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Threatened species management in New Zealand has been successful largely through the
transfer of threatened animals to predator-free offshore islands and predator-free, fenced
mainland sanctuaries. These conservation approaches are not always feasible and more
recently, conservation programmes have involved the release of animals into unfenced
mainland islands where introduced predators are intensively controlled but remain in low
numbers. This project involved the reintroduction of buff weka (Gallirallus australis hectori)
to Motatapu Station, an unfenced mainland island on New Zealand’s South Island. Past
reintroductions of buff weka to their natural range on the mainland have all failed. A lack of
post-release monitoring has meant the exact cause and timing of these failures is unknown.
This research investigates the ability of buff weka to establish a self-sustaining mainland
population in the presence of low predator abundances. Nineteen buff weka (15 males, 4
females) were transferred from predator-free islands in Lake Wakatipu, South Island, to
Motatapu Station. Buff weka were held in a soft-release enclosure for six weeks prior to
release to allow for acclimatisation to the release site. Using a combination of very high
frequency (VHF) and Global Positioning System (GPS) telemetry, the reintroduced
population of buff weka was monitored for four months post-release by homing in and
sighting each bird approximately every two days.

After their release no buff weka dispersed off Motatapu Station, with the greatest dispersal
distance being 2.19 km from the release site. The majority of buff weka survived an initial
30% mortality limit during the first three weeks. However, by the end of the study 15 (79%)
buff weka had died due to predation by introduced mustelid species, ferrets (Mustela furo)
and stoats (M. erminea). Buff weka took 19.6 days (± 14.4 SD) to settle down and based on
adaptive local convex hull (a-LoCoH) home ranges, the average home range of buff weka was
39.23 ha (± 61.90 SD) and found within the 4500 ha predator-trapping area. Using resource
selection functions (RSF), buff weka resource selection patterns on Motatapu Station were
examined at two spatial scales: 1) home range establishment within the study area; and 2)
resource selection within individual buff weka home ranges. At each spatial scale buff weka
selected for areas that contained dense ground cover provided by bracken and shrub habitats
and also areas that were close to water.

The lack of dispersal by buff weka suggests the presence of favourable resources on Motatapu
Station needed for buff weka to establish a population. However, the low survival rate
i

Abstract
indicates that the existing predator-trapping network is not extensive or dense enough to
maintain predator numbers at a level low enough for buff weka to coexist. Predation of buff
weka was responsible for the overall failure of this reintroduction. These findings emphasize
the challenges faced by New Zealand conservation managers in protecting threatened species
in mainland areas. Unfenced mainland islands may be a viable alternative to the more
expensive mainland approach of creating predator-proof sanctuaries, however; refinement of
this technique will be necessary if threatened species recovery programmes are to meet the
goal of establishing mainland populations in New Zealand.
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Chapter One: General Introduction
1.1 Reintroductions as a Conservation Tool
The International Union for the Conservation of Nature (IUCN) defines translocations as “the
human-mediated movement of living organisms from one area, with release in another”
(IUCN 2012). Reintroductions are a form of translocation in that they are “the intentional
movement and release of an organism inside its indigenous range from which it has
disappeared” (IUCN 2012). The translocation of endangered species has become an
important tool in wildlife management and conservation biology throughout the world
(Griffith et al. 1989; Fischer & Lindenmayer 2000). Such conservation translocations are
utilised to reverse species declines caused by habitat loss, human encroachment, predation
and climate change (Griffith et al. 1989). Mammals, birds, reptiles, invertebrates, fish and
plants have all undergone translocation to promote their conservation (Seddon et al. 2005).
Some key applications of translocations include: 1) the establishment of geographically new
satellite populations; 2) reinforcement to increase the size and heterogeneity of small
populations; 3) increasing gene flow between fragmented populations to reduce inbreeding;
and 4) assisting isolated species with limited dispersal abilities to colonise new areas (see
Griffith et al. 1989; Fischer & Lindenmayer 2000; Seddon et al. 2012 for reviews).

Before translocations can proceed, researchers must consider a number of issues specific to
this type of conservation project. Translocations are financially expensive and require an
ongoing commitment of monitoring and management. An appropriate release site is required
and the possible impacts released individuals may have on the local ecosystem taken into
consideration. The founding group must be of appropriate size and composition to decrease
inbreeding rates and enable the establishment of a viable population (Jamieson 2010).
Translocated individuals may come from either captive-bred or wild populations (Sarrazin &
Barbault 1996). Both cases require individuals to be harvested from a source population
which may be negatively affected if it is already small, as is the case for many endangered
species (Armstrong & Seddon 2008). Given that translocations tend not to be one-off events
but rather involve multiple releases, it must be considered whether source populations are able
to sustain multiple harvests (Diamond & Armstrong 2007).

Despite their popularity as a conservation tool, many conservation translocations to date have
had low success rates (Griffith et al. 1989; Wolf et al. 1996; Fischer & Lindenmayer 2000),
though there are no agreed criteria for determining success. Even with the risk of low success
rates, reintroductions are sometimes the only management strategy available to recover
13
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species in areas where they have historically been extirpated (Cade & Temple 1995). The
overall aim of a reintroduction is broadly to establish a self-sustaining wild population that
will continue to grow and persist over time. This will be achieved through the survival,
reproduction, retention and recruitment of individuals in the release area (Seddon 1999).

1.2 Translocations in New Zealand: Offshore Islands
An island ecosystem, New Zealand’s native species have evolved in the absence of mammals
except for three species of bat. With the arrival of humans and the subsequent land clearing,
hunting and introductions of exotic mammal and bird species, New Zealand’s native fauna
have suffered dramatic declines (Craig et al. 2000). Predators such as house mice (Mus
musculus), kiore (Pacific rat; Rattus exulans), ship rats (R. rattus), Norway rats (R.
norvegicus), weasels (Mustela nivalis), stoats (M. erminea), ferrets (M. furo), cats (Felis
catus) and possums (Trichosurus vulpecula) have all had significant impacts on the native
fauna of New Zealand. Introduced predators have been responsible for the extinction and
range restriction of many species and without human intervention many more would have
disappeared from New Zealand.

A common conservation approach in New Zealand is to remove threatened and endangered
species from their natural ranges on the mainland and transfer them to the safety of offshore
islands where introduced pests have been eradicated and ecosystem restoration schemes
initiated. New Zealand has a long history of offshore island translocations, with the first
known transfer for conservation purposes taking place back in the 1890s when Richard Henry
attempted to establish populations of kakapo (Strigops habroptilus) and little spotted kiwi
(Apteryx oweni) by releasing them onto Resolution Island off the Fiordland coast (Cresswell
1996). Although this first attempt failed when mustelids invaded the island, the practice of
using islands as natural sanctuaries has since developed and become a significant component
of species recovery and conservation in New Zealand. With over a century of experience,
New Zealand has become a world leader in managing offshore islands for the release and
protection of native species (Simberloff 2002) with many conservation successes having been
achieved, including the black robin (Petroica traverse; Butler & Merton 1992), hihi
(Notiomystis cincta; Armstrong & Ewen 2001), saddleback (Philesturnus carunculatus;
Lovegrove 1996), takahe (Porphyrio hochstetteri; Ryan & Jamieson 1998) and tuatara
(Sphenodon guntheri; Nelson et al. 2002).
14
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The offshore island strategy is not without problems. First of all, it is simply not feasible to
transfer all or even the majority of New Zealand’s threatened biota to offshore islands
(Saunders & Norton 2001). There are carrying capacity and space issues with the size of
islands putting limits on the number of individuals that can occupy them (Ryan & Jamieson
1998). Islands often have different climatic conditions and their vegetative structure may be
only a small representation of what is preferred by animals when present on the mainland
(Meurk & Blaschke 1990). Animal behaviours such as homing and dispersal make some
species unsuitable for offshore islands translocations (Ruffell et al. 2009). Competition
between, and predation by native species create problems of co-occupancy on islands (St
Clair & St Clair 1992; Ewen & Armstrong 2007). Finally, offshore islands often have
restricted access or are difficult to get to, limiting the ability of the general public to see some
of New Zealand’s most iconic and endangered animals and participate in their conservation.
Currently, predator free offshore islands represent a cumulative area of approximately 30 000
ha which makes up <1 % of the land area available on the New Zealand mainland
(Bellingham et al. 2010). Offshore islands will no doubt continue to play a prominent role in
New Zealand conservation programmes, but it is clear that alternative management options
are required to protect New Zealand’s native species.

1.3 Translocations in New Zealand: Mainland Areas

Following the success of translocations to offshore islands in New Zealand, conservation
managers and scientists are now reversing the process and bringing threatened species back to
the New Zealand mainland (Armstrong 2010; Ewen et al. 2011). Much has been learnt in
regards to pest eradication/control and release methods from the offshore island programmes
and this is now being applied in a mainland context (Saunders & Norton 2001). One of the
biggest problems mainland sites face is the management of introduced mammalian predators.
As exotic predators have caused the decline of many species, mainland release sites must have
mechanisms in place to reduce the potential impact of these predators before any
reintroduction occurs (IUCN 2012). Generally, there are two approaches by which to manage
pest species and conserve native species on the mainland: predator-proof sanctuaries and
unfenced mainland islands.
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1.3.1 Predator-Proof Sanctuaries

This conservation approach involves building a predator-proof fence around an area and
eradicating all pest species inside the fence to create a pest free environment. Like the
offshore island strategy, translocations to these sanctuaries have met with success in
conserving threatened species in the absence of predators (McGavin 2009; Armstrong 2010).
However, predator-proof sanctuaries are very expensive to build and comprise ongoing
maintenance costs and there has been recent debate over the worth and suitability of these
areas for use in conservation projects (Scofield et al. 2011) but see Innes et al. (2012).
Although protected by a predator-proof fence, these sanctuaries must still wage a constant war
against pest incursions and ongoing monitoring within the sanctuary is necessary.

1.3.2 Unfenced Mainland Islands

The challenge facing conservation managers in New Zealand is protecting species on the
mainland when predator-free sanctuaries or offshore islands are not feasible or ecologically
relevant. In the past decade the Department of Conservation (DOC), New Zealand’s
conservation agency, has initiated a number of “mainland island” programmes which focus on
ecosystem restoration (DOC 2006). Mainland islands control pest species in an area using
intensive trapping and poison baits to reduce and maintain predator numbers at low enough
densities so native species can coexist. Unlike true islands, mainland islands are not
surrounded by water but exist within the terrestrial landscape and have neighbouring areas
which are not managed for conservation purposes (Saunders & Norton 2001). The trapping
network therefore provides a safe zone or island for native species within the continuous
landscape. The problem with mainland islands is they face an inherent risk of significant
reinvasion by mammalian predators (Armstrong & Davidson 2006) and so the question arises
of how much predator control is necessary to enable the establishment and persistence of
threatened species. An additional problem with mainland islands is that they lack a physical
boundary to prevent released individuals (except flighted birds) from dispersing away from
the release area.
Establishing a mainland population is a goal of many species’ recovery programmes and a
critical part of restoring New Zealand’s overall biodiversity. Mainland islands also have the
added benefit of community support and involvement, with a number of mainland islands
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projects being initiated and operated entirely by community-led groups (Sanctuaries of New
Zealand 2012).

1.4 Weka

Weka (Gallirallus australis) are a large, brown, flightless rail endemic to New Zealand
comprising four recognised sub-species: the North Island weka (G. a. greyi), western weka
(G. a. australis), buff weka (G. a. hectori) and Stewart Island weka (G. a. Scotti) (Marchant
& Higgins 1993; Beauchamp et al. 1999). Each of the four sub-species is classified as
threatened to varying extents (Miskelly et al. 2008). Weka occupy a wide variety of habitats
from sea level up to 1500 m above sea level, with preference for habitats that provide low
cover (Marchant & Higgins 1993; Graeme and Graeme 1994). They frequently inhabit sandy
and rocky coastal shores, estuary and wetland boundaries, forests, scrub, tussock grasslands
and modified habitats such as pastures, plantations and even semi-urban environments
(Marchant & Higgins 1993; Taylor & van Perlo 1998). Weka are capable of breeding all year
round but this is dependent on food availability with one pair recorded raising 14 birds in one
year. Typically a weka will lay three to four eggs per clutch (Beauchamp et al. 1999).

Weka are omnivorous, opportunistic feeders with a variety of plant material including foliage,
new shoots, fruits and seeds of fruit bearing vegetation making up a large proportion of their
diet (Edwards & Logan 1999). They are one of the few remaining large birds in New Zealand
that have the ability to distribute the heavier seeds of large-fruited plant species as well as the
seeds of smaller species (Clout & Hay 1989). Soil and litter-dwelling invertebrates make up
an important component of the weka’s diet and weka are also known to take small vertebrates
including rats, mice, lizards as well as feeding on carrion (Marchant & Higgins 1993;
Beauchamp et al. 1999; Ogilvie 2010). Weka are natural predators known to predate on the
eggs and young of a wide range of burrowing and ground nesting bird species (Jolly 1989; St
Clair & St Clair 1992; Marchant & Higgins 1993).

Historically, weka were introduced to offshore islands as a food source for local Maori,
whalers/sealers and shipwrecked sailors (Brothers & Skira 1984; Beauchamp et al. 1999).
Although threatened themselves, the weka’s predatory behaviour creates a conflict with
recovery efforts for other threatened species, presenting managers with an ecological
management dilemma. Weka are now often removed or eradicated from offshore islands in
order to protect other threatened species that inhabit these islands or to make the islands safe
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for future releases (Kennedy & Nilsson 1990; Veitch & Bell 1990). It is also necessary to take
into account the impacts weka could have on local populations of species (e.g. invertebrates,
lizards, birds) when considering translocating or reintroducing weka (Edwards & Logan
1999).

1.5 Study Species: Buff Weka

Buff weka (Gallirallus australis hectori), one of the four subspecies of weka, were
historically distributed throughout eastern parts of the New Zealand’s South Island, ranging
from Southland to Marlborough (Beauchamp et al. 1999). Similar to other subspecies of
weka, the buff weka’s decline is believed to have coincided with the introduction of
mammalian predators, particularly cats and mustelids (Peat 1997; Beauchamp et al. 1999).
Habitat loss and the conversion of tussock grassland to pastureland have also been attributed
to the buff weka’s decline (Beauchamp et al. 1999). By 1924 buff weka had become extinct
on mainland New Zealand. Fortunately, in 1905, 12 Canterbury buff weka were transferred to
Te One, Chatham Island, where the only introduced mammalian predators are cats, rats and
mice. The weka now flourish on the Chatham Islands to the extent of being called an
‘introduced pest’. The population is large enough to sustain a legal harvest of approximately
5000 birds per year (Beauchamp et al. 1999). In 1961 buff weka were released on to
neighbouring Pitt Island where they have also flourished, however, there are plans to remove
the weka from this island in an effort to conserve other threatened species present there
(McHalick et al. 1998; Beauchamp et al. 1999). Nevertheless, with only one main large
population on Te One, the buff weka has been classified as ‘at risk-relict’ under the New
Zealand threat classification system (Miskelly et al. 2008).

1.6 Buff Weka Reintroduction Attempts

There has only been one successful reintroduction of buff weka back to the mainland of New
Zealand. In 2002, 30 buff weka from the Chatham Islands were released onto predator-free Te
Peka Karara/Stevenson’s Island in Lake Wanaka on the South Island (DOC 2011). This
population still exists and has increased sufficiently in size to provide individuals for further
transfers to other islands in Lakes Wanaka and Wakatipu (DOC 2011). However, as these
populations exist only on small islands they are not considered a true mainland population.
Prior to this success, there had been numerous attempts dating back to 1949 to reintroduce
buff weka back to the South Island mainland of New Zealand (Peat 1997; McHalick 1998;
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DOC 2010). All of these attempts failed to establish mainland populations. Predation is
assumed to be the reason why; however, with little or no post-release monitoring the exact
cause of their failure is unknown. The lack of monitoring also meant that nothing was learnt
in regards to the reintroduction methods or the behaviour and biology of buff weka.
Therefore, these releases have not produced any practical information to guide the
management of future releases.

1.6.1 Post-Release Monitoring

Post-release monitoring has been recognized as an important component of animal
reintroductions but has regularly been absent from reintroduction projects (Armstrong &
McLean 1995; Sarrazin & Barbault 1996; Seddon et al. 2007). Post-release monitoring in
translocations can answer questions concerning not only the failure but also the success of
these conservation projects. Specifically, post-release monitoring helps identify factors which
influence the short-term establishment and long-term persistence of released populations
(Seddon et al. 2007). Monitoring schedules should be designed to help answer the most
ecologically relevant questions for each specific reintroduction, rather than monitoring
without a goal in mind (Ewen & Armstrong 2007; Armstrong & Seddon 2008; Sutherland et
al. 2010). Based on a priori hypotheses, a targeted monitoring effort ensures that the most
important information will be collected (Nichols & Williams 2006).

Post-release monitoring of reintroduced populations can identify key factors such as low
survival rates and dispersal which are often responsible for many translocation failures
especially during the initial establishment phase (Le Gouar et al. 2008; Le Gouar et al. 2012).
Through monitoring, researchers can distinguish between the processes of dispersal and
mortality as the cause of decline in reintroduced populations (Tweed et al. 2003; Tavecchia et
al. 2009). Low survival rates, which have been correlated with the initial post-release period,
reduce the size of the founder population and could indicate that the population is unlikely to
survive in the long-term (Armstrong et al. 1999; Armstrong & Seddon 2008). Post-release
monitoring provides a way to identify the timing of mortality and allows the cause of death to
be determined.

Post-release dispersal from the release area also reduces the size of the founder population
(Tweed et al. 2003). By leaving the release area and becoming separated from the other
animals, individuals also effectively remove themselves from the breeding population (van
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Heezik et al. 2009). Many translocations take place in protected (e.g. predator control) release
areas with favourable habitat. Dispersal from these areas may increase the risk of mortality by
exposing individuals to poorer habitats outside of the managed release areas where the risk of
predation may also be higher (van Heezik et al. 2009; Imlay et al. 2010). Monitoring this
behaviour is able to identify the timing and location of individual animals as they disperse
from the study area.

