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Abstract

Plate 1. Farmland in the Strzelecki Ranges in Spring, September 2017.

Rural regions cover a significant proportion of Earth’s surface and are important for
biodiversity conservation. They are shaped by human land-uses, including agricultural
intensification and expanding human settlement. This study aimed to: i) determine how
common land-uses influence the composition and richness of bird communities; ii) identify
important properties of rural landscapes for bird guilds; iii) examine species traits
associated with the persistence of forest birds; and iv) document how native bird species
use a spectrum of modified site types.

The study region, the western Strzelecki Ranges, in rural Victoria, south-east Australia, has
experienced extensive deforestation (>80% loss) and landscape change. I selected 25 study
landscapes, each 1 km2, representing common land-uses: grazing, dairying, horticulture,
lifestyle properties, townships, tree plantations, natural forest. Birds were surveyed by point
counts at 10 sites in each landscape.

Avifaunal richness (from 31 to 53 species) and composition within landscapes varied
greatly, reflecting structural gradients from forest to human-dominated habitats. Native
bird occurrence was influenced by native vegetation extent, but large gardens and exotic
woody cover provided additional habitat. Thirty-nine of 46 forest bird species occurred in
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modified landscapes (<10% average forest cover) but showed marked variation in
distribution. Seven forest species were absent, typically native vegetation specialists and
ground foragers. Forest species common in modified landscapes used diverse site types,
foraged in tree canopy and were abundant in natural forest landscapes.

Bird communities in rural regions are dynamic and responsive to land-use. All rural landuses can provide opportunities for enriching habitat for native birds but some (e.g. lifestyle
properties) more so than others (e.g. townships).

Native vegetation protection and

restoration remain high priority for biodiversity conservation in rural regions, but modified
habitats will play an increasingly important role. Further insights are required into seasonal
movements and long-term population dynamics of birds in modified habitats, and of social
factors that will improve uptake of conservation by rural land managers.
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Plate 2. Rainbow above dairy farmland and township, May 2015.
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Plate 3. A magical winter sunrise in the Strzelecki Ranges, June 2018.
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Fig. i. Diagram of key terms and their general ‘hierarchy’ for the purpose of the study design.
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Rural landscape change: Change in the types of land-use, and consequently of the extent
and arrangement of ‘habitat types’ and ‘land-cover types’. Such change is occurring in
rural regions globally.
Land-use trajectories: Common types of ‘landscape change’ over time that are observed
in rural regions around the world and are related to different types of human land-uses; for
example, clearing of native vegetation, increasing housing density, agricultural
intensification, farmland abandonment, landscape restoration.

Study region: The mapped area (900 km2) in the rural western Strzelecki Ranges, Victoria,
Australia; which encompasses all ‘study landscapes’ and ‘study sites’.

Landscape scale: Replication across ‘study landscapes’ (unit in km).
Study landscape: Circular study area of 1 km2 (100 ha), selected to represent (and
replicate) the seven ‘land-use types’ described below. The term ‘all landscapes’ comprises
the full set of 25 study landscapes (range 3 – 99% native wooded cover); ‘modified
landscapes’ refers to a subset of 19 study landscapes with a narrower range of native
wooded cover (3 – 29%), such as are more typical of rural environments.

Land-use type: Category of human activity and management of land. Seven rural landuses were used as the basis for selecting replicate ‘study landscapes’; townships, lifestyle
properties, dairy farming, beef grazing, horticulture, plantation and natural forest.
Habitat type: Five broad types of habitat for birds mapped within ‘study landscapes’ and
used for the purpose of selecting ‘study sites’. These are indigenous (wooded) vegetation,
introduced vegetation, exotic crops, open grassland and human infrastructure.

