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Abstract
The development of cities and urban sprawl has made room for wildlife inhabiting human environments. Among birds, feral 
pigeons (Columba livia domestica) are often present in large numbers in the cities. Problems related to pigeon occurrence 
result in economic loss and health issues for humans. There are different methods of controlling pigeon populations in urban 
areas. In this study, we compared three techniques that can be used for pigeon pest control. In two urban industrial sites in 
Hungary, we used trapping, falconry (in both Study Area 1 and 2) and mist-netting (only in Study Area 2) to remove pigeons. 
We compared the effectiveness and limitations of each method. Our results show that over 105 days in Study Area 1, we 
managed to remove 173 individual pigeons. We did not find a significant difference between the effectiveness of trapping or 
falconry. In Study Area 2, the overall number of pigeons removed was 1412 over a period of 150 days. There, we managed to 
catch significantly more birds by netting than by trapping or falconry, but the latter two did not differ statistically. We recom-
mend a combination of techniques for pigeon control. Mist-netting can be the most effective way for direct pigeon removal, 
whereas trapping is an easier but less efficient method to catch pigeons. Falconry is the least efficient in pigeon catching and 
requires the most investments, but the bird of prey may chase the pigeons away for a short time.
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Introduction

The development of cities has made room for urbanising 
wildlife across the world (Hunter 2007; Soulsbury and White 
2015), causing wildlife species to experience and inhabit 
human habitats (Magle et al. 2012). Since the 1900s, cities 
and urban areas have grown rapidly (Su et al. 2011) mainly 
due to human movement from rural areas to cities (Li et al. 
2018; McKinney 2002).

In an urbanised world, understanding and controlling 
the indirect impacts of cities is a big challenge to biodiver-
sity conservation (Puppim de Oliveira et al. 2011; Xu et al. 
2018). The existence of wild and feral animal species within 
urban areas can also cause several ecological, economic and 
sociological problems (Haidar et al. 2017). Urban areas are 

hubs to extended industrial activity that include airports, 
mines and factories. These massive industries consist of 
structures that can provide a home for wildlife species rang-
ing from small mammals and birds to large mammals result-
ing in variable damages (Fu et al. 2016).

It is common to find large populations of birds within 
cities and industrial areas across the world. Feral pigeons 
(Columba livia domestica) are one of the species with the 
highest numbers that co-exist with human populations within 
cities (Haag-Wackernagel and Moch 2004). They usually 
breed in crevices or on window ledges, under bridges and on 
roof tops. Pigeons are resident birds that have an impact on 
buildings: using such structures as both nesting and roost-
ing sites in large numbers and often becoming the dominant 
species in wintering urban bird assemblages (Ciach and 
Fröhlich 2016). They also inhabit industrial areas such as 
warehouses or airports (Matyjasiak 2008). This is because 
the conditions in urban industrial areas are often beneficial 
for pigeons and other bird species. Urban habitats and their 
structures provide a vast variety of resources, e.g. humans 
frequently feed pigeons (Rose et al. 2006).
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Pigeons can cause several kinds of damage (Lawson 
1979). The accumulation of their droppings can have a seri-
ous socio-economic impact in urban communities. These 
droppings cause damage to the structural materials (stone 
constructions, roofs, ceilings, machinery, ventilation sys-
tems etc.) in urban industrial areas (Gomez-Heras et al. 
2004). The damage can also create slipping and falling haz-
ards to workers, increased maintenance of materials, and 
human health problems, as pigeons are often associated with 
mycotic diseases, viruses, bacteria, endo- and ectoparasites 
(Haag-Wackernagel and Moch 2004; Phan et al. 2013).

There are several solutions that can be applied to remove 
pigeons, which are considered pests in the industrial envi-
ronment, in order to mitigate the damage that they cause 
(Fitzwater 1988). As a primary option, allowing pigeons 
to settle in an industrial area should ideally be prevented. 
Buildings could be designed to maintain a pigeon-free envi-
ronment and not to attract them (Haag-Wackernagel and 
Geigenfeind 2008). If this has not been taken into account 
previously, suitability of the habitat for pigeons should be 
reduced through manipulation of their required resources 
and conditions. We can limit the accessibility of roost and 
nest sites by applying exclusions such as anti-bird netting or 
decrease their attractiveness by using a variety of bird scar-
ing techniques, visual, audio, chemical or mechanical solu-
tions; and finally, birth control, trapping and culling could 
also be considered (Dobeic et al. 2011; Giunchi et al. 2007; 
Hutton and Dobson 1993).