Species resource selection is another common focus in post-release monitoring as it elucidates
the relationships between a species and its environment (Manly et al. 2002). Investigating the
disproportionate use of different habitat types by an animal can reveal factors that contribute
to an animal’s survival and reproduction (Steffens et al. 2005). Post-release monitoring is able
to show the hierarchical nature of resource selection, moving from the geographical range of a
species down to identifying its individual food sources (Johnson 1980). Understanding the
influence of habitat selection, dispersal and survival on reintroduction outcomes can be used
to adjust management strategies and guide future releases (Armstrong et al. 1999).

1.7 Buff Weka Reintroduction onto Motatapu Station

Previously, the buff weka translocation programme was a joint venture between Ngai Tahu
and DOC to re-establish buff weka on New Zealand’s South Island (Beauchamp et al. 1999).
With initial success in transferring birds from the Chatham Islands to Stevenson’s Island in
Lake Wanaka, the project met with failure when attempting a mainland release of buff weka
on to nearby Stevenson’s Peninsula. This buff weka reintroduction project is part of the buff
weka translocation programme but was initiated and driven by Ngai Tahu and Motatapu
Station, with technical and legislative input from DOC. The University of Otago joined the
project to provide the resources and technology to carry out the post-release monitoring which
was the basis of my involvement. Through a series of releases, Motatapu Station has an
overall aim to establish a self-sustaining mainland population of buff weka in the Motatapu
Valley, thereby expanding the species’ current range in Central Otago. This will be the first
mainland population of buff weka.

Through post-release monitoring, the aim of the research in this reintroduction was to
evaluate the attempt to establish buff weka in an unfenced mainland area with intensive
predator control. Research outcomes will be used to assess the effectiveness of the predator
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control regime in supporting buff weka to exist in the presence of introduced predators. Postrelease monitoring will be used to:

1. Document the dispersal patterns, home range/territory establishment and survival,
including patterns and causes of mortality of reintroduced buff weka to mainland New
Zealand.
2. Quantify post-release habitat selection by buff weka by comparing used habitat with
available habitat within the release area.

1.7.1 Study Area: Motatapu Station

The release site is on Motatapu Station which is a privately owned high country working
sheep station located (44.7297°S, 168.9251°E), west of Wanaka, South Island, New Zealand
(Figure 1.1). The station spans three large catchment/valley areas: the main Motatapu Valley,
the Motatapu North Branch Valley and Highland Creek Catchment (Figure 1.1). The valleys
are bisected by the Motatapu River, Motatapu River North Branch and Highland Creek
respectively which are surrounded by steep schist hills containing rugged rock outcrops and
bluffs throughout. The valley sides have been carved out by numerous tributaries flowing
down into the three main rivers. The lowest elevation on Motatapu Station is at the north-east
boundary where the Motatapu River leaves the property and is 335 m a.s.l. The elevation rises
to a maximum of 2100 m a.s.l in the surrounding peaks. The area has varied annual rainfall
with the valley floors averaging 800 mm per year while the higher peaks receive up to 2000
mm, much of which falls as snow during the cooler months (Otago Regional Council 2012).

Motatapu Station contains a variety of vegetation types which range from open grassland to
mature beech forests. The lower valley slopes and river flats are dominated by stock paddocks
which consist of exotic pastures. Vast areas of rough pasture exist in places retired from
grazing. Surrounding the paddocks are areas of bracken (Pteridium esculentum) and shrub
land (manuka (Leptospermum scoparium), matagouri (Discaria toumatou) and coprosma spp.,
with the majority occurring in side stream gullies and on the slopes adjacent to the Motatapu
River. Stands of mature mountain beech (Nothofagus solandri var. cliffortioided), red beech
(N. fusca) and silver beech (N. menziesii) forests are patchily distributed throughout the
valleys, occurring predominantly in the side tributary gullies and steep slopes along the main
rivers. Higher up the valley sides the vegetation structure becomes typical of New Zealand’s
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South Island alpine environment with narrow leaved snow tussock (Chionochloa rigida)
grasslands extensively present.

Figure 1.1: Location of Motatapu Station on the South Island of New Zealand.

Motatapu Station employs a sustainable farming strategy and grazes only 15% of the 17500
ha of available land with stock limited to grazing the river flats and lower portions of the
valley sides. The remaining 85% of the station’s land, much of which is at elevations >1000
m and less economically viable for farming, has been fenced off and retired from grazing to
create a conservation zone. Like many of the high country areas in the South Island, Motatapu
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station has been exposed to land clearing practises by early settlers who used fire to clear
native beech forests and tussock lands to encourage new growth for stock to graze (Rose et al.
1995). Nowadays, the few remnant forest patches that escaped the fires exist only in steep
sided tributary gullies and river valleys.
As part of Motatapu Station’s ecological restoration scheme, the forest patches as well as
rivers, streams, and wetlands have been fenced to guarantee their protection from grazing
stock and to allow their recovery after years of grazing. Fences will also, to some extent,
prevent pest browsing species (e.g. deer and goats) from entering the newly protected areas.
Since 2005 an extensive native plant species replanting programme has been in place in areas
where forest once thrived, aiming to restore the land to its former natural state. An estimated
2.2 million trees, plants and seed balls have been planted since the start of this programme. In
addition, introduced plant species are being removed in an effort to restore the native
ecosystem. A pest and predator control programme, targeting mammalian species, has been in
place since 2007 and has been expanding each year. An extensive trapping network targets
cats and the three mustelids species, ferrets, stoats, and weasels but is also capable of
catching European hedgehogs (Erinaceus europaeus) and rats. The predator management
does not occur across the whole station but is focused in the core areas of the main Motatapu,
Motatapu North Branch and Highland Creek valleys where the revegetation also occurs. The
trapping network covers an area of approximately 4500 ha. Introduced browsing pests such as
deer (Cervus spp.), feral goats (Capra hircus), possums and European rabbits (Oryctolagus
cuniculus cuniculus) are all targeted through culling operations.

Motatapu Station can be described as an unfenced mainland island where the abundance of
pest species has been drastically reduced (Palmer 2011 unpub. data). Through the
regeneration of natural habitats, the station has a vision to entice native birds back to the area
and also to reintroduce threatened and endangered species including mohua (Mohoua
ochrocephala),

kaka

(Nestor

meridionalis),

blue

duck

(whio;

Hymenolaimus

malacorhynchos) and New Zealand pigeon (kereru; Hemiphaga novaeseelandiae).

1.8 Thesis Structure

This thesis comprises five chapters, two of which provide the core of the thesis and are
written as stand-alone papers separated into introduction, methods, results and discussion. A
general methods chapter has been included to avoid significant overlap in the two stand-alone
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chapters; however, some minor repetition will still exist. The references and appendices for all
chapters are found at the end of the thesis.
Chapter 2 – Reintroduction and post-release monitoring protocols
Chapter 2 outlines the methods followed in the “soft-release” of buff weka on to Motatapu
Station. The chapter goes into detail describing the capture and transfer of buff weka from the
source population to the soft-release enclosure. It outlines the post-release monitoring
schedule used to collect appropriate data to answer questions on buff weka dispersal, survival
and resource selection.
Chapter 3 – Dispersal, survival and home range establishment of buff weka reintroduced to
mainland New Zealand

Chapter 3 examines the movements and dispersal of buff weka as they establish their home
ranges after release. Motatapu Station is an unfenced area so long distance dispersal away
from the release site is highly probable. Dispersal distances are used as an indication of site
fidelity. The chapter also looks at the survival of buff weka during the establish-phase of their
reintroduction. With the question being asked, can buff weka survive with low densities of
mammalian predators?
Chapter 4 – Resource selection by buff weka reintroduced to mainland New Zealand

Chapter 4 analyses the resource selection of buff weka following their release into a new
environment. A habitat map showing the distribution of available habitats on Motatapu
Station was generated which allowed for resource selection analysis to be carried out at two
scales (Johnson 1980): i) the establishment of home ranges within the study area; and ii) the
selection of resources inside an animal’s home range, including patterns and causes of
mortality
Chapter 5 – General Discussion

Chapter 5, the last chapter, provides an overall summary of the project and its findings.
Management implications are discussed and recommendations for future weka releases are
provided.
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2.1 Weka Capture

Buff weka were captured across three days (12 to 14 October 2011) on Pigeon Island
(Wawahi Waka; 44.9245°S, 168.3974°E) and Pig Island (Matau; 44.9449°S, 168.4085°E) in
the northern waters of Lake Wakatipu in the South Island of New Zealand. These two islands
are considered by DOC staff to have a healthy number (exact population size unknown) of
buff weka (D. Palmer pers. comm.). Weka were found by walking existing tracks on the
islands and sighting the birds. If no weka could be sighted I used weka-call playbacks to
attract the birds to my position. Weka were caught using ground nooses (van Klink & Tansell
2003) made from five meters of cord and a collapsible fishing rod. A piece of mutton fat tied
to a separate length of cord was used to entice the bird into the noose set on the ground. When
the weka had both feet inside the noose, the fishing rod was pulled quickly to secure the bird
around its legs. This method was used to capture 18 weka.

Cage traps (300 mm x 300 mm x 700 mm) baited with mutton fat were used as an additional
method for weka capture. I played weka recordings, set the traps and then moved on, coming
back within one to two hours to check the traps. Cage traps were used intermittently
throughout the day. Cages were never set overnight due to the cold wet conditions during the
capture period. One weka was caught using this method.

In total nineteen weka were caught (15 males, 4 females), comprising 18 sub adults and one
adult female. Ageing was based on the known colourations of weka age groups (Beauchamp
1998). The sex of weka was determined using standard morphometric measurements (see
below; Carroll 1963; Beauchamp 1999). As the majority of the weka were at the sub adult
stage and of similar sizes and weights, there was much overlap between the morphometric
measurements making the birds difficult to sex. Weka are most easily sexed through call
identification as males and females have unique vocalisations (Marchant & Higgins 1993).
However, from the 19 weka caught, only one (the adult female) called back which added to
the difficulty in sexing the birds. The other weka showed up to the sound of the calls but did
not vocalise. This behaviour could be explained by the sub adult age of the majority of the
birds which may not have had a territory to defend and so were not alerted or alarmed by the
calls. Although the initial plan was to have a balanced sex ratio, time constraints and a slow
capture rate meant that every bird caught was kept which resulted in the male biased sex ratio.
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At the time of capture, weka were given a full external physical examination (see Appendix A
for details) and all 19 birds were deemed healthy. Each bird was fitted with a two-stage VHF
transmitter (Sirtrack®, Havelock North, New Zealand) using a flying bird backpack style
harness with no weak link (van Klink & Tansell 2003). Transmitters weighed 20g; equivalent
to <5% of a weka’s bodyweight (Aldridge & Brigham 1988). The non-weak link harness was
temporary and used only while the birds were being held in the soft-release enclosure at the
release site. Before their release from the soft-release enclosure the birds were re-fitted with
harnesses containing a weak link (see Section 2.5 Weka Release). The transmitters were set
on a duty cycle of 12 hours on and 12 hours off starting at 07:00 New Zealand Standard Time
(NZST) and had a built-in 24-hour mortality switch. Each weka was uniquely banded with a
combination of one metal band (size M for males and size 27 for females) with an individual
identification number and three plastic coloured bands. The plastic wrap-around bands were
glued using PVC cement to decrease the chances of them unravelling. All birds in this release
group had a yellow (Y) over metal (M) combination. Males were banded with the YM
combination on their left leg while females had the YM combination on their right leg.

The following measurements were recorded for each bird:


Date and time of capture



Capture location – GPS coordinates



Metal band number and colour band combination



Weight (g) – using 2500g Pesola™ spring scales



Sex



Age – juvenile, sub adult or adult



Tarsus length (mm)



Culmen length (mm)



Bill depth (mm)



Tarsus width (mm)



Mid-toe length (mm)



Wing spur length (mm) – age determination

measurements for determining sex

Once each buff weka had been processed, the bird was placed in a cat transportation box with
a partition running length-ways down the middle, allowing two weka to be housed separately
within the same box. A towel was placed in each side of the partition to give weka a surface
to grip to during transportation. Whilst in the boxes weka were fed cooked pasta, peas and
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cheese (Hanbury 1996). Water was provided by spraying it onto the weka’s feathers which
they could then drink during preening. Weka were held in the transportation boxes for up to
~1 day, depending on the time and day of capture (mean=13hrs, range=1hr 55min – 25hr
20min).

On 13 October 2011 nine weka were transported off Pigeon Island by boat, transferred to a
waiting car and driven to Glenorchy airfield. Here the weka were loaded into a small Cessna
206 plane and flown to the Highland Creek airstrip on Motatapu Station, where they were
transferred into a four wheel drive truck and driven to the soft-release enclosure. The
following day (14 October 2011) the remaining ten weka were transported off Pigeon Island
by boat, loaded into a car and driven to the soft-release enclosure on Motatapu Station. On the
way to Motatapu Station two birds were taken to the Remarkable Vets (1079 Malaghans
Road Arrowtown, 9371, New Zealand) to have blood samples taken for disease screening and
to examine the birds’ general health.

2.2 Soft-Release Enclosure
The enclosure on Motatapu Station was purpose-built as a ‘soft-release’ enclosure for buff
weka and was designed both to stop weka from escaping and to exclude predators. The
perimeter fence is 1.5 m high and made from 20 mm wire mesh. This mesh extends outwards
to make a 300 mm skirt at the bottom of the fence, which is pinned to the ground and covered
in soil and rocks. On top of the fence there is a capping strip of 20 mm wire mesh that extends
450 mm either side of the fence to form a T-shape (Figure 2.1A). The enclosure comprises
four different areas (Figure 2.1B), each being separated by internal fences made of 50 mm
wire mesh, with the exception of enclosure one which is completely surrounded and covered
by 20 mm wire mesh. Enclosure one is 113 m2 (0.01 ha), enclosure two is 172 m2 (0.02 ha),
enclosure three is 468 m2 (0.05 ha) and enclosure four is the largest at 9693 m2 (0.97 ha). The
total combined area of all four enclosures is approximately one hectare.

Following their transportation from the islands all 19 weka were initially placed in enclosure
one as it was deemed the safest and enabled the easiest monitoring of the birds as they
adapted to their new surroundings. After four days the doors to the adjacent enclosure three
were opened to allow the birds to spread out. Two weeks from the birds’ first entrance into
the enclosure all internal doors were opened to give weka access to the entire area of the softrelease enclosure.
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Figure 2.1: A) Side on view of the perimeter fence of the soft-release enclosure depicting its
design. B) Diagram showing the layout and relative sizes of all four enclosures with the
pattern on enclosure one indicating that it is covered. C) Photograph of the vegetation
structure within the soft-release enclosure (images are not to scale).

Inside the soft-release enclosure there is plenty of natural vegetative cover for weka. The
vegetation consists predominantly of shrubs dominated by matagouri (Discaria toumatou) and
a number of Coprosoma spp. Localised patches of bracken (Pteridium esculentum) and open
grassed areas also exist (Figure 2.1C). There is a natural running waterway within the fenced
area and passing through each of the four enclosures. Enclosure four also has an area of
swampy grassland.

As the soft-release enclosure was not 100% predator proof (i.e. a cat or mustelid could
potentially scale the perimeter fence, although this did not happen), the weka were checked
twice daily (morning and evening) and a head count of all 19 birds was made. If a bird was
not sighted during this head count I used a hand-held three-element Yagi antenna (Sirtrack®,
Havelock North, New Zealand) and Telonics® TR-4 receiver (Telonics®, Arizona) to make
sure the transmitter was not in mortality mode and that the bird remained alive within the
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enclosure. General observations were also carried out during daily checks to look for
dominant or aggressive birds, pair bonding, and injuries and to assess the birds’ general
health.

2.3 Supplementary Feeding

The supplementary feeding guidelines provided by the Department of Conservation (DOC;
DOC 2002) were followed in this study. Weka were provided with supplementary food in
stainless steel dog bowls every second day. The food consisted of a dry mixture of pigeon
mix, layer pellets, wheat germ and oyster grit. Cooked pasta, peas and corn along with pieces
of dog roll were also provided (Hanbury 1996). Water was made available to the birds in cat
litter trays that were refreshed and cleaned every two days. The birds also had access to the
naturally running water within the enclosure. As the food bowls were often filled by
rainwater, covered feeding hoppers were introduced into the enclosure on 28 October 2011.
The lids to the hoppers were propped open for the first few days so weka could associate them
with food. After this time weka were seen feeding freely from the covered hoppers.

The same dry mixture was provided as supplementary food outside the enclosure for one
week after the weka’s release. This relatively short time period was chosen to minimise
interference with the weka’s natural post-release dispersal behaviours. Both Graeme &
Graeme (1994) and Bramley & Veltman (1998) found that North Island weka would stay near
the enclosure for several days after release before dispersing. Feeding hoppers were initially
placed on the outside of the enclosure fence posts; however, these were removed after it was
decided that drawing the weka into the open area immediately outside the enclosure exposed
them to predation attempts by New Zealand falcons (Falco novaeseelandiae) and Australasian
harriers (Circus approximans).

2.4 Buff Weka Release

The weka were held in the soft-release enclosure for between six and seven weeks to enable
development of site attachment to the release area (Scott & Carpenter 1987). Weka were then
caught in the enclosure using the same methods as on the islands (see Section 2.2 Weka
Capture). Before release the birds were re-weighed and again given a full external physical
examination. The weka were re-fitted with a standard backpack style harness containing a
weak link (Bramley & Veltman 1998) and either the same two-stage Sirtrack® VHF
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transmitter (n=9) or a new lightweight GPS/VHF combination (n=10). Refer to Section 2.2
Weka Capture, for more information on the Sirtrack® VHF transmitters.

The GPS tags were programmed to record the location of the weka three times per day (i.e.
every seven hours). This off-set schedule provides a way for location fixes to be taken at
different times across a 24-hour period and reduce the likelihood of cycle-dependent biases
(Joly 2005). The GPS transmitter weighed 17g. On top of the rear section of the GPS unit I
glued a small 3.8 g VHF transmitter (model PD-2, Holohil Systems Ltd., Ottawa, Canada)
using five minute Araldite® (Figure 2.2). This lightweight VHF tag did not have a duty cycle
or mortality switch. The combined weight of the GPS/VHF unit including the harness and
glue was approximately 24 g; <5% of a weka’s bodyweight.

Figure 2.2: Placement of the VHF transmitter on top of the GPS tag.

