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Abstract

Worldwide increases in the urban human population he/éoa risein human

wildlife conflict in cities Mitigating humanrwildlife conflict requiresunderstanding of
bothwildlife and their relationship with humarteral pigeons@olumba livig, a
ubiquitouscommensal animaére a source of humanmildlife conflict due to their
waste which fouls and corrodbsildings and pasments publichealthconcerns and
their tendencyo foragein groups around peopld-eral pigeons are abundant in
Wellington City andnformation isneededo advisea new management strategy to
reduceconflict. | aimed to measure the distribution ahehsity of feral pigeonsn a
landscape scal@ WellingtonCity and their movements in relation to artificial foad
also evaluated peopeattitudes to feral pigeons and tolerance for control methods.
measured distribution ing) a resource use/availabilsyudy and density using distance
samplingalong eidpt line transectacross the city centia summer and winter.
Variablesmeasured for sites used and available to pigamne assembled into models
and compared using an Information Theoretic apprd@gkon distribution was best
explained by the modelstance tgigeonfeedersite, distance to public space, and
landscape typen( = 0.696) Densitywas higher in winterg.8 pigeongha than summer
(4.5pigeon#na), especially icommercial areafl7.8 pigeonghawinter c.f. summer
5.9 pigeongha). Pigeors selectedreascloser to pigeon feeder sites and to public
spaces, and to landscape types with a higher human density, which suggests public
feeding is the main influence on pigeon distribution in Wellington @y limitation

of public feeding shouldofm the basis of a management stratégpservediie
movement®f 48 banded birdsaught at five park capture siteger 38 search sites
from June to December in Wellington City construct minimum convex polygons for

the 20 birds that had nine or marleservationsThe average activity area was 1.87ha



andactivity areaganged fron0.0%a t010.2éha Pigeonsshowed limited movement
between sitesyith 14 out of the 2q(70%) seen at three or fewstes The small

activity areas suggest food is locadlgundant as pigeons do not have to travel far to
meet daily energyequirementsA significant food reduction may be required to
decrease the population and should focus on major feedinglotas/estigate

p e o pdttirudes to feral pigeons and theamtrol | handdelivered800two page
questionnaireto 50 residents at 16tratified randonsites around Wellington City.
Questions were askedone si dent s6 attitudes towards pi
knowledge, experiences and actions, and their sufgrocontrol methodsAttitude
towards pigeons wasinked on a scale ef, 0, and Jand testedisingmodels
composedf different variablesRes p o n d e n t dodvards pigeons wede dest
explainedby whether theyed birds and visited green spaBagondentsvho fed birds
were less negative towards pigeonkjle respondents who visited green spaces often
were more likely to have a negative opinidsird feeders made up 21.5% of
respondents while 5% of respondents stated they fed feral pigeonsateggabntrol
methoddor limiting pigeon population sizeadsupport over lethal methodSurvey
respondents who fed pigeomadlittle support for control methogdget their behaviour
change is crucial to the stess of a management programiitas showshe

importance of consulting the public and allowing them to participate in the management
decision making procesAs regulatory methods were not considered practical, and
banning bird feeding was not considesethsible due to its popularity and the
appreciation for wildlife it provides, recommendations were made taoselucation
and social marketing campaignreduce pigeon feedirmndpromote responsible bird

feeding
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Chapter One: General Introduction

The study of ecology is primarily concerned with relationships between animals and the
environment Krebs 2008. Traditionallyecologists have sought unmodified habitats in
which to carry out their research (McDonnell 1997). But unmodified areas are
diminishing and the impacts of humans are so extensive that including them in
ecological research has become increasingly relévataiusek et al. 1997)f we are to

fully underdgand ecosystems in the world today and offer insightsth@duture, we

must study humadominated environments. Urbanologystudies have previously
focussed on the effects of urbanisation on native species (Blair 1996, Rottenborn 1999)
and urban spees as pestdangley 1985 However much can be gained by applying

traditional ecology principles to commensal species in urban enviroament

Urban ecology

The worl ddés popul ation is becoming increas
populationisexpecte t o reach 6.3 billion, around 69
(United Nations 2010)n contrastonly 13% of thew o r |pabblation lived in urban

areadn the year 190QUnited Nations Q06). New Zealad is no exception to this trend

as86% of the ppulaion live in urban environmentndthis percentages expected to

increase irthefuture Ministry of Social Development 20)0Urban environments are
characterised by high levels of energy use (Mcintyre 2000), built and impervious

ground cover (Arnlgl & Gibbons 1996) and high human population denstigkett et

al.201 . Whil e urbanised | and covers only a
its effectson the environmerdre far reaching. The impacts of urbanisatraiude

degraded ecosysterfRouyat et al. 2002, Groffman et al. 2003alsh et al. 2005),



biodiversity declineicDonald et al. 2008 homogenisatiof speciesNIicKinney

2006 andmodified climate(Souch & Grimmon®006).

The importance of applymecological questions to humdominated environments

was raised some time ago (Tansley 1935), yet it was not until the past few deaades th
the field of urban ecologgmergedas a discrete disciplin@cDonnell 1997, Adams
2005). Despite the impacts of urbanisation on the environraeosystem function
continues and urban emenments have the potential to contributditadiversity

(Miller & Hobbs 2002, Pickett et al. 2011). The science of urban ecology is not based
on ecology alone, rather it is arterdisciplinary fieldthatmerges ecology with social
science (Mclintyre et al. 200Q)rban ecologys a new fieldandlacks a strong

theoretical background, although a number of different approaches and frameworks
have been proposed (Young 2009). These range from experimental approache
combinedwith urban design to concept models that integrate human and ecological
processes (Alberti et al. 2003, Felson & Pickett 2005). Devel@ppgopriate

theoretical framework®or the urban environmeid considered one of the most

important chaktngeghatecologistswill face inthefuture (Alberti et al. 2003).

Commensal animals

While many species have been unable to adaptitan aregsomehave been able to
exploit the abundant food resources founthmurban environmerihochat et al.

2006). These species have undergone the process of synurbanization, whereby animal
populations adjust to theonditions of the urban environment (Luniak 2004).
Widespread commensal spedieslude rat§Rattus norvegicuandRattus rattuy mice

(Mus musculs), house sparrowdasser domesticyandferal pigeongColumia



livia). These animalkve alongside humarand rely on them for foo&pecies which
have successfully adapted to the urban environmentaeoeoekecologicalgeneralists
with high reproduate capacities and prolonged breeding seagbusiak 2004 Moller

2009)

Human wildlife conflict and human dimensions

The rise of the human population, both in urlsadiareas and elsewhere, hastte

increases in both the frequency and severity of mawiltlife conflict (Madden 2004).

Humanwi | dl i fe conflict occurs when O0the nee
negatively on the goals of humans or when the goals of humans negatively impact the
needs of ondParksCandgres®Recdmwiendation@3). Causes ofuman

wildlife conflict in the urban environmemiclude vegetation damage property(West

& Parkhurst 2002), aggressive behaviour (Jones & Thomas T88f et al. 2004
diseasdransmission to humarfMagnino et al. 2009ndvehiclecollisions (Stout et

al. 1993) amongmanyothers

Traditional approaches to the management of animalenflict with peopleoften
involved killing the animal$o reduce population numbegfEreves & NaughtoifTreves
2005 Dickman 201D Althoughlethalmethods are still used today, they often do not
address the root of the probleRlumanwildlife conflict can be extremely complex,

and a reduction in animal numis may not reduce the conflas human perceptions of
the conflict can remain the same (Mad@894).In addition, populations can recover
quickly when individuals areemoved.Lethal methods of control are also controversial
with the public, and support for these methods is degjjrparticularly in developed

countries (Treves & Naughtefreves 205).



A more recent approach to humaridlife conflict management involves investigating
the human dimensions of the conflict (Decker & Chase 1997, Madden RéQkh

Mordo et al.2009). The consideratiasf human dimensions in wildlife management
innoves examining peoplesdé attitudes and
information to inform wildlife management strategies (Decker and Chase 1997, Treves
et al. 2006). This approach is advantagdmeausgublic perceptions of the problem
may differfrom reality, so reducingvildlife damagemay not actually lessen the

conflict (Madden 2004)n addition humanwildlife conflict can involve humatuman
conflict, and may be more a reflection of underlying sootelflict rather than

discontent with witllife (Madden2004).Therefore it igmportant to understand not

only theecology of theaargetpopulation but also public attitudes to the target species

and methods for its control.

Feral pigeons

Feralpigeons are descendants of domestichteddsof the wild rock dove While the
wild rock dove nests on coastdifff ledgesand rocky areasm the British Isles, the
Mediterranean, and Northern Afrieast to Indiathe feral pigeon has adapted to the
urban environmerdnd is found in cities worldwid@ong 1981 Johnston & Janiga
1995). Feral pigeorisave reached high densities in maities (e.g9.4 pigeonfain
Barcelona (Sol & Senar 1998.4 pigeons/han Basel (Haag/Nacknagel 199), 20.8
pigeons/han inner city Milan(Sacchi et al. 2002) and3pigeonghain inner city
Amsterdam (Buis & van Wijnen 2001 Although widely studied in Europe, little
research has been carried out on feral pigeons in New Zg@ldksl 1975a, Dilks

1975b, Moeed 1975).
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Feral pigeonsrecapableof breeding all yearound, although the extent to which this
occurs is dependent on food availability and climate, and most reproduction occurs in
late spring and summéDunmore & Davis 1963Johnston & Janiga 1999est sites

are selected by the malesydcan be found #her in isolation or in colonies and tend to
be crudelyconstructed. Feral pigeofm breeding pairs that may last a lifetiaued

share duties incubating tieggs They have an average clutch size of two eggs. The
duration of the incubation is around d8ys, while fledging occurs around-38 days

after hatcing (Johnston & Janiga 1995, wick & Foertsch 1998).

Feral pigeons are granivores andludea wide range of seeds in their diet. Seeds
preferred by feral pigeons include peas, grain and maierequire daily drinking
waterand this idargelyobtained from sources such as fountains, puddles and ponds
(Johnston & Janiga 1995 heir foragingoehaviour is extremely flexibJeand while
some carry oupredictable foraging flightsom the cityto agricultural areakke their

wild ancestors, otheffsrage in cities and rely on artificial food sources from humans
(Baldacinni et al. 2000, Murton et al. 1®§2Those without agricultural feeding

grounds nearby tend to redy feeding from the puldiand spilt or disposed food waste.

Feral pigeons are a commsaource of human wildlife conflict in urban aredbeyare
considered a pest due to their waste, which not only fouls surfacearbatsacorrode
footpaths, buildings and other structurdshinston & Janiga 1995, Gomkeeras 2001
Pigeonwastecan alsdlock rainwater inthe gutters and spoutsf buildings This can
cause blockages which forces water into wadlsulting in expensive structural damage

(Johnston & Janiga 19%3n addition their tendency to foraga flocksaround humans



for food has caused many people to consider them a nuisance, particularly around food
establishments where they may act as a deterrent to potential custiarpéses

where pigeons rely otity-adjacentgriculture for food they caalsoreduce farmers

yields (Lawson 1979)Jsing potential control costs as a surrogate for losses, feral
pigeon costs are estimatedbatSl.1 billion per year in the United Stat@@mentel et

al. 2000) Although feral pigeos carry a large number of diseases which are pathogenic
to humansthe risk of transmission is low andly a small portion of these have been
recorded as being transmitted to humateag\Wackernagel & Moch 2004, Magnino

et al. 200%. People who are moat risk are those who live close pigeon colonies, are
immunacompromised, or have contact with pigeon wast@art of their occupation

(HaagWackernagel 20Q55raczyket al. 2007.