In this study, the authors examine falconry, live box-trap-
ping and mist-netting as three methods to control pigeon 
populations in urban industrial sites. Falconry is the hunt-
ing of wild animals in their natural state and habitat using a 
trained bird of prey (Joseph 2006). However, falconry can be 
time consuming and requires the falconer’s effort and care 
(food, rest time and reproduction) for his birds. Raptors also 
go through moulting, which has a negative impact on flight 
performance (Zuberogoitia et al. 2018). Trapping can also be 
a slow and labour-intensive process depending on the target 
species (Fitzwater 1988). In the case of pigeons, the use of 
live box-traps can be less labour intensive as large numbers 
of traps are not required and do not need round the clock 
monitoring. However, they must be checked every few days. 
Baiting can increase trap efficiency (Baskett et al. 1993). 
According to Marques et al. (2013), mist-netting is the most 
effective as we can catch a higher number of birds more 
efficiently. However, netting is time consuming and labour 
intensive, requiring specific expertise and a continuous pres-
ence at the site to immediately remove animals caught in 
the nets.

When comparing the three methods, we hypothesised that 
the largest number of pigeons could be removed by mist-
netting, since in our case it is an active intervention: dis-
turbing and forcing the pigeons to fly into the net. Trapping 

is a passive solution to pigeon catching: by attracting them 
with bait and not chasing them. So, we expected it to be 
slightly less efficient than netting per time unit. We supposed 
that falconry would be the least efficient direct removal of 
pigeons from urban factories since the catching rate can be 
highly variable among individual raptors.

We also hypothesised that there would be a decrease in 
the daily number of removed pigeons during the period of 
the investigation due to the expected gradual decline of local 
pigeon population as the result of our intervention.

Materials and methods

Study areas

The study took place in two large industrial sites in Hungary. 
One belongs to a plastic assembling factory and the other to 
a brick manufacturing firm. They both have a conflict with 
pigeons within their premises that cause various problems.

The plastic manufacturing factory (Study Area 1) is in the 
capital city of Hungary, Budapest. The unit is situated on the 
east side of the city and the premises cover an area of 10 ha. 
More than 100 employees work there.

The site of the brick manufacturing firm (Study Area 2) 
is within a distance of 40 km from Budapest. The industrial 
area is fenced and covers an area of 12 ha. The company has 
approximately 80 staff members.

In Study Area 1, there is one building of three floors, 
whereas in Study Area 2 there are two ground floor build-
ings. Both study areas have experienced problems with mas-
sive pigeon populations that have flocked within the prem-
ises. These birds nest and roost on the frames and balconies 
of the buildings. The pigeon droppings erode manufacturing 
materials and the structures of factory buildings and may 
cause health problems to workers.

At the beginning of each month during the study (from 
4th January 2018 in Study area 1 and from 2nd April 2018 in 
Study Area 2), the number of pigeons seen in the industrial 
area and flying around the premises was roughly estimated 
to check the effectiveness of the pigeon removal program. 
Pigeons were counted by three observers simultaneously 
from the corners of the outer yard and from the entrance 
within the building. We moved them out of their hiding 
places using a trained bird of prey to disturb them. From 
each counting point, the observation lasted until all visible 
pigeons were counted (i.e. 10 to 15 min). The estimation 
was based on a count of blocks of flocks including 10, 50 or 
100 birds depending on the total number of the individuals.
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Methods of pigeon removal

We utilised three different methods of pigeon control. In 
both study areas, two methods (falconry and live trapping) 
were used simultaneously each time the industry premises 
were visited. However, netting was only conducted at Study 
Area 2. Erection of the net was impossible in Study Area 1 
due to the lack of large open spaces within the buildings. 
We collected data over a period of 3 and a half months 
(105 days, from January to April 2018) in Study Area 1, and 
5 months (150 days, April to August 2018) in Study Area 
2. Our aim was not to compare the results of two areas, but 
to use several areas to evaluate the effectiveness of different 
techniques.