After re-fitting the weka with transmitters, the initial plan was to place the birds into one of
the smaller enclosures (enclosure three, Figure 2.1B) and leave the door open to allow the
birds to leave on their own accord. However, it became apparent that this was impractical as
the first five birds that were placed into enclosure three took a long time to leave or did not
leave at all. Another issue was that the enclosure doors could not be left open overnight or in
my absence because of the risk of predators entering the enclosure. Consequently, the
remaining twelve weka were released by hand next to the enclosure immediately after being
checked and having their transmitters re-fitted. A total of 17 buff weka were individually
released onto Motatapu Station over a period of six days beginning 28 November 2011 (Table
2.1).

Two birds, Tx20 (F) and Tx24 (M), were kept in enclosure three by the project management
team in the hope that they might pair up and breed in captivity (B. McKinley, pers. comm.).
However, Tx24 was observed harassing and dominating Tx20 on numerous occasions so it
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was subsequently decided they were not a good match, and the birds were released on 21
January 2012 (Tx24) and 23 January 2012 (Tx20; Table 2.1).

Table 2.1: The release schedule of individual buff weka fitted with either a VHF or
GPS/VHF transmitter.
Bird ID

Sex

Transmitter

Release Date

Tx01

M

GPS/VHF

29/11/2011

Tx03

F

GPS/VHF

29/11/2011

Tx05

M

GPS/VHF

29/11/2011

Tx07

M

GPS/VHF

29/11/2011

Tx09

M

GPS/VHF

29/11/2011

Tx11

M

GPS/VHF

29/11/2011

Tx19

M

GPS/VHF

29/11/2011

Tx20

F

VHF

23/01/2012

Tx22

F

VHF

3/12/2011

Tx23

M

GPS/VHF

30/11/2011

Tx24

M

VHF

21/01/2012

Tx25

M

GPS/VHF

30/11/2011

Tx27

F

GPS/VHF

1/12/2011

Tx29

M

VHF

28/11/2011

Tx38

M

VHF

28/11/2011

Tx40

M

VHF

29/11/2011

Tx44

M

VHF

28/11/2011

Tx46

M

VHF

29/11/2011

Tx60

M

VHF

28/11/2011

2.5 Post-Release Monitoring

The lack of mortality switch in the GPS/VHF units meant the birds needed to be regularly
monitored to ensure early confirmation of any mortality events. Weka locations were
determined on a base schedule of every bird being located at least every two days by homing
in using a hand-held three-element Yagi antenna (Sirtrack®, Havelock North, New Zealand)
and Telonics® TR-4 receiver (Telonics®, Arizona) to visually sight the birds. Reaching the
birds was not always possible due to high river levels, steep gullies or dense shrub so the time
between sightings varied (maximum time between sightings for a single bird was five days).
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On other occasions, sightings could be made every day and sometimes twice a day (morning
and evening). For the twice a day sightings, I assumed a minimum of two hours needed to
have passed for the two sightings to be independent (Bramley & Veltman 2000) and hence
not biased by spatial autocorrelation. There were initial concerns that homing in on the birds
may be disruptive, causing the birds to flee an observer during their settlement phase;
however, this was not the case for the majority of the birds. It was not necessary to have to
pursue a bird in order to pinpoint its location and then sight it. In situations where a bird could
not be seen in a patch of dense vegetation, I found I was able to circle the bird and
approximate its location to within several metres before then approaching. Weka are curious
by nature (Marchant & Higgins 1993) and simply sitting and waiting close by would result in
the bird coming out of cover enabling me to check its health status and the placement of bands
and transmitters.

For each weka location I recorded the following information: date, time, Universal Transverse
Mercator (UTM) coordinates, altitude and habitat sighted in. Weka locations were recorded
using a Garmin GPSmap 60CSx hand held GPS unit with an accuracy of <10 m. Unlike
traditional radio-telemetry studies using triangulation, which have a triangulation error (Saltz
& White 1990; Zimmerman & Powell 1995), the error in this study was much smaller and
related to the accuracy of the handheld GPS. A location fix was taken when the error had
decreased to <10 m, with the majority of locations having an error of ± 5 m. Locations were
recorded where the bird had first been located. On sighting and confirmation that the bird was
alive I moved away to minimise disturbance. Monitoring was carried out between the hours of
07:00 – 20:00 during Daylight Saving to capture the full range of the birds’ daily activity
patterns (Beyer & Haufler 1994). The sequence in which each weka was tracked was not
predetermined and changed daily so that each bird would be located at a different time from
previous fixes. Weka were monitored for the length of the study period (December 2011 –
March 2012) or until death or transmitter failure.

2.6 Transmitter Retrieval

The lightweight GPS transmitters have a battery life capable of obtaining approximately 350
location fixes and the small Holohil® VHF transmitters attached have a battery life of six
months. Given the proposed location acquisition schedule (three fixes per day) the GPS
transmitters had a battery life of approximately four months. The buff weka remaining at the
end of the study period were tracked and recaptured to retrieve the GPS transmitters and a
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long-lasting Sirtrack® VHF transmitter was re-fitted for the long-term continuation of
intermittent monitoring beyond this study.
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3.1 Introduction
Wildlife conservation programmes utilise animal reintroductions to establish populations of
species in areas where they have previously occurred but have since been extirpated (IUCN
2012). The underlying long-term goal of a reintroduction is to establish a self-sustaining, wild
population that will continue to persist over time. However, the process of releasing
individuals into an unfamiliar environment can induce animal behaviours which may affect
the outcome of a reintroduction attempt. Dispersal from the release area and low animal
survival have both been responsible for the failure of past reintroductions (Bramley &
Veltman 1998; Green et al. 2005). Both these processes in turn influence the ability of
individuals to settle in the release area and establish a population.

3.1.1 Dispersal

Dispersal is recognised as a significant problem in animal reintroductions (Clarke & Schedvin
1997; Moehrenschlager & Macdonald 2003; Ryckman et al. 2010). Reintroductions place
individuals into a new environment in which they must become familiar and find suitable
areas in which to establish themselves. However, unfamiliarity with an environment can
induce long distance movements (Armstrong & McLean 1995). Dispersal is usually related to
the movement and settlement of juveniles away from their natal home ranges but in the
context of reintroductions, dispersal is defined as the movement of individuals outside of the
intended release area, either temporarily or permanently (Le Gouar et al. 2012).

Excessive dispersal can influence the outcome of a reintroduction attempt by reducing the size
of the founding population (Tweed et al. 2003), removing individuals from the breeding
population and possibly exposing animals to higher risks of mortality and poorer habitat
quality outside of managed areas (van Heezik et al. 2009; Le Gouar et al. 2012). Animals
disperse after release for a variety of reasons, including intra- and interspecific competition,
predation pressure, habitat quality, breeding opportunities and the age and sex of individuals
(O’Connor 2000; Roe et al. 2010; Ryckman et al. 2010). Specific animal behaviours such as
homing can also induce immediate, long distance dispersal away from a release area (Carrie et
al. 1996).
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3.1.2 Survival

The ultimate goal of a reintroduction is to establish a self-sustaining wild population that will
continue to grow and persist over time, however, with low post-release survival this goal is
unlikely to be achieved. Low post-release survival will influence the success of a
reintroduction attempt as it reduces the size of the founding population, which may often be
small to start with (Armstrong & Seddon 2008). Low post-release survival has been the most
commonly reported cause of reintroduction failure (Le Gouar et al. 2012).

Survival after release can be evaluated in two stages; survival in the initial, short-term
establishment phase and survival over the long-term or persistence phase (Armstrong &
Seddon 2008). Reintroduced populations often experience high mortality rates soon after their
release (Griffith et al. 1989) that may be related to the stress of being caught, transported and
liberated into an unfamiliar environment (Dickens et al. 2010). The inexperience of
individuals in the new environment is also related to high initial mortality rates (Armstrong et
al. 1999). Long-term survival is more often related to factors such as predation, disease and
environmental conditions (e.g. habitat quality and droughts) at the release area (Armstrong &
Seddon 2008). A reintroduction may fail due to low survival rates, but it is important to
categorise the failure as occurring in one or the other of the two survival time periods so as to
get a better understanding of the factors possibly causing the low survival. Strategic
monitoring with radio-telemetry can help to achieve this by enabling individuals to be located
and the timing and likely cause of death identified (Armstrong et al. 1999).

3.1.3 Home Ranges

Understanding the organisation of animals in space and time is a fundamental aspect of
ecological studies (Kernohan et al. 2001). Home range estimation is a widely used tool to
measure and help understand patterns of animal space-use within a region and over time
(Downs & Horner 2008). One of the earliest definitions of a home range is by Burt (1943:
p351): ‘the area traversed by an individual in its normal activities of food gathering, mating
and caring for young’. White and Garrott (1990) add that a home range is not the entire area
an animal has traversed in its lifetime, but rather the area it normally moves, and this is
susceptible to change over time. Furthermore, a home range is not simply a region within
which an animal can be found, it is a distribution of areas utilised at different intensities
(Dixon & Chapman 1980). In practical terms a home range comprises a mapped area set by an
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animal’s location fixes and a numeric estimate (e.g. hectares, m2 or km2) of the area that
animal uses over some given time frame.

Reintroduction studies provide a unique opportunity to analyse the evolution of space-use
patterns and home range establishment as the released animals navigate an unfamiliar
environment that often has no resident conspecifics. Home range estimations can provide
insights into behavioural and social interactions, can provide information on resource
selection by individuals (Aarts et al. 2008; Horne et al. 2011), and show the distribution of
territories between individuals (Steffens et al. 2005). Home range details can further be used
for estimating the relative carrying capacity for suitable future reintroduction sites (Ryan &
Jamieson 1998).

3.1.3.1 Home Range Estimators

There are a range of home range estimators available with the two most commonly used being
the minimum convex polygon (MCP; Mohr 1947) and the parametric kernel density estimate
(KDE; Worton 1989). The MCP is the oldest and most widely used method and is favoured
for its simplicity, ease of calculation, and comparability with previous studies (Harris et al.
1990; Laver & Kelly 2008). However, the use of MCP in ecological research has been
criticised due to its sensitivity to changes in sample size, the tendency to overestimate home
range size due to outlying locations, and its inability to indicate areas of different intensities
of use (Harris et al. 1990; Seaman et al. 1999). The KDE was applied to ecological studies by
Worton (1989) and has increasingly become the method of choice in researching space-use
relationships (Borger et al. 2006). The KDE is favoured as it not only provides an estimate of
home range size but it also creates a utilisation distribution (UD) of animal locations which
factors in the amount of time an animal spends in certain areas of its home range (Seaman et
al. 1999).

A more recent estimator, which similarly to the KDE estimates an UD, is the local convex
hull (LoCoH; Getz & Wilmers 2004; Getz et al. 2007). The LoCoH method is described as a
generalisation of the MCP and is essentially a nonparametric kernel method that directly uses
location points to construct UDs (Getz et al. 2007). The direct use of data gives the LoCoH
method the advantage of being able to distinguish and exclude areas of non-use or areas that
are inaccessible to animals (Getz et al. 2007). This results in LoCoH home ranges following
geographic boundaries such as the shores of a lake, a rocky bluff or a fenced reserve,
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circumstances in which other home range techniques would include these inaccessible areas
in animal home ranges estimations.

3.1.4 Reducing Dispersal and Mortality in Reintroductions

In recent years different reintroduction procedures have been applied in an attempt to reduce
post-release dispersal and mortality and to increase the likelihood of the founding population
becoming established in the release area. Experiments have tested different release strategies
including; soft-releases vs. hard-releases (Bright & Morris 1994; Ryckman et al. 2010), young
vs. old individuals (Le Gouar et al. 2008), captive-bred vs. wild-born individuals (Scott &
Carpenter 1987; Maxwell & Jamieson 1997), the size of the release cohort (Clarke &
Schedvin 1997) and the familiarity within the release cohort (Armstrong & Craig 1995). Both
dispersal and mortality influence the outcome of reintroductions. Being able to identify and
distinguish factors that influence the success (or failure) of reintroduction attempts is
necessary to inform future projects.

3.1.5 Unfenced Mainland Islands

New Zealand has achieved relatively high success rates in translocating threatened species to
predator-free offshore islands (Ryan & Jamieson 1998; Armstrong & Ewen 2001) and
reintroducing them into mainland sites protected by predator-proof fences (Armstrong 2010;
Ewen et al. 2011). These release areas have been cleared of all introduced mammalian
predators that have caused the decline of many species in New Zealand (Craig et al. 2000).
The challenge with reintroductions to unfenced mainland areas, or “mainland islands”
(Saunders & Norton 2001), is that the original cause of decline, in terms of predators, is still
present, albeit at reduced densities. Reintroductions to unfenced mainland island conservation
areas also present animals with greater opportunities to disperse. Unlike offshore islands or
fenced mainland sites which have distinctive boundaries acting as barriers to dispersal,
unfenced mainland areas are located within the continuous landscape, often with nothing
stopping reintroduced individuals from leaving the release area.

3.1.6 Study Species

In this chapter I quantify dispersal, survival and home range establishment through detailed
post-release monitoring of reintroduced buff weka at a New Zealand mainland site. The buff
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weka (Gallirallus australis hectori) is a large, flightless rail and is classified as ‘at risk-relict’
under the New Zealand threat classification system (Miskelly et al. 2008). In New Zealand,
the buff weka has a limited distribution and is confined to one main population on the
Chatham Islands and a few smaller populations on predator free islands in Lakes Wanaka and
Wakatipu on New Zealand’s South Island. Previous attempts to reintroduce buff weka onto
mainland New Zealand have lacked sufficient post-release monitoring. Therefore, little has
been learnt about the dispersal, survival and home ranges of buff weka and the effect they
have on the outcome of a reintroduction. More information on buff weka can be found in
Chapter 1 section 1.5. The home range results presented here will be used in the resource
selection analysis carried out in Chapter 4.

The success of this reintroduction will be assessed through a set of a priori criteria which
were implemented by the buff weka project management team and include:
1. The retention of the released buff weka within the boundaries of Motatapu Station.
2. The establishment of home ranges and subsequent breeding and fledging of buff weka
chicks.
3. The long-term survival of the release cohort, particularly that of breeding pairs.

3.2 Methods
3.2.1 Study Area
Motatapu Station (44.7297°S, 168.9251°E) is located west of Wanaka on New Zealand’s
South Island. It is a 17500 ha, privately owned, high country sheep station which employs a
sustainable farming strategy and grazes just 15% of the available land. The remaining 85% of
land less economically viable for farming has been fenced off to allow regeneration and to
create a conservation zone. A predator control programme has been in place for a number of
years with an extensive trapping network targeting introduced mammalian predators,
particularly cats and mustelid species, to reduce their numbers to a level where native species
can co-exist. Refer to Chapter 1 section 1.7.1 for a full description of Motatapu Station.
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3.2.2 Post-Release Monitoring
Nineteen buff weka (15 M, 4 F) were released on to Motatapu Station starting on the 28 th
November 2011. Each bird was fitted with either a two-stage Sirtrack® VHF transmitter
(N=9) or a combination of a new light-weight GPS and VHF unit (N=10). The birds were
monitored every two days where possible for four months until the end of March 2012. I
homed in using a hand-held three-element Yagi antenna (Sirtrack®, Havelock North, New
Zealand) and Telonics® TR-4 receiver (Telonics®, Arizona) to sight each bird and recorded
their locations using a Garmin GPSmap 60CSx hand held GPS unit. For a more detailed
review of the reintroduction and monitoring protocols refer to Chapter 2.

3.2.3 Dispersal

To analyse how buff weka dispersed from the release site I define dispersal in two ways:
Firstly, overall dispersal was a measure of dispersal away from the release site for the entire
four-month study period. This was calculated as the linear distance between the release site
and the centre of the 70% a-LoCoH core area of each buff weka’s home range. In the cases
where birds died before they had a chance to establish a home range (N=4; see section 3.3.3
for details on how home range establishment was defined), their dispersal was measured as
the distance between the release site and the location at which their carcass was found.
Secondly, I measured dispersal as the maximum distance moved from the release site across
increasing time periods (e.g. 48 hours, 1 week, 1 month, 2 months etc.). For this analysis I
combined male and female data and took the mean maximum distance moved in each time
period to provide a population level analysis showing the maximum dispersal distance over
time.

3.2.3.1 Site Fidelity

I followed the methods in Wilson et al. (1992) to measure site fidelity of buff weka to the
Motatapu Station release site. The distance between the release site and each of the buff
weka’s radio-tracked locations was calculated and assigned into 100 m bins to be plotted in a
histogram to show how far the reintroduced population of buff weka had moved.
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3.2.3.2 Dispersal Statistical Analysis

All dispersal analyses were carried out using ArcGIS 10 (ESRI 2011) and R (version 2.15.0;
R Development Core Team 2012) for statistical comparisons. The overall dispersal
differences between males and females were compared using Mann-Whitney U-tests as the
data was not normally distributed.

3.2.3.3 Movement Analysis

Geospatial lifelines were created from the telemetry locations and visually analysed to
document any patterns in buff weka movements after their release (Hagerstrand 1970; Laube
et al. 2007). However, because buff weka were released individually over a period of seven
days and not all birds were located every day or on the same day I used the following methods
to allow the comparison of movements and locations of buff weka across time.
To begin the movement analysis I first created a ‘base time’ that I set as midnight (12am) on
the day of first release. In my case this was 12 am on the 28 November 2012. I then converted
all the times recorded for the relocations of buff weka across the study period to ‘minutes
after’ this base time. Creating this ‘base time’ and converting the relocation times to ‘minutes
after’, allowed me to standardise time and compare weka locations relative to each other.

Using ET Geowizards (version 10.2; Tchoukanski 2009) I converted the point locations of
each buff weka into polylines, using the ‘minutes after base time’ variable as the z value. This
created a 3D line based on time. I then created rasters representing 12am for each day after
release and assigned them values equalling the day, in minutes, after the base time. For
example, the raster for the base time was 0, day one was 1440, day two 2880 etc. etc.

Using Python (version 2.7; Python Software Foundation 2012), ArcGIS 10.1 (ESRI 2012) and
arcpy function libraries I intersected each buff weka’s 3D movement line with the day rasters
to create line segments that represented each day. I created points at the beginning and end of
each day line segment and used these points to calculate bearing and a general direction of
weka movement each day.
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The outcome of this approach provided a new way to visually analyse and compare the
location, direction of movement and relative distance moved each day by buff weka after their
release.

