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Abstract

As the human population of Auckland City continues to increase, intense development
pressure is causing an increase in housing density and widespread biodiversity loss,
greatly increasing the importance of urban forest reserves as tree cover on private
land is rapidly lost. The effectiveness of urban biodiversity conservation measures
needs to be researched and understood if successful mitigation action is to conserve
avian diversity in densifying cities. Little is known about the abundance and diversity of
birds in Auckland’s urban reserves, and to date there have been no published studies
on the breeding of native birds in the city. More knowledge is needed about the ability
of reserves to sustain resilient urban bird populations, and about which habitat and
reserve design factors are most important. In this study, 28 reserves on the Auckland
Isthmus divided into four categories of shape and size, were surveyed for avian
abundance and diversity. A breeding survey was also conducted to record presence of
breeding success for tui (Prosthemadera novaeseelandiae), piwakawaka/New Zealand
fantail (Rhipidura fuliginosa) and riroriro/grey warbler (Gerygone igata). Native bird
diversity was found to differ significantly between reserve size categories, with smaller
reserves showing less diversity. Strong evidence was found of greater native bird
diversity at sites with higher vegetation quality and greater vegetated area of adjacent
landcover, indicating that the negative impact of smaller area could be offset by these
factors. Reserve shape was not found to affect native bird communities, with small
narrow reserves showing greatest native bird abundance and large narrow reserves
showing the greatest native bird diversity. Successful breeding of the three study

species was observed in reserves of all shape and size categories.
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Chapter 1: General Introduction

Figure 1.1- Riroriro/grey warbler (Gerygone igata) fledgeling photographed during breeding

survey

Nature and cities

As human populations have converged into burgeoning cities across the globe in recent
history, the inclusion of natural habitats in increasingly urbanised landscapes has rarely
been prioritised. Natural habitats are fragmented and destroyed to make way for human-
made structures, and enormous worldwide urban growth has come at the cost of nature.
The growth of cities causes large-scale environmental changes, from natural or agricultural
landcover to anthropogenic landcover such as buildings and paved surfaces. Such major
changes in landscape causes loss, alteration, and fragmentation of wildlife habitats, driving

local and regional extinctions (Chace and Walsh, 2006, Clergeau et. al., 2006). Urbanisation



is a rapidly growing phenomenon throughout the world, with the proportion of humans
living in cities expected to rise from the current 55% to 68%, and global urban landcover
projected to reach 1.7 x 10° km? by the year 2050 (United Nations, 2018, Zhou et. al., 2019).
Modern city planners have begun to consider the importance of protecting urban
biodiversity in some countries, but the perception of a required trade-off between land-use
for human needs and biodiversity conservation can be a major constraint on investment in
urban habitat creation. Scientific understanding of urban ecosystems has gained interest
and progressed rapidly in recent years, but there is still much yet to be learned. Urban bird
populations are often studied because birds are easily monitored and are commonly used as
biodiversity indicators, so a large and growing body of knowledge regarding urban birds

exists from cities around the world.

Researchers in urban and landscape ecology agree almost unanimously that larger habitat
patches are more advantageous for the conservation of biodiversity, but we have only just
begun to explore this assumption in relation to the effects of the heterogeneity of the urban
matrix (the non-habitat area of a landscape) on populations existing in fragmented habitat
in varying urban densities. The advantages of different reserve network design priorities for
the purpose of biodiversity conservation have been debated in the literature for many
decades, with the most studied comparison often referred to as “single large or several

IH

small” (or SLOSS), which explores whether better conservation outcomes can be achieved
by retaining one large habitat patch or dividing available habitat area into many smaller

patches (Patterson and Atmar, 1986, Ovaskainen, 2002).

When considering the potential advantages of a network of connected smaller habitat
fragments, metapopulation theory (detailed below on page 4) is extremely applicable to
urban bird populations, which usually reside in habitat fragments within the urban matrix
that birds can fly between. Field-based studies have shown that native bird species can
utilise residential gardens as habitat, which would suggest that habitats, although altered
and disrupted, are not actually isolated in medium-density urban residential areas with
large, maturely vegetated gardens; and such an urban matrix could hardly be considered
inhospitable (van Heezik et. al., 2013). Metapopulation modelling, which explores the
potential viability of regional populations existing as a set of sub-populations residing in

connected habitat fragments, fails to account for variability in the matrix conditions, but



shows that the reduction of migration costs is one of the main advantages of conserving
fewer large habitat patches rather than many small patches, an advantage that is irrelevant
in contexts where habitat patches are well-connected, or where the surrounding matrix may
actually enable movement between habitat fragments and also provide resources
(Schippers et. al., 2009). The optimal configuration of natural habitats in an urban landscape
is immensely important to understand, not only for the conservation of biodiversity, but
also for human well-being and connection with nature. Planning and management of urban
green space should consider both social and ecological advantages while striving to optimize

integration of and synergy between human and natural systems.