Land-cover type: Ten types of finer-scale land-cover, which are emergent properties of
land-use and are nested within the five broad ‘habitat types’ described above. These are:
native vegetation, exotic vegetation, pine tree plantation, eucalypt tree plantation, crop,
orchard, open grass, developed urban, house and garden, open water.
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Landscape properties (attributes): Variables representing potential predictors of bird
species richness and composition at the ‘landscape scale’, grouped in categories to
represent; habitat extent (i.e. native wooded cover, exotic wooded cover, open pasture
cover), landscape composition (i.e. elevation range, scattered tree density, average
residential property area), spatial configuration (i.e. aggregation of native vegetation), and
landscape context (i.e. distance to core habitat >50 ha).

Site scale: Replication across ‘study sites’, or the local area relevant to individual property
size (unit in m).

Study site: Circular study area of 30 m radius around a central point, used as the sites at
which bird surveys were undertaken. Ten sites were located within each ‘study landscape’
(n = 250 sites in total) and were distributed to represent the key ‘habitat types’ present in
the landscape.

Habitat type: Refer to definition above.
Site type: Ten types of finer-scale habitat for analysis of bird occurrence at the ‘site scale’
(nested within the five previously identified ‘habitat types’); intact eucalypt forest,
revegetation patch, native linear, native scattered, plantation, exotic linear, exotic scattered,
farmyard, townscape, grassland.
Ecosystem origin: Terms used to refer to the origin of ecosystems (at the ‘site scale’) in
rural landscapes as a consequence of different types of land-use; historical, hybrid, novel,
impacted, designed.

Chapter One

Rural landscape change around the world and the
consequences for biodiversity

Plate 4. Rural regions around the world. Insets: a) irrigated crops and pasture in Queensland,
Australia; b) vineyards in southern France; c) pasture in the Yorkshire Dales, England.
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1.1. Rural regions around the world and drivers of landscape change
Rural regions are a dominant feature throughout the world and have been shaped,
manipulated and modified by human land-uses and habitation over time (Tilman et al. 2001,
Ellis and Ramankutty 2008, Lambin and Geist 2008, Foley et al. 2011, Tilman et al. 2011).
A large percentage of the Earth’s available terrestrial surface (~40%) is made-up of rural
regions (e.g. 3.38 billion hectares of pasture or rangelands, and 1.53 billion hectares of
cultivated croplands) (Foley et al. 2011). They contain a diverse mosaic of habitats and
environments, both natural (e.g. grassland, vegetation, waterways) and engineered
(cultivated farms, buildings, structures, settlements) (Forman 1995, Bennett et al. 2006,
Lindenmayer et al. 2008a, Driscoll et al. 2013). Rural regions are therefore ‘working
landscapes’ (Kremen and Merenlender 2018), that are composed of a variety of
multifunctional land-uses to satisfy human needs (e.g. for food and resource production,
recreation) (Smailes 2002, Foley et al. 2005, Foley et al. 2011, Zasada 2011). However,
rural regions also support significant components of biodiversity and are important for
maintaining, sustaining and conserving ecosystem processes and species, both now and into
the future (Forman 1995, Athreya et al. 2013, Kremen and Merenlender 2018).
In the 21st century, both abiotic (e.g. climate, weather, seasons, fire) and biotic (e.g. species
movement, species-habitat interactions) factors can contribute to changes in rural regions
and the biota that they support. Nonetheless, human land-use is the main driver of rural
landscape change (Tilman et al. 2001, Sanderson et al. 2002, Ellis 2011b). Structural and
compositional changes to rural landscapes caused by humans (e.g. residential growth,
expanding croplands, de-forestation) are increasing, and the magnitude of landscape and
ecological change now occurring, is unprecedented throughout history (Steffen et al. 2007,
Rockström 2009, Ellis 2011b, Barnosky et al. 2012).