3.2.4 Survival

The post-release monitoring schedule of sighting each buff weka every two days was
designed to allow dates of mortality to be assigned accurately to within a day or two. New
Zealand’s Department of Conservation (DOC) placed an initial buff weka mortality limit of
30% of the founding population within the first three weeks post-release. If mortality
exceeded the 30% limit during this time period then the remaining buff weka were to be
caught and returned to the soft-release enclosure. Survival in this reintroduction was evaluated
during the establishment phase, defined as the “Survival and successful breeding by founder
individuals and their offspring; this is a prerequisite for, but not a guarantee of, population
persistence” (Seddon et al. 2012). Therefore, survival past this time was defined as occurring
in the longer-term persistence phase (Armstrong & Seddon 2008). Due to the small sample
sizes, I pooled male (N=15) and female (N=4) mortality data together and investigated the
survival of buff weka as a population over these two time periods.

3.2.4.1 Survival Analysis

Daily post-release survival probabilities were estimated for the five-month period following
release using the Kaplan-Meier survival function (Kaplan & Meier 1959) with a staggered
entry design (Pollock et al. 1989). I followed the guidelines in Robertson & Westbrook (2005)
to accommodate lost birds by right censoring them at an intermediate date between when they
were last seen alive and the first time an animal could not be located. I used a five-month
post-release monitoring period for survival, in contrast to the four-month tracking period for
dispersal and home range establishment because at the end of this initial four-month study
period, surviving weka were all re-fitted with two-stage VHF transmitters (Sirtrack®,
Havelock North, New Zealand) containing mortality switches. These birds were monitored
twice a week to check on survival. Mortalities after the initial four-month post-release
monitoring period have therefore been included in the Kaplan-Meier survival analysis as they
have accurate dates for these mortality events. Kaplan-Meier survival rates were calculated in
R (version 2.15.0; R Development Core Team 2012) using the package survival (version
2.36-14; Therneau 2012).
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3.2.4.2 Cause of Death

Upon finding a dead buff weka the carcass and surrounding areas were examined to collect
field evidence that could provide information about the possible cause of death. Necropsies
were carried out on the deceased weka to confirm the cause of death. The skin from around
the neck and back of the head was carefully removed and the underside of the skin was
checked for puncture wounds. Each puncture wound in the skin was labelled and the locations
of wounds in the skin were sketched for reference. Callipers were used to measure all possible
distances between puncture wounds that were >4 mm and <21 mm apart which represent the
minimum inter-canine distance for stoats and the maximum inter-canine distance for cats
respectively (Ratz et al. 1999). In some instances there were pairs of bite marks >21 mm from
all others so these wounds were assumed to be a definite canine pair and provided the most
accurate measurement of inter-canine spacing (Ratz et al. 1999). Measurements were taken
from the centre of the puncture holes as it was assumed that this would represent where the tip
of the canine teeth entered. Stoats, ferrets and cats were the most likely mammalian predators
of buff weka killed on Motatapu Station. The distances between puncture wounds were
compared to a set of pre-measured inter-canine distances collected from the skulls of each
predator by Ratz & Moller (1997) to determine which mammalian predator was responsible
for the death.

3.2.5 Home Range Estimation
For this study I defined ‘home range’ as the area traversed over the duration of the four-month
monitoring period, starting from the day of release. I acknowledge that initially, the birds
were unfamiliar with their new environment so my calculation of home ranges will include
some exploratory movements. I calculated home ranges for individual buff weka using two
different home range estimators: local convex hulls (LoCoH) and minimum convex polygons
(MCP), the latter to facilitate comparisons with other studies.

3.2.5.1 Local Convex Hull

LoCoH home ranges can be created using three algorithms: 1) Fixed k-LoCoH, 2) Fixed rLoCoH, and 3) Adaptive a-LoCoH (Getz & Wilmers 2004; Getz et al. 2007). LoCoH UDs are
created by constructing and joining a set of local convex hulls (or polygons) for each data
point, using a number of other neighbouring points.
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In this study I employed the a-LoCoH to estimate home ranges. The a-LoCoH method
depends on a user-defined parameter, a, which influences the shape of the UD isopleths. I
selected the value of a based on the “rule of thumb” approach proposed by Getz et al. (2007)
and set a equal to the maximum distance between any two locations in the data set. A separate
a value was chosen for each individual weka. For detailed information on how the a-LoCoH
method calculates different areas of intensity or isopleths refer to Getz et al. (2007). The aLoCoH results in robust utilisation distributions and is less sensitive to deviations from poorly
chosen a values when compared to the two other LoCoH estimators, k-LoCoH and r-LoCoH
(Getz et al. 2007). I constructed isopleths at the 100%, 95% and 70% UD scales, with the
70% isopleth representing the core area of a home range. Core areas were analysed at the 70%
isopleth because the a-LoCoH method did not calculate 50% or 60 % isopleths for all
individuals due to differences in location sample sizes (Getz et al. 2007). Seventy percent
UDs were therefore chosen to allow a direct comparison of core area size between
individuals. I justify using the 100% isopleth because the ‘homing in’ technique used to track
the birds resulted in accurate locations with visual confirmation that a bird was present at a
specific point. I was also interested in habitat selection (see Chapter 4) over the whole of the
post-release period, requiring all weka locations to be included, and these were appropriately
encompassed in the 100% isopleth. I used the LoCoH R script and graphical user interface
(available at http://locoh.cnr.berkeley.edu) and the package adehabitat (1.8.10; Calenge 2006)
to calculate a-LoCoH home ranges in R (version 2.15.0; R Development Core Team 2012).

3.2.5.2 Minimum Convex Polygon

The MCP provides a measure of home range by joining the outermost locations of an
individual’s distribution. MCPs are therefore a maximum estimation of an animal’s home
range and are likely to include areas of non-use (Worton 1987). I included the 100% MCP and
95% MCP estimations in my analysis in order to compare home ranges to those measured in
previous weka studies. MCP home ranges were calculated in R (version 2.15.0; R
Development Core Team 2012) using the package adehabitat (version 1.8.10; Calenge 2006).
Incremental analysis in Ranges7 (South et al. 2008) was used to determine if an adequate
number of locations had been collected to reveal a buff weka home range. It was assumed that
if the incremental analysis plot reached an asymptote then enough locations had been
collected for a home range to be calculated.
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3.2.5.3 Home Range Statistical Analysis

Statistical analyses of home ranges were carried out in R (version 2.15.0; R Development
Core Team 2012) using the non-parametric Mann-Whitney U test to examine differences
between the size of male and female buff weka home ranges and to test for differences
between the two home range estimators, MCP and a-LoCoH.

3.2.5.4 Time to Establishment

I followed the methods of Bennett et al. (2012) and used the post-release movements of buff
weka to ascertain when an individual bird had stopped dispersing from the release site and
established a home range. For each individual buff weka, I measured the distance from each
location where that bird was found during the monitoring period to that individual’s final
location. These distances were graphed against days after the bird’s release and the time
where the graph reached a lower asymptote was used to indicate when a bird had settled down
and this time was assumed to be when a home range had been established (see Figure 3.7).
The assumption is based on the idea that initial post-release movements may be far from the
bird’s final settlement area but once a home range is established the bird’s locations should all
be in a relatively similar area and therefore close to the final location (Bennett et al. 2012).

3.3 Results
A total of 725 locations (690 VHF and 35 GPS) were recorded for the 19 (15 M, 4 F) buff
weka radio-tracked from November 2011 to March 2012. The average number of locations
per bird was 38.2 (± 21.5 SD, range = 1-70; see Table 3.1). Individual birds were monitored
for an average of 71.4 days (± 40.6 SD, range = 4-124 days). Differences in the number of
locations and tracking days per bird are due to early mortalities, transmitter loss and
transmitter failure.

The low number of recorded GPS locations was due to the malfunction of all the GPS units.
There was a coding issue with the programming in the GPS software. The GPS units were
meant to be programmed to turn on every seven hours, attempt a location fix and then turn off
again. However, after turning on for the first time the GPS module stayed on which rapidly
drained the batteries and caused them to go flat after only a few days of tracking. After
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visually looking for location errors and unlikely locations in the GPS points, I decided that
there were no outliers and the few locations recorded were accurate based on comparisons
with VHF locations acquired on the same day. I included the GPS points in all of the analyses
as they provided useful information relating to the movements and dispersal of buff weka in
the days immediately after release.

3.3.1 Dispersal and Movements

Reintroduced buff weka showed evidence of site fidelity, with no birds dispersing past the
boundaries of Motatapu Station, and with respect to the predator control area, birds rarely
made movements beyond the trap network (Figure 3.1). The 15 buff weka for which home
ranges could be revealed, established their home ranges within the boundaries of the predator
control area.

Figure 3.1: The dispersal of buff weka in relation to the trap network on Motatapu Station,
South Island, New Zealand. Arrows show the direction of dispersal to the final locations
where each buff weka was found before transmitter failure, at the time of their death, or at the
end of the study period.
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3.3.1.1 Dispersal from Release Site

Overall, buff weka dispersed an average of 742.01 m (± 699.80 SD) from the release site. At
the end of the study period the closest 70% a-LoCoH core area was established just 76.38 m
from the release site by bird Tx11 while the furthest was 2.19 km away by bird Tx05. There
were no significant differences (W = 38, p = 0.469) between the overall distances dispersed
by males (772.82 m ± 179.34 SE) and females (626.47 m ± 407.57 SE) over the four-month
monitoring period.

Buff weka displayed individually variable dispersal behaviours. Ten (53%) of the 19 birds
exhibited slow dispersal behaviours and could still be found within 200 m of the release site
one week after release. While other individuals made straight-line movements away from the
release site immediately after release. The maximum distance an individual bird moved from
the release site was 4.35 km by a male five days after release. However, this was the furthest
this bird travelled, after which he moved back and was regularly found in the same area ~2.1
km from the release site (Figure 3.2A). This behaviour of dispersing to a certain point then
coming back closer towards the release site was observed for four other birds: Tx03, Tx07,
Tx23 and Tx29 (Figure 3.2B). Two birds barely left the release site and spent the entire study
period directly adjacent to the soft-release enclosure (Figure 3.2C).

A

See following page for figure caption.
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B

C

Figure 3.2: Examples of dispersal behaviours of reintroduced buff weka post-release. A) Bird
Tx05: immediate dispersal and the maximum distance moved by all birds. B) Bird Tx03: slow
to leave the release site, after which it dispersed 1.2 km before returning. C) Bird Tx11: Never
left the area adjacent to the soft-release enclosure.
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The mean maximum distance moved from the release site for the reintroduced population of
buff weka increased up to one month post-release (Figure 3.3). The average maximum
distance moved by this time was 933.79 m ± 682.87 SD (range = 97.42 to 2324.75). After one
month, the mean maximum distance away from the release site started to level off and the
variation is due to changes in sample size (Figure 3.3).

N=17

N=15

N=6

N=17
N=18

N=11

N=18

Figure 3.3: Mean maximum distance dispersed by reintroduced buff weka as time after
release increases (N = population size, error bars represent ±1 SE).

3.3.1.2 Site Fidelity

Female buff weka (284.72 ± 23.91 m) showed greater site fidelity than did male buff weka
(837.26 ± 35.7 m; W = 56678, p < 0.001). After their release the 19 reintroduced birds were
most frequently found within 200-300 m of the release site (Figure 3.4). Over the course of
the four-month monitoring period just over three quarters (76%) of all buff weka locations
were recorded less than one kilometre from the release site and 84% of locations were within
two kilometres of the release site. The remaining locations greater than two kilometres were
all for just two birds (Tx05 and Tx44) with the peak in locations around 2200 m representing
the core areas of these two birds’ home ranges (Figure 3.4).
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Figure 3.4: Distribution of the linear distances to each radio-tracked buff weka from the
release site throughout the four-month monitoring period on Motatapu Station, South Island,
New Zealand.

3.3.1.3 Movement Analysis

Overall, buff weka moved on average 106.64 ± 4.47 meters per day. I found that movement
rates for male buff weka (117.95 ± 5.34 m/day) were significantly greater than female
movement rates (57.20 ± 4.56 m/day; W=196912, p <0.001). There did not appear to be any
trend or pattern in the movements of buff weka after release. Birds dispersed from the release
site in all available directions. Throughout the monitoring period, however, I did find that
individual birds were located in close proximity to each other on the same day, for multiple
days, and often in areas quite far from the release site. For example, Tx05 and Tx44 (both
males) first crossed paths 37 days after the designated ‘base time’. This was 2.1 km from the
release site and in an area where they both subsequently formed their home range core areas.
On a separate occasion, two birds, Tx09 and Tx60, again both males, were found in the same
creek gully 1.2 km from the release site 24 days after the ‘base time’. Two days later both
birds were found dead within 50 m of each other.
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3.3.2 Survival

There was 100% survival during the pre-release stages of transportation and captivity in the
soft-release enclosure. Buff weka survived the initial 30% mortality limit set by DOC with
two birds (11%) dying during the first three weeks post-release. Overall however, of the 19
buff weka released onto Motatapu Station, 15 (79%) died, one (5%) was lost due to VHF
transmitter malfunction, and three (16%) birds survived the full-five month period. One bird
also slipped out of its transmitter harness; however, this bird was coincidentally found dead
approximately two weeks afterwards and so is included in the mortality class. The earliest
mortality occurred four days after release and the latest occurred 164 days after release (mean
= 66.87 days ± 48.03 SD; Figure 3.5). Deceased birds were found at a mean distance of
782.80 m (± 660.66 SD) from the release site (range= 53.71-1831.89 m) with more than half
(N=8) of the 15 deceased birds located very close (< 500 m) to the release site.

Figure 3.5: The Kaplan-Meier daily estimate of Buff Weka survival reintroduced into a
heavily trapped mainland site on Motatapu Station, South Island, New Zealand. (X represents
an individual that has been censored).
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3.3.2.1 Cause of Death

Necropsies confirmed that all fifteen deaths were caused by mammalian predation. Eight buff
weka were killed by stoats, two were killed by ferrets, three birds could not definitively be
categorised into stoat or ferret predations as the inter-canine measurements overlapped so
could have been from either mustelid species. For the remaining two birds the predator
identity could not be confirmed as the carcasses had been ravaged.

3.3.3 Home Range

Incremental analysis revealed that 15 of the reintroduced buff weka had a sufficient number
of locations (≥25 locations) collected to calculate home range size for the monitoring period
(Appendix B). The remaining four weka that had fewer than 25 locations, and thus home
range estimates that did not reach an asymptote, were excluded from further analysis as the
full extent of their home range may not have been revealed.

3.3.3.1 Home Range Estimator Comparison

Home range sizes of buff weka reintroduced on to Motatapu Station varied widely (Table 3.1;
Appendix C). Home ranges ranged from 2.76 – 743.52 ha (100% MCP), 0.9 – 530.02 ha
(95% MCP), 1.64 – 230.95 ha (100% a-LoCoH) and 0.84 – 96.68 ha (95% a-LoCoH). The
70% a-LoCoH core areas of buff weka home ranges also varied widely and ranged from 0.26
– 12.11 ha (Table 3.1; Appendix C).

Due to the small sample sizes, male and female data were pooled to test for differences
between the different types of home range estimators used. Overall, the MCP estimator
consistently produced significantly larger home ranges than a-LoCoH estimations at both the
100% UD (W = 120, p < 0.001) and 95% UD (W = 120, p < 0.001; Table 3.2). The 100%
MCP home ranges were between 1.12 and 512.57 ha larger than the 100% a-LoCoH home
ranges while the 95% MCP home ranges were between 0.06 and 433.35 ha larger than the
95% a-LoCoH home ranges. From here on I report statistical analysis based only on the aLoCoH home ranges.
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Table 3.1: The home range size as estimated by MCP (100% & 95% UDs) and a-LoCoH
(100%, 95% & 70% UDs) of each reintroduced buff weka on Motatapu Station, New Zealand,
including the number of locations and a.
MCP (ha)
Bird ID Sex

a-LoCoH (ha)

Transmitter

VHFa

GPSb

100%

95%

100%

95%

70%

ac

Tx01

M

GPS/VHF

65

0

44.65

30.55

23.26

15.02

5.47

1104

Tx03

F

GPS/VHF

30

3

19.53

17.51

6.42

4.52

2.75

1558

Tx05

M

GPS/VHF

61

9

743.52

530.02

230.95 96.68

7.51

4513

Tx07

M

GPS/VHF

38

0

38.25

36.03

13.64

10.39

3.41

1255

Tx09*

M

GPS/VHF

14

3

26.18

25.89

9.58

9.32

2.89

1286

Tx11

M

GPS/VHF

67

2

4.11

3.36

2.50

1.28

0.26

341

Tx19*

M

GPS/VHF

3

6

1.71

1.18

0.09

0.03

0.03

424

Tx20*

F

VHF

1

-

-

-

-

-

-

-

Tx22

F

VHF

59

-

4.79

0.90

2.42

0.84

0.26

486

Tx23

M

GPS/VHF

65

0

53.91

20.75

19.61

6.26

1.15

1311

Tx24

M

VHF

41

-

97.49

67.31

57.95

36.68 12.11 1509

Tx25

M

GPS/VHF

21

6

9.97

8.87

4.40

3.01

2.13

560

Tx27

F

GPS/VHF

35

6

11.24

3.97

3.52

1.86

0.68

689

Tx29

M

VHF

30

-

54.71

37.18

26.33

19.34

6.91

1544

Tx38

M

VHF

31

-

2.76

2.41

1.64

1.20

0.29

377

Tx40

M

VHF

25

-

48.58

29.02

30.07

12.34

7.10

1250

Tx44

M

VHF

63

-

332.31

184.33

124.65 45.38

7.33

2984

Tx46

M

VHF

29

-

70.91

48.04

41.15

19.62

8.19

1287

Tx60*

M

VHF

12

-

53.68

38.35

14.47

5.74

5.74

1278

*Birds excluded from home range analysis due to their small number of locations
a

Number of VHF locations

b

Number of GPS locations

c

Value of a to calculate a-LoCoH home range
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Table 3.2: Mean home range size of male, female and all reintroduced buff weka as estimated
by MCP (100% & 95%) and a-LoCoH (100%, 95% & 70%) estimators. N is the sample size
of each group, data is mean ± standard error.
MCP (ha)

a-LoCoH (ha)

N

100%

95%

100%

95%

70%

Males

12

125.10 ± 61.66

83.16 ± 42.97

48.01 ± 19.27

22.27 ± 7.83

5.16 ± 1.07

Females

3

11.85 ± 4.26

7.46 ± 5.10

4.12 ± 1.19

2.41 ± 1.10

1.23 ± 0.77

Overall

15

102.45 ± 50.37

68.02 ± 35.03

39.23 ± 15.98

18.29 ± 6.57

4.37 ± 0.95

3.3.3.2 Home Range Sex Comparison

Male (N=12) and female (N=3) 100% a-LoCoH home range sizes were not significantly
different (W = 30, p = 0.101). However, the average 100% a-LoCoH male home range (48.01
ha ± 19.27 SE) tended to be larger than the average 100% a-LoCoH home range of females
(4.12 ha ± 1.19 SE; Figure 3.6). Males (5.16 ha ± 1.07 SE) also tended to have larger 70% aLoCoH core areas than females (1.23 ha ± 0.77 SE) but again this difference was not
significant (W = 29.5, p = 0.10; Figure 3.6). These results should be treated with a bit of
caution due to the bias in the sample size between the two sexes.

