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STATEMENT OF EVIDENCE OF KATHERINE MCKENZIE
INTRODUCTION
1

My full name is Katherine (‘Kate’) McKenzie.

2

I am the Senior Planner – Land Use at Christchurch International
Airport Limited (CIAL). I have held this role since January 2016.

3

I have worked as a resource management planner for nine years,
and prior to joining the Strategy and Sustainability team at CIAL, I
was most recently employed by the Christchurch Central
Development Unit within the Canterbury Earthquake Recovery
Authority. I have also been employed in private consultancy and
local government.

4

My qualifications include a Bachelor of Arts (Geography) from the
University of Canterbury.

5

I have been authorised by the Chief Executive of CIAL to provide
evidence on its behalf in relation to the proposal for the Canterbury
Regional Pest Management Plan (the proposed Plan).
SCOPE OF EVIDENCE

6

7

In my evidence I will address:
6.1

an overview of the operations of Christchurch International
Airport (CIA);

6.2

an overview of CIAL’s submission on the proposed Plan;

6.3

bird strike risk posed by species CIAL sought to be included in
the Plan at CIA; and

6.4

further supporting information on the Rock Pigeon.

In preparing my evidence I have read:
7.1

The Proposal for the Canterbury Regional Pest Management
Plan 2017;

7.2

the associated Staff Recommendations Report ;

7.3

the submission of Air New Zealand.

3

OVERVIEW OF CHRISTCHURCH INTERNATIONAL AIRPORT
8

CIAL is an airport company established under the Airport Authorities
Act 1996. Section 3 of that Act confers the power on CIAL to
establish, improve, maintain, operate and manage the Airport and
acquire land for those purposes.

9

CIAL is responsible for the safe and efficient operation of the
Airport.

10

By way of brief overview, the Airport:
10.1 is situated 11 kilometres north-west of the Christchurch City
Centre surrounded by rurally zoned land. It is the largest
airport in the South Island and is the second largest airport in
the country; and
10.2 the Airport is a major driver of the regional Canterbury
economy. Output from CIAL’s latest economic impact study
for example reports that combined Airport activities see
between 25,000 and 30,000 people visiting the Airport every
day. It is therefore accepted that the Airport is a significant
physical and economic resource in national, regional and local
terms.

11

Regular activities for CIAL include patrolling the airfield, maintaining
runways, ensuring the terminal building is safe, clean and warm,
ensuring services such as power, water and transport are available
for all the businesses, planning for future growth, and ensuring that
airlines, passengers, visitors and tenants have the services they
need.
CIAL’S SUBMISSION

12

CIAL has sought the inclusion of the following species in the Plan:
12.1 Rock Pigeon
12.2 Canada Goose
12.3 Southern Black-backed Gull
BIRD STRIKE

13

As outlined in the CIAL submission, Bird Strike is a collision between
birds and aircraft. It has potentially very serious consequences, and
the Airport has a significant bird strike risk profile.
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14

15

CIAL is required to ensure the Airport meets all safety and
compliance requirements for passengers, visitors and aircraft. Civil
Aviation Authority (CAA) Rule 139.71 requires aerodrome operators
to have an environmental management programme for minimising
or eliminating wildlife hazard. Bird strike is a significant safety risk
which requires diligent management and CIAL collaboration with
local and regional government and surrounding landowners.
Bird Strike Management Measures Implemented by CIAL
CIAL works extremely hard to ensure that the risk of bird strike
hazards is as low as reasonably practicable. In 2008, CIAL
implemented a Wildlife Hazard Management Plan (WHMP), to
achieve compliance with CAA Rule 139.71, which sets out how CIAL
manages wildlife hazards both on and off the Airport. The WHMP
was comprehensively reviewed in 2012, and has been updated a
number of times since. The CAA monitor compliance with this rule
as part of their scheduled annual audits of the Airport. The Wildlife
Hazard Management Plan

16

CIAL takes the implementation of the WHMP very seriously. CIAL
employs two full time Airfield Safety Officers, who spend the
majority of their time on the airfield managing wildlife hazards onairport.

