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ABSTRACT

Globally, human-wildlife conflict is one of the main threats to the continued persistence of
numerous species. In my thesis, [ developed a spatio-temporal framework with the aim that it
inform management of conflict-prone animal species such as the kea (Nestor notabilis). My
specific research aims were to: 1.) characterise the movement and behavioural patterns of kea;
2.) quantify the nature and extent of kea interactions with anthropogenic infrastructure in their
environment; 3.) explore how human activity may be affecting kea behavioural patterns; and 4.)
assess the impact of human-wildlife conflict on kea population dynamics relative to other
important threats. Applying a spatial framework to explore human-wildlife conflict requires the
collection of spatio-temporal data to describe movement patterns and their relation to human
features in the landscape. First, I assessed the use of animal-borne GPS telemetry as a means of
collecting movement data from kea. I observed: no apparent adverse effect of the loggers on the
condition of the kea; no damage to the devices that impaired their function; and that the
operational performance provided high-resolution data sufficient characterising the movement
patterns of wild kea. The high proportion of GPS fixes recorded in human areas and strength of
habitat preference revealed that the kea in my study were attracted to human areas. Using a
switching Monte-Carlo Markov-Chain model I was able to assign behavioural states to the GPS
fixes, revealing that kea spent significantly more time on ground-based behaviours than flight.
Kea demonstrated strong temporal variation in proximity to humans areas, and generally were
in/or close to human areas at times of the day when human activity was highest. My results
showed that individual kea clearly differ substantially in their movement patterns; most
probably because of differences in age or reproductive status. Temporal variation in patterns of
behaviour indicated that, for some individuals, durations of area-restricted behaviour varied as
a function of proximity to human areas. The outcomes of a stochastic stage-based model used in
a population viability analysis indicate that the biggest threat to kea populations is predation by
introduced mammals, but as human populations continue to grow in kea habitats human-
induced mortality could become a major threat in the future. My results suggest the spatial
approach adopted here is an effective means of describing fundamental aspects of human-
wildlife interactions and potential conflict. As technology and the associated analytical toolkit
continue to improve, [ believe the use of spatio-temporal approach will prove to be a vital tool

for exploring and mitigating human-wildlife conflict in a range of species.
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1 GENERAL INTRODUCTION

1.1 Human-wildlife conflict

Human-wildlife conflict (HWC) occurs where the activities and requirements of
humans and wildlife overlap, resulting in direct and/or indirect negative impacts to one
or both (ICUN 2003). This definition is very broad; my thesis focuses on the effects of
HWC in the context of wildlife conservation. Although the impact of HWC on humans of
is of great importance, it is beyond the scope of my research (see Woodroffe et al. 2005;
Dickman 2010; Barua et al. 2013). The effects of HWC on wildlife can be separated into
two broad categories, direct and indirect, as summarised in Table 1.1. The indirect
effects are generally a by-product of human growth and expansion, resulting in a long-
term impact on individual fitness and hence species persistence (Jetz et al. 2007). While
both effects are important, [ am focusing on direct HWC events where the conflict has an
immediate impact on an individual animal. In this context, intentional HWC generally
arises for one of two reasons. First, wildlife is killed for financial gain: it has been
estimated that, in the last decade, 30,000 African elephants are being poached yearly,
for their ivory tusks (UNEP et al. 2013). In addition, contact with wildlife can lead to
economic loss via crop raiding, livestock predation, or property damage (Distefano
2004), or health impacts such as attacks causing injury or death (Woodroffe et al. 2005)
for humans. This can result in the retaliatory killing of ‘problem animals’. In contrast,
accidental HWC usually occurs simply due to humans and wildlife being in the same

place at the same time, resulting in injury or death to an individual animal. It can be



more difficult to estimate accidental wildlife mortalities caused by humans; Loss et al.
(2015) suggest that millions of birds are killed by vehicle strike every year in North

America alone.



Table 1.1. Examples of the different types of HWC and their effect on wildlife.

Effect Intent Examples Citations
Wildlife smuggling Zhangetal. 2008
Exploitative Poaching Wittemyer et al. 2014
Game hunting Loveridge et al. 2007
Intentional
Direct ) Shooting Kissui 2008
Retaliatory Poisoning Mateo-Tomds et al. 2007
Trapping Sinha et al. 2006
Vehicle strike Lossetal 2015
Accidental Poisoning Reid et al. 2012

Electrocution

Kumar & Kumar 2015

Habitat loss, degradation and
Indirect fragmentation
Climate change
Introduced predators

Prugh et al. 2008
LaFever et al. 2008
Jetz et al. 2007
Simpkins et al. 2015




1.2 Increasing magnitude of human-wildlife conflict

Globally, HWC is of growing concern to conservation biologists (Messmer 2000;
Dickman 2010; Manfredo 2015). While HWC has been occurring for millennia (Smilie
2002), conflict events are increasing in their frequency and severity; a trend that will
likely continue (Madden 2004; Thirgood & Redpath 2008; Dickman 2010). The main
factors acting to increase rates of HWC are human population growth (ICUN 2003) and
land-use transformation (Vijiyan & Pati 2002; Mishra et al. 2003), resulting in human
expansion into wildlife areas and increased competition among wildlife for natural
resources (Siex et al. 1999). From a conservation perspective, conflicts between humans
and wildlife are of particular concern when and where they lead to the harm or death of
individuals which are threatened or protected species. Taxa subjected to persistent
conflict(s) with humans are more vulnerable to population decreases, which ultimately
may lead to their (local) extinction (Messmer 2000; Ogada et al. 2003). Increased
mortality as a direct consequence of human activity not only affects the population
viability of endangered species, but also has broader environmental impacts on
ecosystem dynamics and the preservation of biodiversity (Woodroffe et al. 2005). With
such wide-reaching potential effects it is critical for governments, local communities,
researchers, and wildlife managers to recognise the problems posed by HWC and to

develop effective mitigation strategies in response.

1.3 Emerging field of human-wildlife conflict management

The field of HWC management is relatively new, and much of the research conducted

to this point has focused on highlighting the challenges we face and identifying the



information needed to develop effective mitigation strategies against them (Messmer
2000; Madden 2004). Historically, management of HWCs often involved the lethal
culling of populations or the removal of problem individuals (Treves et al. 2006;
Messmer 2000). More recently, however, there has been a move to use more wildlife-
friendly strategies such as physical barriers, sensory deterrents, and compensation
schemes (Distefano 2004; Treves, Wallace & White 2009). Nevertheless, these methods
are generally costly, not widely applicable, based on inadequate data, and are often used
as an alternative to the development of appropriate research (Treves et al. 2006; White
& Ward 2010; Urban 2013). Overall, it appears that science needs to inform policy and
practice better (e.g. adaptive management; Westgate et al. 2013); recent reviews have
highlighted the need for more quantitative data of the biology underlying HWC

(Thirgood & Redpath 2008).

Understanding the ecology and behaviour of a conflict-prone species is a
fundamental first-step in developing effective management strategies (Conover 2001;
Treves et al. 2006). For example, research by Harding et al. (2009) on the resource
requirements and preferences of woodpeckers in the U.S.A was used to make
recommendations about the most suitable building material to dissuade woodpeckers
from damaging properties. However, despite its importance, ecological data are scarce
for many conflict species, as collection of relevant data is logistically challenging and
costly (White & Ward 2010; Young et al. 2010; Urban 2013). There has been a move
towards developing overarching conceptual frameworks for the science of HWCs, with
the goal of making it easier to translate research outcomes across sites and taxa in a

way that is accessible for management (Morzillo et al. 2014).



1.4 Animal movement patterns

The study of animal movement is increasingly prominent in conservation biology
(Patterson et al. 2008). Knowledge of animal movement and the factors that drive the
variation in movement patterns are integral components of behavioural ecology,
conservation and protected-area management. Considerable effort has been devoted to
understanding various aspects of animal movement and the interplay between
movement patterns and the factors that explain them (Cain 1985; Holyoak et al. 2008).
The increasing availability of abiotic (e.g., geo-referenced habitat maps, fine-scale
atmospheric information) and biotic information (e.g., heart rate monitors) facilitates
researchers’ ability to determine how these factors influence movement patterns
(Nathan et al. 2008). For example, information derived from movement patterns has
been used in a wide range of ecological research, including considerations of foraging
(Votier et al. 2010), habitat and resource selection (Northrup et al. 2016; Mansson
2013), dispersal (Lopez Lopez et al. 2014), migration (Lendrum et al. 2012), and

behavioural studies (Dean et al. 2012).

Using the movement patterns of conflict species has huge potential for providing a
range of methods to assess important aspects of HWC scenarios. Knowing where
animals move can be used to identify critical habitat for populations, which is important
information when habitat overlaps with areas of human interest. Berger (2004), for
example, used the movement patterns of pronghorn antelope (Antilocapra americana)
to show that important migratory corridors were being threatened by oil and energy
industry development. Studying animal movement can improve our understanding of
the dynamics of interactions between wildlife and humans. Quantifying how movement

patterns are related to human features in multi-use habitats (Cagnacci et al. 2010) may



support prediction of where and when conflict is likely to occur. It is also possible to
quantify the impact of human activity on animal behaviour (Whittington et al. 2005;
Sawyer et al. 2009); for example, in Nepal movement tracks suggest that some tigers
have altered their natural activity patterns to avoid periods of high human activity

(Carter et al 2012).

1.4.1 Data capture of animal locations and movements

A range of methods has been used to collect geolocation data from free-ranging
wildlife. Some of the older techniques, which include direct observations,
mark/recapture using live traps, spool and line techniques, and VHF (very high
frequency) radio-telemetry, have been used to study animal movement (White &
Garrott, 1990). Although these methods have been used frequently, all have limitations
that affect the quality and quantity of the resultant data (Coulombe et al. 2006). Direct
observations are labour intensive, constrained by visibility and likely to induce biases in
the behaviour of study animals (Hansen et al. 1992). Mark/recapture and spool-and-line
techniques are limited by line length and weight, trap numbers, and the distribution and
frequency with which traps are monitored. Live-trapping methods record a presence or
absence in a given area, yet they tell us little about actual animal movements (Moraes &
Chiarello 2005). Over the past 35 years, a number of animal-borne tracking
technologies have been developed, and the most recent technological advancements
have greatly improved data accuracy and resolution. Geolocators (Egevang et al. 2010),
ARGOS satellite tags (Costa et al. 2010), GPS/GSM loggers (Weber et al. 2015), and
video-tracking (Moll et al. 2007) have been used to track a range of species from
terrestrial to marine over varying spatial (thousand-mile migrations to local

movements) and temporal scales (days to years).



As Global Positioning System (GPS) devices, become miniaturised and more
affordable, they are increasingly accessible to researchers and can be applied to a
broader range of questions. These devices allow for the collection of location fixes with
very high spatial and temporal accuracy across a wide range of species (Obbard et al.
1998; Cagnacci & Urbano, 2008). GPS devices can also sample at very high frequencies
(one fix per second) and can collect and store large amounts of data (over 100, 000
fixes) (Cagnacci et al. 2010). Additionally, GPS devices give researchers the ability to
remotely collect location data, which has many benefits. Firstly remote tracking allows
continuous tracking over long durations in climates or terrain that is unsuitable for
human observers. Remote tracking allows researchers to obtain location information
for animals undergoing extensive movements outside the normal operational range of
the observers (Rodgers et al. 1996), and provides location estimates that are free from
observer biases (such as, the disruption of normal behaviour due to a human presence)
(Arthur & Schwartz, 1999). Remote tracking also facilitates tracking nocturnal, cryptic,
and secretive species, and it reduces researcher effort (Obbard et al. 1998). GPS devices
have been used to study patterns of animal habitat use and resource selection (Kertson
etal. 2011; Nelson et al. 2012), characterise activity patterns (Owen-Smith & Goodall
2014), identify areas important for conservation (Schofield et al. 2013), and respond to

anthropogenic disturbances (Panzacchi et al. 2013).

1.4.2 Movement modelling

The movement trajectories collected by GPS tracking devices have supported the
development of movement models that can help to improve the understanding of
animal behaviour. The movement ecology paradigm (Nathan et al. 2008) states that the

movement track of an animal consists of a range of definable behaviours (e.g., foraging,
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dispersal, resting), which reflect both the abiotic and the biotic factors that influence the
animal over its life-history. Movement rates (e.g., speed and turning angle) calculated
from movement tracks can be used to determine an animal’s behavioural state (Gurarie
et al. 2009) and inferential movement models such as switching state-space models can
be used to identify shifts between different behaviours (Morales et al. 2004). Dean et al.
(2012) used hidden Markov models, a type of switching state-space model, to explore
the at-sea behaviour of manx shearwaters (Puffinus puffinus) during the breeding
season. Movement models enable researchers to assess quantitatively how animals are
behaving in human-modified environments and may help to identify how human

activities are influencing their behaviour.

1.5 Influence of HWC on population dynamics

Quantifying and characterising population dynamics, especially long-term trends in
persistence and viability, is essential for the management of HWC species. Population
models, for example in the form of population viability analysis (PVA), provide an
effective tool for quantifying population dynamics. These mathematical models are
informed by demographic data which helps wildlife modellers to explore and partition
the influence of different biotic and abiotic factors on a specific population. An
understanding of how elevated mortality rates, as may arise from HWC, are influencing
a species’ population dynamics is important for at least two main reasons. First, it can
deliver information on how sensitive populations are to HWC, particularly in
comparison to other risk factors; and second, it provides an opportunity to look at the
relative effectiveness of alternative management strategies on the population. A PVA-

based assessment of the effect of human impacts on the Lower Keys marsh rabbit



(Sylvilagus palustris hefneri), showed that while restoring the habitat that had been lost
to human development would help populations, it would be more immediately
beneficial and cost-effective to eradicate free-roaming cats from the area (LaFever et al.
2008). Overall, the information derived from PVA models can inform what further
research is needed, rank the efficacy of alternative potential management strategies,
and help managers optimise the allocation of limited resources while trying to conserve

a population.

1.6 The kea (Nestor notabilis)

The kea is a large (45-50 cm head-tail length, 700-1000 g weight), olive-green parrot
(family Strigopidae). They are the world’s only mountain- and rainforest-dwelling
parrot (Greer et al. 2015) and are found mostly in high-elevation Southern Beech
(Nothofagaceae) forest, sub-alpine shrublands, and high-alpine basins and ridges in the
South Island of New Zealand. The species is moderately sexually dimorphic, with males
(900 - 1100 g) weighing approximately 20% more than females (700 - 900 g) and
having longer (12-14%) upper mandibles (Higgins 1999). Kea are omnivorous and feed
on a wide range of food items, although they feed predominantly on invertebrates, fruit,
leaves, root, flowers (Greer et al. 2015). Kea are non-territorial, and form monogamous
long-term pairs (Bond et al. 1991). They nest on the ground in crevices, usually below
the elevational tree-line (McCaskill 1954). Females generally become sexually mature at
4 years of age, although in some cases they breed at 3 years (Jackson 1963). Individuals
nest between July and January, with between 1 and 5 eggs being produced (Seal et al.
1991). After chicks fledge they will often gather at common social spots with other

juveniles and sub-adults (Diamond & Bond 1999). Kea are well known for their innate
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intelligence (Gajdon et al. 2006) and display complex social interactions, such as group

foraging and play (Schwing et al. 2017).

