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Effects of building features on density and flock
distribution of feral pigeons Columba livia var.
domestica in an urban environment

Roberto Sacchi, Augusto Gentilli, Edoardo Razzetti, and Francesco Barbieri

Abstract: We censused feral pigeon€dlumba livig living in Milan, ltaly (a 181-kn? area), between July 1999 and
February 2000 by means of linear transects to examine population densities in different urban habitats and the relation
ships between population density and structural features of buildings. The pigeon population of Milan was 103 650
birds, with an average density of 570/knPopulation density increased significantly from farmland (434 bird&/km

the suburbs (604 birds/Kdhand from the suburbs to the centre of the city (2083 birdgJkhere was a positive rela
tionship between both bird number and flock number and the abundance of buildings constructed before 1936. There
were no significant associations between either bird number or flock number and the abundance of buildings when we
did not consider date of construction. This indicated active selection of old buildings by feral pigeons.

Résumé: Nous avons recensé les pigeons sauva@esumba livig de Milan en ltalie (une zone de 182 Ryrentre

juillet 1999 et février 2000 en établissant des transects linéaires pour examiner la densité des populations dans les
divers milieux urbains et déterminer les relations entre la densité et les caractéristiques structurales des édifices. Au
moment du recensement, la population de pigeons de Milan comptait 103 650 oiseaux avec une densité moyenne de
570/knt. La densité des pigeons augmentait des zones agricoles (434 oisejualknbanlieues (604 oiseaux/Rret

des banlieues au centre-ville (2083 oiseaux)krilous avons trouvé une corrélation positive entre, d’une part, le

nombre d'oiseaux et le nombre de volées et, d'autre part, I'abondance des édifices construits avant 1936. Il n'y avait
aucune association significative entre le nombre d’'oiseaux et le nombre de volées et I'abondance des édifices lorsqu’on
ne tenait pas compte de la date de leur construction, ce qui indique que les pigeons sauvages font un choix délibéré
des vieux édifices.

[Traduit par la Rédaction]

Introduction 1972, 197d; Haag 1987, 1995), the number of pigeons in

an urban habitat may be related to the number of people
iving in the town (Barbieri and De Andreis 1991) and to the
ensity of the human population (Jokimaki and Suhonen

The earliest observations of feral pigeons in towns dat
back to 1385 (London) (Johnston and Janiga 1985), althoug

the pigeons did not cause problems for humans until 1930, ggg) "The structure of the town and environmental features

Since the 1950s, urban populations of feral pigeons havg, 4 aiso affect the numbers of birds: highest densities are
been increasing quickly because of feeding by a benevolenly, a1y found in the historical centre of towns, while feral

public and greater food availability due to human aCt'V't'eSpigeons are scarce or absent in urban parks and suburbs

(grain stores, markets, provender plants, etc.). Lancaster and Rees 1979; Luniak 1983; Johnston and Janiga

H In n:OEt European and qutht ,?melrlca}n C|t|esbgovernmefnt 985). Since optimal habitat availability can be an important
ave laxken measures against teral pigeons because o tor influencing population response to control, building

health risk to humans and damage to buildings caused by bir, lection and use by pigeons are crucial parameters to-inves
feces. tigate.

Fundamental to any program of population control is a Our objectives were to examine the population density of
thorough understanding of the processes affecting the-distri_. ject . pop ; Sity
igeons in different urban habitats, and the relationships be