Management techniques are often sought to reduce population numtheudliag is
the most common methdMurton et al. 1972b, Hoy &ivings 1987, Sol & Senar
1992. Howeverpigeon culls are usually unsuccessful, in part because thegpare
designed with an understanding of pigeon eco(&p} & Senarl992 Johnston &
Janga 1995)For example, jgeons are loyal to their food sources and baits put out
often end up eaten by immigrapiggeons, especially if the baise surplus téood
requiremers. In addition, if resident pigeons are killed they are offeickly replaced
by immigrants anguveniles (Murton et al. 19T Sol& Senar 1995)The use of
contraceptive hashad some success, howeverstresource intensive and requires
regular feeding of thtarget pigeon$Giunchi et al. 200&, Avery et al. 2008, Dobeic et
al. 2011). It is usuallyrecommendeds part of an integratedanagement programme
rather than a single solutigbobeic et al. 2011Purposebuilt pigeon lofts aim to

manage pigeon population size through egg removal and controlled pigeon feeding



(HaagWackernagel 1995Dobeic et al. 2011 However gg removal may result in
increased reproduction efts,leading toa decrease in egg quality and the health of the
population Jacquin et al. 2010puccessful pigeon control programnmaseinvolved
educatinglte public tdimit resourceavailabilityto pigeonsin particular foodHaag

Wackernagel 1995).

Study area and populations

The study area was located in Wellington City, New Zealand and included seven
suburbs in and around tkemmercial distric{Figure 11). Methods used previously to
describe urban ecology study sites vary greatly, which limits comparison between
studies. Mcintyre edl. (2000) recommends the use of a number of different measures

to describaurban study sitegnd where possible thebave been described below.



Wellington
Harbour

Figure 1.1 Map showing the seven suburbs in the study area in Wellington City, New

Zealand.



Wellington City is situated at the soutesterncoastal peninsulast the North Island,
New Zealand41°18'0"S, 174°47' ). The citycovers ararea of 290 krh which
includesrural, bushland and coastal areaswvell as urban areas concentrated in the flat
lands surrounding the harboiWellington City Council 2011aPwellings in the city
number 70,000 whilerbanroads have total length of 626 knfNew Zealand

Transport Agency 201®ellington City Council 201DaWellington City is a

relatively new urban area, as it was not substantially developed until the late 1800s.
Although European settlement occurred in 1840 and tfienavas long inhabited by

the Taranaki Whanui and Nij Toa M(bri, the human population refnad small until

the late 1800s (Wellington City Council 2011a).

The lateshumanpopulation estimate for Wellington City is 197,700 (Wellington City
Council 201b). The population is 48% male and 52% femadlee median income in
Wellington City is $32,500, in comparisamith $24,400 for the rest of New Zealand
and the unemployment rate is 4.8¥he median age of the citizens3i3.1years, while
55.5% of people &ve a post school qualification (Statistics New Zealand 2@@Ghe
broad descriptions givesf Wellington City may not accurately reflect particular
characteristics of the seven suburbs in the study desaographic and geographic
informationfor eachof thesuburbs is outlined in Table 1.The seven suburbs were
ThorndonPipitea, Wellington Central, Kelburn, Te Aro, Aro Valielyghbury, Mt

Victoria ard Oriental Bay.

The city has a mild temperate climate with average monthly temperatures ranging from
8.8°C in July(mid-winter)to 17.1°C in Februarflate summer)Annual rainfall is

1249mm and there are 2065 sunshine hours per\Wéiad. features strongly in the



climate withan average windspeed of 22km/hour, 2@ddays of gale force wind per

year (dgs with a mean speed above 63km/hour) (NIWA 2008).

Feralpigeons were brought to New Zaal by earlf{european settleris the 1850&nd
are now widespread throughout the countigng 1981 Robertson et al. 200.7A

study in Hawkes Bay showed thatal pigeons breed all year round but the extent of
their breeding season in other patdNew Zealands unknown(Dilks 1975a).Studies
carried out in Christchurch aridawkes Bay found that the diet feral pigeons
consisted of seeds such as fRR@um sp), maize Zea sp), barley Hordeurn sp.)
clover (Trifolium sp) and vetchesMicia sp.)obtained from agricultural are@édilks
1979, Moeed 1975)The majority of WellingtorC i & figrélpigeon population lives in
the inner city adjacent to the hatbpalthoughflocks are also present in the outer
suburbs. The pigeons roost and nest on buildings and under katfjese seen in
parks and streets foraging for foots Wellington lacks nearby agricultur@opareas

the pigeon®main source of food ikkely to be food sources fropeople.
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Table 1.1 Demographic and ggoaphicinformation on the seven subuntisthe study area in Wellington CitWellington City Council 2011c)

Income quartiles for the 2006 cengius$NZD) areLow ($0 to $11,397), MediunoWwest($11,398 to $24,408 Medium highes($24,403 to

$42,449 and High($42,449 and ovér

Population _ Housing type (%) Income quartile (%)
Suburb | Population Numper of Areza density Primary i i i i
dwellings | (km?) > land cover | Separate Medlym ngh Other | Low Medium Me@um High
(km’) house | density | density low high
Thorndon | 5944 1959 | 2.9 1374 | Commercial &, 37.4 203| 6.2 | 131 | 129 205 | 535
Pipitea Residential
\(’:V;r']'t':]aglton 2052 1206 | 0.6 | 3634 Commercial 3.0 15.4 65.7| 159 | 31.1| 134 196 | 358
Kelburn 4218 1437 | 1.4 | 3041 Residential 55.9 34.9 50| 4.0 | 342 | 147 159 | 352
Te Aro 6936 2754 | 1.2 | 5578 Commercial 5.6 33.7 46.8| 13.8 | 328 | 157 198 | 31.7
Aro Valley | 5,45 1308 | 1.3 | 2703 Residential | 505 | 34.4 101| 45 | 2906 | 216 | 198 | 290
-Highbury
Mt Victoria | 4860 2070 | 1.1 | 4261 Residential 35.0 49.2 94| 63 | 152| 1509 244 | 44.4
S;'i”ta' 1365 651 | 3.3 420 Residential 19.4 | 333 412| 61 | 12.4| 137 221 | 51.9
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Study objectives

| investigatedhe distribution, density, and movements of feral pigeons in Wellington
City and their relationship witpeople. InChapter Twd identify the factors thanhost
influencepigeon distribution on a landscape scale using a resource use/availability
studydesign In additionl establish population density estima#esoss two seasons
usingline transectlistance samplind use marking and radio telemetry to track the
movements of feral pigeons in Chapter Threddterminghe extent to which a food
limitation programme should be appli¢gstly,in Chapter Fout use a postal mail
suveyquestionnaire to determiiea ct or s t h at aititndedtawardsdesal p e o p |
pigeons and evaluate theéoleranceof differentferal pigeon control methods. Since
Chapters Two, Three and Four are written as separate manuscripts for publaaton s
repetitionof methods, especialktudy site descriptionspay occur. Chapter Five

discusses and summarises the overall findings of the study.
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Chapter Two: Feeding determines feral

pigeon distribution and density

Abstract

Studies on the disbution and density of animatan help explain the factors that drive
animalpopulationnumbersand subsequently provide informaticequired to develop
animal management strategiearge numbers of feral pigeo@®luntba livia in

Wellington City are onsidered a problem, and this study investigated their distribution
and density o landscape scale toform a newmanagement strategy. | recorded
observations of feral pigeonssammer and winter along eight line transects totalling
15.4 km that exteretl from the harbours edge in a sew#st direction across the city.
Eight variablesvere measured for sitesong transectased and available to pigeons to
determine landscape level distribution. The variables were assembled into models,
testedinRusip a generalised | inear model and
Information Criterionl used dstance sampling along the transedotsissess pigeon
density.Pigeon distribution on a landscape scale was best explained by the model of
distance t@igeonfeedersite, distance to public space, and landscape type {.696)
Pigeons selecteareas closer to pigedeedersites and to public spacesd to

landscape types with a higher human densitych suggests that artificial feeding is

the maininfluenceon pigeon distribution in Wellingtoity. Overall pigeon density

was higher in wintergd.8 pigeongha) than in summer4(5 pigeongha), and was

especially higher in commercial areas in wintef.8 pigeongha compared to summer
(5.9 pigeon#na). Since pigeons appear to rely on people for fabe higher winter

commercial density is thought to reflect the higher human density in commercial areas

13
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in winter, withfewerpeople in parks and wharf areas. Feral pigeon distribution and
density is largely dvien by artificial food sourcesvhich suggests that a successful

population management strategy will depend on a reduction in feeding from the public.

Introduction

Understanding theeasons fothe density and distribution of a population is one of the
principle goals of ecolog{Krebs 2008. Historically, ecological research was carried

out innatural areaaway from human developmecDonnell & Pickett 1993).

However in the past few decades there has bgeovang interest in the urban
environmentard the number of urban studies is on the increase (Marzluff et al. 2001).
To date, urban studies have tended to focus on native species and their responses to
varying levels olurbanisation (Blair 199@&Rottenborn 1999Clergeau et al2007).
Sincespeciesn urban environments are often causes of huwiddiife conflict andare

the main source of interactiongban residesthave with naturgtheir relevance should

not be overlookedHaagWackerngael 1995, Belant 1997, Timm et al. 204nn et

al. 2006).

One urban species that is the subject of much controversy is the feral Gigleonba
livia, found in urban environmentgorldwide (Johnston & Janiga 1995eral pigeons
have been able &xploit the abundance of food sources in urban environment and
reach high densitiege.g.9.4/hain Barcelona (Sol & Senar 1998.4hain Basel
(HaagWacknagel 199) and20.8hain inner city Milan (Sacchi et al. 2002)hey are
regarded as pests, in particular due to their waste vihids surfaces and causes
damageo buildings and other mamade structuredue to its corrosive nature

(Johnston & Janiga 199&6omezHeras et al. 2004 They are also considered

14



unhygienic due to the diseases they carry, some of which can be transmitted to humans

(HaagWackernagel & Mah 2004 Magnino 2009

Like many large cities around the world, Wellington City has large flocks of pigeons
residing in the inner city, resulting in complaints being madead/Nellington City
Council(Wellington City Counci007). Although culling ishe most common method
of pigeon control, culls are usually unsuccessful in the-teng becauspigeon
populations reover quicklyafter an initial population decreas®o{ & Senar 1992,
Johnston & Janiga 1993Previously, the WCC has proposed pigeolscas a method

of control but this has faced opposition from the pullen@ 2007, Wellington City
Council2008,Whitehead2008). It is acknovddged that public feeding pfgeons
occurs in Wellington, yet it is not known what impact this has on thalgopn. By
gathering data on pigeon distributiand abundancét could be determined which
resources are crucial to pigeons and the extent of their dependence on people could be
evaluated. This informatiotould then be used to develamew strategy tmanage

pigeon populations in Wellington.

Factors that play a role in explainitigg distribution of any birds urban areas include
levelsof urbanisation and building type (Eml&a74, Blair 1996Rottentorn 1999

Buis & van Wijnen 2001, Clergeaat al 2001, Sacchet al.2002, Melles et al. 2003,
Villegas & GaritaneZavala 2010)human densityJokimaki & Suhonen 1998, Buis &
van Wijnen 2001) and vegetation (Melles et28l03, Sandstrom et al. 2006, Villegas &
GaritaneZavala 2010). While a large ni@r of studies on bird distribution in urban
areas have focused only on the influence of local habitat factors (Emlen 1974, Blair

1996, Villegas & Garitan@avala 2010), it is now recognised tlchtiracteristics of the
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landscape at a broader sceda alsdhelp explairanimaldistribution (Rottenborn 1999,

Clergeatet al.2001, Melles et al. 2003).