Urban reserves

Urban reserves (frequently referred to as greenspaces) may include grassed areas, forest,
riparian zones, and wetlands, and are frequently designed to meet not only environmental
but also (often predominantly) social outcomes, such as facilitating active transport,
providing spaces for communities to socialise, and for sporting and other recreational
activities (Shannahan et. al., 2015). The social benefits of interaction with nature are well-
proven and wide-ranging, from psychological benefits such as the reduction of stress,
depression and anxiety, to physical benefits such as reduction in obesity rates and improved
immune system functioning (Hartig and Staats, 2006, Nutsford, et. al., 2013, Rook, 2013,
Dadvand et. al., 2014, Carrus et. al. 2015, Wheeler et. al., 2015). Positive attitudes towards
urban green spaces are often conditional upon perceived standard of maintenance and
perceived utility to visitors (Bonnes et. al., 2011), however, the social benefits derived from
ecosystem services provided by urban forest are less commonly acknowledged, and,
although they have rarely been comprehensively analysed in the past, are recently
becoming more well-understood (Dobbs et. al., 2011, Klimas et. al., 2016, Lafortezza et. al.,
2018). As the recognition of ecosystem services such as carbon-sequestration, micro-climate
regulation, stormwater attenuation and pollution reduction increases, investment in the
creation of more biodiverse urban greenspace for human benefit can easily be validated
(Klimas et. al., 2016, Lafortezza et. al., 2018), however, land is in premium demand in most
cities, and this is a major limitation on expanding urban reserves. For this reason, urban
reserves tend to be small, a factor which restricts their conservation value, especially for

species which are vulnerable to disturbance.



The effect of habitat fragment size is often studied in relation to bird population density and
diversity. In the urban landscape, the size of reserves has been shown to have a primary role
in positively influencing bird species richness and the number of bird species nesting, thus
making it a prime contributing factor of urban avian diversity (Chang and Lee, 2016, Leveau
et. al., 2019). Even though many cities, especially throughout the developing world, contain
only small habitat patches, the majority of studies exploring bird populations in urban
habitat patches focus on larger patches (>2ha), which may be because small patches are of
less conservation interest as they consist mostly or entirely of edge habitat (Collinge, 1996,
Carbo-Ramirez and Zuria, 2011). Modelling has shown that patch area alone is insufficient to
explain the persistence of animal populations in fragmented habitat patches (Aurambout et.
al., 2005). The implausibility of expanding the area of habitat patches in growing and
densifying cities necessitates more detailed and thorough understanding of how networks
of existing small patches can be enhanced to maximise the conservation value that they are

able provide.

There is a scarcity of studies in the literature which explore the effect of habitat fragment
shape in urban landscapes (see review by Ignatieva et. al. 2011), so shape was selected
along with size as a perimeter by which to categorise the reserves in this study. The effect of
shape on habitat fragments has most commonly been explored in relation to ecosystem
disturbance caused by edge effects such as increased exposure to the conditions (pollution,
noise etc.) of the matrix. Fragments with less-round shapes have a greater proportion of
area impacted by edge effects, and so species which are sensitive to edge effects are
negatively impacted by a high edge-to-core ratio. Urban reserves, however, have a high
level of disturbance due to human activity, and may therefore be fundamentally unsuitable
for species which are most highly sensitive to disturbance (Rodriguez-Prieto et. al., 2014).
Improved understanding of the effect of reserve shape could be gained by directly
comparing bird populations found in reserves of different shapes, a comparison which does

not appear to have been recorded in the literature so far.

Despite the severe negative impacts on bird diversity caused by the human-modified urban
landscape, habitat factors have been found to be more important than landscape factors in
determining bird species richness within urban reserves (Clergeau et. al., 2001), so it is

essential to scrutinize factors such as vegetation composition and structure when comparing



different reserve designs. Plant species richness is one such factor which is important to
consider in regard to avian conservation, as native bird species richness has been found to
be positively correlate with native plant biomass (Day, 1995). Herbaceous stratum height
and the presence of tree cavities are further examples of vegetation factors that have been
found to influence bird species richness in small urban habitat patches (Carbo-Ramirez and
Zuria, 2011, Strohbach et. al., 2013, Matsuba et. al, 2016). The landcover of the area
adjacent to reserves has also been found to influence bird communities in small urban
reserves, with an increased proportion of vegetation cover associated with greater species

richness (Mason et. al., 2007, Carbo-Ramirez and Zuria, 2011).

Although it Is generally accepted that larger habitat patches are better for retaining bird
species diversity, in densely urbanised and growing cities where retrospective creation of
such habit is not possible, the effective management of a network of smaller habitat
patches and linear habitats connected throughout a city may be the most practical and
effective focus for conservation planning and resources. If urban native bird species are
managed as metapopulations this could provide an effective strategy for preserving as much
as possible of the biodiversity endemic to the region that can tolerate the constant human
disturbance ubiquitous throughout the urban landscape. There is emerging theory and
evidence that a metapopulation existing in a heterogenous connected network of different
sizes and shapes of habitat patches may perform equally to or better than a landscape with
fewer larger, less connected patches (Schippers et. al., 2009). Increasing the body of
knowledge regarding native bird populations in urban reserves of varying shapes and sizes
will help to inform the development of the most optimal reserve design and management

strategies.

Metapopulations

Metapopulation biology focusses on the dynamics of migration in fragmented habitats and
the regional persistence of species with unstable local populations (Hanski, 1998). In this
theoretical framework, a network of habitat patches inhabited by asynchronistically
fluctuating local populations are demographically connected by migration and colonisation
dynamics, which can allow for the replacement of vulnerable populations in small patches

that may become extinct periodically, and would be otherwise unviable (Hanski and Gilpin,



1991). Because birds are mobile, their presence in urban reserves is not necessarily an
indication of a sustainable population: instead, reserves may be acting as population sinks,
with abundance maintained through immigration from source populations elsewhere (van
Heezik et. al. (2008(a)). Patch occupancy may fluctuate, with factors such as temporal
variation in resource abundance causing some patches to be unoccupied at times. Although
it has been established that some small urban reserves have no value as habitat for bird
breeding, they may provide resources valuable to the persistence of the regional population

at certain times (Donnelly and Marzuff, 2004).