17

There are a number of other staff who contribute to the
management of wildlife hazards, including the Manager, Quality and
Security, the Chief Fire Officer and the Fire Servic e, the Airport
Lands Engineer and the Senior Planner – Land Use (my role). CIAL
actively works to ensure its property is unattractive to birds,
including appropriate waste management, grass management, using
appropriate plant species in landscaping, and designing appropriate
stormwater management systems.

18

My role is to maintain a watching brief on developments in the
region which may have an adverse effect on the implementation of
the WHMP, and to work collaboratively with a variety of
organisations to enhance off airport bird management . This
includes proactively working with local and regional government on
planning documents which influence activities within the vicinity of
the airport.

19

Management of bird strike risk has traditionally been focused on the
airport itself, however, over the past few decades there has been an
increasing emphasis on managing bird populations in the vicinity of
the airport, and avoiding land uses establishing close to the airport
that increase the risk from bird st rike. On this basis, CIAL
commissioned the development of an Off Airport Bird Hazard
Management Plan, which was published in February 2016. I have
attached this document in Appendix 1.
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20

Rock Pigeon
As outlined in CIAL’s submission, Rock Pigeons living in Christchurch
City carry out foraging flights to farms located across the
Canterbury Plains on a daily basis. These foraging flights are
putting the Rock Pigeons in direct conflict with aircraft taking off and
landing at CIA. This position is supported by Air New Zealand, who
also submitted seeking the inclusion of the Rock Pigeon in the
proposed Plan.

21

I attach an article which provides significant information about Rock
Pigeons as a pest species, including population characteristics,
issues caused by the species, monitoring and control methodologies
for consideration (see Appendix 2).

22

Also attached is the Australian Transport Safety Bureau pamphlet,
outlining the risk posed by Rock Pigeons to aircraft in Australia (see
Appendix 3).

23

The Staff Recommendations Report rejects the proposed inclusion of
the Rock Pigeon as a species in the CRPMP, on the basis that
sustained control is not possible to achieve because the species is
widespread throughout New Zealand. I would like to note that other
species in the Sustained Control section of the proposed Plan include
Broom, Gorse, Feral Rabbits and Old Man’s Beard among others. It
is my understanding that these pest species are also prevalent in
other regions across New Zealand, so I do not accept the Off icer’s
rationale for rejecting the submission point. The attached article on
feral pigeons clearly indicates that pigeons belonging to the same
city constitute a “single management unit” – particularly those
populations that forage (see Page 220 of the article in Appendix 2).
This would indicate that, contrary to the officer’s view, the fact that
Rock Pigeons exist in other cities in New Zealand would not preclude
the achievement of a sustained control programme for the species
in the Canterbury Region.

24

I would urge the Panel to give consideration to the inclusion of the
Feral Pigeon as a pest species in the Plan with a sustained control
objective. CIAL is suffering the effects of continued agricultural
intensific ation on the Canterbury Plains offering substantial
increases in food supply for Rock Pigeons, coupled with many
abandoned buildings in Christchurch City providing roosting
opportunities. The combination of the two is significantly increasing
the risk of bird strikes occurring during takeoff and landing at CIA.

25

In the event that the Panel agrees that the Feral Pigeon should be
included in the Plan, information about the species, plan objectives
and rules will be required. I have prepared a draft template for
consideration, which is attached to my evidence in Appendix 4.
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26

27

Canada Goose
The Staff Recommendations Report accepts the CIAL position
seeking the inclusion of the Canada Goose in Appendix 2 as an
Organism of Interest in the proposed Plan, but not the request to be
included as a species for sustained control. For the reasons outlined
in the Staff Recommendations Report, I accept that it is appropriate
for the Canada Goose to be included in Appendix 2, rather than
section 6.3.
Southern Black-backed Gull
The Staff Recommendations Report rejects the CIAL submission
seeking that the Southern Black-backed Gull be included in
Appendix 2 of the proposed Plan. For the reasons outlined in the
Staff Recommendations Report, I accept that it is appropriate to not
include this species in the proposed Plan.