Previous studies dieral pigeon distribution have been carried out at both local and
landscape scales. On a local scale, pigeon flock size has been linkeédbundance

of grain spillage around docks (Murtehal.19723), while on a landscape scale pigeon
numbers have aldzeen linked tdhuman population density (Jokimaki & Suhonen
1998, Buis & van Wijnen 2001), the number of houses per hectare and tla¢ maiss
of organic waste (Buis & van Wijnen 2001), age of buildings (Saetchi.2002) and

thedistance from the city centre (Johnston & Janiga 1995).

Studying the density of feral pigeons can be difficult due to their gregariousness and
clumped digtibution and the complex, poor visibility nature of their habitie built
environment. In addition it can be difficult foesearchers 0 access p,i geons?o
as their habitat range usually covers numehauklings andpropertieseach with

different owners. Methods usedeviously to measure pigeon population density
include fortnightly counts (Murtoat al.1972), counts inpublic areas (Buis & van
Wijnen 2001), and full census counts using linear transects (Satch?002). These
methods us countghatare thought to correlate with abundance. However when these
counts are repeated, trends in numbers over time can sometimes reflect trends in
detectability, rather than actual trends in abundahberfpson 200R Using

techniques which incorpateand adjust fodetectability can alleviate this problem.

One such technique that has been successfully used to estimate pigeon density is

distance sampling (Buckland et 2001, Giunchi et al. 2009).
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The aim of this study was to quantify the extehthe feral pigeon population in

Wellington City by determining the factors that explain their distribution on a landscape

scale. WellingtorCity pigeons appear to spend a significant amotitieir day

foraging, and aeeding from the public is likelyo form the main component of their

dietit is expected that landscape variables related to artificial food sources will best

explain pigeon distribution. In additiodistance sampling along transects was used to

estimate pigeon density in Wellington.i$tstudy will establish a baseline for future

studies, and provide information for the Wellington City Councilrtalde the

development of a new evidenbased strategy 0 manage Wepideonngt on Ci

population.

Method

Study area

Wellington City is guated at the soutivesterncoastal peninsulaf the North Island,
New Zealand41°18'0"S, 174°47'E) and has a population estimated 87,700
(Wellington City Council 2011b The city covers an area of 290 krwhich includes
rural, bushland and coastareas as well as urban areas concentrated in the flat lands
surrounding the harbour (Wellington City Council 201 Td&)e city has a mild
temperate climate with average monthly temperatures ranging from 8.8°C {imiaddy
winter)to 17.1°C in Februarflate summer)Annual rainfall is 1249mm and there are
2065 sunshine hours per year averageWind features strongly in the climate win
average windspeed of 22km/houngluding22 days of gale force wind per year (days
with a mea speed above 63km/hQUNIWA 2008). The majority of the pigeon
population lives in the commercial district in the inner city which is adjacent to the

harbour (Figure.l1), although flocks do reside in the outer suburbs. The study area
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encompassed the commercial district, als included residential, wharf and park

areas in and around the commercial district.
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Figure 2.1 Map of study area in Wellingto@ity, New Zealand showing the eight

transect routes
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Transect design

Data on pigeon distribution and densitysdscribed and estimated frdime

transectsA total of eight transects, totalling 15.4 km, were mapped through the study
area (Figre2.1). Transect start points were allocatggbroximately every 300m along

t he har bfomandnitial ehdsgnestapoint The transect line was determined

by alternating left and right turns along streets in a saugt$t direction. A soutivest
direction was chosen because it would ensure a variety of road sizes, alleyways, paths
and open spaces wesampled byhetransect. If a turn would have brought a transect
into contact with another transect line, then the transect continued in its current
direction and the next possible tumthe same direction was takdha turning

direction (left or right) would have dea transect away from the south west direction
then the alternate direction was chosen. Transects were lab@ledal\WestEast
direction(Figure2.1). A team of two observers walked along the transectsenaided
each a time a pigeon or group of @ogms was sighte€©dd numbered transects were
sampled in the morning (8afriam) and even numbered transects were sampled in the
afternoon (1pm 4pm). The transects wesampled once in late summer (February
March) and once in late winter (Julugust), athese months were thought to display

extremes in climate and in both natural and artificial resource availability.

Landscape use and availability

In order to understand pigeon distribution on a landscape scale in relation to different
resources, environemtal variables thought to affect the distribution of pigeons and
other bird species were measured. These variables were measuredtjqesvof sites

1) sitesat which pigeons were presdne. usedand 2) availablsites.The usel sites

were obtaind from observations of pigeons made along the trasiSHutse sites were
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the location of the observer when a pigeon was sighted, thérethe exact pigeon

locations In order to reduce any effects this would have on the results, observations that
had adistance greater than 80m between the observer location and pigeon location were
not included in the analysis. This issue was not thowgatfect the resultbecause

50% ofobservations were seen withinB®f the observeand 90% of observations
wereseen within67m of the observer. In addition, variables were measured on a
landscape scakbat varies little across such small distan&tes for the available data

set were obtained by randomly generating distabeeseen 1 and 200m, and plotting

thes points continuously along the total length of the transects. Although data was
collected in both summer and wintére data set was cdmmed to test general models

for pigeon resource use/availability.

Compiling predictors (fixed effects)

The variablezhoserfor measurememere based upon information from the literature

as well as personal observations. A range of variables were included to cover the three

main categories outlined above as being important: urbanisation and built structures,

people andiegetdion. The eight variables were: distance to city centre, distance to
waterds edge, | andscape tyfeaersitddsmacatodensi t

public space, vegetatipand grass.

Distance to city centre was théstance in metres the city centre. The city centre was
determined by placing Bkm radiuscircle over a map of the city area where it
encompassed as much of the commercial district as possible. The centre of this circle
(41°17'26.85"S, 174°46'36.56"E) wdsfined as the ty centre Distance to watér s

edge was thdistance in metres to the edgetloé harbour. Landscape type was a
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categorical variable describiigommercial, Green, Residential and WhandasThe
definitions for theséandscape typearedescribed belowHuman population density
wasthe average number of humans pef kon each of the sevesuburbs in the study
area. Distance to pigeofeedersites was thdistance in metres to the nearest known
location wheregpeopled p i g e 0 nredularly f@éesl pigednis bulk amounts (e.qg.
loaves of bread, bags of cooked JjicEhese locationwereestablished from ad libitum
observations during other activities (Chapter Three, Chapter BEustance to public
space was thdistance in metres to the nearest publicep®ublic spacewere
defined as paved or grassy open spaces with public seating. Areas which met these
criteria but were predominantly roadways or vimikmalls were not included.
Vegetationwas thepercentage of total vegetation corcluding grassjvithin a 500m
radius, visually estimated BOOGLE EARTH6.0(Google Inc. 201)using a
quartered grictircle. Grasswas thepercentage covavithin a 500m radius, visually

estimated irGOOGLE EARTHusing a quartered grid circle.

Compiling candidate models

The eight variables were then assembled into models structured around four themes:
people, artificial food, environment structure and vegetation, jpgpation for analysis
using an Information Reoretic approach (Tab&1). This method has advantsyover
frequentisthypothesis testing which is based upon a single null model. It allowisefor
comparison ofmultiple competing models which can then be ranked and weighted. In
addition, when models have similar support model averaging can be useketo ma
robust predictionsJohnson & Omlan@004). Models were tested in R version 2.11.1

(R DevelopmenCore Team2010 using a generalised linear model and then ranked

according to Akai k orshan &Anderson20G02Tloermodels i t er i
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usedwere a logistic regression equation where 1= used and O=available. Mottels
@Al C O 2 were considered to have substant.i

A 1 >A0 to have no support (Burnham and Anderson 2002).
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Table 2.1The 17 candidate modedsd their fixed effectdor feral pigeon distribution
on a landscapscale in Wellingtor€ity.

Theme

Hypothesisorigin

Fixed effects

People

Jokimaki& Suhonen
(1998)
Ryan

Ryan

Human density

Human density, landscape type
Human density, landscape type, distance to
public space

Artificial food

HaagWackernagel1995),
Fuller et al. (2008)

Ryan

Ryan

Ryan

Ryan

Ryan

Distance to pigeofeedersite

Distance to public space

Distance to public space, landscape type
Distance to pigeofeedersite,distance to
public space

Distance to pigeofeedersite,distance to
public space, landscape type

Distance to pigeofeedersite,distance to
public space, landscape type, human densit

Environmentstructure

Ryan
Johnston & Janiga (1995)
Ryan
Ryan
Ryan
Ryan

Landscape type

Distance to city centre

Distance to wharf

Distance to wharf, grass

Distance to wharf, landscape type
Distance to city centre, landscape type

Vegetation

Sandstrom et al. (2006)
Ryan

Vegetation
Vegetation, grass
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Distance analysis

Pigeon density was estimated using distance bagn@long transects his method was
chosen due to its alijito account fodetectability, and because it has been shown to
detect changes in abundance with more precision than quadtates It hasalsobeen
calculated to be more time efficient, réswg in reduced costs (Giuncht al.2007).

The main characteristic of distance sampling is the measurement of perpendicular
distances from the transect line to the aniorajroup of animalsThe perpendicular
distance can be measured directly, howetvean be moreonveniento instead

measure té distance of the observer to the animal at first sighting (Buckland et al.
2001). By alsomeasuring the obsendrangle of travehlong the transect linend the

angle of the transect to tla@imal 0-360°N), this information can be used to calculate
the perpendicular distance of the transect line to the animal. This method was used to
calculate distances pigeons to the transect line. The distance of the observer to the
pigeon was measured using a raimgigr Bushnell Yardage Pr8 x 3. Whenthe
rangefinder was unable to give a measurement, usually when the pigeon was within
10m of the observer, distances were estimated by using approximately 1m paces. The

angles were measured usin@asiodigital conpasgCasio Pathfinder PAGQ).

In order for resultef distance sampling be valid there are three assumptions that
must be met: 1) all birds on the transect line are detected; 2) birds are detected before
evasive movement is triggered; and 3) distsnare measured accuratdlfze first and
secondassumptions were both met as pigeaeseaccustomed to the presence of

people and did not take evasive action. As distances and angles were measured by a
rangefinder and compas®ost of the timehe thirdassumption waalsomost likely

met. Thedata was analysed usingST ANCE 6.0 release 2 (Thomas et al. 2010,
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Appendix 1).As pigeon group size varies, it was importar@t¢oount for the effect that
group size may have had on detectability. This was dgnesimga regression of
observed cluster size against distanceso for a relationship. Where no relationship is
found average group size is used with the density estimate of groups to estimate

population size.

Landscape classification

Thetransect rotes and pigeon observationsre mapped usinGOOGLE EARTHand
divided up into foutandscape type$sreen, Residential, Wharf and Commercial.

Green areasompriedboth exotic and native plantings well as modified park areas.
Residential areas wepgedominantly single or doublstory individual dwellings.
Commercial areas wesingle to multistory shops and businesses avithrf areas were
predominantly wharf frontageHowever, it was found that there were not enough
observations in the Green, Resitlely and Wharf areas for analyssDISTANCE, so
landscape type analysis was carried out for the Commercial areas only. Total transect
lengths for each landscape type were Green 5.0km, Residential 1.4km, Commercial

7.5km and Wharf 1.5km.