Human land-use is contributing to a sequence of transitional changes to rural regions across
the globe (Foley et al. 2005) Historically, rural regions were covered by natural ecosystems
(e.g. forests and woodlands, native grasslands) that were slowly cleared for small frontier
settlements and agricultural production (subsistence farming) over time (Foley et al. 2005).
Today, in the Anthropocene (Shellenberger and Nordhaus 2011, Proctor 2013, Johnson et
al. 2017), the human population is growing at a rapid rate, increasing to six billion in the
20th century and forecast to reach nine billion by 2050 (Cohen 1998, Tilman et al. 2001).
An increasing global population with greater wealth, mobility and distribution capacity
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(Tilman et al. 2017), is causing more intensive use and modification of rural regions. For
example, the global demand for cropland production is forecast to double between 2005 –
2050 (Tilman et al. 2011).

Other changes in rural regions are caused by associated economic, political and cultural
trends. Firstly, global economic markets and international trade are increasing the need for
agricultural intensification and exportation of local produce, through the attraction of higher
prices for commodities (Trostle 2008). National and international policies relating to rural
land-use (e.g. the creation of protected National Parks, expanding boundaries for residential
development) can also lead to the over-use or intensification of rural lands outside protected
areas (Martín-López et al. 2012). Also, changing socio-economic trends (e.g. pressure from
global consumers, or changing lifestyles leading to farmland abandonment) can impact the
management of rural regions (Cramer et al. 2008, Rueda and Lambin 2013).

These changes in land cover and land-use contribute to an increasing biodiversity footprint
in rural regions (Lenzen et al. 2012) and create numerous challenges for their sustainable
management. This is particularly a result of the rapid transition and large scale of many of
these changes. Across a diverse range of rural regions worldwide, similar patterns of
human-induced change, or landscape transitions, lead to common types of land-use
trajectories (Plate 5). These include: i) clearing of natural vegetation, ii) increasing housing
density, ii) agricultural intensification, iii) farmland abandonment, and iv) landscape
restoration (Foley et al. 2005). These transitions represent different processes but may cooccur in the same region (Fig. 1.1).
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Plate 5. Rural land-use trajectories around the world: a) clearing of vegetation (plantation logging, Scotland), b) increasing housing density (England), c)
agricultural intensification (France), d) farmland abandonment (vegetation encroachment and neglected stone walls, Wales), e) landscape restoration (spots
sprayed prior to tree planting, Australia).
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Fig. 1.1. Diagram of common land-use trajectories contributing to rural landscape change throughout
the world.

1.2.

Major transitions in rural regions

1.2.1.

Clearing of natural vegetation

A major transition that has and is still occurring in rural regions around the world, is the
transformation associated with the deforestation and the conversion of natural ecosystems (e.g.
native forests, woodlands, grasslands) to farmland and agricultural areas (Tilman et al. 2001,
Foley et al. 2005). Many natural ecosystems continue to be threatened by clearing for
cultivable croplands, particularly in tropical areas (e.g. South America, Africa) (Ramankutty
et al. 2002, Malhi et al. 2008). As an example, deforestation in tropical forests is estimated to
occur at a rate of 10.7 million ha each year (Houghton 1994, Bennett 1999). While landscape
clearing is intended to benefit humanity (e.g. provide food), it has contributed to countless
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Land clearing and conversion has contributed to vast

environmental degradation (e.g. loss of soil fertility, erosion, pollution, depleting ground water,
desertification) (van de Koppel et al. 1997, Ellis 2011a), accelerated climate change (Foley et
al. 2005, Bala et al. 2007, Williams et al. 2007), and significant threats to biodiversity
worldwide (e.g. loss of habitat, species extinction) (Jetz et al. 2007, Phalan et al. 2011, Johnson
et al. 2017).