Falconry

Four raptor birds were used in our investigations: an adult 
(2 years old) goshawk (Accipiter gentilis), an adult pere-
grine falcon (Falco peregrinus), and an adult and a young 
(0.5 years old) Harris's hawk (Parabuteo unicinctus). The 
birds were trained by a professional falconer how to hunt, be 
sociable around humans, and follow the hunting instructions 
of the falconer. On the same days, three or four individuals 
of these birds were involved in the work. They were brought 
seven times per month to Study Area 1, and between 12 and 
15 times per month in Study Area 2 (altogether 24 and 65 
hunting events, respectively). One of the birds was released 
within the premises and allowed to chase or capture pigeons 
for a period of time until replaced by another raptor. Caught 
pigeons were taken from the raptors and alternative food was 
provided. Altogether six hours per day between 09h00 and 
15h00 was covered by falconry. This way we could start after 
sunrise but finish before the pigeons had time to find their 
roosting place for night.

Trapping

A single metal live box collector trap of the dimensions of 
1 m × 2 m × 0.5 m with one door was used for trapping the 
pigeons. It was placed on the roof of the building or in the 
attic near an exit/entry opening. One half of the top of the 
trap was covered providing shelter. It was baited with corn 
and mixed grain food. Water was also provided within the 
trap. The trap was heated to prevent freezing in the cold win-
ter period. The trap was put out in the study areas on the first 
day of the study session and was kept activated for the entire 
period. However, during the night pigeons did not move 
around in the areas, so they only entered the trap during the 
day. The trap was checked and the pigeons removed from it 
on the same days as the falconry was carried out (on average 
4 and 2.35 days lasted between two consecutive occasions in 
the two areas, respectively). On those days, captured pigeons 

were removed just before the falconry began. During the 
period when raptor birds chased the pigeons, the trap was 
entirely covered with a jute fabric cover, making trapping 
impossible. Therefore, during the daylight periods from 
the end of one falconry occasion until the beginning of the 
next one, there was a continuous opportunity to trap pigeons 
(meaning 81 and 85 trapping days, respectively).

Mist‑netting

In Study Area 2, the netting method was also used. The size 
of the net was 20 m × 20 m and was fixed vertically to the 
transport and escape routes of the pigeons within the build-
ing. The mesh size was 5 cm × 5 cm, into which the head 
of the pigeon easily fitted, but could swiftly be removed by 
researchers directly after the capture. The net is made of 
a specialised Teflon material that does not cause injury to 
the birds even if they fly into it at high speeds. The net was 
erected once a week; 21 days in total. No bait was used for 
this method. After sunset, when the pigeons had already 
rested in complete darkness, they were disturbed with light, 
noise and the use of a telescopic fishing rod. The pigeons 
reacted to the disturbance by trying to escape, and some 
individuals from the exploding flock flew into the net. This 
procedure lasted anything from 1.5 h to 3 or 4 h, continuing 
until the pigeons found an exit or a place to hide again. At 
the end of every session, the net was removed.

There was no interference between the three methods as 
falconry was performed during the day, while netting was 
performed overnight. During falconry, the trap was covered, 
and during the night pigeons did not enter the trap to take 
the bait as they are not nocturnal.

Ethical statements

Since feral pigeons are considered a serious pest, solutions 
for translocation and the release of large numbers of caught 
urban pigeons was unrealistic despite being the most humane 
solution. Moreover, these birds are able to find their way 
back home from hundreds of kilometres away.

We performed pigeon thinning and related examinations 
in full compliance with Hungarian legislation and EU direc-
tives, and with the consent, approval and support of the com-
petent state body, hunting and nature conservation authority. 
The required permissions for using raptor birds and catching 
pigeons in these areas were obtained by Gergő Fuszonecker.

Pigeons caught in any way were transported in compliant 
transport crates. They were then killed in a humane manner 
(according to food industry regulations for poultry slaugh-
ter). After veterinary examination, the carcasses were frozen. 
Finally, meat from the dead birds was used as food for birds 
in the falcon breeding program. Pigeon has a good qual-
ity meat with a high protein content and perfectly suited to 
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feeding birds of prey. Additionally, if a ringed carrier pigeon 
was found, the owner was notified, and the bird was returned 
alive.