Results

Feral pgeondistribution on a landscape scale was best explained by the model of
distance tgigeonfeedersite, distance to public space, and landscape tpge( Cw; 2 ,
= 0.696) (Table 2.2)The model of distance to pigeéeedersite, distance to public
spacelandscape type, and human density also had substantial supgoit C w; 2 ,

0.279), while the next best performing model distance to public space and distance to
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pigeon feeder site had some supp@®(l Cw; # 0.025). No other modelgere

supporedby the data.

The pigeons selectddr areas closer tpigeonfeedersites, generally within 300m
(Figure2.2a). Pigeons also selected foraseloser to public spaces (Figargb). This
association was slightly stronger in summer, as a larger propoftabservations were
within 50m of a public space compared to the proportions of winter observatibes.
comparing the landscape types, pigeons showed strong selection for commercial areas
in winter, and avoidance of green and residential leequs typesn both seasons

(Figure2.2c.)

Summeipigeon density was estimated to be 4.5 pigeons/ha, while winter pigeon density
was 6.8 pigeons/ha. Of the observations in the commercial areas only, density was
estimated at 5.9 pigeons/ha in summer and at 17.8 mffeom winter ¢eeAppendix 1

for distanceanalysis.
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Table 22 Candidate models for pigeon distribution on a landscape scale in Wellingtosu@iig summer and winte2010 are in

descending order

based on AkXRY Kerutmizer of parimetersan thé model. Cr i t er i on

Hypothesisorigin Theme Models, fixed effects K AIC @Al Akaike w
Ryan Artificial food  Distance to pigeofeedersite,distance to public space 6 408.7 0 0.696
landscape type
Ryan Artificial food  Distance to pigonfeedersite,distance to public space 7 4105 1.83 0.279
landscape type, human density

Ryan Artificial food  Distance to pigeofeedersite distance to public space 3 4154  6.69 0.025
Ryan People Human density, landscape typlitstance to publicsace 6 428.0 19.32 0.000
Ryan Artificial food  Distance to public spac&ndscape type 5 431.2 2250 0.000
HaagWackernagel (1995), Artificial food Distance to pigeofeedersite 2 454.3 4557 0.000
Fuller et al. (2008)

Johnston & Janiga (1995) Environnment  Distance to city centre 1 4549 46.15 0.000
Ryan Environment  Distance to centre, landscape type 5 4551 4641 0.000
Ryan Artificial food  Distance to public space 2 458.0 49.30 0.000
Sandstrom et al. (2006)  Vegetation Vegetation 2 467.9 59.23 0.000
Ryan Vegetation Vegetation, grass 3 4699 61.23 0.000
Ryan People Human density, landscape type 5 479.3 70.64 0.000
Ryan Environment  Distance to wharf , landscape type 5 4844 75.73 0.000
Ryan Environment  Landscape type 4 4849 76.18 0.000
Ryan Environment  Distance to wharf, grass 3 489.1 80.38 0.000
Jokimaki & Suhoneif1998) People Human density 2 4956 86.92 0.000
Johnston & Janiga (1995) Environment Distance to wharf 2 506.9 98.23 0.000

(Al C),
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Discussion

The leading models to explaimgpon distribution on a landscape sdalduded

distance to pigeofeedersite, distance to public space and landscape type. This shows
that pigeon feeding plays an important rolel@ermining the distribution of

We | | i n g4d pigeon bputatyon, as it doesmany otherities (Haag

Wackernagel 1995) arttle importance of reguldood resourcefom humandas been
highlighted previously (Murton et &l972a Fuller et al2008).A study that

investigated pigeon distribution on a losahle in Wellington City also found that
artificial food determined pigeon distributioRigeons were found to be in close
proximity to placeswvhere people easuch as cafes and outdoor seafidigmowa
2011).The presence of distance to public spaces in the best performing model is also
likely to relate toartificial food availability. As well as being the location of many
pigeonfeedersites, public spaces also providedadn the form of casual feeds.

Casual feeders are people who feed pigeons small amounts of their own meal on an
irregular basisThe importance of landscape in the madely relate toncreased

artificial feeding in landscape types with gredtaman population densityhere is

likely to beincreased causal feeding in public spaces in the commercial area compared

to other landscape typelue tagreater numbers of people

Pigeon distribution in Wellingtogity was not explained by distance to city centre, as
suggested by Johnst&nJaniga (1995)This measure is not a mechanistixplanation,
and instead represents a number of different variables such as human density and
building density The explanatory power of this varialk likely to depend on the
featureo f t h e scapewhidhsis most likaly why it did not explain pigeon

distribution in WellingtonCity. It may explain pigeon distribution in cities that have an
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urban gradient expanding evemlyt from the city centre, but not in places that do not

have this type ofloan gradient. The layout of Wellingt@ity is determined by the

harbour and the hills and does not conform to this circular urban gradient. Distance to
water0s edge was i nclcandideckdtobbe abelterfitmth@a | ysi s
urban gradiet of Wellington city. However it was not important as it was the worst
performingmodel and i s probably not an accurate

urbanisation gradient

Vegetation covedid not explain pigeon distributidout this washot surprisng.

Although vegetation cover has been shown to explain the distribution of other bird
species pigeons use different resources comparedde sipecie@Melles et & 2003,
Sandstrom et al. 2006For examplepigeons often obtain thefiood from peopleather

than natural areas and buildings rather than trees are used for r¢idstgg

Wackernagel 1995, Ferman et al. 20H)man density performed poorly, which may

be dueo thelow-resolutionmeasure of human density used: the average number of
humans pr knt for each of the seven suburbs in the study area. In addition, the human
density measure refers to the number of people residing permanently in the area. Given
that around 30,000 people commute into Wellington City to work, with the majority of
theseworking in the city centre, a measure of the number of people present during the

daytime would be more relevant (Wellington City Council 20)11

The overallpigeon density was higher in winter (6.8 pigeons/ha) than in summer (4.5
pigeons/ha). This is inontrast to results from European studies, wpaeon numbers
peak in summer and autumn and then decrease in winter due to poor survival rates and

limited breedingJohnston & Janiga9%, Giunchiet al.2007a, Giunchi et al. 2007b
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Higher winter densiés in Wellington City may be due themild temperate oceanic

zone, which encompasses New Zealdr range in temperatures in the oceanic zone
Is much smaller than in continentalirope and temperatures rarely drop below
freezingin Wellington So tle comparatively higher winter temperatures and lack of
snow during winter in Wellington may explain why the pigeon population did not show
awinter decline as seen in European countries. Pigaanglsobe less detectable
summerthanwinter, as they & more likely to be on the nest during the spring and
summer months. A study in Italy found that during this time 50 to 70% of nests were
occupied (Giunchet al.2007a). In winter pigeons maglsobe out courting or

searching for mates in preparation floe start of thenain breeding period in spring,

and so more detectable.

There was large differene in density between commercaka in summer (5.9
pigeons/ha) and in winter (17.8 pigeons/Ad)is suggests that pigeons use their
environment differetly depending on the seasoRigeons are known to adjust their
feeding behaviour to human resources and if pigeons are relying on people for food this
difference could reflect the distribution of people between sedRuse et al. 2004).

Due to coldeweather, parks and the wharf area may be frequented less in yinter
people eating their fogdeading to a higher concentration of people in the commercial
areas. It may also mean that pigeons shift from relying on food sources directly from
people to anore opportunistic feeding strategy which utilises rubbish and skip bins that

are more abundant in the commercial areas.

Management Implications
These results shothe significance of artificial food sources to the distribution and

density ofWe | | i npggeon podukation. As long as there are food resources
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available, cullingwill be unlikely tohave a longerm impact orpigeonpopulation
numbersHigh juvenile feral pigeon mortality is often caused by juveniles being
outcompeted for food by adults (Sslal. 1998)Removing pigeons by culling will
release this pressure and allow juvenile pigeons to take advantage of the best available
food sourcesincreasing their breeding succéSsl et al. 2000)Therefore a food
limitation programme that decreaghs amount of food available to pigeondilely to
have the most impact on pigeon numb&viter may be an important time to focus on
reducing food availability, as pigeons are more concentrated in commercglearea
there may be less feeding by eakfeeders in parks and wharves. In addition, pigeons
are more vulnerable at this time of year due to the poorer cliRatkicing food in
spring and summer may be just as imporktawever given that these are usually the
peak breeding montHer pigeors. The mostrucial aspect of the food limitation
strategy will be to decrease the amount of feeding by the publarticular pigeon
feedersvho feed large amounts of foodls a change in human behaviour will be

required it may be useful to investigggee o pl ed6s r el ationships
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Chapter Three: Limited feral pigeon
movements suggest artificial food

abundance

Abstract

Wildlife managers can use studies on animal movements to provide information on the
importance and availability dbod resourceand subsequently inform management
strategiesLarge numbers of feral pigeo@®lumba liviaare a source of humanmildlife
conflict in Wellington City, and their overpopulation is due to an abundance of atrtificial
food resourced~eral pigea movements in the central city weassessed to determine

the scale at which a food limitation management strategy should be applied, as greater
movements will require a larger scale food limitation plasbserved théocations of

48 banded birdgaughtat five park capture sitesver 38 search sites from June to
December in Wellingto€ity. | used RCMAP version 9.3 and AWTHS

ANALYSIS TOOLS version 3.27%o constructt00%minimum convex polygons for the

20 birds that had nine or more observations. Meeaaye activity area was 1.87ha and

14 (70%) of the activity areas were smaller than 1 Hae $mallest activity areaas

0.04ha and théargest wad0.26ha. Overall the pigeons showed limited movement
between sitesyith 14 out of the 2Q(70%) seen at tke or fewer location©©nly two of

the total 48 birds were seen at a different park capture site other than the one they were
caught at. The smadlcale of theactivity areas suggest that food is locally abundant as
pigeons do not have to travel far toehdaily energyequirements. The much larger
activity areas of some birds suggests that while the majority of pigeons remain within a
small area, some individuals may move further afield to atites. As foodhppears to
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beabundant a food limitation pggamme should focus on the sites that provide the
largest amounts of artificial food, as an overall population decrease is not likely unless

there is a significant reduction in food availability.

Introduction

Ecologists have long sought to understandptioeesses that drive animal movements

and their spatial organisation. These spatial patterns are usually studiegh

application of thdhome range concept, whichdse f i nteedarea gsuafly around a

home site, over which trenimal nomallytraves i n sear ch ofdonfeoodd (
range size is influenced by many factors including food availabflinft¢ et al. 199%

density (Erlingel990 and sexSaid& Servanty2005; butfood availability is

considered to be the primary influence on hoargge size (McLoughlin & Ferguson

2000) Since range size usually decreaae$ood becomes moaailable range size
studiescanprovide information on food availability which can then be useatitose

managementecisiongHixon 1980, Tait &Krebs 1981 Tufto et al. 1996).

Abundant in cities worldwide, feral pigeo@®lumba liviaare considered a pest due to
their waste which fouls and corrodes surfaessyell as their tendency to forage

around people fdiood (Johnston & Janiga 1996pmezHeras etl. 2004) Theycarry
diseases pathogenic to humans, and although the rate of disease transmissitor is low
the general populatiathis is still a concern for many people (Haaackernagel &

Moch 2004, HaayVackernagel 2005, Magnino et al. 2009). In maitigsculling has

been used asraanagement techniguget culls are only a shotterm solutionand are

often unsuccessfuMurton et al. 1972bSol & Senar 1992, Johnston & Janiga 1995).
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Lethal methods of wildlife control are also often controversigh whe public (Treves

et. al 2006).

