from harmless and
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tame birds to harmful pests, depending on the personal cultural background (Jerolmack,
2008; Johnston & Janiga, 1995). Nevertheless, feral pigeons have a formidable capacity to
become pest by any standard. Factors that have been identified as important in becoming
a pest include the main characteristics of pigeons, such as being a granivore, having an
alimentary storage crop, high reproductive rate, colonial habits and group foraging
(Johnston & Janiga, 1995).

2.1 Public health risks

Feral pigeons are of considerable epidemiological importance, being reservoirs and potential
vectors of a large number of microorganisms and source of antigens of zoonotic concern,
causing both infections and allergic diseases, that can be lethal (Haag-Wackernagel, 2006;
Haag-Wackernagel & Bircher, 2009; Haag-Wackernagel & Moch, 2004; Magnino et al., 2009;
Rosicky, 1978). Pathogens can be transmitted to humans mainly via excreta, secretions, or
dust from feathers spread into the environment, thus a direct contact with pigeons can be
unimportant (Curtis et al., 2002; Geigenfeind & Haag-Wackernagel, 2010). Pigeons breeding
and roosting sites host an endless number of arthropods that may infest humans as bugs,
fleas, mites and ticks. The latter are of particular human concern, as the soft tick Argas
reflexus (Haag-Wackernagel & Bircher, 2009; Mumcuoglu et al., 2005). Lists of the different
pathogenic organisms and of the most common parasitic arthropods identified in feral
pigeons are reported by Johnston & Janiga (1995), Haag-Wackernagel & Moch (2004) and
Haag-Wackernagel (2006). Chlamydophila psittaci is one of the most common pathogenic
bacteria affecting at least European population of ferals (Magnino et al., 2009 and references
therein); infection by different serotypes of Salmonella is on the contrary low (e.g. Pedersen
et al., 2006). Regarding disease-producing fungi, Gallo et al. (1989) reported a percentage of
pigeons infected by yeasts ranging from 7% (rural habitat) up to 22% (urban centre).
According to these data, the most common pathogens transmitted to humans are
Chlamydophila psittaci and the yeast Cryptococcus neoformans, while infections caused by
Salmonella are very rare (Haag-Wackernagel & Moch, 2004), thus confirming a relationship
between host population density and pathogenic transmission rate (Grenfell & Bolker, 1998).
According to Haag-Wackernagel & Moch (2004), the risk of transmission of pathogens from
pigeons to healthy humans is low, even for people in close contact with pigeons or their
nests. On the contrary, immuno-depressed patients have a greater risk of infection in
comparison to healthy people (Haag-Wackernagel & Moch, 2004). Feral pigeons, both in
urban areas and in countryside, came in contact with different, often closely related, animal
species thus enlarging their potential role as vectors of pathogens and parasites (Bevan 1990;
Pedersen et al., 2006; Rosicky, 1978). Pigeons have apparently introduced many avian
pathogens into wild populations wherever they have been naturalized, infecting taxa as
seabirds, penguins, raptors, other columbids and passerines (Phillips et al., 2003 and
references therein).

Feral pigeons can also be the source of accidents of various nature, from the trivial slipping
on surfaces littered by pigeon droppings, to the most serious problem of hazards to aircraft
(bird-strike). As open habitats, in many cases not far from cities, airports attract selectively
flocks of pigeons that are listed as one of the species more commonly involved in bird-strike
events (Cleary et al., 2006; Dolbeer et al., 2000).
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2.2 Infrastructural damages

Urban architectural problems constitute another factor of the negative relationship of
humans and pigeons. Litter that accumulates under and on the surfaces used to roost or to
nest are not only problematic from hygienic and urban deface reasons, they also cause
structural and aesthetic damages to man-made structures accelerating their deterioration
and increasing the costs of maintenance (Haag-Wackernagel, 1995; Pimentel et al., 2000).
Damages are of particular relevance in the case of historic cities and towns, where buildings
constitute ideal sites for nesting and roosting, contributing in a direct way to the growth of
feral pigeon populations (Ballarini et al., 1989). Medieval buildings, for instance, whose
external walls are plentiful of holes due to the building methods, constitute an ideal place
for nesting (Ragni et al., 1996). Fowling of churches, architectural treasures and sculptures
constitutes a serious problem for their conservation (Ballarini et al., 1989; Mendez-Tovar et
al., 1995). Marbles and other calcareous stones are particularly damaged by the acidity of
pigeon droppings that soil their surface. Indeed Bassi & Chiatante (1976) demonstrated that
droppings from pigeons constitute a highly favourable substrate for fungal growth, that
contributes to damaging the marble’s surface both mechanically and by the excretion of
acidic metabolities.

Pigeons do not only soil buildings but also foul foodstuffs; problems are relevant in
particular places as grain elevators or food industries, all sites where scaring pigeons is of
paramount importance for hygienic purposes related to food preparation (Gingrich &
Osterberg, 2003).