1.7 Human-kea conflict

Kea are one of New Zealand’s best examples of a species that suffers from HWC.
Before human settlement in New Zealand, the kea home range included the North Island
mountain ranges (Temple, 1996; Tennyson et al. 2014); they are now restricted to the
South Island of New Zealand (Roberton et al. 2007). Kea are described as a playful, bold,
curious, opportunistic, and destructive bird (Huber & Gajdon 2006) and these attributes
lead to conflict with humans. Historically, high-country farmers reported incidences of
kea attacking sheep to eat fat from around the kidneys, often leading to death of the
sheep from sepsis (Orr-Walker & Roberts 2009; Clio Reed, pers. comm.). Consequently a
bounty was instituted by the government to cull kea leading to c¢. 150,000 kea being
killed over a 100 year period (Temple 1996), before they were afforded full protection
under the Wildlife Act in 1986 (Seal et al. 1991). Nevertheless conflict remains ongoing,
as kea damage human property, disrupt work sites, steal food, etc., and reports of kea
strike on sheep continue. In return, kea face both direct persecution (deliberate
shooting, trapping and poisoning), and indirect human-induced mortality (e.g. vehicle

strike, lead poisoning, electrocution) (Seal et al. 1991; Department of Conservation).

The current kea population size is uncertain, but the most recent estimate of overall
population size is between 1000-5000 wild birds (Anderson 1986). It is difficult to
precisely estimate kea numbers due to their extensive range (largely in rugged terrain),
low density, and the cryptic behaviour of adults (Orr-Walker & Roberts 2009).

Recently, kea were classified as being ‘Nationally Endangered’ by the New Zealand
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Department of Conservation (Robertson et al. 2013); currently the IUCN classification is
‘Vulnerable’, CITES Appendix II (IUCN, 2014). In some areas, kea populations appear to
be in decline due to predation by or competition for resources with introduced
mammals (such as stoats, rats and possums), and, to an unknown extent, direct or
indirect conflicts with humans (Elliot & Kemp 2004; Gartrell & Reid 2007). There is a
need for more information about kea-human conflict to help inform management

decisions that can help mitigate conflict events.

1.7 Thesis objective

My thesis focuses on developing a spatio-temporal framework that will help to
inform the management of conflict-prone animal populations. I use the kea as a case
study species for three main reasons: 1.) there is persistent human-kea conflict, and
these conflict events are likely to increase; 2.) kea are highly intelligent, which is often
associated with highly developed spatial cognitive abilities, and the areas that kea live
are spatially complex. This spatial complexity provides a good test for the effectiveness
of using a movement approach for exploring behaviour; 3.) kea populations are
declining, which has potential ramifications for alpine biodiversity if kea are not
numerous enough to be effective vector of seeds in this habitat, so there is an immediate

need for information that could help improve conservation efforts.

The major aims of my thesis are to:

1. Characterise the movement and behavioural patterns of kea;
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2. Quantify the nature and extent of kea interactions with anthropogenic infrastructure

within their environment;

3. Explore how human activity may be affecting kea behavioural patterns;

4. Assess the impact of HWC on kea population dynamics relative to other important

threats.

1.8 Thesis structure

This thesis is presented as five chapters, with the three data chapters (2, 3, and 4)
written as stand-alone manuscripts for publication; this has inevitably resulted in some
repetition between chapters, particularly in the methods sections. Chapters 1 and 5
provide a synthesis of contextual information and discussion. References for all
chapters are compiled at the end of the thesis. A brief outline of the content of each of

the following chapters follows:

In chapter 2, I assess the feasibility of tracking parrots by GPS telemetry. Other than
the research presented here, there are no published examples of the use of animal-
borne GPS telemetry for parrots. Consequently, the development of a workable method
was a big undertaking, requiring a time-consuming process of trial and error. I evaluate:
(1) the effects of the GPS loggers on the behaviour and physical condition of the study
subjects; (2) the extent of damage sustained to the tracking gear; (3) the loggers’
operational performance; and (4) the quality of the resulting data. This chapter has

been published in The Auk (see chapter 2 for citation).

In chapter 3, I develop a spatial framework for quantifying how kea are interacting with
human features, and how human activity is potentially influencing kea behaviour.
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Jacob’s index is used to determine if kea are selecting human areas preferentially. A
Monte-Carlo Markov-Chain algorithm (as in Morales et al. 2004) was used to assign a
distinct behavioural state to each individual GPS location fix. Patterns of kea movements
and behaviour helped to determine how kea proximity to human areas varied through
time, assess individual-level differences in the locations and magnitude of human-kea
interactions, and quantify how behavioural patterns changed as a function of distance to

human areas.

In chapter 4, I develop an age-structured, density-dependent model of kea population
dynamics. This model was implemented to evaluate the influence of human-induced
mortality (HIM) on kea population dynamics, determine the relative impacts of HIM and
predation on population size, and assess if some aspects of current kea management are

actually detrimental for managing kea populations.

In chapter 5, I summarise the findings of chapters 2, 3, and 4 relative to the major aims
of my thesis, and discuss the avenues for future research that my own work has

highlighted as necessary.
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Chapter One

Introduction

Chapter Two
Assessing the feasibility of tracking parrots
using GPS telemetry

Chapter Four
Development of a population viability analysis to
explore the potential effect of human-wildlife
conflict on kea population dynamics

Chapter Three
Development of a spatial framework for E >
guantifying kea-human interactions

ChapterFive

Discussion

Figure 1.1: A summary of the thesis, showing the topics covered by each chapter. The
black arrows represent inter-connections between chapters, while the gray dashed
arrow denotes future potential connections.



2 A FEASIBILITY STUDY ON THE USE OF GPS TELEMETRY FOR

PARROTS: A CASE STUDY WITH THE KEA (Nestor notabilis)

This chapter has been published: Kennedy, E.M., Kemp, ]J.R.,, Mosen, C.C., Perry, G.L.W., &
Dennis, T.E. (2015) GPS telemetry for parrots: A case study with the kea (Nestor

notabilis). The Auk, 132, 389-396.

2.1 Introduction

Parrots are one of the most distinctive, speciose and socially complex avian lineages
worldwide, yet they also are one of the most threatened groups of birds, with 171 of the
398 recognized extant species being classified as near-threatened to critically
endangered (IUCN 2014). Major threats include degradation, destruction, and
fragmentation of critical habitats (Snyder et al. 2000) and the illegal trade in wild-
caught birds (Weston & Memon 2009). Conversely, in some areas parrots are
considered to be major environmental pests because of the damage they cause to crops
and human property (Bomford & Sinclair 2002). A number of parrot species that have
been introduced outside of their original geographic ranges carry infectious diseases
and/or are able to out-compete, displace, or pose other risks to indigenous wildlife
(Clavero et al. 2009). Despite the importance of understanding the social development
and structure of parrots, as well as the critical need for development of effective
conservation and management strategies, little is known about the movement and

space-use patterns of parrots (Herrod et al. 2013). Such information is required to
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identify essential habitats, describe foraging and/or migratory pathways, characterise
responses to human perturbation of natural ecosystems, and locate potential ‘hotspots’

of human-wildlife conflict that necessitate monitoring or protection.

Currently, one of the most effective means of characterising the movement patterns
of free-ranging birds is satellite telemetry based on the global positioning system
(‘GPS’). GPS telemetry has many advantages over other animal-tracking methods such
as direct observation, VHF or UHF radio-telemetry, ARGOS satellite telemetry, light-
based geolocation, and RFID sensor networks. Such benefits include its typically high
spatial accuracy (Hansen & Riggs 2008), capability to determine location at high
sampling frequencies (>1 Hz for some devices), ability to record and store large
numbers of observations (e.g. >100,000 fixes), scope to precisely register when location
estimates are made, capacity to remotely collect bias-free position information in the
absence of human observers (Hebblewhite & Haydon 2010), and ability to continuously
track the movements of wide-ranging animals for prolonged periods, even in climatic
and topographic conditions that are highly unsuitable for field staff (Arthur & Schwartz

1999).

GPS telemetry has great potential to increase knowledge of the movement and spatial
ecology of parrots; however, to date no studies have been published in which this
method has been employed (Herrod et al. 2013). Most probably this is because of
concerns by researchers that the strong crushing beaks, acute manual dexterity, and
high intelligence (Pepperberg 2006) of Psittaciforms may limit the durability and
retention of animal-borne GPS receivers (Herrod et al. 2013; Le Souef et al. 2013).
Moreover, following capture parrots may become more wary of humans (Beissinger &

Snyder 1992), increasing the difficulty of recovering archival tracking devices.
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Here, I assess the feasibility of tracking parrots by GPS telemetry in field trials on
wild-caught kea (Nestor notabilis), an endangered montane parrot endemic to the South
I[sland of New Zealand. My aims were to evaluate: (1) the effects of the GPS loggers on
the behaviour and physical condition of the study subjects; (2) the extent of damage
sustained to the tracking gear; (3) the loggers’ operational performance; and (4) the
quality of the resulting data. My study is the first reported use of animal-borne GPS
telemetry for parrots; as such it offers crucial insights into the application of this
tracking technology for study of the ecology, behaviour, conservation and management

of this large and diverse group of birds.

2.2 Methods

2.2.1 Study species

The kea is a large, omnivorous parrot (family Strigopidae) found mostly in high-
altitude Southern Beech (Nothofagaceae) forest, sub-alpine shrublands, and high-alpine
basins and ridges in the South Island of New Zealand. The species is moderately sexually
dimorphic, with males (900 - 1100 g) weighing approximately 20% more than females
(700 - 900 g) and having longer (12-14%) upper mandibles (Higgins 1999). Recently,
kea were classified as being ‘Nationally Endangered’ by the New Zealand Department of
Conservation (Robertson et al. 2013); currently the IUCN classification is ‘Vulnerable’,
CITES Appendix II (IUCN, 2014). In some areas populations appear to be in decline due
to predation by or competition with introduced mammals, and to an unknown extent,

direct or indirect conflicts with humans (Elliot & Kemp 2004; Gartrell & Reid 2007).
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2.2.2 Study area

My study was undertaken at Arthur’s Pass National Park (42.93°S, 171.56°E) in the
Southern Alps, near Mounts Rolleston, Temple, and Cassidy (Figure 2.1). Topographic
features at the study site include deeply incised glacial valleys, high alpine peaks, and
steep scree slopes; elevations range from 300 - 1720 m above mean sea level. The study
area has a mean annual rainfall of >4 m; mean monthly air temperatures range from a

low of -2°C in July to a high of 18°C in February (Cliflo 2014).
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Elevation (m)
High : 2236

Low : 217

Figure 2.1: Study area in Arthur’s Pass National Park showing GPS fixes from all study
birds linked sequentially by medium-grey lines. Light-grey lines indicate elevation
contours at 300-m intervals. The black line represents the roads and circles denote the

three capture sites.
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2.2.3 Tracking devices

The GPS loggers evaluated in this study comprised a commercially available 20-
channel receiver (Mobile Action Technology; Xindian District, New Taipei City, Taiwan)
with integrated data storage and passive ceramic aerial, powered by a 380 mAh 3.7V
lithium-polymer rechargeable battery. Loggers were made weather- and bite-proof by
removing the receivers from their original plastic housing and sealing them in two
layers of ~0.9 mm polyolefin heat-shrink wrap (RNF-100-1, Raychem; Menlo
Park/Redwood City, California, USA). Plastic tubes (6 and 4 mm external and internal
diameters, respectively) for attachment of harnesses were fixed to the loggers with
superglue before a third layer of shrink wrap was added and sealed. Completed devices
weighed ~19 g and were ~60 mm x 27 mm x 12 mm (Figure 2.2). The GPS Loggers were
configured to continuously record position fixes over a 24-hr period at a nominal
sampling interval of one fix every 3 min; such a sampling regimen permitted collection
of sufficient data with which to describe the birds’ daily patterns of movement and
behaviour in detail. The GPS microprocessors used in my study can be programmed by
the user to record locations at intervals ranging from 1 fix per second to 1 fix every 2

hours; operational periods of the devices will vary accordingly.
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Figure 2.2: Schematic diagram of GPS datalogger and harness.

2.2.4 Capture, handling, and evaluation of performance

GPS dataloggers were deployed on 14 adult male kea intermittently between 03
September, 2012 and 08 January, 2014. Birds were deemed to be suitable candidates for
the study only after they had been observed at the field site at least three times during
the week prior to attempts to tag them. Individuals were captured either using a leg
noose mounted on a 1-m pole, noose lines, (see Bub 2012), or with a net gun that used a
0.32-calibre blank pistol cartridge to propel a 4-m weighted net over the target. GPS
loggers were attached to the birds (generally in <15 min) between the wings and above
the center of gravity using backpack harnesses (2 g) constructed of 2-mm nylon cord
that incorporated a cotton weak link positioned over the keel (as described in Karl &

Clout 1987). Following deployment of the loggers, birds were released at their capture
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locations and observed for up to 1 h to assess how they responded to handing and
carrying the tracking devices. Weights of the GPS devices and harnesses ranged

between 1.9% and 2.6% of the study birds’ body mass (810 g - 1079 g).

The GPS loggers were retrieved by re-capturing the study birds (using the methods
described above) after a minimum of 7 days - the approximate operational life of the
batteries at the scheduled sampling interval. The time required to recapture individual
kea once they were re-sighted following termination of the trial varied between 1 hour
and 5 days. Upon recovery of the loggers, study animals were inspected for loss of body
condition and damage to feathers and skin where the devices and harness had been
attached. Data recorded in the on-board memory of the loggers then were downloaded

to a laptop computer for subsequent analysis.