An alternative method to culling is the limitation of resources sucbak fThiscan

decrease numbers in bird populations by reducing the rate of breeding and survival,
especially recruitment (Newton 1980). Many mgepopulations around the world are
dependent on artificial food sources such as feeding from the public and discarded food,
and limiting these food sources can be an appropriate management strategy (Murton et
al. 1972, Johnston & Janiga 1995, Rose e8l06b). Feral pigeons in Wellington City

are a source of humanmildlife conflict andartificial food probablyplays a large role in
sustaining the populatiofwellington City Counci2007, Chapter Twi The food

comes from both pigedieedes, who feedthe pigeondarge amounts of foodna

regular basis, as well as casual feeders in g&kapter Two). Planned pigeon culls
werecancelled due to public protestd a new management strategy is required
(Wellington City Council2008).Data collected on fefpigeon movementsould

provide an understanding of how sttependent pigeons are and therefuelp

determinghe spatial scalat whichfood limitation needs to be applied.

This study will investigate the range sizes and movements of pigeons ial centr
Wellington in relation to sites where artificial food is supplied by the general public. It
is expected that if there is an abundance of artificial foodratgps in the central city

1) pigeons will generally have smaller range sizes, and 2) pigeiirdemonstrate site
loyalty and not move between feeding sites. This information will be usadygest an

appropriate scale for a food limitation management strategy.
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Method

Study area

The study was carried out Wellington City, whichis situated athe southwestern

coastal peninsular of the North Island, New Zealaid18'0"S, 174°47'E), and has a
population estimated 497,700 (Wellington City Council 2011b)he city covers an

area of 290 ki) which includes rural, bushland and coastal aasasell as urban areas
concentrated in the flat lands surrounding the harbour (Wellington City Council 2011a).
The city has a mild temperate climate with average monthly temperatures ringing
8.8°C in July (midwinter)to 17.1°C in February (late sunem). Annual rainfall is

1249mm and there are 2088nshine hours per year. Wind features strongly in the
climate withan average windspeed of 22km/hour, @@dlays of gale force wind per

year (days with a mean speed above 63km/hour) (NIWA 2008).

The pigeon population lives in the commercial district in the inner, gityich is

adjacent to the harbour, although flocks are also seee iouter suburbs. The study
area encompassed four city suburfbisorndonPipitea, Wellington Central, Te Aro and
Aro Valley-Highbury. Aro Valley-Highbury is primarily residential housing, while
ThorndonPipitea, Wellington Central and Te Aro are comprised mainly of commercial
buildings and wharf areas. Parks and both native and exotic plantings were found

throughout the fousuburbs.

Park capture sites
Pigeons were caught and bandeélve parks in inneiellington: Lambton Quay, Aro
Park, Mannerd/ictoria Square (MV Square), Te Aro Park and Glover Park (Figure

3.1). These parks all have pigeons present and have artiiodlavailable due to
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public feeding.All parks contain public seatind.ambton Quaynd Mannerd/ictoria

Square are primarily paved parks, with some shrub and tree plantings, while Te Aro and
Glover Park are a combination of paving and lawn grass,axfighw tree plantings. Aro

Park is mainly lawn with trees and shrubs. The pigeons were caught either using a mist
net or a drop net. Each bird was egndedor reliable identificationweighed, and the
tarsus length, bill length, bill width, wing lengtéind tail length wereneasured

Banding consisted of two coloured plastic bands on one leg and one plastic coloured
band andne numbered metal band the other legThe capture and banding
procedurespproved by VUWSs Animal Ethics Committee permit nun@d@9R20

AFeral pigeon behaviour and ecol ogybo
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Figure 3.1. Map of the five park capture sit@®, 29 search site® and nine secondary
search sitee for banded fergpigeons in Wellington City from JuAieecember 2010.
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Capture and banding

In addition to the bird banding, tail mounted radio transmitters were attached to birds at
four of the five sitesGlover Park (4), Te Aro Park (1) Mannergtoria Square (1and

Aro Park(2). Transmitters were tied to the base of the tail feathers with dental floss and
super glue was used to sectlre knots Awasthy 201} The first twotransmitter
attachments at Glover Park were unsuccessful as both birds lost their trassmiit

eight days of attachment, most likely to due to the glue not being completely dry upon
release. Thaext sixbirds were kept foup to20 minutedefore release to ensure the

glue was dry and transmitters were secured¢h@ge birdsone lost & transmitter

between 16 and 23 dagfter attachment, whilanother lost its transmitter between 3

and 31days after attachmenthe exactdateof the loss of the transmittersuscertain
because the birds were not able to be located when searchedrigrttis time.One

bird was not seen again after 28 dpgst transmitteattachment. Observations

continued to be gathered the remaining three birds, however at times it was difficult

to obtain a radio signal amongst the tall buildings in the cityrenment. The radio

signal may have been containduk topigeons roosting inside structures such as

carpark buildings. Due to thebmitationsradio tracking was discontinued after 2

months.

Data collection and analysis

The data collection for the baad birds consisted of regular searcbE29 sites
frequentedy pigeons, including the park capture sjttom earlyJune until late
December (Figur8.1). Only areas frequented by pigeomere included as search sites,
so search effort was dependentpigeon distribution and not necessarily uniform

around the park capture sitdhese sites were searched on averagdithes per
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fortnight. In addition a further nine supplementary sites were searched on av&age 1
times per monthAny pigeons observedhile walking between thesetass were also
checked for bands and ad libitum observations made while carrying out other activities
were also includedites were searched on both weekdays and weekends during
daylight hoursEvery timea banded bird was olrsed itssiteand activity were

recorded. Theitesof the banded birds wethen entered into RCMAP version 9.3
(ESRI12008)and100%Minimum Convex Polygons (MCPs) were determined using
HAWTHS ANALYSIS TOOLSversion 3.21Beyer 2004)Unfortunately dued the

limited number of observations, these range size estimates were not considered to be
reliableestimates of home rangeé$enceforth these areas will be referred to as activity
areas, rather than home rasdrhe number of different sites a bird wseen at was

also calculated.

Results

Forty-eight birds were banded in total, witireebirds bande@t Lambton Quaygight

at Aro Parknineat MannersVictoria Square, 10 at Te Aro Park and 18 at Glover Park.
Five of the 48 birds were not seen againrafending while ten birds were seen on four

or feweroccasions. Of these ten birds, six were observed only in the first month since
banding and not seen again. Thirteen birds had between 5 and 8 observations, and the

remaining twenty were seen on nine asremoccasions (Tabl&1).
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Table 3.1 Band combination andanding site, and activity areat@fentybanded feral
pigeonswith nine or more observatiommdserved from JuaBecember 2010 in
Wellington City. Activity areas were estimated using 100% Miom Convex
Polygons.The number of observations andmber ofsites ovewhich the observations

were distributedire also shown

Band . . Number of Number of Activit
Combination Banding Site observations sites area (r):a)
M/Y W/O Te Aro Park 16 5 0.94
M/Y R/IG Te Aro Park 11 4 0.50
MY W/G Te Aro Park 13 4 4.20
M/Bk Y/G MV Square 16 4 0.39
M/Bk R/Y MV Square 15 4 10.26
M/Bk Bk/O MV Square 13 5 9.35
M/Bk O/Y MV Square 13 2 0.04
M/Bk G/O MV Square 13 3 0.25
M/R G/Y Lambton Quay 22 3 0.79
M/R Y/Bk Lambtan Quay 10 3 1.14
M/G G/Bk Glover Park 14 6 2.42
M/G BKk/R Glover Park 12 1 0.07
M/G W/R Glover Park 9 3 0.94
M/G Y/Bk Glover Park 9 3 0.32
M/G Y/O Glover Park 11 3 0.67
M/O G/IY Aro Park 24 3 3.97
M/O R/Bk Aro Park 12 2 0.10
M/O Y/Bk Aro Park 12 2 0.11
M/O R/IY Aro Park 9 3 0.97
M/O R/G Aro Park 10 1 0.05
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Individual birds were seen at between one and six different aitdsof the 20 birds

with nine or more observations, 14 (70%) were observed at only one, two or three
different sites. There wadimited movement between tliwe park capture sites, as only
two of the forty eight birds were seen at a paakturesite other than the one they were
caught and banded. A Te Aro Park bird was seen once at Glover Park and once at

MV Square, while a ®ver Park bird was seen at Te Aro Park on two occasions.

Activity areas for the twenty birds with nine or greater observations are presented in
Table3.1. The size of the activity areas varied greatly between individuals, as the
smallest activity areavas 0.04 havhile the largest waB0.26 haFigure3.2). The
average activity area for the twentiydswas1.87 ha howevermost activity areas were
smaller.Fourteen (70%@f the activity areas wer@maller than 1 ha andne of them
smaller than 0.5 h&he activity areas are displayed in Figurg. ®f the twenty birds,

eighteen were adults, one was juvenile and the age class of one was not determined
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Discussion

Feral pigeons in Wellington City had limited movemeats,7/0%of the activity areas
calculated for the twenty birds with nine or more observations were smaller than 1 ha,
andtheaverage activity area was 1.87ha. These twenty birds were seen at only a small
number of different locations, with 14 (70%) seen at three or fewer locations. The
pigeons also showed site loyalty, as only two oftttal 48bandedbirds were seen at a
different parkcapturesite other than the one where they were caught. This was despite
the fact that three of the sites (Te Aro Park,¥§uare and Glover Park) were all

within 320m of each other. A similar result was found in Barcel8pajn,where

pigeons had an average range siz&.64ha and showed little movement between
feeding sites (Sol & Senar 1995). Aggons generally travel smaller distances when
foodresources are locally abundant, this suggests artificial food resources in Wellington

arelikely to be plentiful(Soldatini et al. 2006).

Pigeon foraging strategies play a large role in determining the extent of feral pigeon
movements$oldatini et al. 2006 Johnston &aniga (1995) identified two main

foraging strategies in feral pigeonsf@jaging in squares, streets and parks near the
home loft and 2) foraging in agricultural ardagy. Little 1994) The flights to

agricultural areas are most similar to those of their wild rock dove ancestors, which fly
on daily foraging flights from cohies to their feeding grounds (Baldaccini et al. 2000).
Rose et al. (200§ identified a third strategy, foraging on decknd railway lines in
harbours on spilled grain during the shipping process. This strategy is considered
intermediate between the $irtwo,in terms of both travel distance and food reliability,
where agricultural resources are considered more reliable and city resources less so.

The activity areas in this study are small and situated within the ceityraihich
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suggests that pigesnn Wellington forage according to the first strategy, in the urban
environment around human food sources (Chapter Two). The absendestzntial
agriculturalcropareas and grain shipping industry in Wellington add weight to this

conclusion.

Althoughmost of the pigeonsdé activity areas
difference between the smallest activity area (0.04ha) and the largest activity area
(10.26ha). In a studwhich used GPS to track pigeon movementBasel, Switzerland
pigeons exhilbed similar behaviour. Maximum distances traveladied widely

(between 0.03 and 5.29 km) yet over 32% of pigeons tracked were never found more
than 0.3km away from their loft (Rose et al. 2006°revious studies have showed
female pigeons travel longdistances than males, due to their preference for the more
reliablefood sources from agricultural areas outside the city (Johnston & Janiga 1995,
Rose et al. 200§. However, this is unlikely to occur in Wellington because it does not
have any agricultal food sources just outside the citpstead, the variation in range
sizes may be explained by movements of some individuals between diffeckst

Some tudies havepreviouslysuggested that pigedlocks areunstable with pigeons
regularly movingoetween different flocks and feeding sifesfebvre 1985, Rose et al.
20068, while others have suggested that pigeon flocks are stable in their composition
of individuals (Murton et al. 19 Sol & Senar 1995). The different results on flock
stability have been partly attributed to differences in the type and availability of food
resources between the different cities in the studies. Situations may also occur where
flocks have characteristics of both stability and instability. Sol & Senar (1995)
suggestd that while pigeon flocks are stable for the most part, a smaller number of

individuals regularly move between flocks and feeding sites. This could explain why
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some individuals had much larger activity areas than many of the birds in this study.
Birds that move between flocks have larger activity ayedmsle the birds that stay at

the same feeding site close to their nest have smaller activity areas.