2.3 Pigeons and agriculture

Agricultural landscape represents for pigeons an important and well exploited source of
food that can influence in a direct way the population size of a given city. According to
Hetmanski et al. (2010), the number of pigeons is significantly higher in towns located in
agricultural landscape than in those surrounded by forests, at least in Poland. Countryside
can host colonies in a variety of locations such as bridges, ruins or otherwise it can be visited
by pigeons for feeding purposes with fast commuting foraging flights. This is a character
that ferals largely share with Mediterranean Rock Doves (Baldaccini et al., 2000), whose
occurrence may differ from town to town depending on a number of variables influencing
pigeons’ habits and needs; in fact in some cases foraging flights can be extremely rare (e.g.
Sol & Senar, 1995). The distribution of food resources and the annual trend of reproductive
attempts appear to exert a leading role in shaping the characteristics of these flights, as
previously suggested both for feral pigeons (Soldatini et al., 2006) and for wild rock doves
(Baldaccini et al., 2000 and references therein). The distances covered in such commuting
flights vary between 3 and 20 km (see Rose et al., 2006 for a review), mainly depending on
the landscape and distribution of food resources (Hetmanski et al., 2010; Soldatini et al.,
2006). These foraging flights can be a significant source of damage for agriculture which
adds to the damages done by colonies resident in the countryside. Pigeons can take seeds at
the moment of sowing, destroy the just sprouted cotyledon leaves or feed widely on mature
crops (Johnston & Janiga 1995).

The size of damage can vary according to main cultivations present in the area. For instance,
in countries were wheat and maize are intensely cultivated, most of the damage occurs
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during crops storage (Saini & Toor, 1991) because pigeons cannot feed actively on spikes. In
other cases, such as sunflower fields, the damage can be greater, occurring both at sowing
time and before harvesting, as pigeons are able to eat seeds directly from the flowers (van
Niekerk & van Ginkel, 2004). Very little is known about the details of habitat selection by
feral pigeons during their feeding flights towards croplands. Data collected during the
springs 2010-2011 in the Pisa Province (central Italy), showed a preference for harvested
fields of Brassica sp. and sowed fields of legumes (soybean Glicine max and chickpea Cicer
arietinum) and sunflowers (Heliantus annuus) while other kinds of crops showed a strong
negative selection (Fig. 1).
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Fig. 1. Selection ratios (+ 95% CI) according to design I (Manly et al., 2002) calculated on
feeding feral pigeons (n = 12846 observations) in the agricultural landscape study area of
Pisa Province (central Italy). The horizontal line indicates the threshold = 1 for positive
selection.

2.4 Costs

While problems posed by pigeons have been largely assessed, only a few studies have
quantified the direct costs and economic losses related to the species both in urban or
countryside habitats (Bevan, 1990; Haag-Wackernagel, 1995; Phillips et al., 2003; Pimentel et
al., 2000; Zucconi et al., 2003). From an economic point of view, all the different negative
interactions causing damages or risks and all the actions to counteract or to evaluate the
presence of ferals represent a cost. An example of the various sources of costs is presented in
Fig. 2; as it can be noticed, some costs are independent on the number of pigeons present in
a given site, while others are not.
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Fig. 2. Chart of the source of costs due to feral pigeons' presence (from Zucconi et al. 2003,
modified).

Published papers sometimes report total estimates for large areas: for instance Pimentel et
al. (2000) estimated in 1.1 billion dollars per year the cost of pigeons in the USA, only for
direct damages. In other cases, data are only incidental, giving examples of the costs relative
to single cases or cities. The only available paper specifically focused on an analysis of the
costs directly linked to pigeon presence is that by Zucconi et al. (2003), where the economic
estimates were based on damage costs by private individuals and Municipalities in some
sample cities from Italy. According to this paper, if we consider the costs of cleaning streets
and squares, the percentage attributable to the presence of pigeons is in the range of 2.5-
3.5% of the total cleaning costs in a single city. The cost was therefore estimated at 7-9
euros/pigeon/year. But if we consider the cleaning costs of historical buildings and
artworks then the percentage increases to 10-15% of the total cleaning costs, with an
individual cost ranging between 16 and 23 euros/pigeon/year, even though it should be
noted that the costs related to damage to artworks are very difficult to estimate. According
to Zucconi et al. (2003) it is impossible to make a reliable estimate of the sanitary and
birdstrike costs in Italy. Costs of 2669 million dollars have been estimated in damages to
civil aviation aircrafts in a period of seven years for the USA (Dolbeer et al., 2000).

In farmlands, the loss due to pigeon presence in Italy was estimated between 20-43 million
euros/year, considering an estimated of crop loss of about 0.5-1% of the total yield (Zucconi
et al., 2003). A more recent assessment suggested that the loss of sunflower seeds for South
Africa caused by four species of Columbiformes amounts to 8.4% (van Niekerk, 2009). In a
pilot study we conducted in farmlands surrounding the city of Pisa (ca. 200 ha), the daily
average feral pigeons' density found in various types of crops was 5.7 ind/ha for sunflower
and 19.1 ind/ha for legumes fields (soybean). Assuming each pigeon feeds only on
farmland and has a food daily requirement of around 70 g of seeds (Johnston & Janiga,
1995), these values will be equivalent to a maximum damage of 400 and 1337 g of seeds/day
respectively for sunflowers and soybean fields. If we consider that the number of
individuals/ha reached peak values of 38 pigeons/ha, it is easy to understand how
damages may be high; in these cases farmers are often forced to seed the fields again.
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Given the amount of damage and the costs linked to pigeon presence it is often necessary to
carry out several actions to reduce the number of pigeons present in the cities and, as a
consequence, also the number of pigeons foraging in farmland. Actually, according to Haag-
Wackernagel (1995), the damages caused by feral pigeons are reduced proportionally to the
reduction of their number. An important component of the active costs related to pigeon
control is the use of deterring systems on buildings, that can be easily estimated based on
known prices of the components of the system. The costs of proofing with deterring systems
was estimated by Zucconi et al. (2003) in 30,000-40,000 euros for 1 km? in an Italian city
centre. In many European cities pharmacological sterilization methods are used to control
pigeon population. For this method, costs range from 18-19 euros/pigeon/year for 800 ppm
(Ovistop™, Acme Drugs, Italy) or 5000 ppm nicarbazin (OvoContol P™, Innolytics LLC,
USA) up to 30 euros/ pigeon/ year for progesterone based products.