Dated: 4 September 2017

Katherine McKenzie

Appendix 1: Off Airport Bird Hazard Management Plan
Appendix 2: Feral Pigeons: Problems, Dynamics and Control Methods
Appendix 3: ATSB Rock Dove Pamphlet
Appendix 4: Draft Feral Pigeon CRPMP Provisions
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Appendix 1: Off Airport Bird Hazard Management Plan
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Renamed as the World Birdstrike Association in 2012
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Establish clear roles and responsibilities for the CIAL
wildlife hazard management programme.
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SOUTHERN BLACK-BACKED GULL CONTROL
Technical Standard

Objective:
The objective of control is to reduce Black-backed Gull numbers as effectively and humanely as
possible, without compromising the safety of other protected species.

NOTIFICATION
•

Any parting wishing to undertake control of Black-backed Gulls should ensure they have
agreement from the relevant land owner or controlling authority before proceeding.

TECHNIQUE
Timing of Operation
•

Alpha-Chloralose poisoning targeted at nesting colonies is the preferred control method.
Control should be time for the height of egg-laying, before large numbers of chicks are present.
o

•

Toxic baits should be laid during calm weather.
o

•

To ensure the maximum number of adult birds are present, but there are not a large
number of chicks which will need to be humanely despatched.

In windy conditions poisoned birds can be blown long distances before dying making
recovery of carcasses difficult.

If Black-backed Gull control needs to occur outside of breeding season, or harm to non-target
species is likely, Alpha-Chloralose poisoning is not accepted to be the most effective method.
o

Shotgun control, egg oiling etc may be more effective in these situations as Blackbacked gulls can be targeted without harm to other species. An ornithologist should be
consulted on the best method and the land owner should agree.

Bait application
1. An ornithologist should undertake a bird survey within a 100 metre radius around the Blackbacked Gull colony that is to be targeted prior to any control work starting. Any protected bird
species present should be recorded on a map that can be presented to the pest control
operator. The pest control operator must take all reasonable steps to avoid harm to these
species, especially when driving in the riverbed.
2. To ensure sufficient bait is used, visual surveys must be undertaken prior to the control
operation to estimate the number of birds present. It is better to overestimate than
underestimate numbers to ensure sufficient bait is used. This survey could be completed at
the same time as the bird survey.

3. A minimum of 4 pre-feeds should be undertaken, initially 2 days apart, then daily. Pre-feeding
should occur in late afternoon. During the last 2 prefeeds, the birds should exhibit a feeding
frenzy and rapidly settle to feed on baits (i.e. within approximately 5 minutes of leaving the
site).
a. Pre-feeding is crucial to acclimatise birds to both the feed and humans walking
around site. Onset of alphachloralose poisoning symptoms are rapid, and 'slow
feeders' will avoid the toxic baits once other birds start to exhibit poisoning
symptoms.
4. An ornithologist should be present during all pre-feed and toxic baiting to monitor bird
behaviour (ie Black-backed Gulls are displaying appropriate feeding frenzy behaviour and are
acclimatised to human presence) and to ensure no non-target species are also taking part in
the pre-feeding. The ornithologist may recommend more pre-feeds, postponing the poisoning,
or requiring a different control method.
5. Pre-feed at a rate of 5-6 baits per bird, halving the amount for the final pre-feed.
a. Halving amount of bait used for the final pre-feed ensures birds are not overfed prior
to the toxic bait being laid.
6. Toxic bait should be laid in the evening the day after the final pre-feed, as close to dusk as
possible. Remove any uneaten pre-feed prior to laying the toxic bait.
a. Alpha-chloralose works best at lower temperatures which are more likely in the
evening/overnight. In the evening the maximum number of birds will be present at
the site. Removing uneaten pre-feed ensures birds only eat toxic baits.
7. Apply toxic bait at a rate of 5-6 baits per bird. Correct application rates can be confirmed using
the Department of Conservation Alpha-Chloralose calculator.
a. If a second toxic feed is required this should be undertaken in the evening the day
after the first toxic feed. The amount of bait applied should be adjusted according to
how many birds are still alive at the site.
8. A team of more than one person will be required to place the bait throughout the colony. The
team should walk calmly through the colony following transect lines to evenly place bait
throughout the "core" of the colony. The core is where nests are more densely spaced, ie nest
spacing is 5 metres or less. People laying the bait should walk as quickly as possible while
attempting to scatter the bait evenly along their transect line.
a. Scattering extra baits ensures sub-dominant and non-breeding birds have access to
baits.
b. Focussing bait laying on the core of the colony helps ensure non-target species that
may be around the edge of the colony are more likely to be excluded from the
central feeding.
9. Bait needs to be laid quickly as poison is fast acting and as the first birds to eat the bait
become drowsy, unaffected birds may become aware of what is happening and avoid the feed.
Where the core of the colony cannot be covered quickly by a team of up to five people laying
the bait, a quad bike or similar may be used to spread the bait more quickly.
10. The ornithologist will observe the bait laying and may signal for the operators to return and pick
up all of the baits immediately if non-target species are observed to be also feeding.
11. Early in the morning after toxic baiting, return to site and kill all surviving poisoned birds and
chicks with a sharp blow to the head or neck dislocation. All eggs present in nests where the