Although there were not enough observations for minimum convex polygons (MCPs) to
be reliable estimatesf homerangemany of t he pigeonds moveme
particular sitesFigure 3.2 showed that manytheactivity areas did not increase even

as the number of observations increa3éus suggests activity areas may remain on the
small side egn if adequate observations were obtaiffdeere are a number of reasons

as to whysome birds were observed only a small number of times compared to others,
whenferal pigeons in Wellington are generaihought to be site loyaFirstly, birds

with nestswill be less visible than others without, as nesting sites are usually hidden
away in buildings. Secondly, entality due to motor vehiclesr to people is a

possibility. There was an unconfirmedport of bird stoning that resulteddeaths of

banded pigens.For the five birds not seen again since banding, death due to capture
induced stress @lso possibleFinally, roamingpigeonsthatare not sitdoyal may visit
unmonitored sites in the suburlpsiture studies mayighto include sites in the

suburbsn regular searches for banded birds to provide information on movements from
theinner city to the outer suburbs. Banding birds in the outer suburb aggregation sites

would also provide information on movements frimaouter suburbs tthecity centre.

The use of radio tracking in the study was unsuccessful due to the obstruction of signals
by buildings and other structurgsarticularly when birds are on their nefgd
banding can provide information on pigeon

visible to obtain an observation. In addition, observations will be limited to areas

48



chosen by the observer to be searched. One technique that avoids these limitations is
GPS. GPS is able to monitor pigeon location continuously, resulting in more accurate

results and has been used successfully to track pigeons (Rose et al. 2006a).

Most of the pigeonsdé activity areas were ¢
loyalty. Althoughthere were some limitations to the data, the small activity area sizes

suggest that artificial food in centfélellington is plentiful, as the birds did not have to

travel far to meet their daily energy requiremeiite®e much larger activity areas af

few individualssuggests that while the majority of pigeons remain wighemall area,

some individuals may move further afield to other siléss suggests that pigeon culls

in Wellington may not be a successful management tool, as roaming individuals from

areas not targeted could take the place of the individuals removbkd bwyll. Since

most of pigeons appear to have localismtjes around key artificial food sites,

reducing population numbers via a reduction in artificial food might be an appropriate

management strategy.

This study aimed to provide information on #dentto whichareductionin feeding

should be carried ouTheresults suggested thide majoiity of pigeons do not move

far from their feeding site, and consequently that artificial food is plentiful. This

indicates that a significant reduction in tbavailability needs to occtior a population
decrease to be successful. Therefore the extent of the food limitation programme should
coverthemajor food sites in the city. long as the sites with the largest amounts of
artificial food availability cotinue providing food, a significant population decrease is

not likely. These siteshould be targeted amanbe identified fairly easilas theyare

likely to be those that have the largest number of pigeons. Although the roaming
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individuals that alreadsnove between sites may continue feeding in other areas not
targeted, a significant decrease in food availability overall should decrease the
population. In addition these pigeons are likely to be the exception rather than the rule
as pigeons tend to stayttvthe same food source for long as possible (Giraldeau 1984,
Johnston & Janiga 1999igeon management is likely to require a significant

management of human behaviour.
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Chapter Four: Propensity to feed
wildlife affects attitudes to feral pigeons

and their control

Abstract

An understanding of peopleds relationst
mitigation of urban humawildlife conflict. As feral pigeons in Wellington City are
reliant on public feeding, examining humpigeon relationships is esd@l to limit
feeding and consequently reduce population numbers and conflict. To investigate
attitudes to feral pigeons | hand delivered 800 questionnaires to 50 residents at 16
stratified random sites around central Wellington City. Models composeatiables
influencing attitude towards pigeons (ranké&d0, and 1) were tested using a robust
l i near model (n=237). Respondentsd attituc
the modebird feeding and green spadegsA 1c€2, w, = 0.430Q. Bird feeders wre less
negative towards pigeons, whilespondents who visited green spaces were more
negative Regulatory control methods were preferred to shooting or poisoning.
Respondents who fed pigeons had little support for control methods, yet their behaviour
change is crucial to the success of a management programme. This highlights the
importance of public consultation and participation in the management decision making

process.

Introduction

Humanwildlife conflict occurs when wildlife damage propertyortire en peopl e 6 s

health and safety. Research on humaéldlife conflict in cities is increasingly
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important because the majority of people now live in cities that are expanding in
number and size with commensurate increases in huvidiife conflict in urban
landscapes (Messmer 2009, Population Reference Bureau 2010). Common causes of
humanwildlife conflict in urban areas include animal aggression (Jones & Thomas
1999, Timm et al. 2004), vectored disease (Magnino et al. 2009), vehicle collisions
(Stout et al 1993) and damage to vegetation (West & Parkhurst 2002). Conflicts occur
with both native and introduced species and most often when they are numerous

(Garrott et al. 1993, Messmer 2009).

Reducing humawildlife conflict has traditionally depended oethal control to reduce
animal numbers or target particular animals (Treves & Noughtemes 2005).

Culling, however, is often only a temporary solution because populations recover
quickly due to high reproductive ratesiomigration (Murton et al. 1972IBaker &

Harris 2006). Local population recovery at extermination sites will be particularly rapid
if animals are fed. Culling will probably also be strongly opposed by some
stakeholders, particularly amongst those with a propensity to feed wildlifeednde
wildlife feeders may increase feeding rates when and where animal control is
threatened. Moreover, even amongst stakeholders who support culling, lower animal
numbers may not resolve the conflict because their experience, beliefs or attitudes to the
anmal remain unchanged (Madden 2004). Hurmaaldlife conflict may remain

unresolved because the underlying issue is essentially Rnomaan conflict (Madden
2004).Thus, resolving humawildlife conflict in urban landscapes will require
approaches which iegrate the ecological and human dimensions of the problem
(Decker & Chase 1997, Treves et al. 2006). Research to identify the diversity of

stakeholder attitudes to the problem animal and its control to target management are
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essential for successful confli@solutionlt is also important to quantify stakeholder
attitudes to establish the magnitude of the problem, as sometimes a vocal minority can

give the impression a problem is greater than the actual reality.

As the manner in which people perceive aggpond to wildlife conflict is influenced

by their attitudes towards wildlife, understanding the factors that determine these
attitudes is extremely important. Relationships between people and wildlife are
complex and shaped by a large number of faciochjding experiences with nature,
especially during childhood (Chawla 1999, Palmer et al. 1999), close friends and family
(Chawla 1999, Palmer et al. 1999) level and type of education (Palmer et al. 1999,
Tikka et al. 2000), environmental knowledge andeamess (DettmanBasler & Pease
1999), and proximity to wildlife (Karlsson & Sjostrom 2007). Adding another layer of
complexity are the effects of demographics such as age (Kellert & Berry 1987), and
gender (Kellert & Berry 1987, Hill 1998) which is codered to be extremely
influential. Of these factors, experiences with nasweh as birdeeding and outdoor
experiencesare particularly related to positive attitudes toveandldlife and the
environmen{Rollinson et al. 2003Chawla 1999 Therefore mcreaseanvironmental
engagement couleksult in greater positive attitudes to wildlife assubsequentlynore

favourable outcomes for wildlife in the management of wildlife issues.

Urbanisation however, reduces positive interactions with wildlife, ésihewith

endemic or native species. A disconnect between people and the natural world (Miller
2005) may reduce support for wildlife and habitat conservation (Finger 1994, Kals et al.
1999). Nevertheless, many people in urban environmentgaimaa relabnship with

nature by feeding wildlife or visiting parks. Wildlife feeding is often in the form of bird
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feeding, with reported bird feeding rates by households @836 in Australia

(Rollinson et al. 2003, Ishigame & Baxter 2007), and 20% in the UntegdsS(Deis

1986). Bird feeding therefore, even of common urban species, might be critical to
peopl eds positive and generalised relatior
wildlife (Dunn et al. 2006). However, bird feeding can also have negdfaeson the

target population. These include leteym changes in bird population dynamics (Robb

et al. 2008), concerns regarding dependency on anthropogenic food (Jones & James
Reynolds 2008) the facilitation of disease spread (Bradley & Altizer 2006),

inappropriate diets (Rollinson et al. 2003), and population increases in already abundant
species (Parsons et al. 2006). Bird feeding can also exacerbate-wildiiéa conflict

due to the increased animal population densities it creates and the habibfiatio

wildlife to people (Rollinson et al. 2003). Therefore the impacts of bird feeding on

urban humarwildlife conflict needto be carefully considered.

Rock pigeons (Columba livia) are introduced and commensal in urban areas throughout
the world (Long 181). Often occurring at high densities, feral pigeons are considered a
pest particularly because their waste fouls and corrodes surfaces, resulting in increased
maintenance costs (Johnston & Janiga 1995). Pigeons foraging around people also
causes aggravan and raises concerns about pigéoiman disease transmission
(HaagWackernagel & Moch 2004). Yet feral pigeons also attract devoted groups of
feeders who often rely on them for social interactions (Weber et al. 1994, Jerolmack
2006). These contrastingtitudes make it difficult to find management solutions which

are acceptable to all stakeholders.
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Wellington City, New Zealand, has a pigeon population which is a source of human
wildlife conflict. The main cauarsefromf peoy
places where pigeons aggregate in large numbers such as inner city parks and

businesses selling food (Wellington City Council 2007). Pigeons in Wellington City are

largely dependent on anthropogenic food and so reducing feeding by people thay b

most direct way of reducing population numbers and hupigeon conflict Chapter

Two). This study aimed to understand hurpageon relationships in Wellington City

and how hesemight affect a management strategy. Firstly we determined the perceived
magnitude of pigech u man confl i ct in Wellington City
attitudes towards feral pigeon abundance in Wellington City were positive, negative or
neutral. Secondly, we investigated whether environmental engagement (through bird

feedng or visits to outdoor areas) influence
Finally, we determined peopleds attitudes

important to gain public acceptance in wildlife management issues.

Method

Study area

Wellington City is situated at the soutVesterncoastal peninsulasf the North Island,

New Zealand41°18'0"S, 174°47'®). The city covers an area of 290 knwhich

includes rural, bushland and coastal areas as well as urban areas concentrated in the flat
lands surrounding the harbour (Wellington City Council 201Thg seven suburbs in

the study area were Thornd@ipitea, Wellington Central, Kelburn, Te Aro, Aro
Valley-Highbury, Mt Victoria and Oriental Bay. These covered the inner city and

adjacent sulnbs. The majority of the pigeon population lives in the commercial district

in the inner city which is adgent to the harbopalthough flockslo reside in the outer
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suburbsThe city has a mild temperate climate with average monthly temperatures
rangingfrom 8.8°C in July(mid-winter)to 17.1°C in Februarftate summer)Annual
rainfall is 1249mm and there are 2065 sunshine hours peWeat features strongly
in the climate withan average windspeed of 22km/hour, 28dlays of gale force wind

per yearndays with a measpeed above 63km/hour) (NIWA 2008).

Wellington Cityhas a population of 197,700 people (Wellington City Council 2011a)
characterised as comparativglyung, educated and highcome. The population is
48% male and 52% femalResidentsnedian age is 33.1 years, 55.5% have a post
school qualification, and median incomes are higher than the New Zealand average

(i.e., $32,500 cf. $24,400, respectively) (Statistics New Zealand 2006).