3. Population dynamics

Any properly designed control protocol involving lowering the number of an avian pest
needs a thorough understanding of the population processes of the considered species
(Feare, 1991). Estimates of the demographic parameters and of their variability are indeed
crucial when selecting the control strategy as they provide sensible hints regarding the
feasibility of attaining the objective of the control itself. Moreover, the same data collected
during the control period could give useful information for adjusting the programme to the
new characteristics of the population, especially when the likelihood of compensatory
mechanisms (e.g. density-dependent variations in mortality or immigration rate) is not
negligible, as for feral pigeons. The aim of this section is not to provide a thorough review of
the available data on the demography of feral pigeons; instead, we discuss some data which
are important in light of population control. The first thing to consider is that pigeons
belonging to the same city constitute a single management unit. This is true for foraging
behaviour, as suggested by the data collected from downtown area of Montreal which
indicate that pigeons behave as a single population of consumers (Morand-Ferron et al.,
2009), but it is particularly evident on the demographic point of view. Indeed, while
breeding dispersal is almost absent (Hetmanski, 2007; Johnston & Janiga, 1995), juvenile
dispersal within a given city is significant and, as estimated by data collected in Poland,
approximately 30% of fledglings disperse each year on average (Hetmanski, 2007). As
expected, the degree of dispersal is higher for high-density colonies (Fig. 3a) and most
juveniles tend to move toward colonies with low density of breeding pairs. This implies that
any local population reduction within a city would likely be compensated by the natural
pattern of dispersal of young birds. On the other hand, the available data suggest that the
rate of exchange among cities is almost absent (Hetmanski, 2007; Johnston and Janiga 1995).

As most bird pests, feral pigeons are r-selected organisms (Newton, 1998). Indeed, pigeon
life-span is relatively short and rarely exceeds three years (Haag, 1990; Johnston & Janiga,
1995). This value is rather low considering the bird’s size, as, according to the allometric
equation reported in Atanasov (2008), the maximum life span of pigeon should be about 15
year. Mortality rates are thus high and this implies a high turnover rate. On the other hand,
feral pigeons have a high breeding potential. They become sexually mature when six
months old (Johnston & Janiga, 1995), although one-year-old birds usually represent a small
fraction of the breeding segment of the population (Hetmanski, 2004; Johnston & Janiga,
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1995). Moreover, while clutch size is small (only two eggs), the breeding season is long and
could be regarded as lasting almost all year, with a spring-summer peak (Giunchi et al.,
2007a; Hetmanski, 2004; Johnston & Janiga, 1995). Interestingly, the contribution of winter
breeding attempts to the yearly number of fledglings is rarely negligible (Hetmanski, 2004;
Johnston & Janiga, 1995) and in some cases absolutely relevant (e.g. 41% in Lucca, Italy;
Giunchi et al., 2007a). This means that any action aimed at reducing the population size of
feral pigeons, not only should be targeted to the whole or at least a significant part of the
city, but also, especially if aimed at controlling the breeding output, should be continuous
throughout the year. Other important things to consider are that replacement clutches are
common and also the time needed for completing a single clutch is relatively short. Both
parents share incubation and chick development is quite fast, given the use of the energy-
rich cropmilk (Shetty et al., 1992). Moreover, pigeons can overlap clutches (Hetmanski &
Wolk, 2005; Johnston & Janiga, 1995), which enables the clutch interval to be shortened,
thereby increasing the number of clutches within a season. All these features indicate that
feral pigeons are characterized by a high intrinsic demographic rate of increase (Neal, 2004).
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Fig. 3. Examples of density-dependence of three demographic parameters in feral pigeons
(smoothing calculated by means of LOWESS; span=0,70). a) Percentage dispersion of
juveniles (from Hetmanski 2007a, modified). b-c) Percentage of nestling mortality and
fledging survival as a function of population density (from Haag 1988, modified).
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A third important common feature of pigeon populations is the density-dependence of
demographic parameters. Indeed, reproductive success, inter-clutch interval, adult
mortality, immigration and recruitment rate show various degrees of density-dependence
(references in Hetmanski, 2007; Hetmanski & Barkowska, 2007, Hetmanski & Wolk, 2005;
Johnston & Janiga, 1995), being high at low density and low at higher density of birds (see
Fig. 3). This means that populations of feral pigeons have a high compensatory potential,
which is particularly evident when considering the rapid recovery of populations subjected
to considerable harvesting during pest control activities (Johnston & Janiga, 1995; Kautz &
Malecki, 1991; Senar et al., 2009; Sol & Senar, 1992).