adults have been poisoned must be pricked or smashed. Any remaining toxic bait must be
removed. Carcasses should be disposed of at a registered landfill.
a. Pricking or smashing eggs is more humane and ensures no eggs make it to
hatching.

EQUIPMENT

Bait preparation
12. Use the "Alphachloralose calculator" (docdm-1088863) to determine how much bread,
alphachloralose powder and margarine will be required.
13. Spread approximately 8 grams (1.5 teaspoons) of the alphachloralose /margarine mixture
(-100g alphachloralose /kg) onto slices of plain bread and then sandwich two slices together.
Cut each sandwich into 12 'bite sized' baits.
14. Non-toxic pre-feed baits should be the same as toxic baits except not contain toxin (i.e. only
use margarine).

Sowing equipment
15. Baits should be spread by hand from a pail or bag.

SKILLS REQUIRED
16. A consistently high standard of field work is essential.
17. Operators need:
Calm nature while moving through colonies
Quad licence and any other applicable licences for any equipment used on site
Appropriate licences for poison handling

REFERENCES
Caithness, T. A. 1968. Poisoning gulls with alphachloralose near a New Zealand airfield.
Journal of Wildlife Management 32(2):279 - 286.
2.

Fairweather, A. A. C. 2008. Animal Pest Field Trial Report on the Control of Black-backed
Gulls (Larus dominicanus) using 100g/kg Alpha -chloralose Bread baits. Unpublished report
docdm-243954, R, D & I, Department of Conservation, Hamilton.
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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;
Rosický, 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; Rosický, 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).

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 2.53.5% 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 HaagWackernagel (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 km2 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 energyrich 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).

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
(Müller & 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; Jokimäki & 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 km2, 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 km2, 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; Jokimäki &
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
abundance.

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 (n = 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.

www.intechopen.com

226

Integrated Pest Management and Pest Control – Current and Future Tactics

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
(a 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 (HaagWackernagel, 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: r = -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: F1,8 = 6.82, P= 0.035) and in late winter (F1,6 = 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 t11 = 7.44, P << 0.001; returning flock sizes t11 = 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).
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):
B
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.

4.

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.
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
Number of simulations
Period
Initial population size (N)
Start at stable age distribution
Carrying capacity (K)
Demographic closure
Inbreeding
Catastrophes
Mortality at age 0
Mortality at age 1
Breeding system
Age of first breeding
Maximum Age of Reproduction
Sex ratio at birth
% females breeding
Density dependence
Number of fledglings when N=K
Number of fledglings when N=0
B
% males in the breeding pool

'Murton'
100
10 years
5,000
Yes
5,000, 10,000
Yes
0 lethals
0
43
34
Long term monogamy
1
7
0.5
100
Yes
1.3
2.4
2
100

'Haag'
100
10 years
5,000
Yes
5,000, 10,000
Yes
0 lethals
0
82
10
Long term monogamy
1
7
0.5
100
Yes
2.2
4.0
2
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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Fig. 6. Feral pigeons population size near the carrying capacity (K) of the urban habitat.
Trends (continuous lines) of the 'Murton' and 'Haag' populations predicted after 10 years of
various degrees of fertility control (-15, -30, -60%) combined with different degrees of
reduction of carrying capacity. Broken lines refer to the cumulative population reduction
which could be obtained by only reducing K [e.g. red line: -0.1%/year * 10 years = -10%)].
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Fig. 7. Feral pigeons population size at 50% of the carrying capacity (K) of the urban habitat.
Trends (continuous lines) of the 'Murton' and 'Haag' populations predicted after 10 years of
various degrees of fertility control (-15, -30, -60%) combined with different degrees of
reduction of carrying capacity. See Fig. 6 for other details.
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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 aboveconsidered 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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Appendix 3: ATSB Rock Dove Pamphlet