bution and density of pigeon populations (Sol and Sena . X e
1995). Although population size is primarily determined byENeen population density and structural features of buildings.
food availability linked to human activity (Murton et al.
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Several farmsteads devoted to cattle breeding are scatteradea. Some pigeon flocks go on daily foraging flights from
outside the city. the urban area to farmsteads and then roost for a long period
The climate is continental (average temperature 1°C iron roofs. Birds mainly feed on stored grain and food set out
winter and 24°C in summer) and precipitation ranges fronfor cattle, but also directly in fields. Flights from the city-oc
80 to 100 cm/year. The overall population is 1 300 000-peocur early in the morning and flights back to the city in the
ple (Municipality of Milan 1998). late afternoon (R. Sacchi, A. Gentilli, E. Razzetti, and F.
Architectural features of buildings differ according to the Barbieri, personal observation). Only a few birds stay at the
date of construction: bricks and roof tiles (hereinafter “oldfarmsteads during the night and only a small fraction nest.
buildings”) generally before World War 1l and glass and re Using binoculars we counted feral pigeons roosting on roofs
inforced concrete (hereinafter “new buildings”) thereafter. Theor feeding in fields around farmsteads during the middle
distribution of the two main architectural types in Milan was hours of the day, when most of the birds had reached the
strongly influenced by bombing during 1941-1943, whichflock. Moreover, we conducted linear transects among farm
opened seeral holes in the brick — roof tile part of the city. steads to census feral pigeons in fields. Since, in farmland,
The Town Plan of the 1930s also altered the original architecpigeons were not attracted by food given by the counters, we
tural organization of the city by opening new wide streets inused binoculars to count all birds within 500 m on each side
the centre and replacing old buildings with new ones. of a linear transect. Detectability of birds was high because
There is no information about when feral pigeons first ap of the low number of hedgerows and other natural barriers.
peared in Milan, but feral populations increased rapidly ear
lier than in other Italian towns because of the great extensioBuilding features and subdivision of the study area
of the urban area and the availability of a large number of We obtained urban maps of Milan that reported the distri
historical buildings. Indeed, feeding birds was prohibited forbution of buildings in 1885, 1924, 1936, 1950, 1965, 1972,

the first time by public authority in 1928. and 1998 (Vercelloni 1987; Municipality of Milan 1990;
Regione Lombardia 1998). By comparing the maps using

Methods GIS (Maplinfo Pro, 1996), we prepared a map showing the
present distribution of the dates of construction of buildings.

Preliminary work We considered 1936 the borderline between old and new

The main difficulty in censusing feral pigeons is that manybuildings. We split the city into 26 zones (Fig. 1) defined by
are not visible, so the true population size is larger than ishe overlap of five concentric circular areas (centre of the
indicated by the figures obtained. Visual sampling of markedcity (A and B), suburb (C and D), and farmland (E); Fig. 1)
birds in Barcelona, Spain, and Pavia, Italy, showed that durand nine sectors based on the Administrative Districts of
ing any single census more than 70% of the population iilan (D.1 to D.9; Fig. 1). For each zone we measured the
not visible (Senar and Sol 1991; Barbieri 1993). Thereforepercentage of urban area and the percentage of buildings
correction factors can increase the accuracy of a census. Inc@nstructed before 1936.
preliminary study using capture—recapture methods (Razzetti
et al. 2002), we calculated the correction factor for the Citygagults
of Milan to reduce biases due to the difficulty of locating all
the birds that form one flock. According to other estimates We found 247 flocks accounting for 55 650 birds in the
for Mediterranean urban habitats, the numbers obtained duurban area. Pigeons regularly frequented 94.7% (234 of 247)
ing any census taken in Milan should be multiplied by a fac of the squares and all urban parks in the city. The number of

tor of 3.25 (for details see Razzetti et al. 2002). birds forming the flocks was variable, ranging from 5-10 to
several thousands. The average was 248 (SE = 46, range =
Census counts in the urban area 3-8000).