The equivalent of demographic stochasticity can be explained in metapopulation theory as
extinction-colonisation stochasticity, whereby the balance between extinction of local
populations and colonisation of unoccupied habitat patches must be above replacement to
ensure long-term persistence. Each population within the metapopulation must produce at
least one new population in its lifetime for the metapopulation to persist (Hanski, 1998).
When a metapopulation contains a larger source population, or a higher proportion of
patches in the network are sources of colonists, this can provide a constant source of new
colonists which the causes the extinction rate of nearby small populations to decrease, so
the metapopulation becomes more stable and resilient (Hanski, 1998). To understand its
long-term viability of a metapopulation, it is therefore necessary to know what proportion

of habitat patches occupied by a metapopulation are source populations.

Modelling has shown that metapopulation functioning benefits from a heterogeneous
variety of well-connected sizes and shape of habitat patches (Schippers et. al., 2009). Many
smaller habitat patches spread throughout a landscape reduces the metapopulation’s
vulnerability to regional stochasticity (such as drought or disease) by reducing the chance
that all populations will be affected at once (Hanski, 1998, Schippers et. al., 2009). The
advantage of fewer large patches becomes greater when the matrix is inhospitable and
connectivity is poor, reducing colonisation rates and raising migration costs, especially for
species for which dispersal ability is weak (Schippers et. al., 2009). Maintaining functioning
metapopulations within a connected network of smaller habitat patches is attractive from a
human perspective due to requiring smaller pockets of land and distributing the social
benefits of nature more widely and accessibly throughout a city, and is a much more

feasible approach than retrospectively allocating large areas of land for reserves in already



built-up areas. Greater understanding of the metapopulation viability of urban native bird
populations in fragmented habitats is crucial to inform planning and management decisions
intended to support biodiversity in cities, not just to conserve native birds and the

ecosystems they are a part of, but also to benefit humans.

Greenways

As new approaches to environmental planning and management of urban areas emerge, it
is imperative to understand the value, or lack thereof, that different types of greenspace
can provide to biodiversity conservation in urban areas. The term greenways refers to long
narrow reserves which are often created in areas that are of low value for other uses, such
as disused railway lines or riparian corridors, and are usually designed to facilitate active
transport and recreation (Horte and Eisenman, 2020). This makes them a socially desirable,
low-cost, and convenient type of urban reserve to create, which helps to explain their
growing popularity, but if their value to biodiversity conservation is less than that of other
reserve types there is a danger that the proliferation of greenways could lead to a false
sense of urban ecological protection or enhancement. Greenway designs frequently
emphasise the social and economic (rather than the ecological) advantages of this reserve
type, and they have most commonly been studied regarding their social benefits and their
ability to connect urban residents with nature, with relatively few studies addressing their

value to biodiversity (Horte and Eisenman, 2020).

Long, narrow habitats are usually considered as connecting elements between habitats
rather than as valuable habitat per se, and studies have shown that greenways can
significantly increase connectivity in a landscape (Ignatieva et. al. 2011, Carlier et.al., 2019,
Horte and Eisenman, 2020). Greenways can aid connectivity by providing dispersal corridors
and by permeating the urban environment, thus enabling the both the ease of movement
between habitat patches and the interception of migrating individuals in the matrix which
are then channelled into habitat patches (Angold et. al., 2006). Continuous canopy cover
throughout the greenway is a key factor to ensure effective connectivity (Carlier et.al.,
2019). If the ecological connectivity of greenways is prioritised in their design, they can
facilitate metapopulation functioning, which is dependent on connections between habitat

fragments, especially when the matrix is inhospitable, such as in densely urbanised areas.



Greenways can also provide habitat for urban birds, but the value of that habitat to species
which are most negatively impacted by urbanisation is dependent on a range of factors
(Mason et. al., 2007). Although multi-use reserves can have negative impacts on some
species due to factors such as frequent human disturbance, it has been proposed that
smaller reserves in urban environments are unlikely to be capable of providing habitat for
highly sensitive species (Rodriguez-Prieto et. al., 2014). Greenway width significantly
impacts urban-sensitive and urban-avoider species of birds, which are not found in
greenways less than 50m in width, and some of which are not found in greenways less than
300m wide (Mason et. al., 2007). Bird species that are well-adapted to urban environments
can make use of greenways with varying types of vegetation structure, however, they may
have less dependence on corridors due to their ability to utilise the matrix as secondary
habitat (Matsuba et. al., 2016). Urban-avoider bird species (sensitive to urban disturbances)
are more likely to be dependent on corridors and are unlikely to benefit from greenways
with sparse understory vegetation, regardless of their width (Matsuba et. al., 2016). The
proportion of a greenway that is human-managed (e.g. paths and mowed grass) has been
found to be the most important factor for predicting species-richness of urban-sensitive
species such as forest-interior and insectivorous birds (Mason et. al., 2007). Adjacent
landcover is another significant factor, with urban-sensitive species showing lower richness
and abundance where adjacent landcover has a greater proportion of impervious surface

and bare-earth (Mason et. al., 2007).