ATSB Bird Information Sheet No.8

R oc k D ov e
Managing bird strike risk at Australian airports

Rock Dove
Columba livia
Strike Risk
ATSB rank 9 *
Between 1991 and 2001 there were 53
bird strikes reported to ATSB which involved
“pigeons” (Rock Doves). Of these:
 16.9% resulted in damage to aircraft
 0% had an effect on planned flight
 30.9% involved more than 1 bird
A medium-small sized bird, Rock Doves present a serious risk to aircraft
as they take off explosively from the ground, forming compact fast flocks
and wheeling unpredictably. Frequently, more than one bird is struck
which can potentially cause the failure of one or more engines.
*Ranking and figures were obtained from The Hazard Posed to
Aircraft by Birds (ATSB 2002). http://www.atsb.gov.au/aviation/research/birdstrike.cfm

B. Green

About Rock Doves
Rock Doves at Airports

Rock Dove
Columbia livia

The main attractions for Rock Doves at
airports include:

Other Names
Feral Pigeon, Domestic Pigeon, Homing Pigeon.



Food
Rock
Doves
are
mainly
granivourous, feeding on seeding
grasses
and
weeds,
and
occasionally invertebrates. Poorly
managed grasslands provide a food
source when grasses and weeds are
allowed to seed.



Distribution
Rock Doves are found throughout much of the continent, with escapee
Homing Pigeons extending the range and distribution of the species.

Nesting
Buildings and other sheltered areas
provide suitable nesting sites for
Rock Doves.



Preferred Habitat
In their natural environment, Rock Doves nest in loose colonies on
coastal cliffs. In human environments, nesting takes place on
skyscrapers and a variety of buildings whose structure and perches
effectively emulate that of the traditional coastal cliffs.

Roosting
Rock Doves roost communally in
concealed areas such as buildings,
disused
machinery
and
communications towers.



Water
Watering points at airports provide
Rock Doves with a permanent water
source, allowing them to live
exclusively on airports.

Size
Length 31-34cm; wingspan 63-70cm; weight 295-320g.
Identification
Adults can be quite a variety of colours from grey to black and white
and red-brown. Most are blue-grey with green and purple metallic sheen
on neck, two black bars near centre of wing; underwing and rump white
and upper wing a light blue-grey.
Juveniles are similar to adults but colours tend to be duller and sheen is
not developed.

Food
Food preference is for seeds from a variety of native and introduced
plants. Rock Doves also scavenge for food scraps.
Behaviour
Throughout urban environments, individuals and flocks are generally
tame. Breeding individuals may be wary.
Breeding
Breeding takes place anywhere within its distribution, without any
definite season. Like most pigeons, males will undertake a series of
bowing and posture display. Generally two eggs are laid.

Trapping Birds
Birds such as Rock Doves that may inhabit
hangars or other airport buildings and other
species that are persistent even after appropriate
dispersal is attempted may have to be trapped.
There are various types of traps available,
depending on the bird species. Cage traps that
can hold up to 100 birds are readily available for
capturing Rock Doves. Following capture, Rock
Doves should be humanely destroyed. Permits
are not required for destruction of this species as
it is an introduced pest.

critterridders.com

Trapping and relocation should also be
considered where culling is perceived to be
unsavoury, such as with birds of prey or species
listed under State or Federal legislation. Larger
traps for birds of prey may need to be specifically
designed. The relocation of trapped birds must be
carefully considered. Many bird species will
return to their place of capture if not released
some distance away and care must be taken not
to release birds in an area where other birds of
the same species have an existing territory.
Permits are required from state/territory
authorities prior to trapping native animals.