All the above mentioned characteristics, associated to the mild climate and the high levels of
food availability and productivity typical of most temperate and boreal urban ecosystems
(Mtiller & Werner, 2010), leads to hypothesize that most populations of feral pigeons have
reached the limit of the carrying capacity of the urban environment, after the substantial
increase occurred during the second half of the last century (1940-1970), following changes in
agricultural practices and the human demographic explosion after World War II (Johnston &
Janiga, 1995). This implies that, excluding recent colonized cities or newly built outskirts of
cities (e.g. Haag, 1988; Senar et al., 2009), most of the historical (and largest) populations of
feral pigeons should be almost stable, provided that the environmental conditions which affect
population abundance (e.g. human population density, prevalent structural characteristics of
buildings, habitat features of the surrounding landscape; Buijs & Van Wijnen, 2001; Hetmanski
et al,, 2010; Johnston & Janiga, 1995; Jokiméki & Suhonen, 1998; Sacchi et al., 2002) did not
change significantly. This pattern is clearly confirmed for Hamburg, where four censuses
conducted during the second half of the last century indicates that feral pigeon population
increased markedly from 1953 to 1966 and remained at a high level thereafter (Rutz, 2008; Fig.
4a). Moreover, periodic censuses performed during the last decades of the 20th century in a
small number of cities (e.g. Barcelona, Bratislava) revealed a noticeable intra-annual, but a very
low inter-annual variability of counts of resident pigeons (Johnston & Janiga, 1995). This low
inter-annual variability is confirmed for two Italian cities, characterized by very different
environmental conditions: Venice and Pisa. Venice (urban area: ca. 7 km?, inhabitants: ca.
70,000) is located in Northern Italy and it is an island in a large wetland, while Pisa (urban
area: ca. 10.3 km?, inhabitants: ca. 90,000) is located in central Italy and it is surrounded by
large agricultural areas where pigeons could find plenty of food. Given these conditions, the
number of pigeons in Venice foraging in the mainland is rather small (e.g. < 900 pigeons/day
recorded in October 2004; Baldaccini et al., unpubl. data) and birds rely on food resources
within the city, favoured by the extremely high tourist presence during spring-summer
months (Soldatini et al., 2006). On the other hand, the number of commuting pigeons we
observed in Pisa is quite high (e.g. > 6500 pigeons/day recorded from two observation points
in October 1995; Baldaccini et al. unpubl. data) and pigeons make extensive use of farmland
for feeding. In spite of these differences, data indicate that in absence of significant control
measures, both populations did not show any positive trend in recent years (Fig. 4b, c).
Obviously, these two case studies do not represent the whole variability of abundance of
pigeons, but clearly show that at least in those cities which have a sufficiently long history of
presence of feral pigeons, the local populations do no show any significant inter-annual trend,
at least over short-mid periods.
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Fig. 4. a) Number of pigeons counted in the city of Hamburg in the period 1953-2000 (from
Rutz 2008, modified). b) Venice: density of feral pigeons estimated by means of late-autumn
uncorrected quadrat counts in the period 2000-2004 (from Giunchi et al. 2007b, modified). c)
Pisa: density of feral pigeons estimated in February by means of distance sampling in the
period 2004-2011 (Vanni et al., unpublished data).