3.3.3.3 Time to Establishment

Overall, buff weka took on average 19.6 days (± 14.4 SD) to stop dispersing or exploring and
establish a home range where individual birds could routinely be located. Seven out of the 15
birds that could have home ranges revealed, had established a home range within two weeks
of being released. Figure 3.7A shows an example of the graphical method used to determine
the time when an individual bird had established a home range. One bird (Tx38; Figure 3.7B)
was never located more than 220 m from its final location which indicates it established its
home range immediately after being released. The remaining eight birds took up to 41 days to
be to find an area in which to settle in.
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Figure 3.6: Comparison of the mean (± SE) male and female buff weka home ranges and core
areas as estimated by MCP and a-LoCoH methods.

A

See following page for figure caption.
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B

Figure 3.7: Examples of the method used to determine home range establishment by
reintroduced buff weka. A) Bird Tx05: Home range establishment occurred 35 days postrelease, indicated by the start of a lower asymptote at this time. B) Bird Tx38: Immediate
home range establishment post-release indicated by the short distance (<220m) to the bird’s
final location from all locations.

3.4 Discussion
Post-release monitoring is a critical component of reintroduction attempts as it enables
questions relating to the outcome of such projects to be answered (Ewen & Armstrong 2007).
Monitoring enables the detection and documentation of specific animal behaviours which may
directly influence the success or failure of a reintroduction. Following their release on to
Motatapu Station, individual buff weka displayed variable behavioural patterns relating to
dispersal, survival and home range establishment.

3.4.1 Dispersal

Weka are known for their keen homing instinct and ability to travel long distances. Previous
weka reintroductions recorded some impressive movements by these flightless birds (72km
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Robertson 1976; 130 km Marchant & Higgins 1993). Not only can they travel far, but weka
are also adept swimmers (Wright 1981), and they have also been located on the opposite side
of mountain ranges following a reintroduction (Coleman et al. 1983). With these behavioural
traits and abilities there were expectations that some individuals would disperse from the
release area. To have 100% of the reintroduced population stay within the confines of the
study area is a rare event.

It is recommended in the Weka Recovery Plan (Beauchamp et al. 1999) that reintroductions
of weka should implement a soft-release phase due to the weka’s homing instincts. It may be
possible that the soft-release design of the Motatapu reintroduction succeeded in developing
site attachment in the buff weka. Soft-releases are a common aspect of reintroductions with
many believing that the process does increase site fidelity (Wanless et al. 2002; Attum et al.
2011) but see (Hardman & Moro 2006). However, in this project, without the results from a
comparable hard-release, I cannot definitively say that soft-release was the reason why the
birds remained on Motatapu Station.

The sub-adult age of the buff weka released is another aspect influencing the site fidelity
recorded at Motatapu Station. Adult animals most likely have established territories and
possibly pair bonds in the source population and may be motivated to leave the release area
and attempt to return to this territory (Masuda & Jamieson 2012; Schadewinkle 2012 unpub.
data). Younger animals, on the other hand, are unlikely to have developed territories in their
source population and therefore will not be habituated in that area so may be less inclined to
return (Graeme & Graeme 1994). Younger animals may also be more adaptable to new
environments (Armstrong & McClean 1995). The sub-adults caught at the source population
demonstrated characteristics of non-territorial “floaters” (Bradley et al. 2012), often seen in
groups of up to six and non-responsive to territorial call playbacks. The young age of the buff
weka in this reintroduction could therefore be responsible for their complete lack of dispersal
from the release area.

The lack of dispersal could also be an indication that favourable habitat for buff weka is
present on Motatapu Station. A full review of resource selection by reintroduced buff weka
can be found in Chapter 4. Unsuitable habitat has been listed as one of the major causes of
reintroduction failures (Griffith et al. 1989; Wolf et al. 1996) as it can leave animals lacking
the necessary resources for survival and reproduction and can also induce long distance
dispersal away from the release area as individuals search for more acceptable habitats. There
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is a phenomenon called natal habitat preference induction (NHPI; Stamps & Swaisgood 2007)
which could suggest that the buff weka were detecting environmental cues that were shared
with their natal (source population) habitat and therefore are less likely to travel long
distances (Stamps & Swaisgood 2007). The habitats present on the source islands were not
quantified; however, there were shrub and bracken habitats on the islands that resembled
those on Motatapu Station.

The Motatapu Valley is a high country station bordered by large mountain ranges (>2000m)
to the east and west that could effectively act as natural geographic barriers to permanent
dispersal from the study area. However, as mentioned above, weka are capable of crossing
mountain ranges (Coleman et al. 1983) so the lack of dispersal from the release site could
better be related to the habitat types encountered at the boundaries of the study area. For
example, the two birds that moved the furthest east and west reached a point where expansive
tussock grasslands began and all other habitat types ceased to exist. These points were the
furthest either bird moved. Another instance is where an individual reached a large native
forest patch and to continue on its movement trajectory would have had to pass through the
forest. Again this was the furthest this bird moved before returning in the direction it came
from. As discussed in Chapter 4, buff weka rarely entered or selected either the native forest
or tussock grassland habitat types on Motatapu Station as both habitats (see Appendix D for
habitat descriptions) did not provide the dense ground cover which weka prefer (Marchant &
Higgins 1993). Open spaces or habitat gaps have been reported as barriers to dispersal in
other avian species (Harris & Reed 2002; Richards & Armstrong 2010) and this could be the
feature preventing buff weka from dispersing further.

3.4.1.1 Dispersal Behaviours

Similar to the study by Bramley & Veltman (1998) and Graeme & Graeme (1994), I found
that many of the buff weka were slow to leave the vicinity of the release site, with more than
half the birds still within 200 m of the release site after one week. Bramley and Veltman
(1998) suggest that the slow dispersal of weka may reflect a lack of knowledge of the release
area, and as that knowledge increases so do the bird’s movements. Birds that leave the release
site more quickly could be displaying exploratory dispersal behaviours, where an individual
passes through a number of locations before returning and settling in one of the areas
previously visited (Begon et al. 1990). Although this definition is related to the post-natal
dispersal of juveniles, it is easily transferable and relevant for use in reintroductions as both
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situations require the establishment of a home range. Differences in dispersal behaviours
could be due to differences in individual personalities. Bolder birds explore their new
environment more quickly and widely than shyer, slow-dispersing individuals (BremmerHarrison et al. 2004).

Many of the individuals showing exploratory dispersal behaviours reached a maximum
distance, then returned and chose to settle in an area closer to the release site, raising the
question of why the birds returned to that one area and did not continue exploring? As these
‘explorers’ were loners it could be that this maximum distance was a point in which they
could no longer sense or hear other conspecifics. Graeme and Graeme (1994) state that the
audible distance of a weka call is up to two kilometres and that their data, albeit limited,
showed that birds tended to stay within calling distance of the soft-release enclosure. Three
quarters of the buff weka telemetry relocations recorded were within one kilometre of the
release site, and 84% of relocations were within two kilometres of the release site; this is
comparable to the results of Graeme & Graeme (1994).

The project management team decided to keep two birds in the soft-release enclosure in the
hope that they would possibly breed. The male of this pair was frequently heard calling so it is
possible that his vocalisations acted as an anchor for the other birds that were outside the
enclosure. On multiple occasions during the tracking period up to four birds were heard
calling in the vicinity of the soft-release enclosure. Call playbacks have been used, with
variable success, in some avian reintroductions in an attempt to anchor birds to the release
area and minimise post-release dispersal (Bradley et al. 2011; Bradley et al. 2012).

3.4.1.2 Correlated Movements

Because buff weka can display homing behaviours I looked for any indications of homing
tendencies in the birds’ movements post-release. No patterns in the movements of buff weka
after their release were found. Birds did not move in groups, on no occasion did a single bird
initiate a movement that other birds followed, and there was no one direction in which all
birds moved immediately after release (Brillinger et al. 2004). Only one bird (Tx05) could be
considered to have shown homing behaviour; for the first four days after release this bird
moved four kilometres in a westerly direction in a relatively straight line. West/southwest is
the general direction of Pig and Pigeon Islands from where the birds were sourced. However,
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after four days the bird ceased its linear movements and returned in the direction of the
release site.

The movement analysis did however indicate that at various times throughout the monitoring
period, as the birds explored, they were regularly found very close to each other. I observed
male:male overlap and male:female overlap. This particular overlapping behaviour is possibly
specific to the age of the birds that were released and supports the idea that these sub-adults
are behaving as non-territorial ‘floaters’. Beauchamp et al. (2009) observed similar
behavioural interactions between sub-adult North Island weka, observing groups with as
many as nine individuals in the same location. It is not possible to say how the birds found
each other, why they chose to be in close proximity, or if there are any benefits to sharing
mutual space.

3.4.2 Survival

This reintroduction of buff weka met the specific success criterion of release site fidelity, in
the sense that the entire release cohort remained on Motatapu Station; however the released
birds experienced a very low survival rate which ultimately lead to the failure of the
reintroduction attempt. The establishment of a new population after a reintroduction is largely
dependent on the short-term survival of the released individuals (Armstrong & Seddon 2008).
In this project, four of the 19 buff weka died in the first month after release and by the end of
the five-month study period only three birds (16%) survived. The cause of death of 13 of the
15 buff weka killed was determined to be from stoats and ferrets. The other two birds were
likely also to have been killed by a mammalian predator but the identity of the predator could
not be found as the carcass had been eaten, with possible secondary scavenging.

Failure due to predation is a common cause of weka reintroduction failure (Graeme &
Graeme 1994; Bramley & Veltman 1998; Beauchamp et al. 2000). The low survival rate is
similar to that found in the most recent attempt to reintroduce buff weka to the New Zealand
mainland, when in 2009 15 buff weka were released onto Stevenson’s Peninsula on Lake
Wanaka, South Island, New Zealand. This peninsula is protected by a semi-predator proof
fence across its neck. Only six of the 15 birds were monitored intermittently with VHF
transmitters and four of the six were confirmed predated by three months after release (pers.
comm. F. Gaud). The remaining two birds carrying transmitters could not be located, but it
was unclear if they had died, dispersed, or had failed transmitters. The nine untagged birds
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were never located after release and were presumed to have died also. This reiterates the need
for intensive post-release monitoring to determine reintroduction attempt outcomes.

The worst period of mortality experienced in this study occurred in late January/early
February 2012 when six buff weka were killed over a seven-day period. This coincided with
the period when mammalian predator abundance peaked on Motatapu Station (Figure 3.8).
Predator abundance on Motatapu Station varies on an annual cycle and at the time of the
release in November 2011 the predator numbers on Motatapu Station were very low (Figure
3.8). However, soon after the release, stoat and ferret numbers started to increase around
January/February as juvenile mustelids disperse away from their natal home ranges (Morley
2002; Smith & Jamieson 2003). These same peaks in predator abundances have been found in
other unfenced mainland islands in New Zealand (Gillies et al. 2003). The number of North
Island brown kiwi (Apteryx australis mantelli) chick mortalities was highest in the summer
months coinciding with the peak in stoat numbers (Gillies et al. 2003). These results should
also be considered to guide the timing of future reintroductions to unfenced mainland sites
and direct resources to predator management (see Chapter 5 for a review of management) to
increase the chances of weka survival.

Figure 3.8: Abundance indices of mammalian predators (stoats, ferrets and cats) on Motatapu
Station, South Island, New Zealand over the past three years based on the number of trap
captures and trapping effort (trap nights; TN). Pers. comm. D. Palmer.
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The timing of this reintroduction in November 2011 gave the buff weka only approximately
two months to establish themselves before the seasonal increase in predator numbers;
however, I observed that a number of individuals had not fully settled down by this time.
Individuals that have settled down are more familiar with their surroundings, escape routes
and refugia compared with individuals that are still traversing a new environment (Burt 1940).
Although no noticeable pattern was found, mortality may be higher for these latter individuals
as their increased movements could make them more visible and therefore vulnerable to
mammalian predators. The timing of the release was out of my control as the project
management team were waiting for the reintroduction permit from the DOC but an earlier
release date for future reintroductions of weka should be considered to allow the birds
maximum time to establish themselves before the peak in predator numbers.

The high mortality rate recorded in this reintroduction was due to mammalian predators,
particularly stoats and ferrets. This high mortality rate also highlights the vulnerability of buff
weka in the presence of stoats and ferrets and may be an indication of predator naivety by buff
weka. The individuals sourced for this reintroduction were born and fledged on small
predator-free islands and buff weka have existed in the absence of stoats and ferrets for over a
century on the Chatham Islands (King 1990). Given these circumstances it is possible that
buff weka have no predator awareness or predator defences with respect to mustelid species.
Such vulnerability to predation has been shown in other naive species that have been
reintroduced into areas containing predators that were absent at the source location (see
O’Connor 2000). However, this is not to say that buff weka are completely defenceless. As
weka are natural predators themselves they have the potential to defend against mustelids
predators. This behaviour has been demonstrated in other sub-species of weka which have
been observed attacking and killing a stoat (Morrison 1980). Weka are an adaptive species
and other studies have indicated that weka have in fact self-established in areas where
mammalian predators are present and no predator control exists (Robertson 1976). This
indicates that buff weka could indeed be able to establish on Motatapu Station and again
brings about the idea that buff weka are naive to these introduced mammalian predators.

Being an unfenced mainland island, there will always be some predators on Motatapu Station
(see Figure 3.8), and without a physical structure the risk of predator reinvasion into these
types of conservation areas will always be present. However, it would be expected that the
majority of mortalities would occur if an individual dispersed outside of the predator managed
area or on the peripheries where reinvading predators could be encountered (van Heezik et al.
63

Chapter Three: Dispersal, Survival and Home Ranges
2009; Imlay et al. 2010). This was not the case with this reintroduction of buff weka. All of
the mortality events occurred within the predator controlled area with more than half
occurring in close proximity (<500 m) to the soft-release enclosure, an area that technically
should be one of the safest areas in the study area. This indicates that the existing trap
network is not extensive enough or dense enough to stop the reinvasion of mammalian
predators into the core zone and keep predator numbers at a low enough level at which buff
weka can coexist.

The high predation rate, and subsequent low overall survival (16%) experienced in this
reintroduction attempt failed to meet the a priori success criteria. Survival was too low to
sustain a viable mainland population of buff weka on Motatapu Station. Predation occurred
before strong pair bonds were formed and consequently no breeding was recorded, again
failing to meet the a priori success criteria. The loss of potential breeding individuals and zero
recruitment meant the buff weka population was unable to persist in the long-term.
Ultimately, this reintroduction failed at the establishment phase.

3.4.3 Home Range

The 100% MCP home ranges estimated for the reintroduced population of buff weka on
Motatapu Station were much larger than the 100% MCP home ranges derived in other weka
studies. Buff weka had an average 100% MCP home range of 102.45 ha which is more than
eight times the size of the 11.91 ha mean home ranges of western weka studied by (Coleman
et al. 1983), 38 times larger than findings in a study of resident North Island weka (mean =
2.68 ha; Bramley & Veltman 1998) and more than 26 times the size of resident Stuart Island
weka on two different offshore islands (means = 3.91 and 2.54 ha; Cunningham 2006).

The home ranges recorded for buff weka are expected to be larger than those estimated by
Coleman et al. (1983) and Cunningham (2006) because I defined home range as the area
traversed over the whole study period starting from the day of release. This definition of home
range is going to include exploratory and linear movements of reintroduced individuals as
they familiarise themselves with their new environment and locate areas with appropriate
resources (Hester et al. 2008; Nussear et al. 2012). Movements such as these can result in
much greater home range sizes than animals that are already resident or established as was the
case for Coleman et al. (1983) and Cunningham (2006). Bramley & Veltman (1998) also
carried out a reintroduction of weka; however, their study was plagued by very low survival
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of radio-tracked birds resulting in a low number of location fixes and small (likely
incompletely revealed) home ranges.

3.4.3.1 Differences between Sexes

Although high inter-individual variability and modest sample sizes meant I found no
statistical differences between the size of male and female home ranges, the tendency for
males to have larger home ranges than females matches the findings of Bramley & Veltman’s
(2000) study on North Island weka. Bramley & Veltman (2000) suggest than when there is a
male biased sex ratio in a weka population or a shortage in unpaired females, then male home
ranges are likely to be larger as they explore or expand their home ranges in search of an
appropriate mate. Only one true pair bond (Tx11 & Tx22) formed after release, with two of
the remaining three females being found in close proximity to separate males on a number of
occasions. However, these two females were predated not long after these observations, so
they could not be assigned as a true pair. The fourth female who was held in the soft-release
enclosure then released at a later date was killed seven days after her release and had
dispersed the furthest north out of all the weka so it is unlikely that she was part of a pair. The
severe shortage of females and possibility that three of the four had formed pairs in the
reintroduced population in this study may have forced the unpaired males to move further
away and could explain why male home ranges tended to be larger than female home ranges.

A more even sex ratio for this project would have been desirable; however it was out of my
control. The reintroduction permit granted by DOC in October 2011 coincided with the main
breeding season of buff weka. One of the conditions of the permit was not to take any
breeding adults from the source population. To fulfil this requirement sub-adult birds without
brood patches were targeted, resulting in the transfer of 18 sub-adults and one adult. Sub-adult
buff weka are monomorphic and it is therefore very difficult to distinguish between sexes
(Carroll 1963). Initially it was believed that a fairly even sex ratio was obtained but as the
study progressed and the birds grew and began calling, I realised that the founding population
of buff weka was male biased.
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Chapter Four: Resource Selection

4.1 Introduction
The realisation that different species occupy different habitats must be one of the earliest
concepts in ecology (Cody 1985). The study of habitat selection in animals has therefore long
been a central aspect of wildlife biology and conservation. Understanding the questions of
where an animal exists, why it exists there and what resource needs it has, are important for
the management and conservation of wildlife species as it elucidates the relationship between
an animal and its environment (Manly et al. 2002).