Data analysis

To analyse data for both study areas, the Graphpad Prism 6 
statistical software was used. The normality of the datasets 
was tested using Shapiro–Wilk normality test (Shapiro and 
Wilk 1965). One-way ANOVA with Tukey–Kramer post hoc 
test or Kruskal–Wallis test with Dunn's multiple compari-
sons test was used to analyse temporal changes of caught 
individuals within methods. Wilcoxon matched-pairs signed 
rank test or Friedman's ANOVA test with Dunn's multiple 
comparisons test was conducted to test differences between 
the daily number of pigeons removed by different methods 
(Hazra and Gogtay 2016).

Results

Study area 1

At Study Area 1, there was no significant difference in the 
daily number of pigeons removed by trapping and falconry 
(Wilcoxon matched-pairs signed rank test: N = 24, W = 48; 
p = 0.48) (Fig. 1). The overall number of pigeons removed 
by these two methods was 173 (111 and 62 individuals by 
trapping and falconry, respectively).

We found a significant temporal difference among the 
consecutive months in the daily number of pigeons caught 
by falconry (one-way ANOVA: F (3,20) = 4.01, p = 0.02), 
where the value measured in March was significantly lower 
than in January, showing a steady decrease by that time; 
however, it was also statistically lower than in April, reflect-
ing a subsequent increase in the trend.

There was, however, no such temporal difference in 
the monthly trapping data (Kruskal–Wallis test: H = 7.71, 
p = 0.052), although the p value was close to the conven-
tional significance level.

Therefore, neither of our hypotheses was statistically sup-
ported in Study Area 1.

Study area 2

Conversely, in Study Area 2, a significant difference was 
found among the daily numbers of caught birds using the 
three different methods (Friedman's ANOVA: χ2(2) = 36.86, 
p < 0.0001) (Fig. 2). We managed to remove the highest 
number of pigeons by netting and the least by falconry. Net-
ting was significantly more effective than either of the other 
methods (Dunn's multiple comparisons test: p < 0.001), but 
trapping and falconry did not differ from each other statisti-
cally. In Study Area 2, we managed to remove 1412 pigeons 
in total (686, 581 and 145 individuals by netting, trapping 
and falconry, respectively).

Moreover, we also revealed a significant difference 
between the five months in the daily number of pigeons 
caught by trapping (Kruskal–Wallis test: H = 19.85, 
p < 0.001). We trapped substantially more pigeons in June 
than in April (Dunn's multiple comparisons test: p < 0.001), 
but no difference was found for the other pairings of monthly 
trapping values.

However, no significant difference was found in the daily 
number of pigeons caught by falconry (Kruskal–Wallis test: 
H = 2.25, p = 0.69) or removed by netting (Kruskal–Wallis 
test: H = 3.64, p = 0.46) during the months the experiment 
took place.

Considering our expectations, the predicted differences in 
the effectiveness of the methods were present in Study Area 
2, but not the decline in the daily catching rate.

According to our rough visual estimations, the number 
of pigeons dropped from around 175 to 40 in Study Area 1 

Fig. 1  Comparison between two 
methods of pigeon removal at 
Study Area 1 over a period of 
four months
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and from approximately 1000 to 250 in Study Area 2, during 
the investigation period of 105 and 150 days, respectively.

Discussion

We found differences in the effectiveness of used methods 
to remove pigeons from study areas with mist-netting being 
the most effective method of pigeon removal, followed by 
trapping and then falconry. Although only netting showed 
statistical differences from the other two methods, the abso-
lute number of birds caught by trapping was also higher than 
birds caught by falconry in both areas.