Habitat loss and fragmentation has been of particular consequence for biodiversity. Island
biogeographic theory (MacArthur and Wilson 1967, MacArthur et al. 1973), has been applied
to isolated patches of remnant vegetation within the greater agricultural matrix, which become
islands of (typically depleted) habitat for native wildlife (Diamond et al. 1987, Forman 1995,
Bennett et al. 2006, Radford and Bennett 2007). Fragmented remnant patches can be strongly
influenced by the surrounding modified landscape, which creates many implications for native
species. For example, limited dispersal capacity, increased predation pressures, encouraging
invasive species, agricultural pollution and spread of pathogens, reduced access to resources
(Lindenmayer and Fischer 2006). In Australia, many native species have become extinct, or
have become threatened or vulnerable, as a consequence of European settlement and natural
vegetation clearing and fragmentation for pastoralism (Woinarski and Ash 2002, Woinarski
and Catterall 2004, Lunt and Spooner 2005). In the central-west of New South Wales for
example (approximately 25% of NSW land area), habitat loss has contributed to the decline of
382 vertebrate species since extensive land clearing and agricultural pressures began in the
1820s (Kerle et al. 2014).

1.2.2.

Increasing housing density

The change from farmland to increasing human settlement or density (e.g. smaller blocks,
expansion of towns and industrial zones) is a new major land-use change that is currently
occurring in rural regions worldwide (Smailes 2002, Barr 2003, Abrams et al. 2012). Increased
residential expansion is caused by land development associated with population growth; and
social and economic trends such as the demand for affordable and accessible land for amenity
purposes (e.g. ‘lifestyle properties’) by an increasingly mobile, wealthy, and informationorientated global society (Brown et al. 2005, Hansen and Brown 2005, Radeloff et al. 2005a,
Radeloff et al. 2005b, Rittenhouse et al. 2012). Many people (especially retirees), now seek
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lifestyle and amenity opportunities (e.g. ‘farm, tree or coastal change’, outdoor recreation)
away from urban areas (Daniels and Kirkpatrick 2011, Queiroz et al. 2014). Some of those
moving to rural regions include displaced suburban families, such as young families moving
beyond the urban fringe due to housing affordability (Barr 2003, Butt 2013b).

Many rural regions are, therefore, transitioning from being production orientated
(predominantly for agriculture) to providing for urban expansion (Argent 2002, Gosnell et al.
2006, Abrams et al. 2012). For example, in the United States, urban land cover is the fastestgrowing form of land-use (Hansen et al. 2005) and is projected to increase by up to 71% (29.5
million ha) between 2001 – 2051, under a continuation of baseline trends in land-use change
from 1992 - 1997 (Lawler et al. 2014). This creates new issues for environmental and land
management in rural regions, including both challenges (e.g. increasing residential spaces,
traffic density, infrastructure, light pollution) and benefits (e.g. land and waterway
conservation) (Abrams et al. 2012, Pun and So 2012).

Around the Australian city of Melbourne, for example, the peri-urban fringe has experienced
the city’s highest population growth rates, and is the key area driving rapid population growth
in Melbourne over the past several decades (Butt 2013b). The urban fringe continues to grow,
due to issues in strategic land-use planning and allocation, under neoliberal government policy
(Buxton and Scheurer 2007, Butt 2013a, Llausàs et al. 2015). Pressures associated with periurban growth are creating changes, such as an increasing traffic density on rural roads, a
reduction of the darkness of the rural night sky, and the subdivision and removal of native
grasslands and valuable farmland (Williams et al. 2005, Butt 2013a, Llausàs et al. 2015).

1.2.3.

Intensification of agriculture

Agriculture (croplands and pasture) is the largest land-use on Earth, covering 38% of the icefree terrestrial surface (Tilman et al. 2001, Foley et al. 2011, Queiroz et al. 2014). However,
agricultural land cover is forecast to increase even further, particularly in tropical areas
(Queiroz et al. 2014), to meet the consumption demands of a global human population which
is forecast to increase to 9 billion by 2050 (Tilman et al. 2001). Global crop production is
expected to increase by 100 - 110% from present levels by 2050 (Tilman et al. 2011).
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Agricultural land-use intensification has occurred, particularly since the 1950s (post World
War 2), driven by several factors (Vince 1952, Tilman et al. 2001, Robinson and Sutherland
2002).