The natural environment is a heterogeneous landscape and animals must make decisions
about where to live. Resource use is rarely random, so when an individual uses a resource
disproportionately to its availability that resource is said to be selected (Alldredge & Griswold
2006). Selection of an area is based on biotic and abiotic features which contribute positively
to an individual’s survival, reproduction and growth (Greene & Stamps 2001). These features
can include food and water availability, intra- and interspecific competition, predation
pressure, nesting sites, and shelter from severe weather conditions and predators (Hilden
1965; Cody 1985; Manly et al. 2002).

Resource selection is a spatially hierarchical process, occurring at multiple scales (Johnson
1980). At the broadest scale, first-order selection relates to the physical or geographic range
of a species. Second-order selection is determined by the placement of a home range within
the geographic range while third-order selection refers to the use of various resources existing
within the home range. At the finest scale, fourth-order selection pertains to the specific use of
a resource, for example, consumption of a food item (Johnson 1980). It is recommended that
animal-landscape relationships be investigated at more than one spatial scale (Johnson et al.
2001; Anderson et al. 2005) because failure to do so could result in misleading assumptions
regarding the value of specific habitats to animals (McLoughlin et al. 2004). Multi-scale
investigations are also warranted because resources selected at one scale can dictate, or be
correlated to, what is selected at other scales (Michel et al. 2008).

4.1.1 Resource Selection in Reintroduced Populations

Reintroductions provide an opportunity to study resource selection by individuals released
into a novel environment where they have limited knowledge of the availability or
distribution of resources. A reintroduction involves the release of a founding population into
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an area where the species of interest has previously become extirpated (IUCN 2012). With no
resident conspecifics and low initial population densities, reintroduced individuals should be
free to exploit the most suitable habitats present in the release area as intra-specific
competition is low (Hilden 1965; Armstrong & McLean 1995). Quantification of resource
selection by a reintroduced population could therefore confirm species-specific resource
selection patterns of a species as confounding factors such as mental habitat maps are absent
and animals presumably rely on environmental cues to find appropriate resources
(Rittenhouse et al. 2008).

Monitoring resource selection should be a key component of any reintroduction project as
resource selection can influence an individual’s fitness which could in turn affect the overall
success of the reintroduction (McLoughlin et al. 2005). Monitoring can also provide insights
into the suitability of habitats in the release area. This information will help manage future
reintroductions and also inform the selection of future release sites.

4.1.2 Analysing Resource Selection

The study of animal resource selection entails measuring the characteristics of used resources
compared with those resources available to the animal (Thomas & Taylor 1990). Use of
resources is confirmed where an animal has been observed, for example, via telemetry
locations or animal tracks, whereas available resources are locations randomly sampled from
a domain defined by the researcher (Manly et al. 2002). A variety of statistical techniques
have been used to analyse differences in use and availability and include: chi-square
goodness-of-fit analysis (Neu et al. 1974), preference ranking (Johnson 1980), compositional
analysis (Aebischer et al. 1993), and resource selection functions (RSF) fitted using a form of
logistic regression (Manly et al. 2002). For comparisons of these techniques see (Alldredge &
Ratti 1992; Manly et al. 2002; Thomas & Taylor 2006). For the purpose of this study I will
focus on RSFs, which are defined as any function that is proportional to the probability of a
resource unit being used (Manly et al. 2002).

With the integration of geographic information systems (GIS) into ecological studies, RSFs
have become a popular tool to analyse resource selection by animals (Manly et al. 2002).
When combined with a GIS, RSFs can accommodate both categorical and continuous
resource variables (e.g. habitat types, elevation, distance measures; Boyce & McDonald
1999). Through mixed-effects logistic regression, RSFs have the advantage over other
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statistical techniques of including random effects to account for non-independence of
observations taken for each individual animal in the study (Gillies et al. 2006). RSFs can also
account for unequal sample sizes between individuals; a common feature of ecological studies
involving telemetry systems (Aarts et al. 2008).

4.1.3 Study Species

Buff weka (Gallirallus australis hectori) are a large, flightless rail endemic to New Zealand.
They are habitat generalists being found in coastal areas, pasture grasslands, mature forests
and they even make use of semi-urban environments (Marchant & Higgins 1993; Graeme and
Graeme 1994). However, buff weka are most commonly found in areas with dense ground
cover as this provides forage opportunities, nest sites and refugia from predators (Beauchamp
et al. 1999). Buff weka are omnivorous, opportunistic feeders with a variety of plant
materials, invertebrates, small vertebrates and carrion making up their diet (Marchant &
Higgins 1993; Edwards & Logan 1999; Ogilvie 2010). More information about buff weka can
be found in Chapter 1 section 1.5.

In this study I ask if resource selection by buff weka reintroduced to a mainland site varies
across different spatial scales. Using Johnson’s (1980) hierarchical progression, I use RSF to
examine resource selection at two spatial scales: 1) I compare the use of resources by buff
weka to that of available resources across the study area (second-order selection) and; 2) I
determine resource use and compare that to available resources within individual buff weka
home ranges (third-order selection; Johnson 1980). At both spatial scales I predict that buff
weka will select habitats that provide protection and food sources through use of dense
ground cover. Buff weka also require large amounts of water for both hydration and bathing
(Robertson 1976) so I also predicted use of areas in close proximity to water sources.

4.2 Methods
4.2.1 Study Area

The reintroduction of buff weka took place on Motatapu Station (44.7297°S, 168.9251°E)
located west of Wanaka on New Zealand’s South Island. Motatapu Station is a 17500 ha high
country sheep station which spans a number of catchment and valley systems. Motatapu
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Station has historically been exposed to land clearing practices to create space for pasture
grasslands (Rose et al. 1995). The station is now a mosaic of habitats which range from open
pastures to mature beech forests. Stock paddocks are generally found on the river flats and
lower valley slopes. Separating the paddocks are small side gullies filled with shrub (manuka
(Leptospermum scoparium), matagouri (Discaria toumatou) and coprosma species) and
bracken (Pteridium esculentum). Shrub and bracken patches are also found along the banks
adjacent to the three main rivers (Motatapu River, Motatapu River North Branch and
Highland Creek). Remnant patches of mountain beech (Nothofagus solandri var.
cliffortioided), red beech (N. fusca) and silver beech (N. menziesii) are present throughout
Motatapu Station. The patches are generally restricted to steep-sided tributary gullies and
steep slopes along the main rivers where fires could not reach them. Areas higher up the
valley sides are dominated by narrow leaved snow tussock (Chionochloa rigida), typical of
New Zealand’s South Island alpine environment. Refer to Chapter 1 section 1.7.1 for more
details about Motatapu Station.

4.2.2 Habitat Map

A detailed habitat map covering Motatapu Station did not exist before this study. I created a
geographic information system (GIS) of the study area using ArcGIS 10 (ESRI 2011) and
included both habitat categories and landscape variables.

4.2.2.1 Habitat Categories

The habitat categories on Motatapu Station were mapped manually using two techniques.
Firstly, I mapped the paddocks on Motatapu Station by walking the boundary fence lines
holding a Trimble® Nomad® handheld computer installed with ArcPAD (ESRI 2011). At
each corner I stopped and took an average of five GPS positions to obtain a more accurate
location fix. This technique created vector polygon shapefiles representing the paddocks
which were imported into ArcGIS 10 (ESRI 2011). Secondly, I digitised other land cover
types in the study area using aerial images from Microsoft Bing Maps (Bing Maps © 2011
Microsoft Corporation) in ArcGIS 10 (ESRI 2011). I delineated six habitat categories:
bracken, forest, paddock, rough pasture, shrub and tussock (Table 4.1; Figure 4.1) to create a
vector polygon dataset. I also delineated additional vector polygon layers for tracks and rivers.
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I used accurate GPS georeference points recorded at easily identifiable features (e.g. the
centre of track intersections, the start of bridges, or the corner of huts) throughout Motatapu
Station to assess the accuracy of the Bing Maps imagery. At each georeference point I took
the average of 160 GPS locations, then overlaid these points and the paddock layers onto the
Bing imagery. This process showed that the Bing imagery was actually out of alignment. The
displacement of vector data relative to the imagery was constant throughout the study area, so
corrective linear adjustment to the origin of the vector data coordinate system was made to
ensure alignment. The alignment process shifted the vector layers (georeference points and
paddocks) 14 m to the west to match the Bing imagery. I performed all the habitat type
digitisation in this modified projection then shifted the shapefiles back to their original and
accurate positions.

The manual mapping of paddocks and intensive monitoring of the released buff weka
provided opportunities to extensively ground truth the habitat present in the study area on
Motatapu Station. If a habitat or habitat boundary was unclear in the Bing Maps imagery I
would go to that location (e.g. a gully) take notes and photographs and then cross reference
them with the aerial imagery when digitising the habitat layers.

4.2.2.2 Landscape Variables

Elevation, slope and solar radiation layers were derived from a digital elevation model (DEM)
with a 15 x 15 m resolution obtained from Columbus et al. (2011). In ArcGIS 10 (ESRI 2011)
using Spatial Analysis Tools, the DEM was used to create the slope and solar radiation layers
at the same resolution. The solar radiation layer represented a calculated value for each pixel
indicating ‘total amount of sun received throughout the study period’ and was used in place of
an aspect layer. I measured distances to the following land use features; distance to water
(rivers and streams), distance to track and distance to dense cover (shrub or bracken habitat
types). Distances were measured in metres from each buff weka and random location to the
nearest border of the feature classes.
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Table 4.1: Description of the six habitat types used to analyse resource selection by
reintroduced buff weka on Motatapu Station, South Island, New Zealand. See Appendix D for
a full description of habitats.
Habitat Type

% Study Area

Habitat Description

Tussock

51.1

Tussock grasslands, tending to dominate at higher altitudes.

Rough Pasture

20.7

Areas that have been retired from grazing or that are too
steep to plough; contains long grasses with small patches of
bracken and shrub.

Paddock

10.2

Fenced sheep paddocks containing exotic pasture grasses.

Bracken

6.7

Dominated by bracken and tutu

Shrub

5.9

Shrubland dominated by matagouri, manuka and coprosma
species.

Forest

3.8

Remnant patches of mature beech forest with little to no
understorey.

Note: The remaining 1.6% of the study area relates to the tracks and rivers on Motatapu Station
which were not a habitat type used for buff weka resource selection.

4.2.3 Post-Release Monitoring
From 28th November 2011, 19 buff weka (15 M, 4 F) were monitored for four months using
either a two-stage Sirtrack® VHF transmitter (N=9) or a combination of a new light weight
GPS and VHF unit (N=10). When possible, birds were tracked every two days using a handheld three-element Yagi antenna (Sirtrack®, Havelock North, New Zealand) and Telonics®
TR-4 receiver (Telonics®, Arizona) to home in on and sight each bird. I recorded their
locations using a Garmin GPSmap 60CSx hand held GPS unit and noted what habitat the
birds were in when first located. A more detailed review of the reintroduction and monitoring
methods can be found in Chapter 2.
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Figure 4.1: Habitat map of the defined study area (see section 4.2.5.1) on Motatapu Station,
South Island, New Zealand.
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4.2.4 Resource Use
I defined ‘use’ as the area within a circular 10 m buffer placed around each buff weka GPS
location (used point). Buffers were used because an animal is more likely to choose areas
based on a mosaic of surrounding habitats rather than a specific point (Erickson et al. 1998;
Rettie and McLoughlin 1999). Defining use as an area also accounts for any location error in
the telemetry systems being used to locate animals (Rettie and McLoughlin 1999; Erickson et
al. 2001). The small 10 m buffer size was chosen as it included the error (< 10 m) of the
Garmin GPSmap 60CSx handheld GPS receiver and also because the homing technique used
to track each bird enabled me to visually confirm the habitat type each bird was in. Larger
buffers were considered but they resulted in the placement of ‘used’ areas where the birds
were never sighted, for example, on the opposite side of rivers. I imported the buff weka
locations into ArcGIS 10 (ESRI 2011) to create the 10 m circular buffers then calculated the
proportions of each habitat type within the buffer using geospatial modelling environment
(GME) software (version 0.7.1.0; Beyer 2012).

4.2.5 Resource Availability

In use-availability studies the definition of availability is a key element and can influence the
results of resource selection analyses (McLean et al. 1998). I defined availability at two
spatial scales (see below) and within these scales created random locations as a measure of
availability. For every buff weka location (‘used’), three random locations (‘available’) were
generated within the extent of the study area (Figure 4.2A; Anderson et al. 2005). I applied
the same 1:3 (used:available) ratio to generate random points within each buff weka home
range (Figure 4.2B). Using the same process as for used locations, I placed 10 m circular
buffers around each random location and calculated the proportions of habitat types within the
buffer using GME (version 0.7.1.0; Beyer 2012). The soft-release enclosure and all major
rivers were excluded before the random points were generated.
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A

B

Figure 4.2: An example of how random (‘available’) points were generated at two spatial
scales: A) within the study area and B) within the home range for buff weka Tx46.

4.2.5.1 Study Area Scale: Second-Order Selection

I defined the study area using the maximum distance moved by a buff weka from the release
site within the study period (Marzluff et al. 1997). Taking this distance (4.35 km) I created a
circular buffer around the release site, with the rationale that the buff weka could have
travelled this maximum distance in any direction (see Figure 4.1). The study area was
restricted to the main Motatapu, Motatapu North Branch and Highland Creek Valleys where
the predator control took place, so when the buffered area occurred outside of these valleys I
modified the buffer to follow the valley ridgeline. Motatapu Station covers 17500 ha and the
defined study area within the station was 5574 ha. The creation and modification of the study
area buffer were performed in ArcGIS 10 (ESRI 2011).

Many studies define study area as the minimum convex polygon (MCP) that encompasses all
of the locations of the animals being monitored (Thomas & Taylor 2006; Latham et al. 2011).
I believe that this definition is too dependent on the animals’ locations which could bias
resource selection analysis. For example, if all reintroduced birds settled within a large forest
patch, then placing an MCP around all locations would define the study area as that patch of
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forest and no selection could be detected. But clearly there are other habitats around the forest
that are also available. I believe my definition of study area is more appropriate than the
above approach as it is less dependent on the locations of the animals and includes available
areas beyond the overall MCP.

4.2.5.2 Home Range Scale: Third-Order Selection

The extent of availability for third-order selection was defined as the 100% a-LoCoH home
ranges of buff weka calculated in Chapter 3. Individual home ranges were imported into
ArcGIS 10 (ESRI 2011) and overlaid on top of the habitat map of Motatapu Station. I used 18
of the buff weka for this analysis. One bird had only one location recorded after release so
was excluded from the resource selection analysis. Even though three birds did not have
enough radio-tracked locations to reveal the full extent of their home range, they were
included in the resource selection analysis as even incomplete home ranges still represent
active resource selection by these birds after their release.

4.2.6 Resource Selection Modelling

Due to the small sample size, resource selection by buff weka could not be divided into male
(N=15) and female (N=3) so I combined all birds and performed an overall analysis. I
developed five a priori models to examine resource selection by buff weka at both the study
area and home range scales. No interaction terms were used in the models as I was
specifically interested in the individual variables. Buff weka resource selection on Motatapu
Station was modelled using a resource selection function (RSF; Manly et al. 2002). The RSF
approach analyses resource selection through the comparison of used versus available
resources and often takes an exponential form to evaluate the probability of use (Manly et al.
2002):
RSF = w(x) = exp(β1x1 + β2x2 + β3x3….. βkxk)
where xi, i = 1,..,k, represent individual resource variables. The selection coefficients, βi, were
estimated using generalised linear mixed-effect models (GLMM). The coefficients represent a
selection ratio for each resource. When βi > 0, use of that resource is greater than would be
expected when compared to availability, and less when βi < 0 (Boyce et al. 2003). An
information theoretic framework using Akaike’s Information Criterion (AIC) was used to
select the most parsimonious model from the a priori model set (Burnham & Anderson 2002).
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I calculated Akaike’s weights (wi) to provide evidence that the top model was in fact the best
model. To avoid colinearity between variables, I created a Spearman rank correlation matrix
prior to modelling to screen for correlations. Variables with correlations | r | > 0.7 (Latham et
al. 2011) were not included together in the same RSF model.

I ran the GLMMs in R (version 2.15.0; R Development Core Team) using the lme4 package
(Bates et al. 2012). Before running the models I standardised each variable using the ‘scale’
function in R (version 2.15.0; R Development Core Team) to allow for direct comparisons
between variables.

4.3 Results
I recorded 724 telemetry (‘used’) locations for the analysis of resource selection by 18 buff
weka released onto Motatapu Station and monitored from November 2011 to March 2012
(Figure 4.3). The average number of locations per bird was 40.2 (± 20.2 SD, range = 9-70).
Differences in the number of locations and tracking days per bird are due to early mortalities,
transmitter loss and transmitter failure. A total of 2172 random (‘available’) points were
generated within the study area and random points generated within individual buff weka
home ranges varied from 27-210. See Appendix E for habitat maps of each individual buff
weka’s 100% a-LoCoH home range. Table 4.2 explains the different variables in the
generalised linear mixed-effects models that were used to analyse resource selection by buff
weka at both the study area and home range scales.
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Figure 4.3: Habitat map of the study area showing all recorded locations of buff weka after
their release onto Motatapu Station, South Island, New Zealand.

78

Chapter Four: Resource Selection
Table 4.2: Explanation of the variables used to construct GLMM and analyse buff weka
resource selection at the home range (H) and study area (S) scales during November 2011 –
March 2012 on Motatapu Station, South Island, New Zealand.
Variable

Description

Scale

Brak

Proportiona of bracken

H/S

a

H/S

a

Proportion of paddock

H/S

a

H/S

a

H/S

a

For
Pad
RP
Shrub

Proportion of forest

Proportion of rough pasture
Proportion of shrub

Tuss

Proportion of alpine tussock

H

DCoverb

Distance to densest cover (bracken or shrub; m)

H

DWater

Distance to water (rivers and streams; m)

H/S

DTrack

Distance to track (m)

S

Alt

Altitude (m)

S

Slope

Slope (degrees)

S

SolRad

Total amount of solar radiation for each pixel in the study area S
during the study period (hrs)

a

Proportions are based on habitat types within the 10 m buffer around each used or random

location.
b

Buff weka locations that fell within either of the bracken or shrub habitats were given a zero (0)

value for this parameter.