Reserves which are long and narrow in shape have a longer edge in relation to their core
area, and this can increase the likelihood of invasion by problematic species such as nest-
predators, which are found in greater abundance closer to forest edges (Keyser, 2002.). It
has been established that the narrower a greenway is, the greater the abundance of
mammalian nest-predators, indicating that such reserve shapes are likely to incur higher
costs to maintain breeding bird populations within them as predator populations need to be
controlled with greater effort (Sinclair et. al., 2005). Without sufficient predator control
measures there is a risk that long narrow reserves could become population sinks due to

high mortality while breeding and high nest failure.

Although it has been established that the width and vegetation of an urban greenway will

largely determine its conservation value, comparisons between greenways and other



habitat shapes are conspicuously absent from the literature as of yet. The ecological value
of long narrow urban reserves has most commonly been studied in relation to connectivity
and bird habitat provision, and this current study aims to add to the body of knowledge by
assessing whether narrow reserves are of similar value for the conservation of urban birds

when compared to round reserve shapes.

Urban native birds

Studies have shown that increased urbanization tends to lead to a decrease in avian species
richness and an increase in avian abundance and biomass and select for omnivorous and
granivorous species (Chace and Walsh, 2006, Ortega-Alvarez and MacGregor-Fors, 2009).
Exotic species that are successful urban exploiters often replace native species that cannot
tolerate or exploit the urban environment (Dar and Reshi, 2014, Xu et. al., 2018). It is
therefore of great importance to the conservation of urban biodiversity to maintain viable
regional populations of those native species which can adapt to the challenges of life in the
city. Native bird populations are vital for maintaining ecosystem functioning through the
provision of ecosystem services such as native plant pollination and seed dispersal (Kelly et.
al., 2010). Urban birds are also important to people, and bird species richness has been
found to positively relate to neighbourhood well-being (Luck et. al., 2011). A New Zealand
study found that planting native tree species specifically to attract native birds to urban
gardens is a common activity undertaken by more than half of the survey participants,
indicating the value that people place on connecting with nature through native birds

(Charles and Linklater, 2015).

Urbanisation causes immense changes in landcover as natural landcover is replaced by built
and paved landcover, massively reducing, degrading and fragmenting the available habitat
area for native wildlife. Landcover is the principal factor affecting bird species density
(number of species per square kilometre) across cities worldwide (Aronson et. al., 2014).
The level of densification can be understood as the proportion of land covered by human-
modified (i.e. built and paved) surfaces, and increased urban density has been
demonstrated to negatively impact native bird richness (Paz Silva et. al, 2015). The
proportion of vegetated landcover has the inverse effect, showing positive effects on urban

native bird populations (Paz Silva et. al, 2015, van Heezik and Adams, 2016). While native
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vegetation in particular is usually found to be positively associated with native bird species
richness (Day, 1995, Donnelly and Marzluff, 2004, Chace and Walsh, 2006, van Heezik et. al.,
2008(b)), there is also evidence of exotic trees supporting native birds in the New Zealand

urban context (Gray and van Heezik, 2016).

Although still considered to be part of the urban matrix rather than valuable habitat,
residential urban areas are more hospitable to native bird species when compared to
densely urbanised areas which have a greater proportion of built and paved landcover. A
survey of birds at commercial, industrial and residential sites Dunedin, New Zealand, found
that exotic bird species were dominant in areas that were commercial, industrial, or had
structurally simple gardens, but bush-dependant natives made up 24-32% of species in
residential areas with larger, more structurally complex gardens, and 50-75% of species in
bush fragments (van Heezik et. al., 2008(b)). Spill-over effects of habitat fragments have also
been shown in urban bird studies, for example another Dunedin study showed that built
areas which border on undeveloped areas have higher native bird density than other built
areas that do not (van Heezik and Adams, 2016). These studies imply that in situations
where habitat fragments are surrounded by a residential urban matrix, native birds from a
source population can utilise and disperse through well-vegetated private gardens and are
not isolated from populations in other nearby habitat patches. In contrast, where the
surrounding matrix is highly urbanised, urban-sensitive bird species are less likely to cross
edges (Hodgson et. al., 2007), meaning that connecting corridors between habitat

fragments become much more crucial.

Native birds in urban areas are also affected on a species-specific basis by factors associated
with their ability to adapt to the urban environment. Omnivorous and granivorous species
are better able to utilise urban food sources and are less likely to be constrained by lack of
food, while species capable of nesting on human-built structures are less likely to be
constrained by lack of nesting sites (Chace and Walsh, 2006). Different species of bird also
vary in vulnerability to predation, and the density of predator species has been found to be
higher in urban habitats (Sorace, 2002). The biodiversity outcomes of a connected network
of smaller reserves may require some trade-offs: while there are native bird species that can
be found in reserves with high levels of disturbance or fragmentation, many others are not

so tolerant to disturbance, and small reserves may be insufficient to support the persistence
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of some native bird species because of the different minimum patch size thresholds which
have been identified for different species (Donnelly and Marzuff, 2004). Urban greenspaces
should be planned and managed towards meeting the needs of the greatest number of
native bird species possible, although some species which are most highly vulnerable to

disturbance may not be able to adapt to urban habitats regardless of conservation efforts.