Managing the Feral Pigeon Hazard at Airports
Gulls at Airports

Habitat Modification
There are various attractions for gulls at airports:
All bird management strategies should
seek to initially make an airport as
• Water
undesirable as possible to birds through
Gulls are attracted to open water on airports
habitat modification. An assessment of
such as ponds lakes, creeks drainage ditches
the airport should be completed by a
and depressions which fill with water after rain.
person qualified and experienced in
identifying
bird
attractions
and
• Food
recommending
site-specific
Gulls
will quickly identify if an airport has poor
modifications.
waste handling procedures and take advantage
Limiting
Dove attraction
of spillagesRock
or uncontained
waste. at airports
may
require:
Flooded
creeks and grasslands make food
waste
or wormsNesting,
and other invertebrates
Restricting
Roosting and
available
to
foraging
Perching Areas gulls.
Prevent Rock Doves from accessing
• Loafing
areas and nesting sites in buildings
roosting
The and
flat open
short grass found
allspaces
otherandpotential
areasat by
airports
provide
a
safe
place
for
gulls
to
sealing all entrances.
congregate and loaf (rest, preen and watch for
Install anti-perching spikes and wires
predators).
to eliminate attractive roosts and
loafing areas.
Food Reduction
Ensure effective waste management
procedures are followed by all staff
and tenants working on or in the
vicinity of an airport.

Active Pigeon Management
Active bird management involves scaring or removing birds
from the airport. There are numerous options available for the
task, some of which have limited effect in the long term as
birds become used to them. Generally, a combination of
techniques provides the best results. For Rock Doves, the
following active management options can be considered:
9 Shooting at night using air riffles. Permits are not
necessary for this introduced species, but extreme care
must be exercised and operators must have a firearms
license.
9 Trapping and humane destruction.
9 Poisoning of Rock Doves is a common technique for
removing unwanted populations. This should be conducted
by a qualified and registered pest control professional.
9 Disperse using pyrotechnics (such as cracker shells),
portable distress callers, sirens, lights and vehicles.
Dispersal of this species is often only a very temporary
solution and culling should be considered first.
9 Off-airport active management may include removal of
nests at breeding sites and rendering them inaccessible for
future breeding. Some management programs use traps
and suitable poisoning techniques to aid in limiting
population growth.
Note: not all the suggested strategies have been trialed at
Australian airports and it may be necessary for each airport
to independently trial any particular method before
incorporating it into their bird management plan.

Public education through signs and
pamphlets to discourage public
feeding of pigeons at or adjacent to
the airport.
Manage grasslands to limit the
production of seeds. This involves
mowing at a height which only
removes
seed
heads,
whilst
maintaining tall grass.
Removing Watersources
Watering
points
and
other
watersources must be managed to
ensure that no water is available to
birds.
Restricting the Keeping of
Homing/Racing Pigeons
Racing Pigeons kept in a yard of an
airport’s
neighbour
can
fly
unpredictably when being exercised
or escape, posing a risk to aircraft.
Homing/Racing Pigeons should not
be kept within 13km of an airport

Bird Proof Building
Bird proofing buildings is necessary to reduce numbers of
several bird species that inhabit airports, including Rock
Doves. Following an inspection to identify the main entry
points and perching areas for birds, the following can be
considered:


All entry points to building cavities should be sealed by
filling gaps, using netting, or any other means necessary. It
is important that sealing is carried out in such a way as to
not trap any birds inside the building as this will lead to
inhumane death of birds and cause unsavoury odours.



Spikes installed on perching areas are a simple way of
restricting access to pigeons.



Gel products can be applied to building surfaces which
pigeons find uncomfortable to perch on.

Active Management Tools
The following recommendations for active management tools are derived from international research and experience
(particularly in North America) and may or may not be relevant for Australian conditions. As little research into active
management tools has been conducted in Australia, the recommended tools may serve as a starting point for
individual airports to trial.
(Note: these recommendations are not specific to Rock Doves,
but are meant for consideration in managing all species at airports)

Not Recommended
High-intensity sound
Microwaves
Lasers
Ultrasound
Aircraft hazing
Smoke
Magnets
Lights
Dyes
Aircraft engine noise
Infrasound

Limited Recommendation
Gas cannons
Phoenix Wailer ®
AV-Alarm ®
Bird Gard AVA ®
Bird Gard ABC ®
Scarecrows
Reflecting tape
Predator models
Hawk kites and balloons
Gull models
Chemical repellents
Foam
Predator calls
Lure areas
Surfactants and water spray
Model aircraft
Poisons
Dogs (Border Collie)