Between 18 January and 3 February 2000 we counted When not feeding or searching for food, pigeons usually
feral pigeons by means of linear transects. We searched foested in the same roost sites; generally these were roofs,
birds in all 195 squares in Milan and along 214 km of roadsentablatures, and eaves of buildings, wires, and, less fre
comprising all the main avenues and more than 50% of theuently, trees along the streets. General features of roost
secondary roads. We also carried out an accurate census sites were good exposure to the sun early in the morning,
all 11 parks and in the two main cemeteries. Censuses wesoame protection from the elements, and a direct view of pre
performed by four counters simultaneously, each one in derred feeding points. Nearly all large flocks in the urban
different sector of the city. Birds were counted on thearea sustained themselves on food regularly given by people;
ground, after they flew down for food (corn) provided by the we observed some people bringing up to 3—-4 kg of grain
counters. To standardize counts, pigeons were attracted witlaily, and to have a picture taken of oneself feeding pigeons
the same amount of grain (nearly 250 g) at each observatioim the main square (Piazza Duomo, with more than 8060 pi
point, and only birds that landed were considered. Transectgeons) is a tourist attraction. Other important local food
were performed from late morning to afternoon, when feralsources were grain stores, markets, and shop sweepings, and
pigeons exhibit peak feeding activity (Murton et al. 1872 also tree fruits (nettle treeCgltis australiy, elms Ulmus
1972). All counts were multiplied by the factor of 3.25.  spp.)), and seeds of herbaceous plants.

The 59.3% of farmsteads (16 of 27) that received flocks
Census counts in farmland coming daily from the city together accounted for 48 000

Simultaneously with the census in the urban area, weigeons. Therefore, the whole population of feral pigeons

counted feral pigeons at all 27 farmsteads inside the studiving in Milan was estimated at 103 650 birds; 53.7% of

© 2002 NRC Canada



50 Can. J. Zool. Vol. 80, 2002

Fig. 1. Subdivision of the city of Milan into 26 sectors in nine Administrative Districts (D.1 to D.9) and five concentric circular areas:
city centre (A and B); suburbs (C and D); farmland (E).

D8 D.9

Table 1. Density of feral pigeonsColumba livia Table 2. Density of feral pigeons in Administrative Districts of
var. domesticain five concentric circular sectors Milan.
(A-E) in Milan. . .
Density Density*
Area Density District  Area (knf)  No. of birds  (no./kn?)  (no./kn¥?)
Sector (km2) No. of birds (no/km?) D1 9.5 19 787 2083 2083
Centre D.2 12.2 4429 363 363
A 2.9 14 839 5117 D.3 14.2 20 229 1425 675
B 6.6 4948 750 D.4 21.2 11 363 536 185
A+B 9.5 19 787 2083 D.5 29.7 16 514 556 118
Suburb D.6 18.4 11901 647 83
C 19.1 17 344 908 D.7 30.8 10 931 355 142
D 34.1 14 796 434 D.8 24.7 2 739 111 111
C+D 53.2 32140 604 D.9 20.7 5431 262 262
Farmland *Excluding farmstead flocks.
E 118.3 51 397 434
E* 118.3 3 390 29

city comprising zones C and D of district D.3, and zone C of
D.9, D.2, and D.4, had higher numbers of both pigeons and
the birds fed in the urban area, while 46.3% regularly maddlocks than expected, while in the other zones, pigeon and
feeding flights to the farmsteads. There were 51 urban flockflock numbers were lower or equivalent to those expected.

with more than 250 birds, with 6 having >1000 birds. The centre of the city (D.1) showed the greatest density,
with 2083 birds/km (5117 birds/km in the inner part of the
Population density and distribution centre, zone A), while farmland showed the lowest density,