Reserves in Auckland

The city of Auckland has undergone and continues to undergo rapid population growth,
resulting in an increase in housing density and widespread biodiversity loss (Haines, 2011;
Curran-Cournane et. al., 2014; Wyse et. al., 2015). The human population of Auckland is
projected to grow from 1.7 million to 2.5 million by 2040, creating immense development
pressure in the region (Curran-Cournane et. al., 2014). As has been the case in many cities
in around the world, Auckland’s growth has historically been largely accommodated by
outward expansion of residential areas, serviced mainly by motorway construction. This
urban sprawl has led to concerns over environmental sustainability and inadequate or
failing infrastructure, and regional policy strategy documents have been advocating strongly
for urban containment and urban intensification since 1999 (Dupuis and Dixon, 2002). The
urban densification process poses a threat to urban greenspace, and the provision of urban
greenspace in a compact city has been described as a major challenge, with loss of private
greenspace rarely offset by provision of more public greenspace (Haaland and Bosch, 2015).
The increased area covered by impervious surfaces that is associated with increased urban
density causes a decrease in species diversity (Dallimer et. al., 2012). Rapid urban growth is
a significant factor in species extinctions as it impacts heavily on ecological processes and

commonly leads to native species being replaced by exotic species (Goddard et. al., 2010).

While some suburbs contain forest reserves where biodiversity will continue to be
protected as the city densifies, many parts of Auckland have only recreational green spaces
providing facilities such as playing fields and playgrounds with very little biodiversity value.
Tree cover (including both native and non-native trees) in Auckland City is just 6%, 63.2% of
which is on private land, and only approximately 15% of that is protected, meaning that
more than half of the meagre remaining tree cover is vulnerable to clearance as the city

densifies (Wyse et. al., 2015). A recent survey of bird species diversity and abundance
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(which included passing sea birds) on nine of the volcanic reserves of the Auckland Isthmus
found 38 species of bird present, 18 of which were native (Landers et. al., 2019). This study
compared relative abundance of species recorded but did not analyse differences in bird
communities and diversity between sites. A subsequent study of urban bird communities in
Auckland city found that bird diversity decreased with increased urban density, and that
within habitat fragments greater native bird richness and abundance was associated with
less noise and a less densely urbanised surrounding matrix (Heggie-Gracie et. al., 2020).
There seems to be a paucity of research in the literature to date regarding the avian

diversity of New Zealand’s largest city, and the factors which influence it.

Increasing the area of large urban reserves in a growing and densifying city such as
Auckland, with high demand and prices for land, is largely unfeasible, particularly when
housing shortages exemplify an apparent direct competition between human needs and
biodiversity conservation. An alternative to continuously providing quixotic
recommendations for an increase in large urban reserves is to explore more practical
opportunities for enhancing urban reserve networks in ways that meet social and
infrastructural goals as well as biodiversity objectives. Connectivity between habitat patches
will become increasingly important as the urban density of Auckland city increases. Low
lying tracts of land that are natural drainage areas and flood periodically are unsuitable for
built infrastructure, and therefore considered to be of low value to humans, but can
potentially provide valuable connectivity and habitat for urban biodiversity, while
simultaneously meeting human goals such as flood mitigation, carbon sequestration, and
the provision of walkways and cycleways. If the creation of more greenways connecting
small habitat patches all over the city were to be considered as a solution for maintaining
metapopulations of native birds throughout the city, evidence that small and narrow
reserves are capable of supporting native bird breeding would be vital to justify this
approach. This study aims to contribute towards filling a current knowledge gap by
comparing the habitat value of different reserve shapes and sizes for maintaining

metapopulations of urban birds.
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Research Aims

e To explore the effect of reserve size and shape on avian diversity, abundance, and

native bird breeding in urban reserves on the Auckland Isthmus

e To glean insight into what habitat factors may be most important for diversity and

breeding of urban native birds

e To elucidate whether a network of small and narrow reserves could provide value as

habitat for birds as well as connecting larger habitat patches
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Chapter 2: Survey of study sites and associated factors

Image 2.1- Excellent field assistant recording measurements during vegetation survey in a

reserve with mature forest, Dingle Dell, Auckland, New Zealand

Introduction

In order to compare bird populations in urban reserves of different shape and size, it is
necessary to ensure that the different size/shape reserve categories do not significantly
differ in factors which are likely to be important in influencing urban bird communities. The
selected factors to measure for this purpose were initially: groundcover, understory
complexity, trunk circumference, tree density, tree species diversity, reserve landcover,
(these vegetation factors were later combined into a composite vegetation quality score),

adjacent landcover and distance to closest forest patch.
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It was essential to conduct a detailed survey of the vegetation in each study site because
bird communities can be positively affected by increased vegetation complexity in their
habitats, and significant variation in vegetation quality between site categories would
confound the comparison of reserve shape and size. Vegetation factors such as the
proportion of tree cover, vegetation diversity, the secession stage of the forest and tree
density have been shown to affect the avian species richness and abundance of a habitat
patch. (Dobbs et. al., 2011, Chang and Lee, 2016). Urban-sensitive bird species have been
found to have lower species richness and abundance in urban reserves with less understory
density, so this was also considered to be a meaningful factor to explore (Matsuba et. al.,
2016). A vegetation quality score (VQS) was created to combine the most important
vegetation factors and test whether the different shape/size reserve categories are of
comparable quality. Tree species diversity is often positively correlated with reserve size,
and positively influences bird species richness (Donnelly an Marzuff, 2004, Chang and Lee,
2016), so this was considered to be an influential factor to test independently, as well as
being included in the VQS. The landcover of reserves was also tested independently as well
as being included in the overall VQS because the proportion of reserves covered in
pavement and mowed grass has previously been found to be the most important factor
influencing abundance and richness of urban-sensitive bird species in narrow urban reserves

(Mason et. al.,2007).