4. Monitoring and control methods
4.1 Monitoring

The definition of pest should incorporate the requirement that the species actually cause
economic damage (Hone, 1994) and it is the damage that justifies any control programme.
However, most control programmes regarding feral pigeons lack of appropriate damage
estimations, simply relying on pigeon numbers as a surrogate of the impact of the species.
This approach clearly shows how monitoring and control are intimately related. More
generally, estimates of pest abundance are essential not only for the assessment of pest
population size to justify control, but also for the choice of appropriate control methods,
with a plausible estimate of their costs and effectiveness. Unfortunately, while the
development of pest control techniques for feral pigeons have involved a significant amount
of research (see below), in comparison, research aimed to develop unbiased methods for
estimating pigeon population size has aroused far less interest. Pigeons counts are
intrinsically difficult both because of the characteristics of urban environments (complex
structure and poor visibility) and of the pigeons themselves (clustered distribution and high
density; Buijs & Van Wijnen, 2001; Giunchi et al., 2007b; Johnston & Janiga, 1995; Jokimaki &
Suhonen, 1998). Probably for these difficulties, several authors adopted ad hoc and
uncalibrated indexes of population abundance, such as: (1) counts of naturally occurring
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flocks (e.g., Buijs & Van Wijnen, 2001; Haag-Wackernagel, 1995); (2) counts of birds attracted
with food (Dobeic et al., 2011; Sacchi et al., 2002); (3) counts carried out by walking along a
random sample of square, non-overlapping sampling units (‘quadrat counts'; Senar, 1996;
Sol & Senar, 1992). While still widely used in wildlife management due to their relatively
low costs, population indexes are however highly criticized because their critical
assumption (proportionality between index and true population density) is usually violated
in real situation (see Sutherland, 1996; Williams et al., 2002 and references therein). In the
case of feral pigeons, this often led to the impossibility of an objective evaluation and
quantification of the actual effects of most pest control programmes (see Giunchi et al.,
2007b for further details). More reliable population estimates have been obtained by
combining the quadrat counts with the use of 'correction factors', which take into account
the imperfect bird detectability and are estimated by using a mark-resight procedure on a
subsample of the study area (Sacchi et al., 2002; Senar, 1996). In fact, this method can
produce accurate results, but it is costly as it requires catching a significant number of birds,
and entails that the correction factor is estimated for each condition, as the number of birds
that will pass undetected in different surveys is variable, depending on the characteristics of
the study area and on the density and behaviour of pigeons themselves (Giunchi et al., 2007b).
Recently, Giunchi et al. (2007b) proposed the use of distance sampling as a valuable alternative
for estimating pigeons abundances. The method consists in counting pigeons on line-transects
randomly distributed over the urban area and then adapted to the urban road network.
During censuses the position of detected birds is accurately determined and then used for
estimating detection probability according to the procedures of distance sampling (Buckland
et al., 2001). The main problem of the method is that, contrary to the recommendations of
Buckland et al. (2001), as transects followed the urban road network, (1) they do not represent
a random sample of various habitats of the city, and (2) they are located on roadways where
pigeon density is low, since birds are usually disturbed by road traffic. These conditions,
intrinsically related to the structure of urban habitats, could lead to a significant
underestimate of population density which can be reduced by left-truncating the data in
order to exclude the low-density area near each transect. In spite of the possible biases due
to the not rigorously random distribution of transects and to the spiked nature of collected
distances, distance sampling in urban environment turned out to be highly repeatable, as
suggested by the estimates collected in two consecutive year (2010 and 2011) in Pisa, with
the same methodologies (see Fig. 4c), even though the high variability of the estimates has to
be acknowledged. Provided that censuses were performed when pigeons are not at their
annual population peak (i.e. late summer-autumn), the methods turned out to be consistent
in different cities, with different architectural characteristics, as exemplified by Pisa, Bolzano
and especially Venice, where the urban road network is not used by motor vehicle and thus
roads and squares constitute available habitat for pigeons, which, on the contrary, could
find a lot of food there (e.g. wastes, or food provided by the citizen or tourists) (Fig. 5).
Moreover, it should be noted that the above-mentioned theoretical problems mostly affect
the accuracy of distance sampling, but not its repeatability, given their dependence on the
structural characteristics of the urban environment, which should be roughly the same in
different years. This means that even a systematically biased distance sampling should be an
unbiased tool for detecting population trends. On the contrary, the repeatability of other ad
hoc methods (e.g. quadrat counts) probably depend also on the density of pigeons, as
commonly observed for several indexes of abundance (Sutherland, 1996). This means that
any control programme aimed at significantly reducing pigeon population size has to
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calibrate the adopted index of abundance, in order to estimate correctly the population
trend and thus to evaluate the effect of the control. Given the above consideration, distance
sampling should be regarded as a rather promising approach for monitoring feral pigeons,
also considering its relatively low operative costs (Giunchi et al., 2007b). Actually, it should
be noted that in recent years distance sampling has been increasingly used for estimating
bird population size in urban habitat (Fuller et al., 2009) and that the method has been
included in the guidelines for managing feral pigeons by some Italian local administrations
(e.g. Piedmont Regional Authority, www.regione.piemonte.it/sanita/sanpub/animale
/dwd/colombi.pdf). We believe that techniques aimed at giving reasonable estimates of
pigeon populations size, such as distance sampling, have to be considered as a critical
component of any effective management programme, because they help to assess both the
costs for control and its effectiveness, by objectively quantifying their effects on pigeons
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Fig. 5. Comparison of late-winter counting results between distance sampling and indexes of
abundance in three Italian cities. Pisa. Index of abundance = quadrat counts carried out on
6.25-ha sample units (1 = 40) proportionally allocated to two strata ; distance sampling
carried out on 40 line transect proportionally allocated to the same two strata (more details
in Giunchi et al., 2007b). Bolzano. Index of abundance = counts of feeding flocks at 11
traditional feeding sites used by public authorities to control pigeon food, to facilitate
captures for epidemiological investigation and for distributing chemosterilants (Baldaccini
& Mongini, 1991; Carsaniga, 1996); distance sampling carried out on 40 transects
proportionally allocated to three strata. Venice. Index of abundance = quadrat counts
carried out on 6-ha sample units (n = 36); distance sampling = data collected on 36 line
transects put in the very centre of each quadrat and crossing almost all the length of the unit
itself. All distance sampling analyses closely followed the approach detailed in Giunchi et al.
(2007b), except for Venice, where data were not left-truncated. It is important to note that,
given its peculiar urban structure, with a high densities of narrow streets, detection
probability is particularly reduced in Venice.
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4.2 Control

Given the above-mentioned peculiar interactions between humans and feral pigeons, it is
important that control actions should be calibrated on the approach that the inhabitants of a
given city have towards the pigeons, so that the control actions are accepted and will have
an increased chance of success (Conover, 2002). Methods used to control pigeon populations
could be essentially clustered in three main categories: 1) culling; 2) decrease of
reproductive success; 3) reduction of habitat carrying capacity.