Field performance of the GPS loggers was assessed primarily though consideration
of fix success rate (‘FSR’: the proportion of scheduled GPS observations that were
actually obtained), as the accuracy of the GPS receivers is high compared to other
tracking methods and is well documented, and the operational lifetime of devices is
strongly dependent on battery size and sampling interval, which will vary according to
study species and research objectives (Rempel & Rodgers 1997). Unless otherwise

stated statistical values are reported as means * standard deviations (5D).
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2.3 Results

2.3.1 Effects on study animals

Immediately after release and occasionally during deployments I observed all of the
study birds resting, walking and flying while carrying the GPS loggers, and saw no
obvious indications of distress, impaired movement, or change in normal patterns of
behaviour. Periods over which the loggers were carried by individual birds ranged from
6 - 270 days (median = 11 days); the maximum deployment period was an extreme case
in which the individual disappeared from the study area for a prolonged time before it
eventually returned and the tracking device was recovered. At the time of recapture
none of the kea exhibited signs of substantial wear or damage to feathers or skin where
the GPS loggers had been fitted; in most cases the loggers and harnesses had been well
preened into the body feathers. After a visual inspection all birds were found to have
healthy amounts of muscle mass around the keel and none exhibited noticeable loss of

body condition.

2.3.2 Retrieval and damage assessment of GPS loggers and harnesses

Twelve of the 14 GPS units eventually were recovered, all of which had sustained
only minor damage to the outer layer of heat-shrink wrap (particularly at the ends),
most probably because of attempts by the birds to remove the devices. Of the 12
recovered devices two were removed by the kea within the first hour following
deployment - these units were operating normally, but due to their short deployment
periods they were excluded from further analysis. One of the two birds for which the

GPS loggers were not recovered was seen several times after deployment but proved
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too difficult to recapture; the second was never observed again. In 5 of the 14 loggers
small amounts of moisture had condensed in the outer layers of the shrink wrap;
however, when recovered all of these units were in working order and had successfully
recorded locations. Eight of the harnesses appeared to have been chewed on, but the

damage was superficial and did not weaken the integrity of the attachment.

2.3.3 Performance of GPS loggers

Operational periods of the GPS loggers during the field trials ranged between 118.7
and 186.0 h and the number of position fixes recorded by the devices varied between
1384 and 3622 (n = 10; Table 2.1). Fix-success rates ranged between 58% and 102%
(mean = 74% * 8%). The higher-than-expected FSR of 102% recorded for one logger
most likely was due to water damage to the internal clock, which was evident when the
device was recovered; therefore it was excluded from the calculation of FSR. Removal of
gaps (3 or more successive fixes between sunset and sunrise) in the time series of GPS
observations, when presumably the kea were roosting in rock cavities or other areas
where fixes could not be obtained, increased the mean FSR to 84% * 9%. The median
locational error of one logger (n = 400 observations) at a fixed location under open sky

was 5.7 m.
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Table 2.1: Performance characteristics of archival GPS dataloggers recovered from 10
wild kea (adults) following field trials at Arthur’s Pass National Park. ‘FSR’ refers to fix
success rate, the ratio of the number of location estimates actually recorded to the
number expected during the observed operational periods given the nominal sampling
interval. *’ denotes a logger that collected more position fixes than was expected, due a

malfunction of the internal clock.

Date Observational Number

ID deployed period (h) of fixes FSR
V-1694 September 3, 2012 148.3 2302 77.6
V-0755 September 4, 2012 118.7 1384 58.3
V-0303 September 5, 2012 147.9 2090 70.7
V-1021 November 11,2012 165.3 2306 69.7
V-0026 November 27,2012 177.0 3622 102*
V-0669 November 27, 2012 173.6 2632 75.8
V-0754 January 10, 2013 184.1 3112 84.5
V2353 November 10, 2013 186.0 2996 80.5
V-0601 November 27, 2013 174.9 2452 70.1
V-0032 December 11, 2013 145.1 2195 75.6

Mean +1 SD 162.1 +21.5 2509 + 622 73.7 £7.6

Data recorded by one of the birds’ GPS logger are shown in Figure 2.3. From
variation in patterns of movement distinct bouts of flight (location 1 in the figure),
walking (location 2), and area-restricted behaviours suggestive of foraging or rest
(location 3) can be identified. Probable night-roost areas (locations, 4, 5, and 6) can be
inferred through consideration of the timing of prolonged periods of stasis. During 4 of

the 6 days of the field trial the kea repeatedly visited a popular scenic lookout (‘Death’s
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Corner’; location 7) mostly during the middle of the day during which it was observed
begging tourists for food and ‘playing’ with motor vehicles. From the GPS data it was
possible to accurately quantify how long the bird remained at the site (~2 hrs per day)
where it regularly interacted with humans. One location (#8) was visited daily, perhaps
because it was a favored foraging area but more probably because the bird was
provisioning a nest. Periods of stasis and active movement can be easily differentiated:
during day 6 there was a brief bout of flight over a distance of >1 km beginning well
after midnight (location 9), somewhat unusual for kea because they are considered to

be strongly diurnal (Diamond & Bond 1999).
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Figure 2.3: Consecutive daily GPS locations of an adult male kea (Nestor notabilis) in
Arthur's Pass National Park, New Zealand, November 28 - December 3, 2012. Letters in
upper right-hand corner represent the sequence of days over which the data were
collected (e.g., (A) = day 1; (B) = day 2, etc.). Colored points indicate individual location
estimates (nominal sampling interval = 3 min) and light-grey lines link sequential
observations. The white circle in (A) denotes the capture location. Numbered locations

refer to comments in the main text.
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2.4 Discussion

[ assessed whether GPS telemetry is a viable means of tracking the movement patterns
of wild, free-ranging kea. Three main results emerged from my field trials: (1) the
retention rate of GPS loggers attached by backpack harnesses was sufficiently high (6 -
270 days) to justify confidence in obtaining acceptable results in future studies; (2) the
logger housing was robust enough to endure water and bite damage such that operation
was not impaired; (3) the inexpensive and simple-to-construct loggers that were
evaluated in my study performed similarly to comparable devices deployed on other

animal species.

2.4.1 Effect on behaviour and physical condition

During the field trials most of the kea initially would chew on or attempt to remove
the harnesses and loggers, but when later re-sighted the devices appeared to be well
preened into the body feathers, reducing the likelihood of snagging on vegetation or
other materials. Similar to Le Soeuf et al. (2013), who investigated the effects of
attachment methods of tracking devices on several species of captive Black Cockatoos
(Calyptorhynchus spp.), I observed no damage to skin or feathers where the tracking
devices were fitted to the kea. Finally, during the field trials I observed no discernable
differences in flight behaviour between tagged and untagged birds, which I attribute to
the comparatively low proportional weight (1.9% to 2.6%) and cross-sectional area of

the loggers (~ 3.2 cm?, only around half of which protruded above the body feathers).
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2.4.2 Damage of tracking gear

Two of the kea removed their loggers during the field trials; in both cases this
occurred within one hour of deployment, suggestive of a ‘critical’ period after which the
probability of loss was reduced. Direct observations of the study birds during the field
trials and inspection of the discarded loggers indicate that both kea had chewed through
the weak links on the harnesses to remove the devices. Careful re-design of the weak
links so that they are inaccessible to the birds and use of stronger materials may
mitigate this problem. The external housing of the GPS units proved to be sufficiently
durable to successfully dissipate the keas’ bite forces, most likely because it was difficult
for birds to tightly grasp the housing’s rounded and smooth surface. Species-specific
differences in bite strength should be contemplated when evaluating the potential of
GPS telemetry for other Psittaciforms, especially for large species. For such species a
number of other materials are available from which to construct external housings that
may be suitable, including carbon fiber, epoxy/microballon composites, and various

vacuum-molded plastics.

2.4.3 Operational performance of the GPS loggers

The marked variation in FSRs among the individual GPS loggers (ranging between
58- 85%, excluding the one unit that malfunctioned) may have been due to a number of
factors, including: the amount of ‘available sky’, which depends on the composition and
density of local vegetation and topography; and individual differences in patterns of
activity and behaviour, which can affect the orientation and, therefore, the reception
probability of GPS antennae (Frair et al. 2010; Mattisson et al. 2010). Inspection of the

keas’ movement trajectories in geographic-information-system (‘GIS’) software
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revealed that large gaps in the time series of GPS locations occurred mostly at night,
during assumed rest periods. Kea commonly roost in natural rock crevices, but also in
hollow logs, tree cavities, or among the roots of trees (McCaskill 1954; Jackson 1963;
Temple 1996). Acquisition of GPS position fixes in such places often is unsuccessful, as
dense wood, earth, and rock occlude reception of satellite signals (Cain et al. 2005;
Bourgoin et al. 2009;). Nevertheless, the FSRs of the loggers in my study compare
favorably with those of other field deployments of GPS receivers. Cain et al. (2005), who
reviewed 35 published studies using GPS devices to track a variety of animal species,

reported a mean FSR of 69% - marginally below the 74% observed in my study.

The operational performance of the GPS loggers I evaluated compares well to that of
tracking technologies. The large volume (~2500 fixes; 367 + 55 per bird per day) of
data collected during my field trials (at a cost of ~2c per fix, excluding labor) would be
difficult to replicate with methods other than GPS telemetry. A review of 20 studies that
used radio-telemetry to track 11 different parrot species showed that almost half
employed radio-telemetry simply to relocate animals, primarily for quantification of
mortality rates (e.g. Meyers et al. 1996; Collazo et al. 2003; White et al. 2005). These
studies collected far less data per unit time than is possible with GPS telemetry and also
incurred higher logistical costs because of the increased need for involvement of field
staff. For example, one radio-tracking study of Ground Parrots (Pezoporus wallicus) in
Australia obtained only 28 - 70 fixes per bird over a period equivalent to my trial

duration of ~7 days (McFarland 1991).
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2.4.4 Future directions

Although the loggers I developed and evaluated in this study performed well, a
number of technological innovations will greatly extend the applicability of GPS
telemetry for the study of parrots. Among the most important developments is the
ongoing reduction in the size of GPS receivers; 1-g devices are now commercially
available, so species weighing as little as 30-g are sufficiently large to be tracked. A
second innovation is the increasing access to radio technologies that enable two-way
communication with tracking units. Such technology permits remote download of data,
precluding the need to recapture tagged animals (Thomas et al. 2011), and allows
researchers to define geographic areas where alerts can be communicated via SMS text
or email when study animals enter or exit (‘geofencing’; Wall et al. 2014), as well as
enabling remote re-configuration of the sampling regimen of tracking devices. Recent
advances in the efficiency of batteries and photovoltaic cells will greatly increase the
operational lifetimes of tracking devices (Tarascon 2010; Jung et al. 2011). Remote
drop-off harnesses, especially those operated by user command, will aid in recovery of
archival data and tracking devices from birds that may be difficult to recapture.
Collectively, these technologies herald a new era in which GPS telemetry can provide
information about the movement- and space-use patterns of free-ranging parrots (and
other birds) that is critical for development of effective conservation and management

strategies.
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3 A SPATIALLY EXPLICIT APPROACH FOR ASSESSING HUMAN-

WILDLIFE INTERACTIONS AND CONFLICT IN THE KEA (Nestor
notabilis)

3.1 Introduction

Globally, human-wildlife conflict (HWC) is an issue of growing concern to
conservation biologists (Messmer 2000; Dickman 2010; Manfredo 2015). HWC occurs
where the activities and requirements of humans and wildlife overlap, resulting in
direct and indirect negative impacts to one or both sides (ICUN 2003). Human
population growth and the accompanying decline in ‘wild spaces’, combined with the
restoration of some wildlife populations, has led to an increase in the frequency and
severity of HWC; a trend that will likely continue to escalate (Madden 2004; Thirgood &
Redpath 2008; Dickman 2010). From a conservation perspective, conflicts between
humans and wildlife are of particular concern when and where they lead to the harm or
death of individuals of threatened or protected species. Taxa subjected to persistent
conflict(s) with humans are more vulnerable to population decreases, which ultimately
may lead to their (local) extinction (Messmer 2000; Ogada et al. 2003). Increases in
mortality as a direct or indirect consequence of human activity not only affect the
population viability of endangered species, but also have broader environmental
impacts on ecosystem dynamics and the preservation of biodiversity (Woodroffe et al

2005).
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Quantifying the extent of interactions between humans and conflict-prone wildlife is
essential for predicting and mitigating future negative encounters (Graham et al. 2009;
Gubbi 2012). The type and duration of human-wildlife interactions can vary markedly
in space and time because such interactions are the outcome of dynamic abiotic and
biotic processes. In Nepal, habitat fragmentation has pushed tigers into close proximity
to human areas where they alter their natural activity patterns to avoid periods of high
human activity (Carter et al. 2012). One example of how biotic factors influence the
likelihood of HWC is reproductive state: during musth, male elephants have heightened
aggression levels, which can induce them to attack humans (Das & Chattopadhyay
2011). Effective management of HWC requires understanding how animal populations
respond differentially to human presence (e.g., neutral, repulsed, or attracted). The
response-continuum to humans is both contextual and scale-dependent, varying among
individuals based on their experience and innate tendencies (Dall et al. 2004). Some
animals, for example, are strongly attracted to human areas, and this behaviour elevates
their susceptibility to conflict with humans (Jaggi 2008). Despite the importance of
understanding how animals and humans interact, little is known about the spatio-
temporal patterns of these interactions, primarily due to the considerable logistical

challenge of quantifying them.

A spatially explicit approach, in which animal locations are used to characterise
patterns of movement in human-modified landscapes, has great potential to improve
our understanding of the dynamics of wildlife interactions with people. Animal
locations provide the basic unit of movement paths and can identify areas where
individuals interact with habitats co-used by humans (Cagnacci et al. 2010). For

example, information about the movement patterns of tigers provides knowledge of the
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probability of tiger-human interactions in multiple-use landscapes, which is vital for
providing guidance on how to balance competing land-uses (Ahearn et al. 2001).
Additionally, location fixes of African elephants provides information about patterns of
spatio-temporal overlap with people and provide insight into how elephant movement
behaviour influences incidences of crop raiding (Jackson et al. 2008). At present, the
most efficient means for obtaining location data from a variety of animal species is

through the use of animal-borne tracking technologies.