In a fragmented landscape such as the urban environment, regional populations may be
more likely to function as metapopulations, and small reserves may function as important
habitats that support such metapopulations. For metapopulations to persist in a landscape
of fragmented habitats, connectivity between patches is necessary (Hanski and Gilpin,
1991). The distance to the closest forest patch was measured for each site because habitat
patch connectivity has been found to have a significant influence on bird species richness in
urban reserves, and connectivity combined with patch area has been shown to influence
overall bird abundance (Shanahan et. al., 2011). Adjacent landcover was an important
related factor to measure because the density of built areas in the surrounding matrix of
reserves may also affect the patch connectivity, with the effect varied for different species,
for example a study from New South Wales in Australia found that nectivorous bird species

were more likely to move between patches over a matrix of high-density housing, while
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insectivorous species tended to cross the through areas of low density housing (Hodgson et.
al., 2007). Furthermore, the landcover of the area adjacent to narrow urban reserves has
been shown to influence the richness and abundance of urban-sensitive bird species (Mason

et. al., 2007).

Two habitat factors which were deemed to be particularly important to avian breeding
activity as well as avian diversity were predator control and the presence of freshwater.
Predation is a major cause of nest failure and juvenile mortality in urban habitats (van
Heezik et. al., 2008(a)). Decreased distance to freshwater has previously been found to be
associated with an increase in bird species richness in urban greenspaces (Zivanovic and
Luck, 2016). We also considered a source of freshwater to be a factor that could influence
whether birds establish breeding territories in a habitat patch or not because time and
energy must be prioritised towards feeding the incubating parent and the offspring during
the breeding period, and flying some distance to access freshwater detracts from this prime

objective.

For my study covered in this thesis, | have selected 28 urban reserves of different area and
shape which are situated on the Auckland Isthmus. Care has been taken to choose reserves
with similar vegetation conditions in order to avoid confounding vegetation factors when
exploring the size and shape effect. It is also important to ensure that there is no significant
difference in both the connectivity and the adjacent landcover of the reserve shape/size
categories if bird populations are to be accurately compared. In this chapter we analyse the
plant and landcover parameters of these reserves in order to determine whether such

confounding factors are present.
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Research Questions

1. Do tree cover, tree diversity and vegetation quality score differ between the
different shape and size categories?

2. Does the adjacent landcover score differ between the different shape and size
categories?

3. Does the distance to closest forest patch differ between different shape and size
categories?

4. Does the presence of predator control measures and freshwater differ between the

different shape and size categories?
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Methodology and Results

Study sites

The vegetation, landcover, bird populations and the breeding of three native species were
surveyed in 28 reserves on the Auckland Isthmus (see figure 2.2 below). The reserves
surveyed for this study have areas ranging between 5,593 m? and 186,529 m?, are of varying
shapes, and all located within a matrix predominantly consisting of medium-density
housing. All of the study sites are multi-use reserves with walkways running through them

and varying amounts of grassed area.

Figure 2.2- Map of Auckland Isthmus with study sites outlined in yellow (from Google Earth

Pro)

Vegetation Survey

We used footpaths in each reserve as sampling transects when possible (see figure 2.3,
page 19). In reserves where paths were not present in a large portion of the reserve, we set
up transects. The vegetation was sampled every 20 m along the path or transect using Point

Centre Quarter (PCQ) survey method (see Bryant et. al., 2004). At each 20m point, a 2m line
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was measured perpendicular to the path/transect, and a sample point marked, on
alternating sides where possible. Where this was not possible due to physical obstructions
such as water or very steep banks, the survey point was marked on the same side as the
previous point. At each sample point a cross was marked out on the ground, and in each
guarter the tree closest to the centre but within 10 m of it which had a trunk circumference
greater than 15 cm was sampled. If there was no tree with a circumference greater than 15
c¢cm within 10 m of the point, then it was recorded as “no tree”. The parameters measure
included the species, the distance from the centre point to the tree and the trunk
circumference at breast height. Each plant under 2 m tall that was touching the line
between the centre point and the tree sampled in each quarter was identified and
categorized into height categories of 0-50 cm, 50cm-100 cm, and 100-200 cm, to give an
indication of the understory complexity. A score for groundcover: 0 = nothing, 1 = grass, 2 =

thick cover of leaf litter/seedlings/weeds was given for each line.

Figure 2.3: Dingle Dell Reserve, Auckland, New Zealand, showing transect line in red (from

Google Earth Pro)
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Shape/size reserve categories

Google Earth Pro was used to measure the area, perimeter, length, and width of each site.
The length was recorded as the longest straight line between two edges of the reserve and
the width was measured as a line perpendicular to the length at the widest point of the

reserve.

The width divided by the length of the 28 study sites was used for a measurement of
reserve shape. The 14 sites above the median value for length/width were classified as
round (or R) and the sites below the median classified as narrow (or N). Within the narrow
category, the 7 sites with an area above the median were categorised as narrow large (NL),
and the sites with an area below the median as narrow small (NS). The same was then done
for the round category, which was dived into round large (RL) and round small (RS)

categories.