4.3.1 Home Range Placement in the Study Area

Buff weka resource selection at the study area scale was estimated using five ecologically
relevant RSF models (Table 4.3). The model containing vegetation type, topographic and
distance to water variables had the lowest AIC value and was deemed the most plausible
model for buff weka resource selection (Table 4.3). There was little to no support for the other
models tested. After their release buff weka established their home ranges on Motatapu
Station in areas that contained high proportions of bracken and shrub habitats and avoided
areas with high proportions of forest and paddock habitats (Table 4.4). There was limited
selection for areas of rough pasture. The relative probability of resource selection by buff
weka was greatest in areas at low elevations, with gentle gradients and which received fewer
hours of sunlight (solar radiation). Buff weka also established their home ranges in close
proximity to water sources (Table 4.4).
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Table 4.3: Five generalised linear mixed-effect models describing resource selection of buff
weka at the study area scale, ranked in order of model support by Akaike’s information
criterion (AIC) and ∆AIC.
Model

Variables

k

Vegetation +
topographic +
water

Brak + For + Pad + RP + Shrub + Alt + Slope +
SolRad + DWater

Vegetation

AIC

∆AIC

w

9 1425

0

1

Brak + For + Pad + RP + Shrub + Tuss

6 1819

394

2.8x10-86

Topographic +
water

Alt + Slope + SolRad + DWater

4 1879

454

2.6x10-99

Topographic

Alt + Slope + SolRad

3 1915

490

0

Water

DWater

1 2890

1465 0

Note: The top ranked model is presented in bold, k is the number of parameters in the model, w is
the model weight.

Table 4.4: Coefficients of the top ranked GLMM describing the resource selection of buff
weka during November 2011- March 2012 at the study area scale (second-order selection;
Johnson 1980) on Motatapu Station, South Island, New Zealand.
Variable

Coefficient (β)

SE

P

Brak

0.321

0.102

0.00175*

For

-0.870

0.217

<0.001*

Pad

-1.011

0.137

<0.001*

RP

0.090

0.122

0.462

Shrub

0.527

0.109

<0.001*

Alt

-3.163

0.263

<0.001*

Slope

-0.611

0.010

<0.001*

Sun

-0.452

0.096

<0.001*

DWater

-0.463

0.128

<0.001*

* P ≤ 0.05.
Note: P values are included in RSFs as a measure of the
strength of the coefficient of each variable (Mace et al.
1999; Gillies & St Clair 2010)
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4.3.2 Resource Selection within Home Ranges

From the five models tested based on a priori hypotheses, the model containing ground cover,
distance to water and distance to cover had the lowest AIC value and was therefore selected
as the ‘best model’ to represent resource selection by buff weka within their home ranges
(Table 4.5). Again, there was little to no support for the remaining models tested. Buff weka
reintroduced to Motatapu Station selected areas within their home ranges that contained high
proportions of habitats that provided ground cover. Buff weka used bracken, shrub, rough
pasture and alpine tussock habitats more often than random (Table 4.6). Resource selection by
buff weka was also correlated with proximity to water sources, using areas that were closer to
water. Buff weka also selected areas that were close to dense ground cover provided by
bracken and shrub habitats.

Table 4.5: Five generalised linear mixed-effect models describing resource selection of buff
weka at the home range scale, ranked in order of model support by Akaike’s information
criterion (AIC) and ∆AIC.
Model

Variables

k

AIC

∆AIC

w

Ground cover +
water + security

Brak + Shrub + RP + Tuss + DWater + DCover

6

2859

0

1

Dense ground
cover + water +
security

Brak + Shrub + DWater + DCover

4

2946

87

1.3x10-19

Ground cover

Brak + RP + Shrub + Tuss

4

2954

95

2.3x10-21

Dense ground
cover

Brak + Shrub

2

3008

149

4.4x1--33

Water

DWater

1

3200

341

9.0x10-75

Note: The top ranked model is presented in bold, k is the number of parameters in the model, w is
the model weight.
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Table 4.6: Coefficients of the top ranked GLMM describing the resource selection of buff
weka during November 2011- March 2012 at the home range scale (third-order selection;
Johnson 1980) on Motatapu Station, South Island, New Zealand.
Variable

Coefficient (β)

SE

P

Brak

0.836

0.090

<0.001*

Shrub

0.984

0.097

<0.001*

RP

0.722

0.100

<0.001*

Tuss

0.459

0.078

<0.001*

DWater

-0.325

0.063

<0.001*

DCover

-1.076

0.194

<0.001*

* P ≤ 0.05.
Note: P values are included in RSFs as a measure of the
strength of the coefficient of each variable (Mace et al.
1999; Gillies & St Clair 2010).

4.4 Discussion
Weka are described as habitat generalists and are known to use similar habitat types to those
present on Motatapu Station in other regions of New Zealand (Marchant & Higgins 1993;
Beauchamp et al. 1999). However, this research showed that during the summer months
(November 2011 – March 2012) not all habitats were used in proportion to their availability
and some of the available habitats were never used by buff weka. Habitat type and proximity
to water played roles in both the placement of home ranges within the study area and also the
selection of resources within home ranges.

4.4.1 Home Range Placement in the Study Area

The placement of home ranges in the study area by buff weka was driven by a variety of
variables. Habitat type, location of water sources and landscape factors including elevation,
slope and solar radiation all influenced where buff weka home ranges were established. As
expected, home ranges were established in areas related to the distribution of ground cover
and proximity to water.
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Rail species are known for their crypticity and use of habitats with dense cover (Miller &
Mullette 1985; Elliot 1987; Taylor & van Perlo 1998) and previous studies associated with
resource selection by weka sub-species have all reported a preference for habitats with dense
ground cover (Beauchamp et al. 1993; Bramley & Veltman 2000; Cunningham 2006). In
support of these patterns, buff weka on Motatapu Station established their home ranges in
areas with dense ground cover provided by shrub and bracken habitats. The selection of
habitats providing dense cover could be explained by two possible characteristics relating to
ground cover: increased food availability and security.

The habitats on Motatapu Station with the densest ground cover also tended to have a more
developed leaf litter layer which supports invertebrate prey species (Moeed & Meads 1987).
Buff weka are flightless and spend the majority of their time on the ground sifting through
leaf litter, digging in the soil and pecking at foliage in search of invertebrates (Marchant &
Higgins 1993). By homing in and locating the birds I regularly observed these behaviours,
particularly in the two habitats that had the densest ground cover, indicating that the birds
were feeding in these habitats. Shrub and bracken habitats also contained fruit-producing
plant species such as Coprosma spp., Melicytus spp., wineberry (Aristotelia fruticosa), and
tutu (Coriaria sarmentosa) that were in fruit during the study period. In addition to the leaf
litter invertebrates, these fruits provide another source of food for buff weka with
observations confirming buff weka were indeed foraging on these fruits. (Buler et al. 2007)
said that resource selection is generally correlated with food availability and this could
explain why buff weka opted for shrub and bracken habitats containing deeper leaf litter and
fruiting plant species. However, it is hard to make a definitive conclusion because no
invertebrate or vegetation sampling was carried out so food availability between the different
habitat types cannot be compared.

Alongside food availability, refuge from both predators and harsh weather is an important
factor in resource selection by birds (Cody 1985). A lack of cover or security could have
dictated the avoidance of certain habitats on Motatapu Station. When establishing home
ranges buff weka avoided areas with paddock habitats whereas in other studies and areas of
New Zealand, weka are known to make use of pasture environments (pers. obs.; Bramley &
Veltman 2000). The avoidance of paddocks in this study could have two explanations. Firstly,
paddocks are an open habitat and provide no cover. The avoidance of open space could be due
to the presence of New Zealand falcon (Falco novaeseelandiae) and Australasian harriers
(Circus approximans) also living at Motatapu Station. Although no deaths were attributed to
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either avian predator, these birds are known to prey on larger species so it is possible that they
could kill a buff weka (Seaton et al. 2008). Both species were common on Motatapu Station
and territorial calls by New Zealand falcons were regularly heard and a falcon nest was
identified right above one buff weka home range (pers. comm. D. Palmer). Secondly,
Motatapu Station is still a working farm and the paddock habitats were frequently being
disturbed by farming activities. Stock was present in the paddocks and were continuously
being moved and herded by dogs and motorbikes. Tractors and machinery were often in the
paddocks ploughing, sowing and harvesting crops. These are all noisy activities which could
deter buff weka from using the paddock habitats.

Buff weka also avoided beech forest when establishing their home ranges on Motatapu
Station. During the monitoring period, not one buff weka was ever observed in a patch of
beech forest. The mature beech forests on Motatapu Station can be considered an open
habitat; even though the forest has a dense tree canopy, there is little to no understorey
existing in the forest patches. Intensive grazing in the past has removed the majority of the
understorey and the forest patches have only recently been fenced off to exclude stock, giving
the understorey little time to recover. Beauchamp (1987) also found very few western weka in
pure beech forests and suspects the reason for that is because the beech forest has few fruit
producing plant species and provides a poor supply of litter invertebrates. The beech forests
remaining on Motatapu Station are remnant patches which have escaped the fires of past land
clearing practices and now exist only on steep river banks and in gullies. In these steep areas
the soil is hard and dry and there is very little leaf litter on the forest floor. Both factors could
limit the abundance of invertebrates which, similarly to Beauchamp (1987), could explain
why buff weka avoided this habitat type.

In contrast, buff weka were regularly seen foraging in beech forest on Pigeon Island from
where the birds for this reintroduction were sourced. Indeed, half of the birds used in this
project were in this beech forest habitat at the time of their capture. As on Motatapu Station,
the beech forest on Pigeon Island was quite open but the ground had a much deeper leaf litter
covering. This could suggest that it is the lack of leaf litter that affects beech forest selection
by buff weka on Motatapu Station rather than the lack of cover. However, it should be noted
that the source population was also located on a predator free island where buff weka were the
top predator and did not need to avoid predators.
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The result that buff weka established their home ranges in close proximity to water sources
was expected as water is known to be a vital resource to weka (Robertson 1976). Weka use
large amounts of water for drinking so are susceptible to long periods of dry weather, and
have disappeared from areas in New Zealand when sustained dry conditions occur
(Beauchamp et al. 1998).

Solar radiation, or the amount of sun exposure, was included in the model process as buff
weka were regularly observed preening themselves in small patches of sun, so it was thought
buff weka might be selecting areas that received more sun. However, this was not the case
and buff weka established their home ranges in areas that received less sun. When I located
birds they were often under the cover of shrub or bracken but in damp areas containing small
seepages. Bramley (2001) also report similar observations of North Island weka using damp
areas, and Karubian et al. (2011) suggest damp areas could be a requirement for rail species.
This could provide a possible explanation for buff weka selecting areas receiving less direct
sun as there may be more moisture in the soil which has yet to dry out. Damp areas not only
provide water for buff weka but are also associated with the distribution of invertebrates
which are one of buff weka’s primary food items (Marchant & Higgins 1993; Minor 2012).

At the study area scale buff weka established their home ranges at lower elevations with
gentle gradients. Selection of lower elevations by western weka was also reported by
Coleman et al. (1983), who attributed the selection to the habitats present at the lower
elevations. Similar circumstances could be occurring on Motatapu Station. Although not
statistically correlated, habitats providing dense ground cover tended to be at lower
elevations, closer to the three main rivers (Motatapu River, Motatapu North Branch River and
Highland Creek). If my assumption that habitats with dense ground cover have greater food
availability is correct, then this could also explain the selection of areas at lower elevations.
Food availability may also explain the selection of gentle gradients by buff weka. Unlike
steeper slopes which experience rapid run off and erosion of the top soil, gentle slopes may be
more capable of maintaining the soil moisture and leaf litter layers that support greater
numbers of invertebrate species.

4.4.2 Resource Selection within Home Ranges

The placement of home range is considered to be important in resource selection studies as it
can constrain what is available to animals at a fine scale (Orians & Wittenberger 1991; Rettie
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& Messier 2000). For buff weka I found that resource selection within home ranges was
dependent on the availability of ground cover, proximity to dense ground cover and also
proximity to water sources. Resource selection by buff weka at the home range scale was
quite similar to that within the study area. At the study area scale, buff weka selected habitats
that provided the densest ground cover (i.e. shrub and bracken) and these habitats were also
selected within home ranges. Inside their home ranges buff weka also selected rough pasture
and tussock habitats that were more open but still provided a degree of ground cover.

Comparable to the study area scale, food availability could explain the selection of these
habitats with cover but it could also be the actual structure of these habitats which mediates
selection. Flores & Eddleman (1995) suggest that habitat structure rather than plant species
composition is more effective in determining habitat use by California black rail (Laterallus
jamaicensis coturniculus) and this theory has been supported by other bird and rail research
(Cody 1981; Elliot 1987). An extreme example of structural selection is shown by North
Island weka which used the space under holiday bungalows as a form of cover (Beauchamp et
al. 2009). Within this study, the importance of habitat structure rather than specific plant
species may be reflected in the selection of all habitat types within a home range which had
some form of cover, particularly in the selection of tussock grass. Tussock grassland was by
far the most common habitat type, covering 51.1% of the study area but tended to be found at
the higher elevations that the buff weka did not select. Only two of the 18 buff weka
established home ranges that included tussock grassland and when this habitat was available
to them it was selected. Tussock on Motatapu Station provided buff weka with patchy ground
cover, suggesting that if a habitat is available and provides some level of cover then buff weka
will select it. Specific food item analysis (fourth-order selection; Johnson 1980) was beyond
the scope of this study, however, by completing this research it could help determine if buff
weka select certain habitats based on their structure or composition of plant species.

Within their home ranges buff weka were shown to select habitats that provided varying
amounts of ground cover. However, when buff weka used areas with little ground cover
(tussock or rough pasture) or no cover (paddocks or on a track) they were never far away from
the safety of dense cover and actively selected areas closer to shrub and bracken habitats.
Beauchamp et al. (2009) reports a similar association of North Island weka foraging in close
proximity to cover. They assumed this behaviour was in response to the Australasian harriers
that were present in their study area. Buff weka on Motatapu Station could be displaying a
similar behavioural response to the two avian predators, New Zealand falcon & Australasian
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harrier, seen regularly in the vicinity of buff weka home ranges. Raptor presence in the study
area could have induced buff weka to choose the safety of cover.

Proximity to water sources was included in RSF models at both spatial scales as water is
known to be an important resource for buff weka (Robertson 1976). Similar to resource
selection within the study area, buff weka disproportionately used areas inside their home
ranges that were closer to water sources. Buff weka require water for hydration and bathing
but it is also possible that birds using areas close to water also exploit the aquatic
invertebrates in the riparian zones of the rivers and streams (Collier & Scarsbrook 2000).
Riparian zones support a large invertebrate community and on two occasions a weka was seen
in a small dam which had numerous dragonflies and damsel flies hovering around. No
invertebrate sampling was carried out so it is hard to conclude that areas closer to water had
greater abundances of invertebrate food sources.

The finding in Chapter 3 that no buff weka dispersed off Motatapu Station after their release
suggests that favourable habitat for buff weka is present on the station. Surviving birds had
maintained or put on weight by the end of the four month study which indicates the birds
were finding sufficient food sources in their new environment. Results from the necropsies on
deceased birds showed large fat deposits (P. van Klink pers. comm.), another indication that
food was plentiful. Habitat is not only defined by food, water and refuge but also includes the
presence of predators (Beyer et al. 2010). The reintroduction experienced a very high
mortality rate (79%) due to predation which raises the question of whether the habitat choices
made by reintroduced buff weka influenced their chances of survival. Studies of habitatsurvival relationships are quite rare in reintroductions (Rantanen et al. 2010). By choosing
habitats with ground cover, buff weka should be protected from avian predators, but it seems
less likely that ground cover can provide effective refugia from introduced mammalian
predators, which may also select the same habitats (Ratz 2000; Recio 2011).

It is important to know whether suitable habitat is present at a release site as it will have
consequences for the success of a reintroduction and also because reintroductions may require
multiple releases in the same area. Evaluating resource selection after the first release can
provide information necessary to adjust management strategies for future releases. Based on
the resource variables I measured on Motatapu Station, it seems that ground cover and water
availability influence where and how buff weka use a home range. In the context of low
population densities and low competition (Greene & Stamps 2001), the selection of these two
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resources may be indicators that they provide the highest quality habitat available to buff
weka on Motatapu Station.
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This reintroduction of buff weka was a collaboration between Motatapu Station, Ngai Tahu,
New Zealand’s Department of Conservation (DOC) and the University of Otago. The project
was initiated and planned to assist in the recovery of buff weka by establishing a population
on New Zealand’s mainland and thereby meeting Objective 6 - “establish further populations
as required, so that each taxon has at least one large (core) population on the mainland and
three back-up island populations”; and Objective 11 - “promote the reintroduction of weka to
sites in their former range, where threats to their survival can be controlled (e.g. ‘mainland
islands’), as a significant component of New Zealand ecosystems” of the Weka Recovery
Plan (Beauchamp et al. 1999). Buff weka are currently absent from areas on New Zealand’s
mainland and for a number of years attempts have been made to reintroduce this species back
to the mainland (Peat 1997; McHalick 1998; DOC 2010). These attempts have all failed for
reasons thought to be due to predation but a lack of post-release monitoring meant the
cause(s) of failure could not be definitively determined. In contrast, this reintroduction of buff
weka incorporated intensive monitoring of the released birds in order to identify features that
may influence the success or failure of such projects. The intensive monitoring of
reintroduced buff weka enabled us to learn much about the birds themselves, reintroduction
protocols and also the suitability of Motatapu Station as a release area. This is crucial
information especially for the buff weka project management team and also more broadly for
the management of other weka sub-species reintroductions to mainland sites across New
Zealand.

5.1 Key Monitoring Findings

The post-release monitoring was designed to provide information on the dispersal, survival,
home range establishment and resource selection of buff weka reintroduced into a new
environment. The findings will build on the currently limited knowledge of the biology and
behaviour of buff weka.