4.2.1 Culling

Several models indicate that for monogamous species with high mortality rates and high
productivity, such as feral pigeons, culling is likely less effective than the reduction of
reproductive potential for controlling population (Barlow et al., 1997; Dolbeer, 1998).
Actually, even though culling has been widely applied to feral pigeon populations in several
cities in the past (see e.g. Feare, 1991; Johnston & Janiga, 1995; Murton et al., 1972; Sol &
Senar, 1992) and it is still used in several contexts (see e.g. Senar et al., 2009), no scientific
study has demonstrated the efficacy of this approach in significantly affecting population
size. As indicated above, the high intrinsic demographic rates of pigeons and the strong
density dependence of several demographic parameters determine that pest control
mortality is often compensatory (Feare, 1991; Johnston & Janiga, 1995) up to a relatively high
threshold level estimated to be over 30% of the population/year by Kautz & Malecki (1991).
Given the size of most pigeon populations, especially those producing significant damages,
these figures could be high (thousands of individuals), which poses several technical
problems. Moreover massive killing of pigeons is difficult to accept by many citizens, which
determines further problems of ethical nature.

4.2.2 Decrease of reproductive success

Egg removal, egg puncturing or dummy eggs have been used in several cities, especially
from public urban dovecotes set up with the aim to limit reproductive success (Baldaccini &
Giunchi, 2006; Jacquin et al., 2010; Johnston & Janiga, 1995). This kind of method is almost
inapplicable in 'natural' colonies, which are often difficult to reach, and it is costly in urban
dovecotes, requiring cleaning and maintenance. Moreover this practice could affect egg
laying cycles of birds, suggesting that feral pigeons respond to egg-removal by multiplying
reproduction attempts (Jacquin et al., 2010). Furthermore egg quality is negatively affected
by egg removal, suggesting that such management procedures can lead to an increase of
reproductive physiological costs and to a decrease of female condition, raising issues about
its potential consequences on parasite resistance and health status of urban populations
(Jacquin et al., 2010). In any case, we are not aware of any quantitative estimation of the
efficacy of this kind of approach for pest control.

The use of chemosterilants (e.g. cytostatic agents, synthetic progestinic and estrogenic drugs
or drugs that interfere with the birds” metabolic activities) has received much more attention
(see Ballarini et al., 1989; Giunchi et al., 2007a and references therein). Some results in terms
of reduction of the population size and improvement in the health status of the birds have
been reported (e.g. Baldaccini, 1996b; Dobeic et al., 2011), even though there are no
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evidences of significant long-term effects. The recent development of new reproductive
inhibitors based on nicarbazin (e.g. Ovistop™, OvoContol P™) provided new interest for
this kind of approach (Avery et al., 2008; Giunchi et al., 2007a; Yoder et al., 2006). While
some authors report significant but sometimes puzzling effects of drug distribution on
usually small populations (e.g. Bursi et al., 2001), no well controlled data on the long-term
effects of these chemosterilants are available. More generally, as the effects are only partial
(@ maximum of 59% reduction of productivity under controlled conditions; Avery et al.,
2008) and temporary (Yoder et al., 2005), drugs such as nicarbazin are likely to produce only
short lasting reductions of pigeon abundance in the field, with a rapid recovery as soon as
the treatment is stopped (Giunchi et al., 2007a).

4.2.3 Reduction of carrying capacity

Carrying capacity reduction through habitat modification is at present the most reliable way
to obtain long-lasting effects on pigeon populations (Haag, 1993); moreover this method is
usually well accepted (and sometimes requested) by citizens. Carrying capacity reduction
should act on two main factors: nest/roost sites and food.

The limitation of nest and roost sites may be achieved by applying exclusions or scare
techniques (Johnston & Janiga, 1995). Different kinds of tactile or mechanical repellents had
been used to deter pigeons (Haag-Wackernagel, 2000; Seamans et al., 2007; Williams &
Corrigan, 1994). Chemical, acoustic, and visual repellents are known to be effective only for
short time periods as pigeons habituate to them within a few days (Johnston & Janiga, 1995),
while no deterring effect was observed when using an ultrasonic or repellent odour system
(Haag-Wackernagel, 2000). On the other hand, mechanical devices, such as porcupine wires,
can be surmounted if bird motivation to access a given site is high enough (Haag-
Wackernagel, 2000). Buildings and structures can be also designed to reduce the
attractiveness to pigeons (Haag-Wackernagel & Geigenfeind, 2008; Williams & Corrigan,
1994). While applied in midtown areas, train stations, airports and historical buildings,
exclusion methods are rarely integrated into a systematic pest control program, as wrongly
thought to be ineffective (Magnino et al., 2009). However, they proved to be highly effective
in Perugia (Italy) resulting in a reduction of 23% of the population of feral pigeons in one
year (Ragni et al., 1996).