We chose to use width/length as a determinant for shape rather than an area/perimeter
ratio due to the often indented edges of reserves that were basically round in shape
skewing this data in a way that was not practically useful when comparing round to narrow

reserve shapes.

Permanova was used to test the differences of habitat features between the treatment (NL,
NS, RL, RS). The distance to the nearest forest is log (V+1) transformed before the data was
normalised. The Euclidian distance is used to build the resemblance table. Unrestricted

permutation of raw data was performed for the single factor permanova.

Table 2.1- PERMANOVA result

PERMANOVA table of results

Unique
Source df SS MS Pseudo-F P (perm) perms
Sh 3 20.538 6.8459 1.1615 0.315 999
Res 24 141.46 5.8943
Total 27 162

There is no evidence the parameters investigated differ between the reserve shape and size

categories. Further exploration of each of the measured factors follows below.
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Tree species diversity

Shannon index was used to measure the diversity of plants using the equation:

S
H=Y-((Pi*InPj)
i=1

Figure 2.4- Mean tree species diversity for reserve shape/size categories (+/- S.E.)

Mean tree species diversity (+/- S.E.)
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There was no significant difference (ANOVA, p= 0.124) in mean tree species diversity
between the reserve categories, and a Levene’s test showed no evidence of problems with

variance assumption (p=0.131).

Reserve landcover score (RLS)

For each site, areas of water (measuring patches larger than 100 m2) were measured and
added together. The same was then done for areas of tree covered area, grass covered area
and built-up area. Paths were measured as part of the built-up area if they were more than
2 min width. A reserve landcover score (RLS) was generated with the intention of
representing the habitat value of each landcover type, the assumption being that tree cover
is the most valuable, grass and water have some value, and built areas have a negative

habitat value. The proportion of the total reserve area covered by each landcover type was
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calculated and then the following equation was calculated whereby: T= proportion of tree

cover, G= proportion of grass, W= proportion of water and B= proportion of built area:

RLS= (2 xT)+G+W + (-1 x B)

Figure 2.5- Mean reserve landcover score for reserve shape/size categories (+/- S.E.)

Mean reserve landcover score (+/- S.E.)
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Analysis showed no significant difference (ANOVA, p=0.207) in LS between the reserve

categories and no evidence of problems with variance assumption (Levene-test, p= 0.157).

Vegetation Data Analysis

Groundcover scores for each sample point were added together and then averaged to give a
groundcover score for the whole site. The average trunk circumference for each site were
calculated as an indication of the maturity of the forest, and the mean distance between the

tree and centre point at each site was used as a measure of tree density.

To calculate an understory complexity score (UCS) for each site, we first assigned a
understory score (US) of 0-3 depending on the presence or absence of tree and shrub
seedlings, climbers, ferns and grasses in each height category a score of 0-3: 0 for nothing in
any category, 1 for presence in 0-0.5 m, a 2 for presence in 0.5-1 m, and a 3 for presence in
1-2 m. A Shannon index (H) was then calculated for the plant diversity in each of the height

categories and the understory complexity score was calculated as:
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UCS=US+H

Vegetation quality score

The trunk circumference and the tree density were found to be co-related variables, so
trunk circumference was selected as the indicator of forest maturity. Understory complexity
score and groundcover score were also found to be co-related variables, and understory
complexity score was selected to use for further analysis because it is known to be a factor

which can influence bird diversity.

The mean trunk circumference for each site was given a ranked score between 1 and 5. A
score of 1 was given to sites with an average trunk circumference of 50-100 cm, a 2 was
given for 101-150 cm, a 3 for 151-200 cm, a 4 for 201-250 cm and a 5 for 251 cm and above.
The sum of landcover score (LS), Shannon diversity index for tree species (H), understory
complexity score (UCS) and trunk circumference score (TCS) was used as a vegetation
quality score (VQS). Although tree species diversity and landcover score were included in
the vegetation quality score, they were also tested as separate variables because they have
been considered to be important variables effecting bird populations in previous studies,

and also they were not strongly related to any other variables.
VQS =LS + H + UCS +TCS

Figure 2.6- Mean vegetation quality score for reserve shape/size categories (+/- S.E.)

Mean vegetation quality score (+/- S.E.)
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Statistical analysis found no significant difference (ANOVA, p= 0.734) in VQS between

treatments and no evidence of problems with variance assumption (Levene-test, p= 0.499).

Adjacent landcover score

The adjacent land surrounding each reserve within a 200 m radius around the reserve was
measured using google earth pro (see figure 2.4), and the area of water, tree, grass and
built up areas greater than 1000m2 were measured and added together for each landcover
category. The same method used to generate landcover score was then applied to generate
an adjacent landcover score (ALS) score: T= proportion of tree cover, G= proportion of grass,

W= proportion of water and B= proportion of built area:
ALS=(Tx2)+G+W+ (Bx-1)

Figure 2.7: Roy Clements Treeway, Auckland, NZ, showing adjacent landcover area within

blue line (from Google Earth Pro)
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Figure 2.8- Mean adjacent landcover score for reserve shape/size categories (+/- S.E.)