Highly Recommended
Pyrotechnics
Falconry
Distress and alarm calls
Shooting
Trapping & remote release

Source: Sharing the Skies, Transport Canada 2001. http://www.tc.gc.ca/civilaviation/aerodrome/wildlifecontrol/tp13549/menu.htm

For further information:
ATSB (02) 6274 7452
www.atsb.gov.au
The ATSB investigates air safety occurrences for the sole
purpose of enhancing safety. Consequently, ATSB
material is confined to matters of safety significance and
may be misinterpreted if used for any other purpose.
This information sheet has been produced for the
Australian Transport Safety Bureau by Ecosure

ontgomery birdway.com.au

www.ecosure.com.au
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Feral Pigeon
Table XX
Description and adverse effects
The feral pigeon, also called city
doves, rock doves, city pigeons, or
street pigeons, are pigeons that are
derived from the domestic pigeons
that have returned to the wild.
Adults can be quite a variety of
colours from grey to black and
white and red-brown. Most are
blue-grey with green and purple
metallic sheen on neck, two black
bars near centre of wing; underwing
and rump white and upper wing a
light blue-grey. Juveniles are similar
to adults but colours tend to be
duller and sheen is not developed.
Feral pigeons are mainly
granivourous, feeding on seeding
grasses and weeds, and
occasionally invertebrates. In the
greater Christchurch area, feral
pigeons are reliant on the
agricultural land surrounding the
city for a food source, and carry out
foraging flights on a daily basis
between their roosting sites and the
Canterbury Plains. Due to the
intensification of agriculture
surrounding Christchurch as a result
of irrigation of previously dryland
farming areas, there is potential for
a significant increase in the
Christchurch feral pigeon population
without any intervention. The
recent increase in feral pigeon
populations in the greater
Christchurch area is causing an
increase in the risk of bird strike
incidents occurring at Christchurch
International Airport.
Feral pigeons can cause problems

Wikipedia.org
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for public health as they transmit
pathogens to humans via excreta,
secretions or dust from feathers.
Feral pigeon droppings are also
known to cause significant damage
to buildings and infrastructure.
In their natural environment, feral
pigeons nest in loose colonies on
coastal cliffs. In human
environments, nesting takes place
on skyscrapers and a variety of
buildings whose structure and
perches effectively emulate that of
the traditional coastal cliffs. Feral
pigeons roost communally in
concealed areas such as buildings,
disused machinery and
communications towers.
Breeding takes place anywhere
within its distribution, without any
definite season. The average clutch
size is two eggs.
Objective, Principal Measures and Rules
Plan Objective X

Over the duration of the Plan,
sustainably control feral pigeons
within the greater Christchurch area
to ensure population levels do not
increase bird strike risk at
Christchurch International Airport or
affect production values.

Principal measures to be used
The requirement to act, council
inspection, advocacy and
education described in section 5.3
of the Proposal will be used to
achieve Plan Objective X.
Generally, owners of buildings in
the Christchurch CBD (bounded by
Deans, Bealey, Fitzgerald and
Moorhouse Avenues) will take all
practicable measures to ensure that
feral pigeons are not provided with
roosting opportunities.
Alternatives considered
Relying on voluntary action to
achieve Plan Objective X is not
considered viable due to the
widespread nature of the pest and
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the lack of incentives for voluntary
action.
Environment Canterbury could take
on the responsibility for controlling
feral pigeon populations. However,
the extent of the population is such
that the logistics of carrying out a
control programme would not be
cost effective.
There are no alternative measures
that provide satisfactory inspection,
education or advocacy measures.
Plan Rule X.x.x

Explanation of rule

A building owner in the Christchurch
CBD shall take all practicable
measures to prevent feral pigeons
from roosting in or on the building.
Such practicable measures include
boarding up of abandoned buildings,
installing perch wires or other
deterrents on ledges, preventing
access to roof spaces.

The reason for this rule is to
eliminate roosting opportunities for
feral pigeons to limit population
increase and reduce pigeon
overflight at Christchurch
International Airport.

A breach of this rule creates an
offence under section 154N (19)_of
the Act.