Household questionnaire

A preparatory letter, twipagequestionnaire and reminder letter were distributed by

hand to 800 households at 16 randomly allocated sites (50 questionnaires per site)
between 8 and 26 November, 2010, in the central suburbs of Wellington City where the
majority of pigeons liveKigure 41). Questionnaire distribution sites were allocated

along the same transect lines used to measure the density and distribution of pigeons
(Chapter Two). The sites were chosen by generating random points for each transect
line. Points that did not fall amngst residential housing were shifted to the nearest
residential area. If there was no residential housing within 200m of the point, new
points were generated. Each transect line was allocated two sites, apart from the longest
transect which had three steand the shortest transect which had oneasiteunting

to 16 sites in total.
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The preparatory letter was delivered during the first week advising the household that
theywould soon be receiving a questionnaire. The questionnaire and explanatory letter

were delivered in the second week, and a letter reminding people to complete the

survey was delivered in the third week. The questionnaire was designed to quantify and

expla n residentsd attit useeAppendin2fof er al pi geon
questionnaire)Attitude to pigeon abundance was quantified by asking residents

whet her they thought there were O60too many¢
pigeonsin Wellingto . An option of 6éno opinion6 was
scored asl (too many), O (about the right amount or no opinion) and +1 (not enough).
Responses of O6about the right amount 6 wer e
opi ni on 6 eaonsideredttolrepsent a neutral attitude towards pigeon

abundance. To understand attitudes to pigeon control, respondents were provided with a

list of population control techniques and asked which ones they would support for the

management of pigeon mbers in Wellington City.

In order to assess the influence of bird feeding on attitudes towards pigeon abundance
respondents were asked whether or not they fed birds, and if so which speegs.

space visits, a measureaitdoorexperiences, was assesd by asking respondersw

often they visited green spaces, @8n a fi ve
t i mes .divewther fadiors also thought to influence attitudes to wildlife were

measured: childhood experiences with naturedbbibd outdoors, environmental

actions, biodiversity knowledge, and environmental awareness. Respondents rated

their time spent engaging with nature as a child, and outdoors in various environments

as a child, on a 5 point likert scale. Environmentaloastiwvere measured by asking

respondents whether they had in the last month, composted, recycled, or used own bags
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at supermarket, and in the last year had donated to an environmental charity,
volunteered for an environmental organisation, attended acpuklkting in support of

the environment, or signed a petition in support of the environment. Biodiversity
knowledge was tested by asking respondent to correctly identify colour photographs of
eight different birds. The photographs included four nativefamdintroduced exotic
species, and a mixture of well known and lesser known species. Each correct answer
was awarded one point. Environmental awareness was tested by asking respondents to
list the three greatest threats to native plants and animals irZB@and. Threats were
determined from a consensus of the scientific literature to be invasive species, habitat
loss and fragmentation, and oveploitation (Dopson et al. 1999, Clout 2001,

Saunders & Norton 2001, Walker et al. 2006, Kingsford et al. 2088y & Sullivan

2010). The responses were then grouped according to these classifications, and one
point was given for each threat correctly identified. Finally demographic questions
coll ected information on t heducatersagmbndent s o

income.

Statistical analyses

We compared the demography of survey respondents to the demography of the
population in the seven suburbs that were part of the study area usirggaiata test.

The population data was obtained from the 208&sas results (Wellington City

Council 2011b). Age categories in the census did not exactly match those in the
questionnaire, however the test was still carried out as the difference between categories

was a maximum of two years.
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Hypot hes es attitnde tompigesn aduadarices viere evaluated using an
Informationtheoretic approach (IT). An IT approach has advantages over traditional
hypothesis nuthypothesis testing because it allows for multiple competing hypotheses

to be compared evidentially. Wh hypotheses have similar support model averaging

can be used to make robust predictions (Johnson & Omland 2004). The IT analysis had

t wo stages. First, we evaluated model s for
abundance without demographic fikeffects. The seven fixed effects were bird

feeding, green spaces, child experience, child outdoors, knowledge, action and

awareness. These were assembled into models representing alternative hypotheses. The
models were described using the robust lineadeh(rlm) procedure in R version

2.11.1 (R Development Core Team 2010) and
I nformation Criterion. Model s with @AIC O
support from the data and modehham&i t h @Al (
Anderson 2002). Second, we determined which demographic model best explained
respondent sé6 attitudes towards feral pi gec
assembled based upon the factors of sex, age, education and income. We then added the
best demographic model to the confidence set of models from the first analysis to

identify which were substantially improved by the additional of the leading

demographic model. Models were ranked asmighted to identify the confidence set of

leadingmoded (i . e., x¥>0.95) .
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Results

Questionnaire response

Two hundred and eighty (35%) of the questionnaires were returned. Of these, 43
returned questionnaires were excluded from this analysis because some questions were
not answered. Twerdyne questionaires were excluded due to missing income data,
while another twelve had data missing on childhood activities (3), childhood outdoor
experiences (3), sex (2), pigeon opinion (2), green spaces (1) or age (1). Another ten

were excluded due to missing infcation on multiple questions.

More females (n=136, 57.4%) than males responded (n=101, 42.6%) but there was a
relatively even representation amongst age classes, excepting the oksyeks

(19.0%), 2635 years (23.2%), 360 years (21.9%), 510 yeas (27.8%), and over 70

years (8.0%). Respondents were highly educated (no formal education 2.5%, high
school 13.1%, trade 13.9%, Bachelords degr
24.5%) and higlincome (less than $10,000 9.7%, $10;830,000 14.8%, 30,00t

$50,000 15.6%, $50,0€8H70,000 21.5%, $70,0€8100,000 17.7%, and over $100,000

20.7%. Respondents were more educXfe@, N = 237) = 159.61p <0.001, oldeix?

(4,N = 237) = 36.58p <0.001 and higheincomeX? (5, N = 237) = 314.2p <0.001

than the overall population frortihe seven suburbs of the study area but the sex ratio

was not significantly differen? (1, N = 237) = 3.76p >0.005.

Attitudes towards pigeons and explaining factors
Respondentattitudes to pigeons were characterisedeggative because they thought
there were too many (n=107, 45%), neutral because they thought there were about the

right amount (n=62, 26%) or had no opinion about the number (n=61, 26%), or positive
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4dbecause they thought there were not enough (n=7, 3%poRdents attitude

(negative, neutral or positive) towards pigeons was best explained by the three models
including bird feeding which were the only models to receive substantial support and
constitute the conf i gdehwek9os HEble 1p Peopleovdoe | s
provided food or water for birds were more likely to have a positive or neutral attitude
to the abundance of feral pigeons (Figd®. The regularity with which respondents
visited green spaces also contributed to the leading njddele4.1). Respondents

who visited green spacgroreoften were more likely to hold megativeattitude about

pigeon abundance (Figude3). Although the modedf bird feedingand environmental
actionwas included in the confidence set of models, it didautperform the model
including only bird feeding. Thus, environmental actions appear not to contribute to
explaining different attitudes to pigeon abundarite leading demographic model of

sex was thenly model to receive substantial support . ACcs2, wgs 0.838), and

sex procured greater model weights than other predictorsx(ives,,= 0.959,

X Weducatior0.080, X Wage=0.056,% Wincome=0.049).However the addition of sex to the
confidence sedf models did not substantially improve their exptamapower(i.e.

AICc bird feeding +sex= 383.7, AICc bird feeding + green space + sex = 383.9

AICc in Table4.1).
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Table4l1Candi date model s for Wellingtdwim resid:
November 2010 are in descending orderbased A k ai keds I nf or mati on

(AICc), N=237, K=number of parameters.

Model AlICc @Al C Akaike w
bird feeding + green spaces 382.4 0.00 0.424
bird feeding 382.5 0.09 0.405
action + bird feeding 384.3 1.87 0.166

child activities + child outdoors
child activities

green spaces

green spaces + child outdoors
knowledge

knowledge + awareness

3944  12.03 0.001
3944  11.97 0.001
394.5 12.09 0.001
395.8 13.38 0.001
395.9 13.52 0.000
396.3 13.92 0.000

A WP, OWWEADIMMWDHIMIT
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The bird feeding populatioand the pigeon feeding population

People (n=51) who provided food or water for bifolisd feeders) listed tui

Prosthemadera novaeseelandigparrowd?asser domesticuducksAnas
platyrhynchosferal pigeon€£olumba liviaand blackbird§ urdus merulas the species
they most fed (Figurd.49). Ar espondent 6s educamot on, age

associated with their propensity to feed biféigure 4.5a, 4.5b, 4.5clPeople with no

education appeared not to feed birds, however this group included only six respondents.

Respondent sex, however, did appear to explain their propensity to fdedHeimales
were more likely to feed birds than males (Figlu®s). Out of the 51 respondents
(21.5%) who provided food or water to birds, eleven identified pigeons as one of the
bird species they fed. Those who fed pigeons were also predominantl figsggit out

of eleven) and represented in theZB 3650, and 5170 age group$)adincomes

from $10,000 to over $100,000, and identified themselves d@&sudapean (8) or Asian

(3). All respondents except one had tertiary degrees.
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Bird species fed by respondents

Figure 4.4Regondents who provide food or water for birds listed the top three species
they fed. Birds listed were tuP(osthemadera novaeseelandiag)arrow Passer
domesticus)duck @nas platyrhynchos¥eral pigeon Columba livia) blackbird

(Turdus meruly stating (Sturnus vulgaris seagull thrush Turdus philomelgsand

waxeye Zosterops lateralis).
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Responses to pigeon control

The methods of population control with most support were those that involved
regulation rather than lethal methods. The preferred method wastr@gitaerect

nesting and roosting barriers, followed by regulation to prevent feeding on refuse or by
the public. The least favoured option was shooting, followed by poisoning and
destruction of nests. The opinions of control differed depending on ttuelest people

had towards pigeons. Respondesit® believed there were too many pigeons were

more likely to support lethal methods of control, while those who had a neutral opinion
were more likely to support regulatory controls on nesting and feedingrédd).
Respondents who believed there were not enough pigeons in Wellington supported

none of the control methods.

1(1)8 Bl Not enough
] ] Neutral
90 1 [ ] Too many
80 1
70 ]
60 1
50 1
40 A
30 -
20 ]
10 ]

No. of respondents

Sholoting Poiéon Destrluction Regdlation Regdlation Regtljlation None
of nests  barriers  to prevent to prevent
to prevent  public feeding
nesting  feeding onwaste

Figure46Sur vey respondentsdé attitudes towards

support for various control methods.
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The eleven bird feeders who fed pigeons showed little support for control methods.
Shooting, waste regulation, feeding regulation and public feeding regulation each had
the support of one person, while barrier regulation had the support of two people. Nest
destriction was supported by three people. Pigeon control using poison was supported

by none of the pigeon feeders.

Discussion

Attitudes towards feral pigeon abundance in Wellington were similarly split between

neutral and negative, with a handful of positigsponses. This demonstrates the

importance of perception in humavildlife conflict, as there were two contrasting

opinions of the same situation. Respondents considered to have a neutral attitude to

pigeon abundance are not necessarily indifferentntralomethods, as the neutral
response included those who consumtkeeff ed t he
pigeons in Wellington. The primary reason people gave for having a negative attitude
towards pigeons was pigeon wagie almost 50% of suey respondents had a

negative attitude to pigeon abundatitis suggests that the humaigeon conflict in

Wellington is of great enough magnitude to warrant attention.