Animal-borne tracking technologies, such as the Global Positioning System (GPS), can
be used with high accuracy to pinpoint the locations of animals. A range of technologies
have been used to track wildlife; e.g., radio-telemetry (Millspaugh & Marzluff 2001),
geolocators (Egevang et al. 2010), ARGOS satellite tags (Costa et al. 2010), GPS/GSM
loggers (Weber et al. 2015), and video-tracking (Moll et al. 2007). These devices have
been used to study patterns of animal habitat use and resource selection (Kertson et al.
2011; Nelson et al. 2012), activity patterns (Owen-Smith & Goodall 2014), identification
of areas important for conservation (Schofield et al. 2013), and response to
anthropogenic disturbances (Panzacchi et al. 2013). The resultant data sets allow
researchers to perform a range of analyses that can yield insights into the mechanisms
underlying patterns of movement (Wells et al. 2014; Bestley et al. 2015; Gurarie et al.
2015). For example, GPS location fixes can be used to infer behavioural states from fine-
grain movement data, which provides a new approach for quantifying animal
movement behaviour in human-dominated landscapes (Jonsen et al. 2005; Wall et al.
2014; Zhang et al. 2015). Tracking technology and the associated analytical techniques
it facilitates have the potential to provide a detailed picture of how wildlife interacts

with humans and human-associated areas.
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Here, I describe the approach of adopting a spatially explicit perspective to assess
human-wildlife interactions as a proxy of HWC. I used location data obtained with GPS
telemetry to quantify the locations and magnitude of interactions between wild kea
(Nestor notabilis), and centres of human activity in New Zealand. My aims were to: (1)
characterise the spatial distribution of GPS fixes collected, and ascertain whether kea
are selecting human areas as preferred habitat; (2) determine how distance to human
areas, and therefore conflict probability, varies through time; (3) assess individual-level
differences in the locations and magnitude of interactions; and (4) quantify how
behavioural patterns differ as a function of increasing distance from human areas.
Finally, I discuss the general issues related to using a spatial approach to quantify HWC

and the implications for the management of conflict-prone species.

3.2 Methods

3.2.1 Study species

The kea is a large, omnivorous parrot (family Strigopidae) found mostly in high-
altitude Southern Beech (Nothofagaceae) forest, sub-alpine shrublands, and high-alpine
basins and ridges in the South Island of New Zealand. Recently, kea were classified as
‘Nationally Endangered’ by the New Zealand Department of Conservation (‘DoC’)
(Robertson et al. 2013) and the species’ current IUCN classification is ‘Vulnerable’,
CITES Appendix II (IUCN 2014). Kea populations are believed to be declining and this
downward trend is attributed in large part to increasing conflicts with humans (Temple
1996; Edwards & O’Connor 2014). Kea are opportunistic scavengers that often exploit
anthropogenic resources in their habitats, potentially causing property damage, stock

deaths, economic losses, and disturbance of worksites and businesses (Brejarrt 1994;

36



Reid, McLelland & Gartnell 2011). Conflict between kea and humans can result in
intentional (e.g., shooting, poisoning) or accidental (e.g., road accidents, electrocution)
mortality events (Orr-Walker & Roberts 2009). Successful mitigation of kea-human

conflict will require a thorough knowledge of interactions between the two species.

3.2.2 Study area

My study was undertaken at Arthur’s Pass National Park (42.93°S, 171.56°E) in the
Southern Alps, near Mounts Rolleston, Temple, and Cassidy (Figure 3.1). Topographic
features at the study site include deeply incised glacial valleys, high alpine peaks, and
steep scree slopes; elevations range from 300 - 1720 m above mean sea level. In the

study site there is a small area of human settlement centered on Arthur’s Pass village

(0.6 km2, Dundas 2008) consisting of a small resident population of c. 50 people (Brown

2007) and a large annual influx of tourists (c. 250,000 p.a.; Dundas 2008). There are

approximately 70 -100 resident kea in the study area (DoC).
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Figure 3.1: Arthur’s Pass National Park, New Zealand, showing GPS fixes from all study
birds. Each individual’s locations are indicated by a different colour. Contour lines
represent distances from human areas at 500-m intervals with lightest red colour
denoting the nearest distance. Letters have been used to highlight the main centres of
human activity (A= Otira Village; B= Candy’s Bend Lookout; C= Death’s Corner Lookout;
D= Arthur’s Pass Village).
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3.2.3 Tracking devices

The GPS loggers used in my study were commercially available 20-channel receivers
(Mobile Action Technology; Xindian District, New Taipei City, Taiwan) with integrated
data storage and passive ceramic aerial, powered by a 380 mAh 3.7V lithium-polymer
rechargeable battery. The receivers were removed from their original plastic housing
and sealed in two layers of c. 0.9 mm polyolefin heat-shrink wrap (RNF-100-1,
Raychem; Menlo Park/Redwood City, California, USA). Plastic tubes (6 and 4 mm
external and internal diameters, respectively) for attachment of harnesses were fixed to
the loggers with superglue, before a third layer of shrink wrap was added and sealed.
Completed devices weighed approximately 19 g and were c. 60 mm x 27 mm x 12 mm
in dimension. I configured the loggers to continuously record position fixes over a 24 h
period at a nominal sampling interval of one fix every 3 min; this sampling regime
permitted collection of sufficient data to describe, in detail, the birds’ daily patterns of

movement and behaviour.

3.2.4 Capture and handling

GPS data-loggers were deployed on 10 adult male kea intermittently between 03
September, 2012 and 08 January, 2014. Locations where kea were captured had a
strong human presence. I selected these sites as ‘urban’ birds are the most likely to be

interacting with humans, which are the data I required for this study.

Kea are a protected species and I was only granted legal permission to catch a limited
number of adult males. In addition, these birds must have been spotted previously
around the study site at least three times to give an increased probability of successful

recapture. To assess the age of my study birds, [ used the DoC database, which provides
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records of resident birds. Kea were captured either using a leg noose mounted on a 1-m
pole, noose lines, (see Bub 2012), or with a net gun that used a 0.32-calibre blank pistol
cartridge to propel a 4-m weighted net over the target. GPS loggers were attached to the
birds (generally in <15 min) between the wings and above the center of gravity using
backpack harnesses (2 g) constructed of 2-mm nylon cord that incorporated a cotton
weak link positioned over the keel (Karl & Clout 1987). GPS devices and harnesses
ranged in weight between 1.9% and 2.6% of the study birds’ body mass (810 g - 1079
g). Loggers were retrieved by re-capturing the study birds (using the methods
described above) after a minimum of seven days - the approximate operational life of
the batteries at the scheduled sampling interval. Data recorded in the on-board memory
of the loggers then were downloaded to a laptop computer for subsequent analysis.
Methods of capture, attachment, and recapture are described in more detail in Kennedy

etal (2015).

3.2.5 Data analysis

Error screening. - The latitude and longitude locations downloaded from the GPS
loggers (World Geodetic Survey 1984) were converted to planar eastings and northings
in New Zealand Transverse Mercator (NZTM) coordinates using the PROJECT tool in
ArcMap v. 10.1 (ESRI 2012). To remove large locational errors, I applied a running
median-median smoothing filter (Tukey 1977) to the eastings and northings of each
individual’s movement trajectory. Median filters reduce possible signal noise and are
considered to be the ‘ideal’ smoothers of spikey time-series data (Evans 1982). Similar
to Tukey (1977), my process employed a sampling window of n = 3 sequential

observations using the ‘moving’ function in MATLAB v. R2012b (The MathWorks,
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Natick, MA, USA). A sampling window of three locations is optimal as it excludes single
outliers and negates the ‘staircase’ effect that is common in median smoothing (Lind et

al. 2005).

Spatial distribution of GPS fixes. — 1 digitised a 0.4 m resolution aerial photograph of
the study site (Land Information New Zealand) to develop a feature class map in
ArcMap v. 10.1 (ESRI 2012) and identified the following human infrastructure:
buildings, backyards, parks, camping sites, car parks, and tourist lookouts. Roads were
not included as human infrastructure as they follow the natural major orientation of the
valley (a natural landscape feature) and hence may be misleading when interpreting
movement trajectories. To determine the spatial distribution of GPS fixes in relation to
the distance to human infrastructure, I calculated the horizontal distance of each GPS fix
to the nearest digitised human feature using the Point Distance tool in ArcMap v. 10.1

(ESRI 2012).

Habitat Selection. - Jacobs Index (Jacobs 1974; Eq. 3.1), as calculated in Ranges7v0.81
software (South et al. 2005), was used to assess whether individuals preferentially
selected areas of human infrastructure within their 99% kernel density estimate of

space use (‘third-order’ selection; Johnson 1980).
Equation 3.1

_ (r—p)
Cr+p-—2rp

Where r is the proportion of habitat type used and p is the proportion of that habitat

available. A value of +1 indicates maximum selection, -1 indicates maximum avoidance,
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and 0 is neutral selection (i.e., selection is proportional to availability). In this
evaluation, individuals were considered to be the sample unit, and human
infrastructure was determined to be significantly preferred or avoided if the mean value
of Jacob’s index was significantly different from zero (Palomeres et al. 2000). The
evaluation was accomplished by calculating 95% confidence intervals for all individuals’
D-indices to assess whether zero was inside or outside the interval, as in (Kauhala &

Auttila 2010).

Inferring behavioural states. - Models of multiple correlated random walks were fitted
to each kea’s movement trajectory using a switching Monte-Carlo Markov-Chain
(MCMC) algorithm (as in Morales et al., 2004). MCMCs provide a means to assign a
distinct behavioural state to each individual GPS location fix; these are dependent on
distributions of step lengths and the absolute values of relative turning angles. This
method is commonly used to infer modes of behaviour from movement trajectories
(e.g., Patterson et al. 2009; Postlethwaite & Dennis 2013), and it is well suited for
analysis of remote animal-tracking data, in which consecutive data points are typically
nondependent (Dean et al. 2012). First, I ascertained the number of distinct behavioural
states within each kea movement trajectory using a maximum likelihood method, as in
(Dean et al. 2012). WinBUGS 1.4 (Spiegelhalter et al. 1999) was used to run the MCMC;
parameters were first initialised using k-means clustering (Leggetter & Woodland
1995) and then optimised through unsupervised training using the Baum-Welch
algorithm (Rabiner 1989). For detailed descriptions of the MCMC technique as applied

to animal-movement data see Morales et al. (2004) and Postlethwaite & Dennis (2013).
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Behavioural bouts. - By assigning states of behaviour as inferred from the MCMC
model to GPS fixes, I plotted the sequence of behaviour over an individual’s entire
movement trajectory, showing where, when, and for how long each kea engaged in
different states of behaviour. Behavioural bouts were defined as sub-segments of
movement trajectories in which behavioural states for sequential observations were the
same (a minimum of two observations were considered sufficient to constitute a bout).
The duration of each behavioural bout was calculated by subtracting the time of the first
fix from the end time of the last fix of the bout. [ used a two-tailed paired t-test to test
for differences in the mean bout duration of different behavioural states inferred by the
model. As most interactions occur during the day, only behavioural bouts from the time

between sunrise and sunset were used.

Temporal and spatial variation in behaviour. - I calculated how distance to human
features and total distance travelled varied for the behavioural states over a 24 h period
by using each individual’s mean distance to the nearest human feature and distance
travelled per hour (sum of distances between locations) over the duration of the
tracking period. Here I presented two representative examples of segments of one
individual’s (B) movement trajectory to evaluate how behaviour is dependent on
distance to Arthurs Pass Village (‘APV’). To evaluate whether there was a correlation
between proximity to humans and duration of ‘State 1’ behaviours in each segment, I

used linear regression.
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3.3 Results

3.3.1 Spatial distribution of GPS fixes

Data obtained from the GPS loggers demonstrate the degree of association of the
kea’s locations to areas of human settlement. Six of the ten study birds regularly visited
two tourist areas beside a primary road (Death's Corner and Candy’s Bend), while areas
of activity for the four remaining birds were concentrated near APV (Figure 3.1). One
individual (D) repeatedly travelled between the two tourist areas and a nearby village
(Otira) c. 6 km distance, where he recurrently visited several residences. Recorded
distances of kea locations from the nearest centres of human activity varied between 0
and 3749 m, with a mean of 676 + 3 m (Figure 3.2). More than 50% of all GPS fixes were
recorded within 700 m of human infrastructure for eight of the kea, and within 1055 m
for all birds (Figure 3.2). All kea clearly preferentially selected human areas. Jacob’s
Index values were all positive, ranging from 0.33 to 0.98 (= 0.81 + 0.15, 95% confidence
intervals; Table 3.1), demonstrating that habitat use of human areas was

disproportionately higher than expected on the basis of availability.
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Figure 3.2: Cumulative proportion of GPS fixes from ten GPS-tracked kea in relation to

distance from human areas.

Table 3.1: Jacob’s Index values showing selection of areas of human activity within 99%
kernel-density estimates (KDE) of space use. Positive values indicate preference; i.e.,
more location fixes were recorded in human areas than expected based on habitat
availability alone, whereas negative values indicate avoidance. ‘N’ represents number of

GPS locations.

Individual 99% KDE (ha)  Human area (%) N Locations in human areas (%) Jacobs Index

A 349.3 0.1 1971 13.4 0.98

B 188.9 3.5 1194 40.6 0.90

C 401.8 0.1 1832 8.6 0.98

D 725.2 0.7 2036 23.0 0.95

E 568.6 0.1 3186 0.7 0.69

F 151.5 0.3 2321 5.2 0.91

G 226.0 0.1 2573 8.2 0.97

H 572.8 0.1 2506 2.5 0.91

I 56.0 7.3 2083 13.5 0.33

J 164.5 1.1 2191 2.7 0.43
Mean (+95% CI)  340.5 (+ 137.3) 1.3(+1.5) 2189 (+ 324) 11.9(+7.5) 0.81 (+0.15)
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3.3.2 Behavioural model

All of the kea exhibited two distinct modes of behaviour in their movement
trajectories. ‘State one’ behaviour as inferred by the MCMC model is characterised by
low movement rates (6.6 + 0.7 m/min; mean + 1 SEM) and high relative turning angles
(81.8 £ 2.1°), while ‘State 2’ behaviours exhibited the reverse pattern (42.8 + 5.3 m/min
and 54.5 + 1.7°). Visual inspection of the movement trajectory of kea A (Figure 3.3)
indicates that location observations classified as ‘State 1’ are representative of ‘ground-
based’ behaviours such as resting (example 1a) and walking (example 1b), whereas
location observations classified as ‘State 2’ behaviour are representative of flight,
including shorter-distance ‘hop’ flights around single focal areas (example 2a) and

longer-distance commuting trips between focal areas (example 2b).
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Figure 3.3: Consecutive daily GPS locations of kea A over a 7-d period in Arthur’s Pass National Park, New Zealand. The nominal
sampling interval of the loggers was 1 fix every 3 minutes. Coloured points indicate different states of behaviour inferred by a MCMC
model of animal movement. Yellow = ‘State 1’ (area-restricted behaviour such as resting, e.g., ‘1a’ and walking, e.g., ‘1b’) and blue = ‘State

2’ (flight, ‘2a’ and ‘2b’). The red star denotes the capture location for kea A. Inset shows classification of behaviour via inter-fix speed

(black line) and relative turning angles (grey line), and the vertical bars represent one standard error.
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The proportion of fixes and the mean duration of bouts in each of the two inferred
behaviours are summarised in Table 3.2. ‘State 1’ behaviours accounted for a
proportion of between 0.55 - 0.82 of all observations (x =0.71 * 0.03). Mean durations
of behavioural bouts of all ten study birds ranged from 29.6 — 52.6 min for ‘State 1’ and
13.2 - 50.5 min for ‘State 2’. Mean bout durations of ‘State 1’ behaviours (= 43.3 + 13
min) were 62.8% longer than those of ‘State 2’ behaviours (= 26.6 + 4.2 min) and the

bout durations differed significantly (paired t-test, n = 10; t = 0.002; p = 0.005).