As suggested by Haag (1991, 1993), control of food supply is the basis for a successful
control programme, also determining a general improvement of the population quality and
resistance to parasites and pathogens. Food resources management may be particularly
effective when feral pigeon populations mostly depend on food resources located within the
urban environment (see Murton et al., 1972; Rose et al., 2006; Sol & Senar, 1995). In this case
it can be possible to manage food availability, although both theoretical considerations and
field data indicates that this may be difficult (see Giunchi et al. 2007a and references
therein). Besides published data (see e.g. Haag 1993), as a successful example we may report
the case of Venice, where, until a few years ago it was allowed the distribution of corn for
feeding the pigeons as a touristic attraction. It was estimated that pigeons were fed 350 tons
of corn per year and the number of pigeons present in St Mark’s Square was critically high,
reaching concentrations of >10,000 individuals in 1.3 ha. In May 2008, the local Authorities
decided to ban the distribution of corn and since then the number of pigeons has decreased
dramatically, down to a maximum of 1000 individuals at one time in St Mark’ Square.
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Quadrat count estimations of birds density, obtained in late autumn (November, n = 9
years) and in late winter (February-March, n = 7 years) from 1996 confirmed the decreasing
trend in both census periods (Pearson correlations, late autumn: r = -0.81, P = 0.008; late
winter: v = -0.86; P = 0.013). But more in detail, considering densities recorded in the city
before and after 2008 we can assess that differences are significant both in late autumn
(ANOVA: Fi3 = 6.82, P= 0.035) and in late winter (Fi6 = 8.89, P = 0.031). Substantial
differences were recorded also in foraging flights. Indeed the number of commuting birds
recorded before (2004) and after (2009) the ban occurred had dramatically decreased all over
the year (t-test: departing flock sizes t;; = 7.44, P << 0.001; returning flock sizes t;; = 5.36, P
<< 0.001; number of departing flocks in 2004 N=818 vs. N=213 in 2009 and of retuning flocks
in 2004 N= 590 vs. N= 170 in 2009). Thus, the reduction of food resources within the city had
not been compensated for by any increase in foraging flights towards the countryside. This
is probably due to the fact that Venice is an island in a wetland that pigeons must fly over to
reach mainland foraging sites and experimental data by Wagner (1972) reported the
avoidance by pigeons in crossing a body of water. On the contrary, the management of food
resources should be less effective in cities where most birds fly for food to adjacent
agricultural areas (see e.g. Soldatini et al., 2006). In this last case, bird scaring devices and
reflecting strips as well as gas cannons are extensively used by farmers, but with a very low
long term effectiveness. The use of culling of limited numbers of individuals as scaring
method linked together with scarecrows and gas cannons is applied in some Italian
provinces but the results of these methodologies are still under considerations (Baldaccini et
al., unpublished data).

4.3 A population model

All the above considered control methods have their own drawbacks, depending on the
characteristics of feral pigeon populations (e.g. size), on the features of the urban habitat
(e.g. age of buildings), and on the characteristics of the surrounding landscape (e.g.
distribution of food resources). This means that the different techniques could be more
effective/easy to apply in different context and suggest the usefulness of a combination of
methods in order to reach better results in shorter time. To evaluate the possible effects of
the use of some combination of control methods on feral pigeon populations, we simulated
a number of scenarios by means of the software VORTEX 9.50 (Miller & Lacy, 2005). The
aim of these simulations was not to provide a precise demographic forecast of a given
population subjected to pest control, instead to give some hints regarding the choice of a
proper pest control programme.

4.3.1 Methods

The values used as initial input for simulations are reported in Table 1. On the whole, the
approach we followed was roughly the same adopted in Giunchi et al. (2007a) and we do
not report all the details here. The main differences, with respect to the above-mentioned
paper were:

1. In order to extend the considered scenarios, we modelled two populations, which we
called 'Murton' and 'Haag', as demographic parameters were partly derived from
papers published by Murton et al. (1972, 1974) and by Haag (1988, 1990). The 'Murton'
population was characterized by a comparable mortality rate between adults and
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juveniles (values derived from Murton et al., 1972), while the 'Haag' population had a
rather high juvenile mortality and low adult mortality (values obtained as the average
of those reported in Haag, 1988).

2. Density dependence was modelled not by varying the percentage of breeding females
in the population, instead the number of fledglings (NF) per female. This latter
parameter is indeed more frequently reported than the former one, which is only a
matter of speculation in a few papers (Johnston & Janiga, 1995). The equation we used
was of the same type of that adopted for the percentage of breeding females in Giunchi
et al. (2007a):

NF(N)=NF(0)~[ (NF(0)~NF(K))(NK)" | (1)

where NF(N), NF(K) and NF(0) are the number of fledglings per females that breed
when the population size is N, at carrying capacity (K), and at extremely low density
(near 0), respectively, while the exponent B is a constant which determines the form of
the curve. To simplify calculations, we considered only the case of B = 2. This appears a
reasonable assumption, given that, as suggested by Fowler (1981), density dependence
in reproductive success can often be modelled with a quadratic function (see also Fig.
3). NF(K) was chosen by trial and error as the values which determined a fundamental
stability of the population defined by the other demographic parameters listed in Table
1 in the absence of density-dependent reproduction and with a carrying capacity much
higher than the initial population size (10,000 birds). Interestingly, at least for the 'Haag'
population, this value was quite comparable to that reported for a numerically stable
colony in the city centre of Basel (Haag, 1988). Given this comparability, NF(0) for the
Haag population was set to the value reported in Haag (1988) for a recently settled
colony in the periphery of Basel, where density of pigeons was rather low. We then
assumed that the 'Murton' population behaves in the same way, and thus we
hypothesized the same proportional increase.

3. We considered two types of scenarios. In one scenario both populations were near
carrying capacity (K = 5,000), while in the other K was set to 10,000. In this way we
modelled two different situations: old populations, with relatively stable numbers, and
relatively recent populations with increasing size.