The released buff weka displayed site fidelity with no individuals dispersing off Motatapu
Station. All buff weka home ranges were established within the predator-trapping network
and the greatest dispersal (calculated as the distance to the centre of a home range core area)
was 2.19 km from the release site. Several factors may be responsible for the limited
dispersal, such as the sub-adult age of the released birds, the six weeks acclimatisation in the
soft-release enclosure prior to release, and preferred habitat for buff weka being present on
Motatapu Station.
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Buff weka remained under the initial 30% maximum allowable mortality limit during the first
three weeks post-release; however, by the end of the study period only three (16%) of the
nineteen buff weka released had survived. Fifteen (79%) of the buff weka died and one (5%)
was lost due to transmitter failure but was presumed dead. Despite the establishment of
territories within the predator-trapping network, all of the weka deaths were due to predation
by introduced ferrets and stoats. Mortalities occurred throughout the monitoring period but
were most frequent in late January/early February, coinciding with a seasonal peak in
mammalian predator numbers.

Buff weka took on average 19.6 days (±14.40 SD) to establish their home ranges after being
released onto Motatapu Station. The average size of buff weka 100% a-LoCoH home ranges
was 39.23 ha (range 1.64 – 230.95 ha). Male buff weka tended to have larger 100% a-LoCoH
home ranges than female buff weka.

Buff weka resource selection was analysed at two spatial scales: 1) placement of home ranges
within the study area (second-order selection) and 2) selection of resources within the home
range (third-order selection; Johnson 1980). When establishing their home ranges in the study
area, buff weka matched the resource selection patterns documented for other weka subspecies (Beauchamp et al. 1993; Bramley & Veltman 2000; Cunningham 2006), selecting
resources that provided dense ground cover (e.g. bracken and shrub) close to water sources.
These resources are assumed to have been selected for the refugia and increased food
availability they may offer buff weka.

Within their home ranges, buff weka selected all habitats that provided at least some level of
ground cover (e.g. bracken, shrub, rough pasture and tussock). This selection indicates that
buff weka may be selecting habitat based on the structure of the vegetation rather than the
specific plant species that are present (Flores & Eddleman 1995). As with the larger study
area scale, buff weka also selected areas within their home ranges close to water sources as
expected since water is a crucial resource for weka (Robertson 1976).

5.2 Management Recommendations

This reintroduction of buff weka was the first of a series of planned reintroductions on
Motatapu Station. At the end of this study period there were already another 21 buff weka in
the soft-release enclosure. These birds had been held for six weeks and were ready to be
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released with the intention of restocking the original release group. However, because of the
high mortality rate in the first release group, rather than release the second group the project
management team decided to recapture the three surviving free-ranging birds and hold all
birds in the safety of the soft-release enclosure.

The predator control was the biggest learning experience of the whole project. The overall
failure of this reintroduction due to predation indicates that the trap network, though
extensive, was insufficient to reduce and maintain predator numbers at low enough levels for
a mainland population of buff weka to persist on Motatapu Station. The main predator
management area lay in the Motatapu Valley but following a review of outcomes by the
management team the trap network was deemed to have been too linear along the valley floor
and not providing a wide enough buffer, thus possibly allowing the core ‘safe’ zone to be
easily reinvaded by predators. It is evident that the predator-trapping regime needs to be
improved if future buff weka reintroduction attempts are to succeed on Motatapu Station.
There are a number of methods (Cameron et al. 2005) that could be trialled and closely
monitored which may improve the predator trap catch rate on Motatapu Station and possibly
maintain predator numbers at low levels:

-

Widen the extent of the trap network to cover a greater area. This will theoretically
provide a greater buffer zone which may trap re-invading predators further from the
release site.

-

Keep the extent of the current trap layout the same but increase the density of traps
within the current area, thereby decreasing the distance between traps. Greater
densities may increase the chances of a predator encountering a trap should it
penetrate the trap network.

-

Have more frequent trap checking schedules to clear traps which have been blocked
by non-target species (e.g. rats and hedgehogs). This would be particularly useful
during the predator peak periods in January/February each year (see Figure 3.8,
Chapter 3).

-

Consider improved trap placement in areas preferred by predators in terms of habitat,
vegetation and topography to again increase the likelihood of a predator encountering
a trap (Recio et al. 2010). This would require using existing knowledge or possibly
conducting research on resource selection by predators on Motatapu Station.
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In each of the above cases it would be necessary to monitor the results of the trap catches in
order to determine if such changes have in fact reduced predator abundances on Motatapu
Station compared to the current trap network. It would also be useful if predator abundances
from a non-controlled area were available to compare results with. This way it can be known
for certain if changes in predator abundances on Motatapu Station are due to the trapping
regime and not other environmental factors e.g. a poor predator breeding season.

Alternative predator management options such as poison baits could also be considered in
order to augment the trapping network. Poison baits would most likely need to be hand
distributed rather than applied aerially because of the risk of consumption by stock, working
farm dogs and also buff weka. The use of poison baits could be similarly timed with high
intensity trapping to target predators during their seasonal peak in numbers.

The outcomes of this reintroduction suggest that the timing of the release of buff weka (and
other sub-species of weka) may play a role if weka populations are to establish in mainland
areas. In particular, the timing of release should take into account buff weka biology and the
predator abundance cycles observed on Motatapu Station and in other mainland island areas
(Gillies et al. 2003) as these may be key factors that influence the establishment of a
reintroduced population. With plans to release more buff weka on Motatapu Station,
management may want to consider a release date towards the end of winter/start of spring
rather than the early summer release of this project. At this earlier time, predator abundances
on the station are shown to be decreasing and it would give buff weka time to settle down and
form pairs before their main breeding season (spring; Marchant & Higgins 1993) has passed.
However, an earlier release will still be experimental and is not guaranteed to improve buff
weka survival and reproduction as there is a lack of data from this study to support this
hypothesis. To gather such data it would be necessary to compare survival and reproduction
between groups of birds released in different seasons as discussed above.

The biased sex ratio (15 M, 4 F) of this study limited the opportunities for released birds to
form pair bonds and in turn reduced the productiveness of the founding population. With a
small number of females and a high predation rate, the released population of buff weka
became functionally extinct when the last remaining female died, leaving six single males.
The biased sex ratio also limited the ability to make robust sex-based inferences relating to
home range size, survival and the dispersal and habitat selection behaviours of buff weka. It
would be valuable to examine these sex-based differences to understand their influence on
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reintroduction outcomes and to increase the knowledge of buff weka ecology. Although I do
not believe a more even sex ratio would have resulted in a better survival outcome in this
reintroduction (as large males and small females were all predated), it is nonetheless
recommended that management obtain a more even sex ratio for future reintroductions of
weka which will potentially give the founding population a better chance to breed and become
established on Motatapu Station.

This reintroduction of buff weka is an example of a conservation project facilitated by the
collaborative effort of multiple stakeholders. The cooperation between Motatapu Station
(private), Ngai Tahu (indigenous), DOC (government) and the University of Otago (research)
sought to achieve practical conservation outcomes and complementary research goals.
Working as part of the research team I was able to see the advantages of stakeholder
collaborations, particularly in the sharing of skills, knowledge and resources necessary to
carry out such a project. However, this project also demonstrated that having multiple
stakeholders can highlight differing interests and perspectives, and thus differing opinions on
how the project should progress. In particular, management decisions conflicted at times with
research objectives with compromises being made by both parties. While these conflicts are
often hard to avoid, this project demonstrated that flexibility among stakeholders can help
cope with unexpected scenarios (e.g. higher than expected mortality). Future reintroduction
projects will benefit from having prior action plans mutually agreed on by all stakeholders to
maintain group cohesion should issues arise.

5.3 Future Research

Given the time frame of this study all of the inferences regarding buff weka ecology and
behaviour are specific to the summer months. The decision to withhold the second release of
buff weka and recapture the remaining birds has meant the suitability of Motatapu Station for
buff weka during the winter months is unknown. Motatapu Station has relatively cold winters
with regular frosts, and snow often settles on the valley floors. How buff weka will cope
during these cold months presents a number of future research opportunities including:

-

The analysis of buff weka survival in relation to both food availability and predation
pressure on Motatapu Station during winter. Although buff weka survived
overwintering in the protected soft-release enclosure, the birds were provided with
regular supplementary food. In the colder months however, invertebrate and plant fruit
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abundances are likely to be reduced. Predator levels were low during the winter
months (see Figure 3.8 Chapter 3) but the effectiveness of the trap network in
protecting buff weka during winter is still untested.

-

Investigating seasonal changes in buff weka resource selection and home range
location, as is known to occur in other species (McLoughlin et al. 2002; Stirrat 2003;
Walsh et al. 2006). The areas of less sun where buff weka chose to establish their
home ranges will be a lot colder during winter. Frosts may last longer and the damp
seepages that buff weka selected may remain frozen, making it difficult for buff weka
to forage for soil dwelling invertebrates. This, along with general reduced prey
availability in winter could induce changes in the location of buff weka home ranges.

Predation was a clear limiting factor in this reintroduction. With implications for
management, future research could be directed towards identifying aspects of buff weka
biology/ecology that may influence their survival. For example a study on the relationships
between buff weka resource use and predation (see Rantanen et al. 2010). There is scope to
use the predator trapping data from Motatapu Station as a means to assess predator resource
selection based on the habitats that traps are placed in. The results can be compared to the
resource selection of buff weka in this study and any predator-prey overlap analysed.

Naivety of buff weka to introduced mammalian predators, particularly mustelid species, is
thought to have contributed to the high mortality rate. Buff weka may learn predator
awareness only through direct experience with introduced predators. If mammalian predation
continues to be a limiting factor in buff weka reintroductions there is potential for future
studies to use captured predators to train buff weka in predator recognition, avoidance and
defence strategies as has been done for other reintroduced species (van Heezik et al. 1999).

As the buff weka project moves forward, the plans to release a succession of groups of buff
weka will provide an opportunity to investigate interactions between release cohorts. I
experienced no dispersal away from the release area but this could change once buff weka are
released into areas with resident conspecifics. Bain et al. (2012) found that second release
group individuals of Eastern Bristlebirds (Dasyornis brachypterus) moved further from the
release site and covered a greater area, suggesting that occupied habitat may be a driver of
dispersal. Conversely, a study of red-billed curassows (Crax blumenbachii) by Bernardo et al.
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(2011) found that after the release of the second cohort, resident first-release individuals
changed home range location and moved further from the release site.

In this study I assumed that resource selection by buff weka could be correlated with food
availability, especially leaf litter invertebrates and fruit producing plant species. In the future
it would be beneficial to sample invertebrate communities and plant species in each of the
habitat types on Motatapu Station to allow for comparisons of food availability. These results
can be used to clarify my assumption and help explain patterns in buff weka resource
selection.

5.4 Conservation on Mainland New Zealand

The findings of this reintroduction highlight the issues and challenges faced by New Zealand
conservation practitioners in restoring and protecting threatened native species in unfenced
mainland areas. Introduced mammalian predators are the most significant problem and
continue to cause declines in New Zealand’s native species populations (Elliott et al. 2010).
Overcoming these challenges and refining the technique of using landscape-scale trapping
networks to reduce predator numbers will help meet long-term goals of establishing selfsustaining mainland populations of New Zealand’s threatened species. Importantly, the
unfenced mainland island technique provides an alternative option to the more expensive and
sometimes unsuitable approach of creating a predator-free sanctuary with the erection of a
predator-proof fence (Innes et al. 2012). Although unsuccessful for buff weka in this project,
unfenced mainland island areas are proving effective for a variety of species elsewhere in
New Zealand (Moorhouse et al. 2003; Reardon et al. 2012; Maloney et al. in review).

Future mainland releases of weka will be important for this species as their natural predatory
behaviour limits their suitability for release into areas such as offshore islands or predatorproof sanctuaries where other native species are recovering. Although buff weka populations
currently have healthy numbers, these are primarily restricted to one large population on the
Chatham Islands (Beauchamp et al. 1999). Single populations such as this are vulnerable to
natural disasters or disease outbreaks that could lead to a significant population decline.
Griffith et al. (1989) warn that reintroductions should not be used as a last resort to save a
species. Heeding this advice and given the abundance of buff weka on the Chatham Islands,
now is an opportune time to consider and even experiment with buff weka reintroductions to
ensure future reintroductions do not become last resort efforts to save this species.
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Appendix A: Checklist and measurements taken during the physical
examination of buff weka.
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Appendix B: Incremental analysis to calculate home ranges for each buff
weka.
(A)

(B)

(C)

(D)

(E)

(F)

Incremental analysis graphs for buff weka: (A) Tx01, (B) Tx03, (C) Tx05, (D) Tx07, (E)
Tx09 and (F) Tx11.
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(G)

(H)

(I)

(J)

(K)

(L)

Incremental analysis graphs for buff weka: (G) Tx19, (H) Tx22, (I) Tx23, (J) Tx24, (K) Tx25
and (L) Tx27.
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(M)

(N)

(O)

(P)

(Q)

(R)

Incremental analysis graphs for buff weka: (M) Tx29, (N) Tx38, (O) Tx40, (P) Tx44, (Q)
Tx46 and (R) Tx60.
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Appendix C: Figures showing the home ranges of each buff weka.

A

B

C

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. A) Tx01; B) Tx03; C) Tx05. Blue line = 100%
MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka locations.
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D

E

F

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. D) Tx07; E) Tx09; F) Tx11. Blue line = 100%
MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka locations.
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G

H

I

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. G) Tx19; H) Tx22; I) Tx23. Blue line = 100%
MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka locations.
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J

K

L

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. J) Tx24; K) Tx25; L) Tx27. Blue line = 100%
MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka locations.
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M

N

O

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. M) Tx29; N) Tx38; O) Tx40. Blue line =
100% MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka
locations.
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P

Q

R

Home range estimations of buff weka reintroduced on to Motatapu Station, South Island, New Zealand. P) Tx44; Q) Tx46; R) Tx60. Blue line = 100%
MCP home range; red line = 100% a-LoCoH range; yellow line = 70% a-LoCoH core area. Black dots represent the individual buff weka locations.
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Appendix D: Description of habitats on Motatapu Station.
Paddock

The sheep paddocks exist lower down the valley sides and are dominated by exotic pasture
grasses. The paddocks have gone through a process of burning, spraying/pesticide and
ploughing which has left them as a very open habitat, providing no leaf litter or cover for buff
weka.
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Rough Pasture

The rough pasture habitat tended to occur in areas retired from grazing or that were too steep
to plough. The introduced grass species; brown top (Agrostis capillaris), sweet vernel
(Anothoxam odoratum), Yorkshire fog (Holcus lanatus) have been left to grow almost
uncontrolled and subsequently reach up to a height of one metre. This has created quite a
dense matrix of grass stems which did not seem to hinder weka movements but still did not
provide the birds with complete cover. Within the grasslands, small, sparse patches of shrub
and bracken existed that provided buff weka with denser refugia than the tall grasses.
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Tussock

The tussock habitat on Motatapu Station generally started around 800 m a.s.l and was
dominated by narrow leaved snow tussock (Chionochloa rigida) and to a lesser extent, blue
tussock (Poa colensoi). In between the tussock grasses a range of species occur including
turpentine shrub (dracophyllum uniflorum), mountain snowberry (gaultheria depressa var.
novae-zelandiae) ,tussock hawkweed (hieracium lepidulum), bog rush (Schoenus pauciflorus)
and introduced grasses sweet vernal (A. odoratum) and brown top (A. capillaris).The
maximum height of the tussock habitat was approximately 80 cm with the tussock at lower
altitudes recovering from intensive grazing, causing the ground cover to be quite patchy and
open.
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Bracken

The bracken habitat type on Motatapu Station occurred in dense, often extensive patches.
Dominated by bracken fern (Pteridium esculentum), tutu (Coriaria sarmentosa) and sweet
briar (Rubus rubiginosa), this habitat reached a height of approximately one metre and
provided almost 100% cover. Bracken habitat provided the densest ground cover for buff
weka in which they were able to scurry very quickly beneath the fronds. A thick litter layer
was also present.
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Shrub

The shrub habitat on Motatapu Station tended to exist mainly in damp gullies and water
courses where stock have been excluded. Shrub was dominated by manuka (Leptospermum
scoparium), matagouri (Discaria toumatou), a number Coprosma spp. (Coprosma propinqua,
C.ciliata), large-leaved muehlenbeckia (Muehlenbeckia australis) and bush lawyer (Rubus
schmidelioides). Reaching a height of approximately three metres, the shrub canopy provided
dense cover. The shrub habitat contained a developed understorey dominated by bracken (P.
esculentum), tutu (C. sarmentosa), tussock hawkweed (H. lepidulum) and introduced grasses,
sweet vernal (A. odoratum) and brown top (A. capillaris). This understorey provided dense
ground cover for buff weka as well as a dense leaf litter layer.
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Forest

The beech forest patches on Motatapu Station are dominated by mountain beech (Nothofalgus
solandri var. cliffortioides) with occasional red beech (N. fusca) and silver beech (N.
menziesii). The mature beech canopy is approximately 20 – 30 m high. In the past, stock has
had full access to the beech forests causing damage to the understorey by trampling and
grazing. The forests have yet to recover from this damage and as such are an open habitat,
with little to no understory to provide ground cover for buff weka. Beech seedlings are very
scarce, with exotic tussock hawkweed (Hieracium lepidulum) and moss being the most
common understorey species. Forest patches remain on steep sided gullies and tend to have
hard, dry soil with little leaf litter.
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Appendix E: Habitat types present within each buff weka 100% a-LoCoH home range.

A

B

C

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. A) Tx01; B) Tx03; C) Tx05. Black dots represent the
individual buff weka locations.

127

Appendices
Appendix E cont.

D

E

F

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. D) Tx07; E) Tx09; F) Tx11. Black dots represent the
individual buff weka locations.
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G

H

I

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. G) Tx19; H)Tx22; I) Tx23. Black dots represent the
individual buff weka locations.
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J

K

L

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. J) Tx24; K) Tx25; L) Tx27. Black dots represent the
individual buff weka locations.
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M

N

O

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. M) Tx29; N) Tx38; O) Tx40. Black dots represent the
individual buff weka locations.
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P

Q

R

Habitat use by buff weka reintroduced on to Motatapu Station, South Island, New Zealand. P) Tx44; Q) Tx46; R) Tx60. Black dots represent the
individual buff weka locations.
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