Table 3.2: Means and standard errors of the number, proportion, and duration of bouts
of different behavioural states for the observational periods of ten kea ranging from 145

- 186 hours. ‘N’ represents number of GPS locations.

Individual State 1 State 2
Proportion N Duration Proportion N Duration

(min) (Min)

A 0.78 94 47.4 0.22 88 18.63

B 0.74 45 41.6 0.26 42 29.2

C 0.65 55 50.0 0.35 53 50.5

D 0.55 129 45.32.71 0.45 126 30.0

E 0.82 138 39.850.0 0.18 129 13.2

F 0.77 148 44.545.1 0.23 142 15.1

G 0.69 148 52.639.8 0.31 148 19.5

H 0.67 112 29.644.5 0.33 105 31.8

| 0.66 84 52.6 0.34 80 45.7

| 0.76 166 29.6 0.24 162 12.5

Mean 0.71 112 43.3 0.29 108 26.6
(+ 1 SEM) (£ 0.03) (£13) (£2.4) (£ 0.03) (£13) (x4.2)
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3.3.3 Temporal variation in behaviour

The mean distances of kea from human areas consistently varied with time of day
over multiple tracking days for each kea (Figure 3.4). Generally, birds were closer to
human sites between the hours of 08:00 and 18:00, although birds A, B, and C were also
sometimes observed in close proximity of human areas during night-time hours. Over a
24-h period, individual kea tended to ‘visit’ centres of human activity on 1 - 3 separate
occasions for between 1 and 8 hours per occasion. Maximum rates of movement were
generally highest at sunrise and sunset, although six of the birds showed some degree of

night-time activity.
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Figure 3.4: Mean distances of kea to the nearest human area, differentiated by behavioural state

(vellow= ‘State 1’ and blue= ‘State 2") in relation to time of day. Sunrise and sunset are indicated

by horizontal dashed and dot-dashed lines, respectively. Inverted grey-filled areas represent
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mean distances travelled per hour. Each panel (A-]) represents a different kea (all adult males),
with numbers beside identification letters corresponding to the individual’s age in years. Age of

kea H is unknown.

3.3.4 Individual differences in behaviour

Individuals show differences in movement behaviour, and these may be partly
related the individual’s ages. Kea A, C, D, and G (4 - 4.5 years old) all showed similar
patterns of association with human areas throughout the day, particularly in prolonged
visits during midday (5 - 8 hours; Figure 3.4). Birds F and I, aged 6.5 and 5 years
respectively, also were near human areas around mid-day, but for a much shorter
duration (1 - 2 hours). Kea B was the only bird to visit human areas consistently during
the night. The youngest and oldest birds, 2.5 and 8 years respectively, commonly were
further from human sites during the study period. Overall distance travelled per hour
also varied among the kea; bird D travelled extensively (maximum distance travelled
over an hour ranged from 1289 - 4308 m) while A, F, and ] showed more limited
movements. Individual birds also showed marked differences in the total distances they

travelled during the day.

3.3.5 Spatial variation in behaviour

Movement patterns of kea were influenced to some extent by distance from human
areas. Kea showed some steep increases in cumulative distance travelled; when
considered alongside the inferred behavioural states, these peaks were associated both
with directed behaviour (e.g.,, commuting to and from human areas) and also area-
restricted behaviours (e.g., foraging, playing, or resting) within close proximity to

centres of human activity (Figure 3.4). Typically, individual kea showed a roughly equal
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mix of ‘State 1’ and ‘State 2’ behaviours when near human sites, although individuals H

and I demonstrated predominantly ‘State 2’ behaviours.

[ present detailed results of the relationship between distance from human areas and
duration of ‘State 1’ behaviours for one individual (individual B: Figure 3.5). For this
individual the duration of ‘State 1’ behaviour was predicted by distance from the APV
for both segments of its movement path (segment 1: 2= 0.91 p= 0.048 segment 2: r?=
0.97 p= 0.002). B had a higher number of bouts of ‘State 1’ behaviour within the village
than those that occurred further from the village, but bout durations were much shorter
(range =9 - 37 min) than further distances (range = 99 - 143 min). Visual inspection of
individual bouts of behaviour revealed a higher occurrence of ‘area-restricted’
behaviour in the APV and comparatively more walking behaviour within the forest

habitat outside the APV.
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Figure 3.5: Two examples (panels A and B) of sequences of consecutive behavioural bouts of kea
B in Arthur’s Pass Village. White numbers denote individual bouts of state 1 behaviour (yellow
GPS locations= state 1 and blue GPS locations = state 2). On both panels (A and B) there are two
close-ups of behavioural bouts with green double lines and boxes arrows indicating which bout
is shown. Red arrows depict direction of movement. Contour lines represent distances from

human areas at 500-m intervals with lightest red colour denoting the nearest distance.
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3.4 Discussion

My study demonstrates how a spatial approach is an effective means of
characterising and quantifying interactions between a conflict-prone species and
centres of human activity. Specifically, [ found that kea: (1) were often in close
proximity to human areas and were strongly selecting this as preferred habitat; (2)
spent significantly more time on ground-based activities than flight, where they are
more likely to interact with humans, potentially leading to conflict; (3) demonstrated
strong temporal variation in proximity to human areas, being closer to these areas
during periods when human activity was high; (4) showed clear individual differences
in movement patterns that may have been influenced by age/reproductive state or
specialisation; and (5) for some individuals, area-restricted behaviours were related to

proximity to human areas.

3.4.1 Proximity and habitat selection

The high proportion of GPS fixes recorded near human areas and the strength of
habitat preference as measured by Jacob's Index revealed that the kea in my study were
strongly attracted to human areas. Many conflict-prone animal species have been forced
into human areas by habitat fragmentation (Carter et al. 2012). Conversely, kea are
highly mobile, and individuals can travel long distances to favoured locations. Some
individual kea have been shown to travel at least 98 km between areas of interest
(Marchant & Higgens 1990), and appear to actively select human areas. Kea near
Arthur’s Pass have access to an abundance of native habitat and only a small amount of
human infrastructure. My results suggest kea are ‘urban adapters’; that is, populations

which actively use anthropogenic resources, as well as natural ones (as defined by Blair,
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2001). Urban-adaptors typically consist of animals that are ‘edge species’ (Whitcombe
et al. 1981), omnivores/generalists (Sanz & Caula 2015), display behavioural plasticity
(Wong & Candolin 2015), exploit human-provided resources for food and shelter
(Lowry et al. 2012), and tend to thrive in human areas, often reaching greater
abundance than in areas that are not associated with persistent human activity
(McKinney 2002). While human areas present many short-term benefits to urban-
adapters such as kea by providing consistent sources of food, shelter, and play objects,
sustained proximity to human areas in the long-term likely increases the probability of

interactions with humans that result in injury or mortality.

3.4.2 Occurrence of behaviour

Most of the kea in my study demonstrated a higher proportion of GPS fixes and also a
longer mean time in bouts of ground-based behaviours than in flight, potentially
increasing the risk of HWC. When examining kea movement trajectories it becomes
apparent that these individuals typically ‘commute’ by flying between focal areas of
interest, and once in these focal areas, tend to use more ‘area-restricted’ behaviours and
short flight ‘hops’. Spending a large amount of time on the ground is common for many
bird species (Weathers & Sullivan 1993; Hinsley & Ferns 1994) and urban-adapted
species often show shorter flight distances within human-associated landscapes than in
natural habitats (Evans et al. 2009). Ground-based behaviours near human areas put
individuals at risk of a suite of indirect potential human hazards (e.g., motor vehicles,
illness from human food items). Moreover, kea are highly neophilic and this curiosity
leads to them to damage property (e.g., pulling off fittings), disrupt work sites (e.g.,

climbing on equipment and throwing around objects), and stealing food (Diamond &
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Bond 1999). These behaviours have resulted in ongoing direct persecution (e.g.,
shooting, poisoning, and trapping; Orr-Walker & Roberts 2009). In any habitat that kea
occupy there are specific locations where the probability of mortality through direct
persecution is elevated (i.e., ‘hot-spots’ of conflict), whereas the probability of mortality
through indirect means is likely more spatially homogenous (and therefore harder to
predict when and where it may occur). Understanding the dynamics of ‘urban adapter’
behaviour in human areas is key to understanding the nature of potential conflict and

ranking the hazards for prioritization of management objectives.

3.4.3 Temporal patterns

Diamond and Bond (1999) indicate that kea interact with humans to gain food
resources (being actively fed and stealing food) and it may be that they are attracted to,
and even become reliant on, these food sources. Most of the ten kea exhibited clear
temporal patterns of proximity to human areas and appeared to seek encounters with
people that were in possession of food or interesting objects (unpubl. pers. obs.). My
results suggest that kea timed their movements so they were closest to human areas
during periods when human activity was most intense. While APV only has a small
amount of human infrastructure, there is a large and consistent influx of people using
Arthur’s Pass to travel between the West and East Coasts of the South Island. Because
there are only a limited number of areas in APV at which to stop and purchase food,
petrol and so on, peaks in human activity are predictable in time and space. Kea activity
peaks during the hours of daylight, and so overlaps with times of human activity.
However, even when kea are active after sunrise and before sunset, they typically do

not visit human areas when tourist activity in Arthur’s Pass is at its lowest. Also, kea
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numbers increase with number of humans and motor vehicles present (pers. obs.),
which suggests that kea have identified the hotspots and peaks of tourist activity. In
summary, there are specific time periods when negative interactions between kea and

humans are far more likely to occur.

Other studies have shown that human food supplementation causes behavioural
shifts for species in an anthropogenic landscape (Ryan & Larson 1976; Saggese et al.
2011; Galbraith et al. 2015). Carnivores such as dingoes, coyotes, and black bears in
urban settings show behavioural plasticity and this allows populations to exploit
environments modified by humans (reviewed in Bateman & Fleming 2012). For
example, red foxes in Zurich are gaining c. 50% of their food from human sources, most
often purposely provided by people (Contesse et al. 2004). However, there are many
dangers to both humans and wildlife associated with feeding; e.g., wildlife fed by
humans often become aggressive towards humans, leading to attacks (Orams 2002),
and animals fed near roads often become habituated to vehicles, increasing the
probability of injury or death through vehicle strike (Silva, Johnson & Opps 2009). Using
a spatio-temporal approach to characterise interactions provides a way to identify

periods with a high risk of conflict to inform the development of planning interventions.

3.4.4 Individual variation

The resolution of my tracking data was sufficient to quantify inter-individual
variation among kea, and individuals displayed clear differences in their patterns of
movement behaviour. There are two plausible explanations for these differences. First,
it is possible that reproductive state affected kea interactions with human areas.

Sexually immature birds (juvenile birds under the age of 5) spent considerably more
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time closer to human areas than did sexually mature males. Older, sexually mature
males are more likely to spend much of the day provisioning a mate and offspring
(Diamond and Bond, 1999), and typically visit human areas for limited periods around
midday when there is a higher chance of gaining human-provided food. Second, some
individuals appeared to specialise in use of human areas. For example, one individual
(B) was often active at night in the illuminated village area, where he visited residential
sites, possibly trying to scavenge food (e.g., in rubbish bins) without disruption. Other
potential causes of intraspecific variation in patterns of movement behaviour include
sex (Smith et al. 2015), physical condition (Said et al. 2009), age (Cederlund & Sand
1994), differences in experience (Dall et al. 2004), and habitat variability (Kilpatrick &

Stober 2002).

Irrespective of the underlying mechanisms, pre-reproductive males appear more at
risk of conflict with humans than do males with nests. Therefore, HWC mitigation
strategies must account for the variation in risk for different subsets of the population.
Recognising and quantifying inter-individual variation is essential for informing
conservation measures; for example, designing a management plan based on the central
tendency of a population may do more harm than good as individuals may vary widely
in their movement behaviour (Bolnick et al. 2003; Ascensao et al. 2014). I advocate that

both collective and inter-individual results should be considered when assessing HWC.

3.4.5 Influence of proximity to human areas
Kea movement behaviour varied as a function of proximity to human areas. A
detailed examination for the movement behaviour of an individual bird captured in APV

showed that he switched behaviours more rapidly when in the village, with time spent
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in behavioural ‘State 1’ (ground-based behaviours) increasing proportionally with
distance from the APV. These results, plus a strong personal observational confirmation,
suggest that the environment in the village was more temporally variable than his
natural habitat. Urban areas consist of a range of dynamic sensory stimuli (e.g.,
approach of people, domestic pets, motor vehicles, bicycles) that vary in space and time.
Often anthropogenic stimuli will impact animal behaviour either by acting as an
attractant or a disturbance and so inducing displacement. Birds that are ‘urban-
adapters/exploiters’ will fly significantly shorter displacement distances from human
disturbances than non-urban species and are more likely to return quickly to the area if
an attractant is present (Geffroy et al. 2015; Mgller et al. 2015), a pattern which is
reflected in the patterns of movement in kea at Arthur’s Pass. The movement patterns
created by the combination of a dynamic environment and habituation to human stimuli
create a situation where the probability of conflict events is high. Quantifying the effect
of human stimuli on conflict-species movement behaviour can help identify and rank

threats and help to inform mitigation strategies.

3.4.6 Limitations and future directions

While my preliminary research demonstrates that considerable and useful
behavioural information can be obtained from applying a spatially explicit approach to
assessing interaction between wildlife and centres of human activity, I also identified
areas that could be improved in future research. GPS loggers have a limited battery life
which constrains sampling duration and frequency; a shorter sampling interval over a
longer time period would likely have revealed more and different behavioural

information about kea. Recent technological innovations will greatly extend the
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applicability of this spatial approach to study HWC across a variety of taxa. Among the
most important developments is the ongoing reduction in the size of GPS receivers and
advances in the efficiency of batteries and photovoltaic cells, which will greatly increase
the operational lifetimes of tracking devices used to quantify HWC (Tarascon 2010; Jung
et al. 2011). With technological advancements such as solar batteries, remote download,
geofencing, sensor networks, and real-time tracking, improved management of conflict
species will be possible. For example, short-term mitigation of conflict for a highly
endangered species (e.g., tigers, rhinos, elephants) could include use of a two-way
satellite/GSM network server so that if a tracked individual comes within a certain
proximity of human areas the system will set off deterrents (e.g., electric shock from
collar, sirens or lights). In the long-term, adopting a spatial approach could help inform
future development of human infrastructure (e.g. wind farms) as humans continue to

spread farther into wildlife areas.