4. To simplify calculations, we did not consider any environmental variability, also
because no data in this regard could be found in the literature.

A series of simple simulations was performed to investigate the effects of different degrees
of reduction of fertility with a reduction of K. We considered three scenarios for the
reduction of fertility (-15%, -30% and -60% of the fertility of the whole population) with a
maximum set to the maximum effect obtained with the recently proposed chemosterilants
based on nicarbazin (see Avery et al., 2008) and four scenarios for the reduction of K (no
reduction, -1%/year, -2%/year, -4% year). We did not simulate an abrupt reduction of
carrying capacity, because this is often difficult to obtain in the field.

All pest control programme lasted 10 years. We did not consider culling in our simulation
because of the lack of evidence regarding its efficacy and its above-mentioned technical
problems. In order to simplify calculations and in absence of detailed information useful for
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modelling, mortality rate was considered density-independent, although some data
regarding American populations indicated an increased survival of pigeons following an
experimentally induced decrease of population density (Kautz & Malecki, 1991). In this
regard, it is important to notice that Haag (1988, 1990) did not report any remarkable
difference in mortality and in age distribution of pigeons in colonies characterized by
significantly different densities. Obviously, it is important to emphasize that this choice had
the consequence of increasing the theoretical effect of the simulated pest control, because it
cut down the recovery potential of the modelled population when density was low (see also

Newton 1998).

Variable 'Murton' 'Haag'
Number of simulations 100 100
Period 10 years 10 years
Initial population size (N) 5,000 5,000
Start at stable age distribution Yes Yes
Carrying capacity (K) 5,000, 10,000 5,000, 10,000
Demographic closure Yes Yes
Inbreeding 0 lethals 0 lethals
Catastrophes 0 0
Mortality at age 0 43 82
Mortality at age 1 34 10
Breeding system Long term monogamy  Long term monogamy
Age of first breeding 1 1
Maximum Age of Reproduction 7 7

Sex ratio at birth 0.5 0.5

% females breeding 100 100
Density dependence Yes Yes
Number of fledglings when N=K 1.3 22
Number of fledglings when N=0 2.4 4.0

B 2 2

% males in the breeding pool 100 100

Table 1. Summary of the input parameters used in the simulations.

4.3.2 Results

When population size was very near to K, we observed a rather similar outcome for both
‘Murton' and 'Haag' populations regarding the fertility control (Fig. 6). In both cases, when
the fertility control was high (-60%) the impact of the reduction of K was not significant.
Less strong reduction of fertility had rather less impact on the populations and a rather poor
additive effect with respect to the decrease of K. When the population was increasing, the
impact of the reduction of K was obviously lower than in the former cases, and it was only
evident after a few years, when the populations began to level off (Fig. 7). For both
populations, the final outcome of the simulations depended on the reduction of K only
when the fertility control rates were low; otherwise the differences were slight or absent. It
should be noted that only the strongest controls (last scenarios) inverted the positive trend
of population size.
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5. Concluding remarks

The potential for compensation is one of the most important features which has to be taken
into account when starting a pest control programme on feral pigeons. For this reason, an
effective management policy should focus on the reduction of carrying capacity of the urban
habitat, possibly integrating other approaches according to the characteristics of both the
city and pigeon population. Carrying capacity reduction through habitat modification is
indeed the most effective way for obtaining long-lasting effects on pigeon abundance. This
could be obtained by focusing on all the ecological resources, and not only on foods, as, in
some situations it is not easy to control all birds’ feeding sites. Among the other above-
considered control methods, culling is probably the less reliable, as in most cases it revealed
to be not effective and often problematic both under the practical and ethical point of view,
especially for large populations. Our simulations also indicate that, under certain
circumstances, fertility control could be profitably combined with the reduction of carrying
capacity. When it is difficult to distribute chemosterilants to the population (e.g. because the
population is very large or food resources are abundant and widespread), the additive
effects are only marginal. On the other hand, when the fertility control could be strong (e.g.
small populations), the need for a reduction of carrying capacity is less stringent. It is
however important to underline that: (1) as mentioned above, our simulations
overestimated the effects of the fertility control; (2) the reduction of the carrying capacity is
the only way for capitalizing the results obtained by any other method, whose effects are
often fleeting and reversible. For this reason, this last method should be considered even in
those cases where it is not the best for obtaining strong and rapid results (e.g. when it is not
possible to have a strong impact on carrying capacity at least on the short term or when the
population is far from the carrying capacity), also because several actions aimed at reducing
the ecological resources for pigeons (e.g. exclusion from the most profitable nest/roost sites)
could sum up over several years. In this context, budget availability is an important factor to
consider in choosing the management policy, as fertility control may result expensive
compared to e.g. food reduction especially if applied for long periods. Therefore, it is
extremely important for the city council to carefully evaluate its capacity to afford the
application of different control methods for several years.

In general terms an effective management policy needs a strong local background
knowledge in order to be calibrated to the characteristics of the considered population. This
implies a carefully balanced integration of control methods, proper monitoring and reliable
modelling, in order to forecast the effects of control actions (Chee & Wintle, 2010). It is
therefore important to understand the behavioural and ecological characteristics of the
pigeon population before starting a control programme, and to analyse the capability of
covering the costs and the participation and awareness of the municipal Authorities and city
dwellers.
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