Relatively safe roosting and nesting places and stable 
food and water resources are important survival factors for 
feral pigeons; the industrial zones, including the investigated 
factories, provide such conditions. Using anti-bird protec-
tion nets and wires to fence areas against pigeons can be 
very expensive in large industrial buildings. Falconry can 
serve as a solution to make the area less safe for the pigeons 
by creating a landscape of fear (spatial variation in preda-
tion risk as perceived by prey across their foraging or home 
range, see Laundré et al. 2010). Based on this theory, we 
can expect that frequent chasing of pigeons by their primary 
avian predator, even if it often does not lead to capturing, 
can be an adequate intervention. Falconry can be used as a 
basic solution to cause an unpredictable threat to resident 
birds, which may lead to temporary or permanent abandon-
ment of the area. However, falconry as a complex practice 
has various limitations, including the need for trained and 
licensed falconers with a number of individual birds of prey. 
The raptors, which can be rare or a protected species and dif-
ficult to acquire, also require special feeding, training, and 
housing care (Erickson et al. 1990). It is also likely that the 
maximum number of pigeons caught by the birds of prey per 

day is determined by the upper limit for how many pigeons 
a falcon or hawk can catch.

Since pigeons are able to hide from birds of prey within 
industrial buildings, additional removal methods should also 
be taken into consideration. Live trapping of pest animals 
can be an effective method of their population control in 
practice (Chiron and Julliard 2013). Providing the elemen-
tary nutritional resources, i.e. their preferred food types, 
as bait, as well as water, we can easily attract pigeons into 
the trap. Although sufficient expertise is required to select 
the appropriate location for the trap and set it up, the trap 
does not require the presence of a person. Other than the 
time taken to check the traps regularly for caught birds, this 
method is more convenient relative to the other two. Trap-
ping as a method of population control has various assump-
tions, but animals may or may not become trap shy (Ham-
mond 2018). We can argue that during the first month the 
pigeons were unfamiliar with the foreign object (trap) in 
their territory. However, as the trap remained in their area, 
they got used to it, and baited with various food sources, 
it initially served as an attractive object for many pigeons. 
They started using the trap more intensively in the second 
month (and mainly in the third month in Study Area 2), 
when larger quantities of pigeons were removed in absolute 
number. Later, mainly in Study Area 1, fewer pigeons were 
removed by trapping in absolute number, which may have 
been due to two parallel processes. It is possible that the 
boldest pigeons had already been removed during the first 
months of the study, leading to an increased proportion of 
trap shy individuals in the population. It is also possible 
those remaining pigeons identified the capture of their con-
specifics and decided to not enter the trap, as pigeons have a 
significant cognitive functioning (Darby et al. 2018).

Whereas trapping is a relatively passive method, where 
birds enter traps “of their own free decision”, mist-net-
ting of pigeons in our study was an active intervention; 

Fig. 2  Comparison between 
three methods of pigeon 
removal at Study Area 2 over a 
period of five months
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disturbing and driving the pigeons into the net. This lat-
ter method is very efficient in removing large numbers 
of pigeons within a short time period, as supported by 
our results. However, it is important to note that in small 
local pigeon populations falconry and trapping might 
also be effective, if combined, as found in Study Area 1 
where the two methods reduced the pigeon population by 
approx. 80%. Although mist-netting was found to be the 
most effective technique in our study, this method has limi-
tations (Keyes and Grue 1982). The most important thing 
worth noting in this context is the requirement of an open 
space of adequate size in which the net can be erected, as 
well as the need for expertise to drive the pigeons from 
the structures of the building into the net without harm.

Conclusion for future biology

Feral pigeon populations often inhabit urban industrial 
areas, where it is of paramount importance to control 
populations in order to mitigate the problems they cause. 
Our results show that with effective interventions, despite 
the possibility of immigration and reproduction, we still 
experienced a population decline, confirming the effective-
ness of the methods we used.

Our study highlighted that mist-netting is a highly effi-
cient way of removing pigeons in urban factories within a 
short time. Although live trapping of pigeons by box-trap 
was not found to be as effective as netting when compar-
ing the daily capture rates, it can be the simplest technique 
and using more traps can increase the effectiveness of this 
method. Falconry can reduce the presence of pigeons by 
creating fear in them. Since the characteristics of the areas 
can influence the utility and impact of the control meth-
ods, as shown by different results between our two sites, 
a combination of the methods is recommended for greater 
overall efficiency, in a decreasing ranking order of mist-
netting, trapping and then falconry.
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