3.4.7 Summary

The spatial approach adopted here is an effective means of describing fundamental
aspects of HWC. By tracking kea using GPS loggers, | was able to describe the movement
patterns of individual kea in relation to humans and their centres of activity. The
patterns revealed allowed me to identify the behaviours and characteristics that
potentially presented kea with the greatest risk of conflict with humans, as well as allow
me to predict when and where conflicts are most likely to occur. The ability to predict
conflict events is essential to improving management of species that co-occur with

humans. As technology and the associated analytical toolkit continue to improve, the
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use of GPS telemetry to characterise wildlife-human interactions will prove to be a

useful tool for exploring and mitigating HWC in a range of species.
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1 USING A POPULATION VIABILITY ANALYSIS TO EXPLORE

HOW HUMAN-WILDLIFE CONFLICT INFLUENCES POPULATION
DYNAMICS: A CASE STUDY WITH THE KEA (Nestor notabilis)

4.1 Introduction

Population viability analysis (PVA) is an effective means of quantifying population
dynamics, and can provide essential information for management of threatened and
endangered species (Boyce 1992; Morris & Doak 2002). PVAs are quantitative models
informed by demographic data, which allow researchers to evaluate and predict how
different biotic and abiotic factors will affect population growth or decline over time
(Beissinger & Westphal 1998; Mills & Lindberg 2002). Historically, PVAs have been
used primarily as predictive tools, e.g. to calculate minimum viable populations and to
predict absolute values of future populations (Allee 1931; Ginzburg et al. 1982; Boyce
1992). However, models are simplifications of the systems and phenomena they seek to
represent; hence there is always some uncertainty associated with their predictions
(Coulson et al. 2001; Ellner et al. 2002). More recently, researchers have been using
PVAs to explore the qualitative differences in systems rather than making predictions
based on outputs (Simpkins et al. 2015). Understanding how different threats will
influence population dynamics (i.e., the putative factors causing decline), the relative
importance of these factors, and how their influence will vary over time and space is
essential for guiding future data collection efforts and allocating resources for effective
management strategies. In addition, PVAs can be used to help find links between

factors: if one threat is removed, it may have an unforeseen influence on another factor
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that, in turn, has a more deleterious effect on the population (e.g. the meso-predator

release effect; Crooks & Soule 1999).

Humans are rapidly expanding into wildlife areas, causing an increase in human-
induced mortality (HIM). Human-wildlife conflict (HWC) is widely reported because it
affects humans as well as the wildlife populations themselves (e.g., wildlife attacks on
humans, crop raiding; Woodroffe et al. 2005). A number of conflict-prone species are
endangered or threatened animals (e.g., African elephants, Sumatran tigers, Asian lions)
and it is assumed that HIM plays a large role in causing and/or maintaining population
decline (Thouless 1994; Landa et al. 1999). However, it is important that managers
ascertain the magnitude of the impact of HIM on a specific population, as well as
considering the degree of influence of HIM relative to other potentially deleterious
factors. Managers often have limited resources (e.g. money, time, and equipment) and
need detailed information about whether it might be more practical to focus on
mitigating all threats equally, or, alternatively, focus more intensively on a smaller suite
of particular threats/limiting factors. LaFever et al. (2008) used a stage-based PVA to
evaluate the human-induced impacts on the Lower Keys marsh rabbit, and Goswami et
al. (2014) assessed the importance of conflict-induced mortality on elephant
populations; however, the explicit use of PVAs to explore HWC is somewhat limited.
This shortfall may be due to many conflict scenarios being relatively new (and
constantly changing), so demographic data capturing the effects of human-wildlife

conflict are scarce.

Kea are one of New Zealand’s best examples of a species that encounters HWC. They
are the world’s only mountain- and rainforest-dwelling parrot (Greer et al. 2015) and

have an innate intelligence and curiosity that stems from the need to source a wide
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variety of food (Diamond & Bond 1999; Auersperg et al. 2011). Historically, this
curiosity led to conflict after high-country farmers reported incidences of kea attacking
sheep to eat fat from around the kidneys, often leading to death of the sheep from sepsis
(Orr-Walker & Roberts 2009; Reid, pers. comm.). Consequently a bounty was instituted
by the government to cull kea, leading to c. 150,000 individuals being killed over a 100-
year period (Temple 1996), before the species was afforded full protection under the
Wildlife Actin 1986 (Seal et al. 1991). Kea damage human property, and there are still
reports of kea strike on sheep, resulting in both direct persecution and indirect human-
induced mortality (Seal et al. 1991; Department of Conservation kea database; Reid,
pers. comm.). Even attempts to protect the kea have created unexpected HIM; 1080
(sodium fluoroactetate), which has been used as a poisoning agent to control predators,
has also been found to cause the accidental death of some adult kea through ingestion of
the bait (Orr-Walker et al. 2012). In such situations, there is a pressing need to evaluate

the relative benefits of different management intervention strategies.

Recently, kea were classified as ‘Nationally Endangered’ by the New Zealand
Department of Conservation (Robertson et al. 2013) and currently the [IUCN
classification is ‘Vulnerable’, CITES Appendix II (IUCN, 2014). Nevertheless, populations
still appear to be in decline due to predation by introduced mammals, and, to an
unknown extent, direct or indirect conflicts with humans (Elliot & Kemp 2004; Gartrell
& Reid 2007). Despite the kea’s conservation status, little is known about the influence
of HIM on kea population dynamics, or the effect of HIM relative to mortality by exotic
mammalian predators. Seal et al. (1991) did undertake a kea population and habitat
viability assessment; however, their focus was not on exploring the impacts of HIM but

was rather on the general/overall population dynamics.
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[ developed an age-structured, density-dependent model of kea population dynamics in
a stochastic environment. I used this model to investigate questions relevant to the

management of a HWC species. My objectives were to develop a PVA model for kea and
use it to: 1.) Assess what affect HIM has on kea population dynamics; 2.) Determine the
relative impacts of HIM and predation on population size; and 3.) Evaluate whether the
use of 1080 for predator control is detrimental to kea populations due to accidental by-

kill.

4.2 Methods

4.2.1 Study species

The kea is a large, omnivorous parrot (family Strigopidae) restricted to the South
Island of New Zealand (Figure 4.1). Kea habitat varies from coastal dunes to high alpine
peaks but kea are most common in high-altitude southern beech (Nothofagaceae)
forest, sub-alpine shrublands, and high-alpine basins and ridges (Higgins 1999;
Robertson et al. 2007). The current kea population size is uncertain, but the most recent
estimate of overall population size gives numbers of between 1000-5000 wild birds
(Anderson 1986). Itis difficult to precisely estimate kea numbers due to their extensive
range (largely in rugged terrain), low density, and the cryptic behaviour of adults (Orr-

Walker & Roberts 2009).

The maximum life span of kea in the wild is thought to be c. 25 years (Seal et al.
1991), but birds in captivity have been shown to live more than 47 years (Brouwer et al.
2000). Kea are non-territorial, and form monogamous long-term pairs (Bond et al.

1991). They nest on the ground in crevices, usually below the treeline (McCaskill 1954).
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Females generally become sexually mature at 4 years; although in some cases they
breed at 3 years (Jackson 1963). Individuals nest between July and January, with
between 1 and 5 eggs being produced (Seal et al. 1991). Incubation takes 22-24 days,
and chicks fledge in approximately 90 days (Pullar 1996). Kea chicks have a long
juvenile period and are dependent on their parents for 4-5 months after hatching (Orr-

Walker 2010).
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Figure 4.1: The kea’s current range (red) in the South Island of New Zealand.

4.2.2 Model structure

[ assessed the influence of HIM on kea by exploring a range of scenarios with a
stochastic simulation model which represented the population dynamics of kea. The
model incorporated information about three age classes comprised of juveniles (0-1

year), sub-adults (1-3 years), and adults (3+ years) to match the life-history of kea (Seal
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et al. 1991). The model comprised two sub-models. The first represented the
transitions between age classes, and incorporated parameters relating to breeding
biology (Figure 4.2A), and the second sub-model incorporated information about
mortality rates as a function of predation (which also encompassed baseline mortality)
and HIM rates (Figure 4.2B). The overall mortality rates for each age-class were fed into

the population growth sub-model (‘A’ in Figure 4.2).

[ only represented females in the model as the kea’s monogamous reproductive
status suggests that unpaired males will rarely contribute to population growth rate
(Bond et al. 1991; Ferson & Burgman 1995). Previous research suggests that the sex-
ratio in kea is skewed towards males, (Bond et al. 1991; Seal et al. 1991), and therefore
it is likely that all females form pair-bonds. Due to lack of information, I assumed that
the statistical associations between demographic parameters included in the model
were perfectly correlated (Ellner et al. 2002); although such strong correlation in vital
rates is unlikely, it provides a more conservative approach to assessing population

viability (Ferson & Burgman 1995).

The model was constructed using Vensim PLE Plus software (Ventana Systems), with
each time step consisting of one year, and model runs typically spanning 250 years
(approximately ten generations given a 25-year lifespan in the wild). This period was
chosen because it was long enough to detect trends that may otherwise been missed in
a long-lived species, but short enough to still be relevant from a management

perspective.
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Egg survival rate

Clutch size
Fecundity Proportion breeding
Juveniles >| Sub-adults (1) »| Sub-adults (2) > Adults
l Juvenile mortality l Sub-adult (1) mortality l Sub-adult (2) mortality lAduIt mortality
B
Predation of eggs
HIM of Juveniles Predation of juveniles
HIM of Sub-adults Predation of sub-adults
HIM of Adults Predation of Adults

Figure 4.2: Schematic representation of the age-class sub-model of kea population
dynamics (A) and the mortality rates (B) that feed into sub-model (A). Solid arrows
denote flow of individuals between age-classes, dashed lines show how model
parameters affect each other, and grey text indicates variables that connect sub-model

B to sub-model A.
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4.2.3 Model parameters

Population parameters. - The initial population size of kea was based on the lowest
published estimate of 500 females (Pullar 1996). I used this lowest value because there
is considerable uncertainty in the population estimates (Orr-Walker & Roberts 2009)
and I wanted to consider the worst-case scenario presented. I assumed a stable age-

distribution.

Reproduction. - Kea have a monogamous breeding system (Bond et al. 1991) and are
reported to begin breeding as early as age three, although age four is more typical
(Jackson 1963). Fecundity (Figure 4.2) was defined as the product of the number of
adult females, clutch size, and egg and nest survival. I set the proportion of breeding
adults at 0.4 as not all females breed every year (Bond et al. 1991). Clutch size for kea is
known to be 1-5 eggs per year (Seal et al. 1991). Thus, [ assumed that two female eggs
are produced each year on average - this favours kea and so is conservative with
respect to extinction estimates. The number of eggs produced each followed an un-

truncated Poisson distribution with rate (1) = 2.

Mortality. - Annual mortality rates were age-specific (Table 4.1) Mortality-rate
probabilities were composed of mortality due to predation, HIM, and all other types of

mortality (i.e., background mortality).
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Current baseline mortality and predation rates were based on those provided by Seal
et al. (1991) in their population and habitat viability analysis. In addition,
approximately every four years a beech mast (i.e., massive seed production) occurs
(Ogden et al. 1996), potentially triggering irruptions of species that predate kea, leading
to an increase in predation mortality (Elliott 1996; Choquenot 2006). I accounted for
this dynamic by adding a mast frequency parameterised at a rate of 0.25 and, when a
mast year occurred, I assumed that there was a 10% increase in predation rate across
all age classes. I assumed that there was no temporal structure in the pattern of
masting and so mast events could occur in successive years. I then systematically
adjusted the values I had adapted from Seal et al. (1991) until the model produced a
slightly declining population trend under current levels of HIM. I targeted this trends
because it is believed to be occurring in many kea populations (values used can be seen
in Table 4.1). Stochasticity was added to all background and predation mortality rates

by multiplying them by values from a random uniform distribution (U ~ [0.9, 1.1]).

Department of Conservation’s database was used to determine how many kea deaths
can be attributed to HIM; I counted intentional causes (e.g. shooting, trapping) and
accidental causes (e.g. vehicle strike, food poisoning) but not predation by introduced
mammals (an indirect effect of HWC). I represented HIM estimates as a rate (Table 4.1)
based on the proportion of kea in the population that die because of HIM per year.
Human-induced mortality rates were constant over all age-classes. I did not assign any
HIM to eggs, as kea nests are cryptic and generally in dense forest so there is a minimal
chance of people encountering them. For current management conditions stochasticity
was added by drawing values from a Gaussian distribution; p = 0.015 and SD =0.0025.

ADD mean
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To represent potential increases in HIM rates over time I evaluated linear, exponential,

and logistic growth in HIM. Exponential growth was represented by:

Equation 4.1
Morte=Mort:(1+C)t

Where: t is time (years) and C is rate of change in population.
Logistic growth was represented by:
Equation 4.2

1-M
Mort:= CMort: (+m)

Where: t is time (years) and C is the rate of change in HIM.
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Table 4.1: The baseline demographic parameters used in the PVA model. N represents the initial number of individuals. Rates

are all expressed per year.

Age class N  No predation Low Medium/current High Mastyear  Current HIM rate
(baseline predation predation rate predation  mortality
mortality rate rate rate
rate)
Egg - 0.1 0.2 0.4 0.8 0.1 0.015
Juvenile 125 0.005 0.1 0.2 0.4 0.1 0.015
Sub-adult 250 0.0125 0.025 0.05 0.1 0.1 0.015
Adult 125 0.025 0.05 0.1 0.2 0.1 0.015
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4.2.4 Model scenarios

[ evaluated 12 different scenarios representing the effect of different predation and

HIM rates (all scenarios and corresponding parameters are summarised in table 4.2).