The average population density in Milan was with 434 birds/kmd (Table 1). In D.4, D.5, D.6, and D.7,
570 pigeons/krafor the entire study area and 429/kifor  densities were high because of the pigeons found on-farm
the urban area only (farmstead birds were not consideredjteads (Table 2). However, the population density decreased
Nevertheless, feral pigeons were not regularly distributed imapidly with increasing distance from the centre towards the
the city. Since both the number of pigeons and the numbesuburbs and from the suburbs towards the farmland (Ta
of flocks varied among the 26 zones, we subdivided the cityple 1). The regression model best fit relationship between
(pigeons:x 224] = 463.11,p < 0.0001; rocks:x[224] = 277.98, the number of birds in each zone and the distance from the
p < 0.00015. The centre (D.1) and northeastern sector of theentre of the city was the third-degree polynomial regression
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Fig. 2. Variation in numbers of feral pigeon§olumba liviavar. domesticain the five circular areas into which the city was divided
(see Fig. 1).
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Fig. 3. Variation in numbers of pigeons in four different directions from the city centre.
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(Fro3) = 35.89,N = 26,p < 0.001,R? = 0.83; Fig. 2). Linear the beginning of the 20th century, the city grew mainly east
and exponential models were also significant, but achievednd north, incorporating preexisting villages, whereas only
lower F andR? values than the polynomial model. This was after World War Il did it develop west and south. Therefore,
because population density did not decrease similarly in albld buildings are primarily concentrated in the centre of the
directions, but increased, showing a second peak to the easity (D.1) and in the inner parts (zones C and D) of D.2,

(Fig. 3). D.3, and D.4 (Fig. 4).
Among 51 flocks accounting for more than 250 birds
Effects of building features on pigeon distribution each, 47 (92. 2%) were in squares with buildings constructed

Since 1885 the urban area of Milan has had two differenprior to 1936 ﬁ( 71 = 38.7,p < 0.0001); D.1 and D.3 con
periods of faster development: between 1900 and 1936 arneined 34 (66. 7%) of these rockg% =5.67,p=0. 017)
between 1950 and 1965. Nevertheless, urban growth arounwhile the 6 flocks with more than 1000 pigeons were in D.1
the nineteenth-century core of the city was not uniform. Atand the inner part (zone C) of D.9, D.2, and D.3 (Fig. 4).
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Fig. 4. Distribution of 51 flocks accounting for more than 250 pigeons e&acdhflocks with more than 1000 birds; shaded areas repre
sent buildings constructed before 1938, buildings constructed after 1936.

Fig. 5. Relationship between the number of pigeons and the percentage of buildings constructed before 1936.
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The percentage of buildings constructed before 1936 in each6.28,p = 0.0005; Fig. 5) and the total number of flocks
of the 26 zones (Fig. 1) was positively related to the totally = 0.22& + 2.45,R? = 0.314,F; 54) = 10.54,p = 0.0036)
number of birds { = 73.06 — 292.7,R? = 0.404,F[1 49 =  in the zone. Nonetheless, there was no significant relation
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Fig. 6. Variation in pigeon numbers (solid line) along two transects across the five concentric circular areas in the centre of the city:
north—south §) and west—eastf. The dotted line shows the percentage of buildings constructed before 1936 and the broken line
shows the total percentage of urban area.
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ship between the percentage of urban area and either tlf&uhonen 1998), the extent and causes of this variation are
number of pigeonsH(; ,4 = 3.11,p = 0.09) or the number of ~poorly known. Greater food-resource accessibility and higher
flocks (Fj;24; = 3.61,p = 0.07) in each zone. availability of roosting—breeding sites are the main factors
The increased bird density we observed to the east wassually invoked to explain this relationship (Johnston and
related to the increased percentage of buildings constructethniga 1985; Barbieri and De Andreis 1991). Here we show
before 1936 in the same direction. We found a strong eorrethat features of buildings are related to the distribution and
spondence between the number of birds and the percentadensity of pigeons inside a wide and heterogeneous urban
of old buildings along two transects across the city, north-area. Although pigeons occurred all over the city of Milan
south and west—east (Fig. 6). and frequented 94.7% of the squares, the number of birds
and number of flocks varied significantly according to age
of buildings: the highest densities and largest flocks were
found in the part of Milan constructed before 1936 (the-cen
Although it is well established that feral pigeon popula tre and northeastern part of the town). Moreover, we found
tions increased close to the centre of the city (Johnston ando relationship between the urban areas per se and bird den
Janiga 1985; Barbieri and De Andreis 1991; Jokimaki andsities, and the presence of a second peak of density in the