Respondent 6s attitudes towards feral pi gec
model of bird feeding and green spaces. People who provided food or water for birds

(of any species) were less likely to have a negative attitude towards feral pigeons in
Wellington. This is not surprising as the practice of bird feeding, like other fafrms

wildlife interactions, is considered to lead to a greater appreciation of wildlife
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(Rollinson et al. 2008 Alternatively, it may be that people who already like birds have
a tendency to feed them. Neverthelesg] feeding in Wellington poses a problem as
feeding of pigeons is thought to be responsible for the abundance of pigeons and
subsequent humawnildlife conflict. Although benefitsuch agreater interest and
empathy for wildlife may be gained from feedinggons (Rollinson et al. 2008)ese

couldbe outweighed by the exacerbation of hurpageon conflict.

In contrast to bird feeders, respondents who visited green spaces more often were more
likely to believe that there are too many pigeons in Wellingttins maybe explained

by the fact that two of the most commonly green spaces visited by people were Midland
Parkand Te Aro Park, which have large numbers of pigeons. Parks whiclnigave
numbersof pigeons may be places where people are most likelge hegative

interactions with pigeons. Negative interactions could include sitting clgagegon

waste while they eat their food, or have pigeons foraging around them while they eat.
As people that visit parks often already believe pigeon abundance®drgh, these

people are likely to be most responsive to instructions to refrain from feeding pigeons.

The control methods with the most suppaeetre those that involved regulation rather
than lethal techniques, while the least favoured method wasispofollowed by
poisoning. This result is in line with the public response to a proposal to cull pigeons in
Wellington City in 2008, which was cancelled due to public praqi#stlington City

Council 2008. Attitudes towards culling appear not to have changed since this time as
it still faces oppositionLethal methods of wildlife control are often controversial with

the public, and support for these methods is declining, particularly in developed

countriegTreves & Noughtofilreves 200k Generally, support for lethal methods of
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wil dlife management i ncr eas ewidlifegprodemi ve t
(Loker et al. 1999 This is evident here as those who believed there were too many
pigeons showed more support for lethal methods, while those who believed there were
not enough pigeons did not support anydkaf control. However, in some cases there

is little support for lethal control, even from those most affected by the cdidfhices

& Thomas 1998 This shows that rather than making assumptions, investigating the
human dimensions of a particular conflict is extremely important, as no two situations

are exactly the same. The respondents had diverse opariamtrol nethods which

is a challenge many wildlife managers face when dealing with hwvridlife conflict

(Decker & Chase 199T.oker et al. 1999

The bird feeders who fed pigeons showed very little support for the contrabaseth
proposed. This has created for a dilemma for wildlife managers, whereby people

feeding birds has resulted in increasddindances and therefore hurpageon

conflict, yet these people are the ones who are most against the use of pigeon control
methodsThis is because an interaction with wildlife can lead to greater appreciation of
the animals, resulting in increased empathy and a lowered tolerance for control. This
predicament shows the importance of consulting the public and allowing them to
participae in the management decision making process. In particular, it is important to
include those who are most against control, as this study shows they are the ones whose

behaviour needs to change for the situation to improve.

Although methods of regulatidmad more support than lethal methods, regulation
would be likely to invoke negative responses from the public, particularly if costs were

imposed on businesses. Barriers and other devices can work to prevent birds nesting
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and roosting, however they are tp&nd not recommended by some due to the harm

they can cause to pigeons if not installed corrd¢tBagWackernagel 2002 Barriers

are already utilised inosne places in Wellington, and while they can be appropriate for

control at specific sites, they tend to redistribute the population rather thaaskecre

population numbers. Sintehe pi geonsd main source of f oc
rather than food aste, regulation to control waste would not be likely result in a

population decrese (Chapter Two)Regulation to prevent people feeding pigeons

would be difficult to police, and given that many people enjoy feeding birds, regulation

to prevent bird feedig would be unpopular with the public. Rather than regulation it

would be preferable to educate people and encourage voluntary actions to reduce

pigeon feeding.

Surveys such as these can often be biased due #®@spondents, as people with an

interest n the study subject are more likely to answer the suiWéhte et al. 200h In

this study people with an interastbirds and wildlife, and those with an opinion on

pigeons, were more likely to answer the survey. So it is possible the general population

may have a higher proportion of people with a neutral opinion on pigeons. However

t his probabl yrestlis ®rsthe éeasona Whiy people havénoertain attitudes
towards pigeons. Comparisons of the surve)
the study population showed that respondents tended to have higher levels of education

and income, and were older.
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Management recommendations

Chapter Two suggested thHemiting public feeding is the most effective way of
reducing feral pigeon populati numbers in Wellington City. This would requae
change in human behaviour, whicbuld be carried out throughe use of aeducation
and social marketingampaign It couldbe targeted tbwo different areas: reducing

pigeon feeding from feexnls andhe promotion of responsible bird feeding

1) Reduce pigeon feeding in city parks Wellington City pigeons rely ofood
from botfédedeépi gpeonpl e who regularly feec
rice and grain to pigeons, and O0casual
of their own meal on an irregular basis (Chapter Two). A population decrease is
dependent on geduction of this feeding, and for this to be successful the target
audience needs to be considered. In this study pigeon feeders tended to be
female, of all ages, and with university educatidhhough it is not known
whether thesurvey respondents whed pigeonsvere pigeorfeedes or casual
feeders, a study that investigated hurmpéageon interactions suggested that
pigeonfeedes do tend to be female (Weber et al. 1994). Although pigeon
feedes are far less in number than casual feeders, they aralqgpydbe more
important group to target due to the large amount of food they regularly provide

pigeons.

2) Promote responsible bird feedingird feeding is a popular pastime (over 20%
of survey respondents in this studlf)also allowspeople in urban aees to
interact positively with wildlife, leading to a greater appreciation of nature

which can lead to higher conservation aci{iBollinson et al. 2008 Therefore
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it is recommended that resmble bird feeding be promoted, and native rather

that introdieed birds should be the target spediether than targeting pigeon
feedes, who often have a special affiliation with pigeons, #sigect of the
campaigrwill be useful in reducing food made available to pigeons by general
bird feeders. The provision seeds in bird feeders designed to discourage

pigeons should be promoted, and seeds preferred by pigeons should be avoided.
Pigeons have strong seed preferences and the use of certain seeds disliked by

pigeons may also discourage pigeons.

Summary

P e o p &ttikudes towards feral pigeons in Wellington City were best explained by
whether or not they fed birds and how often they visited green spaces. People who fed
birds generally were less likely to have a negative opinion of pigeons while people who
visited green spaces often were more likely to have a negative ophitdndes

towards pigeon population numbers were similarly split between too many and neutral,
with only a few respondents believing there were not enpiggons in Wellington.
Although regilatory methods of pigeon control had more support than lethal control
methods, issues surrounding regulatory methods means that they are still not
appropriate management techniques for feral pigeons in Wellinpienpigeon feeders
showed very little syport for the control methds proposed. This has created

dilemma for wildlife managers, whereby people feeding birds has resulted in increased
abundances and therefore hunpégeonconflict, yet these people are the ones who are
most against the use ofggion control method®ecommendations to reduce human
pigeon conflict in Wellington are 1) redupe&yeon feeding in city parkand2) promote

responsible bird feedinghrough themplemenation of an education and social
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marketing campaigrThese resultshow how it is important to understand public
attitudes to wildlife in humaswildlife conflicts, particularly when reducing the conflict

requires a change in human behaviour.
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Chapter Five: General discussion

The contribution of this thesis hbeen to determine the factors that influeferal

pigeon distribution and density on a landscape sd@ilgeon movements were assessed
to understanadurtificial food availability In addition, a social survey delivered to
Wellington residents was usedunderstand attitudes to feral pigeons and their control.
Together, this information was used to make recommendations for feral pigeon

management in Wellington City.

Feral pigeon distribution in Wellington was influenced by artificial feeding from the
pubic. Pigeons selected for areas closer to pigeedersites,places wher@eople

regularly feed pigeons in bulk amountéey also selected for public spaces, wlash

well as often beingigeonfeedersites, provide fod in the form of casual feedemo

feed pigeonsmaller amountsn an irregular basidandscape type also played a role

in determining pigeon distribution. Pigeons showed strong selection for commercial
areas in winter, and avoidance of green and residential landscape types in both seaso
This is likely to relate to increased artificial feeding in landscape types with higher

human density.

Pigeondensity was higher in winter (6@geongha) than in summer (4f@igeonsha).

This is in contrast to results from European studies, whge®p numbers peak in
summerand autumn and then decrease in winter due to poor survival rates and limited
breeding(Johnston & Janiga 1995, Giunchi et al. 2007a, Giunchi et al. 200fis

maybe explained by the lower temperatures of winters in Eurogiias compared to

Wellington. In additiormore pigeons on nests during spring and summagr mean
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pigeonsare less visibleluring this timgGiunchiet d. 2007). Pigeons were also more
concentrated in commercial areas (17.8 pigeons/ha) in winter cedifgasummer (5.9
pigeons/ha). Since pigeons rely on people for food, this may reflaages irthe
micro-distribution of people between seasons. Due to colder weather, parks and the

wharf area may be frequented less in winter, leading to a higher ¢@atmenof people

eatingin the commercial areas. It mayals si gn al a chdamagieg i n t he
strategy between seasons, from relying on food sources directly from people to a more
opportunistic feeding strategy which utilises rubbish and skipthatsare more

abundant in the commercial arekarthermore, it may also reflect the need for shelter

in poorer weather.

The feral pigeons had limited movements as over two thirds of the activity areas were
smaller than 1 ha. The pigeons also showed®yadty, as only two ofhe total 48 birds
were seen at a different park capture site other than the one where they were caught. In
addition the birds were seen at only a small number of differesg with most seen at
three or fewesites Given thaipigeors generally travel smaller distances when food
resources are locally abundant, the small activity area sizes suggest that artificial food
in central Wellington is plentiful, as the birds did not have to travel far to meet their
daily energy requireents (Soldatini et al. 2006). Although most activity areas were
small, there waa large differencéetween the smallest and largest activity areas. This
may be due to the dynamics withilre pigeon populatioassuggested by Sol and Senar
(1995). While tle core group of pigeons at a site is stable, a smaller number of

individualsappear tanove between flocks and feeding sites.
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The mainfactsi nf |l uencing peoplebs attitudes t owe
they provided food or water for birdgenerdly, or visited green spacd3eople who fd

birdswere less likely to have a negative opinadrieral pigeons in Wellington. This is

not surprising as the practice of bird feeding, like other forms of wildlife interactions, is
considered to lead to a gtenappreciation of wildlife (Rollinson et al. 200®eople

who visitedgreen spaces more often were more likely to have a negative opinion of

pigeons. This is probably due to the fact that the types of green spaces people tended to

visit were inner cityparks. Here people are more likely to have a negative interaction

with pigeons, for example sitting next to pigeon waste while they eat their meal.

The control methods with the most support were those that involved regulation rather
than lethal technique while the least favoured method was shooting, followed by
poisoning.The survey respondentgho fed pigeonshowed little support for control
methods, and none of them supported pigeon control using pdisisrhas createa
dilemma for wildlife manage, whereby people feeding birds has resulted in increased
abundances and therefore hurpégeonconflict, yet these people are the ones who are
most against the use of pigeon control methods. This is because an interaction with
wildlife can lead to greateappreciation of the animals, resulting in increased empathy
and a lowered tolerance for control. This predicament shows the importance of
consulting the public and allowing them to participate in the management decision
making process. In particular,ig important to include those who are most against
control, as this study shows they are the ones whose behaviour needs to change for the

situation to improve.
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