Table 4.2: Range of scenarios tested with the PVA; showing specific parameter values. Rates are
all expressed per year. HIMR= human-induced mortality rate; PR= predation rate; ME = mast
effect; C= growth rate in the relevant equation. The predation rates for each age class were

expressed as egg/juvenile/sub-adult/adult rates. Stochasticity was added to all background
and predation mortality rates by multiplying them by values from a random uniform
distribution (U ~ [0.9, 1.1]). For current management values of HIMR, stochasticity was
added by drawing values from a Gaussian distribution; p = 0.015SD= 0.0025).
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Scenario Parameterisation Explanation
I HIMR= 0.015 (0.0025) The most accurate representation of the population
PR=0.4/0.2/0.05/0.1 dynamics under current management (e.g. baseline rates)
ME=0.1
11 HIMR= 0 A system with effective mitigation of HIM
PR=0.4/0.2/0.05/0.1
ME=0.1
111 HIMR= 0.015 Current management of HIM but keeps the HIM rate static
PR=0.4/0.2/0.05/0.1 (i.e., no stochasticity)
ME=0.1
v HIMR= 0.015 HIM increases at a slow linear rate to represent the
C=0.005 potential effect of rising population and tourism numbers
PR=0.4/0.2/0.05/0.1 on HIM
ME=0.1
\V4 HIMR= 0.015 HIM increases at a fast linear rate to represent the
C=0.01 potential effect of rising population and tourism numbers
PR=0.4/0.2/0.05/0.1 on HIM
ME=0.1
VI HIMR= 0.015 HIM increases at a slow exponential rate (Eq. 4.1) to
C=0.01 represent the potential effect of rising population and
PR=0.4/0.2/0.05/0.1 tourism numbers on HIM
ME=0.1
VII HIMR= 0.015 HIM increases at a fast exponential rate (Eq. 4.1) to
C=0.02 represent the potential effect of rising population and
PR=0.4/0.2/0.05/0.1 tourism numbers on HIM
ME=0.1
VIII HIMR= 0.015 HIM increases at a logistic rate (Eq. 4.2) to represent the
C=0.005 potential effect of rising population and tourism numbers
PR=0.4/0.2/0.05/0.1 on HIM
ME=0.1
IX HIMR= 0.015 (0.0025) A system where pest management efforts in New Zealand
PR=0.1/0.005/0.0125/0.025 are successful in removing all introduced predator
ME=0 species from the country
X HIMR= 0.015 (0.0025) A system where an increase in the effectiveness of pest
PR=0.2/0.1/0.025/0.05 control resulting in the reduction of predator numbers
ME=0.1 and density
XI HIMR= 0.015 (0.0025) A system with the complete absence of predator
PR=0.8/0.4/0.1/0.2 management, leading to higher numbers of predators
ME=0.1
XII HIMR= 0.015 (0.0025) Describes the effects of increased adult mortality (by 5%)

Adult HIMR= 0.065
PR=0.4/0.2/0.05/0.1
ME=0.1

as a result of 1080 by-kill. It is important to note that
current management involves the use of 1080 to maintain
predators numbers at their present level (i.e., medium
predation) and the predation rates for scenario I reflect
this management strategy. However, I did not include the
by-kill of adult kea in scenario I HIM rates as [ wanted to
test the effect of adult by-kill explicitly as a scenario.
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4.2.5 Model execution and analysis

Each scenario was evaluated by running 200 simulations each of 250 time-steps
(years). Rather than using absolute extinction (i.e., Nt = 0), [ used a critical population
size as a ‘quasi-extinction’ threshold (Morris & Doak 2002), as is often used in
conservation policy (Mace & Lande 1991; DeMaster et al. 2004). I defined the quasi-
extinction threshold as being a population abundance of 50 individuals (Otway et al.
2004). Time until extinction was determined by calculating the year at which an
extinction event occurred. The extinction risk for each scenario was estimated by the

fraction of the 250 replicates that ended in population extinction (i.e., N < 50).

Additionally, I produced extinction curves by dividing the number of simulations that
had dropped below 50 (quasi-extinction), 100, or 200 individuals. Population growth

rates for each simulation were determined using the mean geometric growth:

Equation 4.3

1
- ()
Ny
where: A is growth rate, Ntis the number of kea at time ¢, and Nois the number of kea at

time zero.

4.2.6 Sensitivity analysis

[ conducted a univariate sensitivity analysis for clutch size, proportion of adults
breeding, and the relative importance of predation on each of the four age classes. The
model was run using the same baseline parameterisation as Scenario I (current
conditions). Sensitivity analyses were performed by individually varying each

parameter of interest #10% of their baseline values over 200 iterations of 250 time-
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steps each. Parameter sensitivities were determined using the index described by

Hamby (1994):

Equation 4.4

where Syxis the sensitivity of the state variable y to a change in parameterx (i.e., the
ratio of the relative change in state variable y to a relative change in parameter x), Ay is
the change in state variable y, y» is the baseline output, Ax is the change in parameter x,
and x» is the baseline parameter value. The population size of kea was used as the state
variable of interest and a parameter was considered to be ‘sensitive’ if the index (Eq.

4.5) resulted in a value > 1.

4.3 Results

4.3.1 Effect of HIM rate on kea population size and growth rate

Scenarios I - XII showed the effects of varying levels of HIM rates on population size
(summarised in table 4.2.) Scenario [ was the closest to current conditions that kea
encounter and produced a slightly declining population (Figure 4.3) resulting in a
population of 266-358-473 (5th percentile-median-95t percentile) and mean growth
rate of 0.999 * 0.001 (* 1 SD). By comparison, scenario II, which had no HIM, produced
a stable population dynamic (A = 1.000 £ 0.001), with a population size of 310-416-549,

which was 16% higher than under scenario 1.

Scenarios IV - XII represented population dynamics under increased rates of HIM.
The rapid linear increase in HIM (scenario V) had the most negative effect on population
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size 8-10-13, and mean growth rate (A = 0.823 * 0.020). In this scenario extinction
occurred after 11 years on average. Logistic growth in HIM rates (scenario XII) had the
least effect of the scenarios assessed, with a mean final population size of 222-303-404

and a mean population growth rate of 0.996 + 0.001.

4.3.2 Effect of predation rate on kea population size and growth rate

The total removal of mammalian predation (scenario XI) resulted in the largest
population (676 + 157 individuals), which was 86% higher than that under scenario III
(current conditions). High (twofold increase) predation rates always resulted in
population extinction, the lowest population size 6-7-8 and the lowest population

growth rate (0.820 = 0.024).

4.3.3 Effect of 1080 pest control on kea population size and growth rate

When adult HIM was increased to simulate the effect of 1080 pest control (Scenario
XII) it resulted in a 10% decrease in population size from current conditions (266-358-
473 vs. 240-323-425. However, Figure 4.4 shows that the population trend of scenario

[II does not differ markedly from scenario XII.

Table 4.3: Summary of results for Scenarios I-XII over 250 years and 200 simulations.
Population size is expressed as the mean of 5t-median-95t. Standard deviations are
shown in parentheses. If a scenario never resulted in extinction (i.e., probability of
extinction was 0.00) then that model had an undefined mean time to extinction.
Scenarios in bold have a mean A < 1.0 and so indicate population decline.
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Scenario Mean Mean time to Probability of Mean
Population size extinction extinction population
(years) growth rate
I 266-358-473 0.00 0.999 (0.001)
11 310-416-549 0.00 1.000 (0.001)
[1I 287-385-508 0.00 1.000 (0.001)
1\Y% 30-41-56 47.3 (3.1) 1.00 0.958 (0.004)
\Y 8-10-13 11.4 (1.1) 1.00 0.823 (0.020)
VI 211-288-384 2475 (3.2) 0.04 0.998 (0.005)
VII 114-155-207 140.3 (3.8) 1.00 0.986 (0.001)
VIII 223-303-404 0.00 0.996 (0.001)
IX 447-669-940 0.00 1.001 (0.000)
X 353-489-661 0.00 1.000 (0.001)
XI 6-7-8 9.3 (1.2) 1.00 0.820 (0.024)
XII 240-323-425 0.00 0.999 (0.001)
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Figure 4.3: Model outputs across the 12 kea population scenarios assessed, based on

200 simulations over 250 simulation years duration, with the medians represented by

the black lines and the 5t and 95t percentiles denoted by the grey lines. Scenarios I-VI

in A and VII-XII in B; for Scenario details see Table 4.2.
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Figure 4.4: Population dynamics under Scenario XII showing the effect of increased
adult mortality due to 1080 pest control. The median is represented by the black line,
the 5t and 95t percentiles are shown by the grey lines. The red line shows the median
number of individuals of Scenario III, which is the closest representation of current

mortality rates. Note that in the long-term, the two scenarios do not differ.
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4.3.4 Effect of HIM on extinction risk

Of the 12 scenarios evaluated, only scenarios IV - VII resulted in populations that
dropped below 50 individuals (i.e., below the quasi-extinction threshold) as shown in
Table 4.2. Under scenarios IV, V, and VII extinction always eventuated, and this was
most rapid in scenario V with a mean time to extinction of 11.43 + 1.06 years (Figure
4.5). In comparison, scenario VI (slow exponential increase in HIM rates) had a 0.04
probability of extinction, with a mean time to extinction of 247.5 + 3.2 years. No
simulations of scenario VIII (slow, logistic increase in HIM rates) ever fell under 50
individuals; however, in this scenario population size did drop below 200 individuals at
approximately 105 years and below 100 at approximately 240 years suggesting that

ultimately extinction would be likely to occur.

4.3.5 Effect of predation on extinction risk

High rates of mammalian predation resulted in the highest extinction risk, with kea
population size falling to fewer than 200 individuals in just a handful of years and a
mean time to extinction of just 9.3 + 1.2 years. This result is, perhaps, unlikely in the real
system in terms of its rapidity, but illustrates the sensitivity of the population to
predation. Reducing predation levels to low rates, or removing predation mortality

altogether, led to populations that had no risk of extinction.
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Figure 4.5: Extinction curves for scenarios IV, V, VI, VII, VIII, and XI; for scenario details

see Table 4.2.The proportion of simulations that go below 200 (purple line), 100

(orange line), and 50 (dark blue line) individuals at each time step are shown.
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4.3.6 Sensitivity analysis

Sensitivity analyses (table 4.4) showed that sensitivity ranged from 0.000-0.028, all

well below one, demonstrating that kea populations (as modelled) were not sensitive to

any of the parameters tested. Of the parameters tested, clutch size, proportion breeding,

and adult predation rate comparatively had the most effect on population size (0.028,

0.013 and 0.011 respectively). The low sensitivity values for predation rates are rather

surprising considering the large impact of high predation (scenario XI) on population
numbers. However, my analyses were local and therefore only assess sensitivity in a
small portion of the entire range of a parameter's plausible values; this is a common

problem with local sensitivity analyses (Drechsler 1998).

Table 4.4: Sensitivity values for nine model parameters. Baseline input values were
based on scenario Il which is closest to current conditions. Model parameter means

were varied by + 10%. Parameters ordered in descending sensitivity.

Parameter Baseline input value Input range Sensitivity
Clutch size (mean) 2.000 1.800 - 2.200 0.028
Proportion breeding 0.600 0.540 - 0.660 0.013
Adult predation rate 0.100 0.090-0.110 0.011
Egg predation rate 0.400 0.360 - 0.440 0.003
Juvenile predation rate 0.200 0.180-0.220 0.002
Sub-adult predation rate 0.050 0.045 - 0.055 0.001
Adult HIM rate 0.015 0.149 - 0.152 0.001
Juvenile HIM rate 0.015 0.149 - 0.152 0.000
Sub-adult HIM rate 0.015 0.149 - 0.152 0.000
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4.4 Discussion

My study demonstrates how the population dynamics of a human-conflict prone
species can be explored using PVA. I found that: (1) HIM currently does not have a
marked effect on kea populations, but if HIM rates were to increase they could threaten
kea persistence; (2) predation rate had a larger influence on kea population dynamics
than HIM rate; and (3) the use of 1080 for predator control was beneficial for kea

populations, despite the unintentional mortality of some adult kea.

4.4.1 Effect of current HIM rates on kea population dynamics

The outcomes of my PVA suggest that current levels of HIM have little effect on kea
population dynamics. Under current conditions (Scenario I), the outputs indicate that
the kea population will decline slightly over the 250 year simulation period. I found that
in the absence of HIM events there is a 16% increase in population size and both
scenarios have zero probability of kea going extinct. Other research in different conflict
species has shown contrasting results. Chase et al. (2016) showed that the African
elephant’s annual 8% decrease in population numbers is predominantly due to
poaching. It is likely that HIM has a variable effect on the population dynamics of
different conflict species depending on the nature of the conflict scenario and other
aspects of the species ecology. For example, two species encountering the same conflict
scenario can have different conservation statuses. In Zimbabwe both baboons and lions
kill local livestock, leading to persecution from farmers; yet lions are classified as

vulnerable, and baboons are of least concern (Butler 2000).
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4.4.2 Influence of HIM rates increasing over time

When rates of HIM-induced mortality increased over time (scenarios IV to VIII), it
had a more marked influence on kea population dynamics, with three out of the five
scenarios resulting in 100% chance of extinction (in the most extreme case extinction
occurred within 12 years). Statistics New Zealand has reported that the resident and
visiting human population, is growing; with a 1.9% and 11% increase respectively, in
2015. Therefore, while HIM may not be currently be the most pressing threat for kea, it
is likely to be become a more significant problem in the near future. Research suggests
that as human populations grow there is a subsequent rise in HWC (Thirgood et al.
2005). For example, monitoring carried out by the Ministry of Water, Land, and Air
Protection in British Columbia (2003) has shown that human population growth is
correlated with the number of encounters and serious incidences with cougar, black
bears, and grizzly bears. With a rise in conflict between wildlife and humans, an

increase in HIM can be expected.

4.4.3 Relative influence of predation rate and HIM rate on kea population
dynamics

The PVA outputs suggested that rate of predation had the largest effect on kea
population abundance. My model results predicted that scenario XI, where current
predation levels were doubled, would result in the most rapid extinction dynamics.
Overall, removing predation from kea populations (IX) was much more beneficial than
removing HIM (II); resulting in an 86% increase in population size compared to the
16% increase in Scenario II. Other studies using PVAs for threatened bird species have

had varied results; isolated predation was identified as the main threat to Mohua
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(passerine bird; Elliott 1996), and the swift parrot (Heinsohn et al. 2015). In contrast,
Weller et al. (2014) showed that predation was not the main contributing factor to

African penguin decline.

4.4.4 Use of 1080 for predator control

My PVA suggested that the benefits of using 1080 to control introduced predators
outweigh any incidental losses of adult kea. The outputs revealed that the additional
losses of adult kea after a 1080 poison drop would not result in population abundance
markedly different to that under current conditions. However, without the use of 1080
to suppress predator populations, predation rates would increase, which was shown to
have the greatest negative effect on kea populations. Some demographic models have
shown that long-lived avian species tend to be most sensitive to adult mortality (Boyce
1992). My sensitivity analysis showed that adults were comparatively only slightly
more sensitive to predation and HIM rate than the other age classes. Therefore I
conclude that the slight 1080 effect is more than compensated for by the reduced

mammalian predation.