Mean adjacent landcover score (+/- S.E.)
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There is no significant difference (ANOVA, p= 0.207) in mean adjacent landcover score
between the different treatments and no evidence of problems with variance assumption

(levene-test, p= 0.865).

Distance to closest forest patch

Distance to closest forest patch greater than 5,593 m? (the area of the smallest study site)
was measured using google earth pro, and if the closest patch was connected to the study
site by continuous vegetation cover the distance was recorded as 0. An arbitrary cut-off for
habitat patch area was chosen because different species of birds have different territory
sizes, and a minimum habitat patch size for bird species found in Auckland is currently

unknown.
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Figure 2.9- Mean distance to closest forest patch for reserve shape/size categories (+/- S.E.)
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There was no evidence of a significant difference in distance to closest forest patch between

the treatments. Kruskal-Wallis Rank Sum Test: Chi-square value = 1.8902, df=3; p= 0.596.

Factors which could affect bird breeding

The presence of predator control measures and a source of freshwater were recorded
during surveys of each site as these factors may influence the suitability of habitat for
successful bird breeding. Auckland Council was contacted to confirm the presence of
predator control operations at the sites where they had been observed, and the lack of
predator control at sites where none had been seen. The proportion of sites in each
shape/size category where predator control was seen are indicated in the chart below
(figure 2.10, page 27) as the “yes” proportion, and the proportion of sites where predator
control was not seen were marked as “no”. The same applies to the chart (figure 2.11, page
28) displaying the proportion of sites in each shape/size category where a freshwater source

was present.
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Figure 2.10- Comparison of the proportion of each reserve category with predator control

Narrow Large Predator Narrow Small Predator
Control Control

M yes

Hyes
Round Large Predator Round Small Predator
Control Control
Hyes Hyes

The number of reserves in the narrow small category with predator control (yes) was
highest at 57.14% and was double the proportion of both narrow large and round small
categories which had 28.57%. Statistical analysis was unfortunately not possible for this data

because of the small data set and the binary nature of the data.
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Figure 2.11- Comparison of the proportion of each reserve category with freshwater present

Narrow large sites Narrow small sites
with water present with water present

®no H no
Hyes Hyes
Round large sites with Round small sites with
water present water present
Hno B no
Hyes M yes

There was a large difference in the proportion of sites with freshwater present (yes)
between the size/shape categories and statistical analysis found weak evidence of an
association between water presence and categories (Fisher’s exact test, p= 0.071). The
narrow small category had 85.71% with freshwater present, four times the round small

category which had only 14.3% with freshwater present.
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Discussion

The initial permanova test showed no statistical differences between reserve shape and size
categories for the factors tested, and then further analysis confirmed this for each of the
separate factors tested. Because there was no statistically significant difference found
between the shape/size categories for any of the variables considered as important
influences of bird diversity and abundance, the bird populations of the different reserve
categories can be compared without confounding factors influencing the difference in bird

data between categories.

A review of previous studies has found that larger habitat patches have greater plant
diversity, which is thought to be the reason that they are able to support greater bird
species diversity (Donnelly and Marzuff, 2004), however, our reserve shape/size categories
showed no significant difference in tree species diversity. The landcover of reserves,
another factor which has been shown to be important in influencing bird diversity (Mason
et. al.,2007), was also found not to be significantly different between the different
shape/size reserve categories. The VQS was used to test the combined factors of vegetation
diversity, coverage, complexity, and maturity, as a composite variable of vegetation factors
known to influence bird diversity, and no significant difference was found between the
different reserve categories. The landcover of the area adjacent to urban reserves has
previously been found to influence bird diversity (Mason et. al., 2007), and when the
adjacent landcover of the four reserve categories were compared no significant difference
was found. Habitat patch connectivity has been shown to significantly influence bird species
richness in urban reserves (Shanahan et. al., 2011), and when the average distance to the
closest forest patch for each reserve category was compared, no significant difference was

found.

Of the two factors which we considered likely to affect bird breeding in particular, larger
differences between categories were seen, and, although the binary data was difficult to
analyse with a small sample size (28 sites) and predator control was not able to be tested for

significance, presence of water showed a weak difference. These two factors must be
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scrutinized when comparing the different reserve categories in analysing the data from the

bird breeding survey.

Accuracy of the adjacent landcover score could have been greater if the different landcover
types had been measured at a finer scale as was done for the landcover measurements
within sites, but time constraints did not allow for this. Accuracy of the comparison of
connectivity measurements for the sites in this study could have been improved if a
minimum habitat patch size for urban birds species in Auckland was known, as this could
have been used as a minimum patch size rather than the area of the smallest study site,

which was the arbitrary value selected.
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Conclusion

There was no significant difference detected between the shape/size reserve categories for
any of the variables known to affect bird diversity and abundance that were analysed. No
significant difference was found between categories for tree diversity, reserve landcover,
vegetation quality score, adjacent landcover score or distance to closest forest patch. This
means that the effect of the shape and size of reserves on urban bird populations can be

tested independently of potentially confounding variables.
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Chapter 3: Effect of urban reserve shape and size on bird
abundance and diversity

Figure 3.1- Silver-eye (Zosterops lateralis) juveniles photographed during a bird count

Introduction

In the urban environment, increased anthropogenic disturbances and the introduction of
exotic species cause changes to animal community assemblages. Some species (often
referred to as urban exploiters or synanthropic species) can adapt to human activity and
disturbance and are abundant in urban areas; h