Discussion
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eastern part of the city agreed only with the abundance of delle popolazioni ornitiche sinantropiche: problematiche e
old buildings. Therefore, the pattern of population density prospettive. Istituto Superiore di Sanita, Rome. pp. 50-51. _
and flock distribution observed in Milan could be explainedBarbieri, F., and De Andreis, C. 1991. Indagine sulla presenza dei
by active selection of old buildings by pigeons. colombi (Columba liviaforma domesticg nel centro storico di

In Milan, the 1930s marked the start of changes in the ma  Pavia e nell'Oltrepo. Suppl. Ric. Biol. Selvaggiria/: 195-198.
terials used by the building industry, which continued mas Haag, D. 19_8_7. Regulatlonsmechanlsmen bei der Strassentaube
sively after World War 1I: bricks and roof tiles were gradually g?"éTbjll'V'aforma domestica Verh. Naturforsch. Ges. Basel,
replaced by glass and reinforced concrete. This later kind o|[| ' D_ 19'95 Requlati f the street pi in Basel. Wildl
building is less suitable for feral pigeons because of the re agg(,: Bl 23_'252%20'0” ot the street pigeon In basel. WIdL
duced availability of holes and openings for nesting. : — h . .

. o . . . . Johnston, R.F., and Janiga, M. 1985. Feral pigeons, Oxford Univer
Human population densities in Milan were similar in all :
L . o udi h sity Press, New York.

Administrative Districts (excluding t € centre_:) and d.ecreaseCjokimaki, J., and Suhonen, J. 1998. Distribution and habitat-selec
from the centre to the suburbs uniformly in all directions

R ) . . X tion of wintering birds in urban environments. Landsc. Urban
(Municipality of Milan 1998). The link between pigeon dis Plann.34: 253-263.

tribution and human population density, which is correlated_ancaster, R.K., and Rees, W.E. 1979. Bird communities and the
with food availability (Jokimaki and Suhonen 1998), only  structure of urban habitats. Can. J. Zob¥: 2358—2368.
partially explains the observed asymmetries of pigeon popuLuniak, M. 1983. The avifauna of urban green areas in Poland and
lations in Milan, and is not in accordance with the low values possibilities of managing it. Acta Ornitho®: 3-61.
recorded in the inner parts of the southwestern districts oMunicipality of Milan. 1990. Forma Urbis. Marsilio Editore, Mi
with the bimodal trend of pigeon numbers to the east. lan.

Our results are of interest and have important implicationgviunicipality of Milan. 1998. Available at http:/iwww.comune.milano.it/
for the management of feral pigeon populations because they infoservizi/index.html (accessed 18 July 2000).
suggest a link between feral pigeon abundance and an easiurton, R.K., Coombs, C.F.B., and Thearle, R.J.P. B9 Exologk
detectable feature of a town, like the age of buildings. Our cal studies of the Feral Pigedpolumba liviavar. Il. Flock be
approach may allow public authorities to identify areas pref- haviour and social organization. J. Appl. Ec81.875-879.
erentially used by pigeons on the basis of the date markinluron. RK., Thearle, R.J.P.,, and Thompson, J. t9EEological
the shift from traditional to modern building materials. For  Studies of the Feral Pigedbolumba liviavar. . Population, breed-
Milan a good indicator of this shift was 1936. For other _ "9 biology and methods of control. J. Appl. Ecél. 835-874.

towns the date will differ depending upon their particular R22Z¢tti, E., Sacchi, R., Gentilli, A., and Barbieri, F. 2002. Un
building history. approccio metodologico alla stima di grandi concentrazioni di

colombi (Columba liviavar. domestica nel Comune di Milano.
In La gestione sanitaria dei piccioni in ambito urbano. Istituto
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