4.4.5 Limitations

Over the years the development of software that facilitates implementation of PVAs
without any modelling expertise has potentially lead to a greater potential for the
misuse of models, and problems with the appropriate interpretation of model results
(Reed et al. 2002). Additionally, all models are abstractions of the real world and are
generally limited by a range of uncertainties, such as exact values for parameters and

understanding of process representation (Coulson et al. 2001; O’Sullivan & Perry 2013).
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It is a challenge to appraise how these uncertainties impede the representation and
understanding of the system dynamics being explored. For kea there are limited
monitoring data, so some assumptions needed to be made when parameterising the
model. In addition, even though HIM data was available it is subject to uncertainties.
While HWCs are widely reported, it is possible that HIM events are underreported
and/or undetected. The accuracy of PVA diminishes over the time simulated as it
extremely difficult to accurately account for factors that regulate population dynamics
over longer time-frames (Brook et al. 1997). For a variety of reasons the
parameterisation and validation of stochastic simulation models is problematic (Grimm
& Railsback 2005; Hartig et al. 2011), and so it is advisable to use PVA as a comparative

(and not predictive) tool.

4.4.6 Management implications

The outcomes of my PVA analyses suggest that the biggest threat to kea populations
is predation, but as human populations continue to grow in kea habitats, HIM could
become a major threat in the future. As is common in conservation, there are limited
resources for managing kea (Kemp pers. comm.), and my results suggest that in the
short-term, management strategies should prioritise minimising predation (e.g.,
predator control, protecting nests). However, it is important for managers to make long-
term considerations on how best to mitigate human-kea conflict. Having more time to
address a threat before it becomes a major problem is beneficial because it provides
time to plan and undertake targeted research on how to most effectively reduce HIM
rather than relying on reactive methods based on inadequate data. I believe that the

framework of my PVA (with species-specific parameterisation) is highly applicable for
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exploring the influence of HIM on a range of human-conflict prone species. Future
extensions could consider individual-level dynamics in a spatially explicit framework

informed by the movement data presented in Chapter 2 (e.g., Heinonen et al. 2014).
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5 GENERAL DISCUSSION

5.1 Summary of findings

In my thesis I have developed a spatio-temporal framework to inform management
of conflict-prone animal species such as the kea. Applying a spatial framework to
explore human-wildlife conflict (HWC) requires high-resolution spatio-temporal data to
describe movement patterns and their relation to human features in the landscape. |
demonstrated that GPS telemetry is a viable way to obtain high-resolution tracking data
from kea in Arthur’s Pass (Chapter 2). My field trials revealed a high retention rate of
GPS loggers with a negligible effect on the birds’ health as evidenced by birds having
healthy amounts of muscle mass around the keel and no individuals exhibiting
noticeable loss of body condition. Using the resultant GPS data, I was able to: 1.)
characterise the movement and behavioural patterns of kea; 2.) quantify the nature and
extent of kea interactions with anthropogenic infrastructure in their environment; 3.)
explore how human activity may be affecting kea behavioural patterns; and 4.) assess
the impact of HWC on kea population dynamics relative to other important threats. The
outcomes of my research suggest that this spatial-temporal framework is an effective
means of assessing human-wildlife interactions and conflict. Kea also overlap with
human settlements in Mt cook, Fox Glacier, Franz Josef and parts of Milford Sound
where kea display similar interactions with humans (Josh Kemp pers. comm.) and
human property as evidenced in similar levels of lead exposure compared to kea living

away from human areas (Reid et al. 2012).While I only tracked kea in Arthurs Pass, it is
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highly likely that my results would relate to the management of other kea populations

overlapping with human areas based on their similar behaviour.

5.2 Characterising the movement and behavioural patterns of kea

Understanding the movement ecology of the kea is a crucial first step in informing
improved management of this species. The data obtained during this research provided
new insight into the movement ecology of kea. For example, I found that many of the
tracked kea showed relatively limited movements, most likely due to human areas such
as the village and scenic lookouts creating fixed locations that provide consistently
available food resources. In addition, previous evidence has suggested that kea are
diurnal (Higgins 1999); however, [ found multiple examples of nocturnal activity. For
example, one bird consistently visited Arthur’s Pass Village during the night, and other
individuals showed nocturnal activity in their natural habitat away from human areas.
Knowing that kea are sometimes active at night changes our perception of the window
of when human-kea conflict can occur. [ was also able to locate an individual’s nest
(subsequently ground-truthed) using information obtained from their movement
tracks. For the Department of Conservation being able to locate nests for nest
monitoring and management is critically important (e.g. in the context of pest control
strategies). In the future it would be useful to track non-human associated kea with GPS
telemetry as animals often alter their movement patterns in response to increased
spatial heterogeneity (Frair et al. 2005), particularly in relation to novel objects (Jander

1975).
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5.3 Quantifying the nature and extent of kea interactions with
anthropogenic infrastructure

Knowledge of where and when kea are most at risk of HWC is essential for informing
the design of management strategies. My results suggest that kea are ‘urban adapters’;
that is populations that actively use anthropogenic resources as well as natural ones
(Blair, 2001). Mitigating human-kea conflict is very challenging as kea are attracted to
human areas, and as well as being profoundly intelligent they are also highly mobile.
Knowledge of kea behavioural dynamics in human areas is central to understanding the
nature of potential conflict with humans and their activities, and ranking the hazards for
prioritisation of management objectives. Some human features are more of a potential
threat to kea than others (e.g., car parks, cafes, and roads), and at certain times of the
day there is a higher probability of conflict occurring. Although my sample size is
relatively small (10 tracked individuals), my results suggest that pre-reproductive male
kea are more at risk of HWC than are sexually mature males; information which could
be integrated into future population models. Obtaining more information about the
impact of humans on juvenile mortality is important as much of our current knowledge
on juvenile mortality rate is based on re-location studies i.e,, if individuals are not re-
sighted in the area they were banded they are assumed as dead (Josh Kemp pers.
comm.). However, the outcomes of a parallel study using satellite telemetry to track
juvenile kea suggests that they often disperse from their natal area in the first year of

life and may be being misclassified as dead when they have instead dispersed.
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5.4 The effect of human activity on kea

A variety of human activities can influence and modify kea behaviour and, in turn,
make kea more susceptible and vulnerable to conflict. I found examples of individuals
changing behaviour more frequently in human areas than when they were occupying
unmodified habitat(s). Human areas are highly dynamic and present a variety of stimuli
that are constantly in flux. Watching videos that were taken during my study it was
apparent that kea behaviour often relates to their interaction with human stimuli. For
example, kea are often attracted to people with food at the Arthurs Pass café; however,
patrons generally attempt to deter kea, leading to a recurring pattern of approach and
displacement. These patterns of behaviour are seen in many ‘urban adaptors’ (e.g.
seagulls) and often result in conflict (Mgller et al. 2015). In contrast, the kaka (a close
relative of the kea) are neophobic and although they are known to damage human
property, they generally show avoidance behaviour in response to human stimuli
(Diamond & Bond 2004; Wilson et al. 1991). It is important to understand how human
activity influences kea behaviour, particularly for educating the public in terms of how
to behave around the birds to minimize negative encounters. For example, it is
important that people are educated on why they should not feed kea and also provided

with appropriate strategies to prevent kea from stealing human food.

5.5 Qualitatively assess the impact of HWC on kea population dynamics

There are always limitations on the resources available for species management and

most populations of management concern face multiple threats. It is important for

94



managers to be able to rank these threats and also evaluate the success/failure of
different management strategies. The outcomes of a population viability analysis
suggest that human-induced mortality (HIM) currently does not appear to have a strong
effect on kea populations; instead, predation rates by exotic mammals have a larger
influence on kea population dynamics. However, it is highly likely that resident human
population size and tourist numbers will continue to rise in the Arthurs Pass area,
leading to an increase in HIM rates, which is a concern due to the small number of kea
remaining. If HIM continues to increase these events could threaten kea population
persistence. In addition any reduction in the number of kea has implications for
ecosystem services in alpine ecosystems as there may be too few kea to be effective
vectors of alpine seed dispersal (Young et al. 2012). Finally, my results reveal that the
use of the toxin sodium fluoroactetate (1080) for predator control was beneficial for kea

populations, despite the unintentional loss of some adults.

5.6 Informing Management examples

While the information obtained during this thesis does not provide all the answers
for managing kea, it fills some critical gaps relevant to researchers and mangers seeking
to create species action plans. Two applied examples of how a spatio-temporal

framework can inform management are:

1.) Provides a spatio-temporal map of conflict risk to evaluate the placement of
deterrents/attractants. For example, the Little Corella (Cacatua sanguinea), a
cockatoo species from South Australia, is, like the kea, very neophilic, leading to

similar patterns of human property damage (Tembley 2010). Managers have
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used knowledge of the Little Corella’s roosting behaviour to help determine
optimal sites to place a variety of chemical, visual and auditory deterrents to help
minimize property damage (Tembley 2010). Some research has shown that
repellents such as D-pulegone (derived from the oil of pennyroyal mint species)
has the potential as a chemical deterrant for kea (Day et al. 2011; Feenstra
2012). Alternatively it may be feasible to place attractants (e.g. kea ‘play-
grounds’) in areas away from elevated conflict-risk. For example, kaka have been
shown to learn to visit supplementary feeders, likely reducing damage to trees
they would normally obtain sap from (Charles 2012).

2.) Characterising movement and behavioural patterns is also important when
considering the development of new infrastructure and development. Studies of
eiders (Somateria mollissima) have revealed that most individuals exhibit
behavioural avoidance to windfarms, resulting in increased distance travelled
and energy expenditure by individuals (Marsden et al. 2009). This information
has been used to justify limiting the future development of windfarms along the
eiders flyways. For kea the placement of human infrastructure such as electricity

stations is important as kea are often electrocuted at these sites (Jackson 1969).

5.7 Potential of approach for other species

Ahearn et al. (2001), Treves et al. (2006), and Waldron et al. (2013) have expressed
the need for improved knowledge regarding the spatial and temporal patterns of HWC
to inform the development of effective management strategies. A small but growing
number of studies are starting to develop methods for exploring the movement and

space use of conflict-species in and around human centres of activity (e.g., Whittington
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et al. 2004; Kertson et al. 2011; Nelson et al. 2012). The range of approaches being
developed helps to provide a flexible toolkit to meet a wide variety of management
objectives. The spatio-temporal approach developed in my thesis has huge potential to
provide a framework that improves the understanding of species where data are

difficult to obtain. Some particular advantages of the approach developed here include:

1.) The analytical techniques used provide a multi-facetted assessment of human-
wildlife interactions, providing a comprehensive understanding of the system being

explored;

2.) The data were also of sufficiently high-resolution to infer behavioural states,
providing a means to explore the influence of humans on conflict species- very few

researchers have used state-space models to explore HW(;

3.) High-resolution movement data has the potential to quantify how patterns of
movement may result in intentional or accidental conflict events (e.g. vehicle strike)
because lower resolution data (e.g., one location fix per hour) will not record the

discrete behaviours of interest (Nathan et al. 2008).

4.) This approach could be applied to a wide-range of species and sites. In particular, it
can be used to explore the movement patterns of birds, which is typically logistically

challenging due to the ability of birds to move large distances very quickly;

5.) The data obtained from the framework I developed allows researchers to explore in
detail different types of interactions; e.g., urban adaptors like kea, as well as urban

avoiders;
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6.) While the use of PVAs is extremely well established (e.g., Morris & Doak 2002), this
method has been under-exploited as a means to explore the population-level effects of
HWC. PVAs are particularly useful because they provide a method for evaluating the

efficiency of alternative management strategies.

All these aspects provide a framework which has great potential to fill the knowledge

gaps in the field of HWC management.

5.8 Future directions

The spatio-temporal approach I adopted in my thesis provides a framework for
collecting important baseline data, such as where and when wildlife are interacting with
human features. The data collected also have promising potential to inform further
models further informing HWC management. A modelling approach provides a means
to answer questions that occur at spatial and temporal scales too large for experimental

work (while also avoiding practical and ethical considerations).

By synthesising the data from the spatio-temporal approach with information
obtained from my PVA it is possible to inform dynamic spatially-explicit individual-
based models (SEIBMs). SEIBMs provide a ‘virtual ecology’ that allow investigation of
questions that more aggregated modelling approaches are unable to address (Grimm &
Railsback 2005; Zurell et al. 2010). SEIBMs can represent individuals, their
environments, and interactions between the two, with system-level (macroscopic)
behaviour arising from traits of individuals and characteristics of the environment

(Dunning et al. 1995; DeAngelis & Mooij, 2005; Grimm & Railsback 2005). SEIBMs can
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be used to understand and predict the spatio-temporal dynamics of conflict species,
allowing a range questions relevant to HWC to be assessed. Some examples of such
questions include: 1.) How does the density of human features in the landscape affect
the movement dynamics of a conflict species? 2.) How does the spatial distribution of
human features influence its movement dynamics? 3.) What is the probability that
juveniles will interact with human features while dispersing and how do these
interactions affect their survival? 4.) How will the spatio-temporal dynamics of conflicts
vary under different management scenarios? This approach provides a useful tool for
mapping the spatial and temporal patterns in the abundance of a species, therefore
allowing the mapping of conflict areas; this is critical information for wildlife-conflict

managers (Heinonen et al. 2014).

Improvements in technology also have the potential to greatly extend the
applicability of the spatio-temporal framework. Among the most important
developments are the ongoing reduction in the size of GPS receivers and advances in the
efficiency of batteries and photovoltaic cells, which will greatly increase the operational
lifetimes of tracking devices used to quantify HWC (Tarascon 2010; Jung et al. 2011).
With technological advancements such as solar charging of batteries, remote download
of data, geofencing, sensor networks, and real-time tracking, improved management of
conflict species will be enabled. For example, mitigation of conflict for a highly
endangered species (e.g., tigers, rhinos, elephants) could include use of a two-way
satellite/GSM network server so that if a tracked individual comes within a certain
proximity of human areas the system will set off deterrents (e.g., electric shock from

collar, sirens or lights).
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5.9 Concluding remarks

Understanding the movement and behaviour of a conflict-prone species is a
fundamental first step in developing effective HWC management strategies (Conover
2001; Treves et al. 2006). My research suggests that adopting a spatio-temporal
approach provides a means for managers to identify: 1.) potential spatial ‘hot-spots’ of
conflict; 2.) specific time periods during which negative interactions between humans
and wildlife are far more likely to occur; 3.) population sub-groups that are more
vulnerable to conflict; 4.) the potential influence of human activity on animal behaviour;
and 5.) the effect of HIM on long-term population dynamics. This information is
collectively important for informing management and mitigation strategies by helping
to identify and rank potential anthropogenic threats, allocate conservation resources
effectively, and assess whether HIM is currently a threat or may become a threat in the
future. In the long-term, adopting a spatial approach could help inform future
development of human infrastructure (e.g. wind farms; Roscioni et al. 2014) as humans

continue to spread further into wildlife areas.
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