Firstly, new monoculture crop varieties have been developed for commercial

production (e.g. Oil-seed Rape Brassica rapa L., and Linseed Linum usitatissimum L.) (Vince
1952, Shrubb 2003). Average farm size has expanded and allowed for increased numbers of
livestock and crop production (Butt 2013a, Key 2018). Technological advancements have
occurred to assist production (e.g. in the use and size or sophistication of machinery, use of
internet, monitoring livestock reproduction rates) (Offutt et al. 1987, Moore and Thatcher
2006, Pandey et al. 2019). Fertilizers and chemical pesticides have increased in availability
and usage (Dalin et al. 2018, Sah and Devakumar 2018). Finally, greater ease of transportation
(e.g. trucks instead of droving livestock) has occurred, allowing for greater capacity for
international or national export and import of products. These factors have all contributed to
the potential for increased agricultural productivity (Robinson and Sutherland 2002, Shrubb
2003, Key 2018). This differs from agriculture in the traditional rural landscape, which was
dominated by numerous small subsistence farms which produced food for local consumption
within the family or community (Vince 1952), and typically contained a diverse mix of
livestock and crops on the same farm (Robinson and Sutherland 2002).

While the value of local, seasonal and self-sufficient produce is re-emerging in some rural
regions, ‘industrial’ agriculture has significantly expanded on the world scale. This land-use
is predicted to cause significant environmental impacts and spatial changes to rural regions in
the future; for example, through habitat loss and transformation, increased greenhouse gas
emissions, damage to soils, degradation of waterways and loss of biodiversity (Foley et al.
2011).

1.2.4.

Farmland abandonment

The neglect of previously cultivated and pastoral agricultural land, which is no longer managed
for farming purposes, is also changing many rural regions worldwide (e.g. in Australia,
Portugal, Sweden) (Beilin et al. 2014). Farmland abandonment is the largest (by area) change
in rural land-use in Europe (García-Ruiz and Lana-Renault 2011); for example, in 1989, >245
000 ha of farmland was abandoned in Portugal and 20 000 ha of abandoned farmland was
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afforested (revegetated) in Ireland (Bignal and McCracken 2000). In Australia, the number of
farms has decreased by >60, 000 since 1960 (Butt 2013b).

Farmland abandonment occurs in many countries as a result of three major types of drivers
(Bignal and McCracken 2000).
i) Ecological drivers, include steep mountainous elevation, limited accessibility, unproductive
terrain (e.g. soil type, drought), climate change that has reduced the suitability of the land
for farming practices (Adams et al. 1998, MacDonald et al. 2000, Smit and Skinner 2002,
Beilin et al. 2014).
ii) Socio-economic drivers, such as farms located in remote or isolated regions away from
urban centres, loss of labour in the agricultural industry, increased farmer age, migration
and rural depopulation (moved to cities), technology, industrialization, national wealth and
the ability to import food and resources from elsewhere (Vince 1952, Robinson and
Sutherland 2002, Smailes 2002, Rey Benayas 2007, Beilin et al. 2014, Queiroz et al. 2014).
iii) Land mismanagement and poor agricultural practices, can also lead to land abandonment,
for example through soil degradation, frequent flooding, increased salinity, erosion and
loss of topsoil, over exploitation, loss of productivity (Rey Benayas 2007).

Farmland abandonment occurs globally, but it creates different impacts throughout the world,
depending on the location and the natural history of the land that has been abandoned (Queiroz
et al. 2014). In countries such as Australia, where European agricultural strategies have been
more recently implemented, environmental benefits can accrue from abandoned farmland.
Where abandonment allows Australian farmland to naturally revert back to forests (passive
regrowth) or be planted out in this form (active revegetation), positive outcomes may result for
native wildlife. This process increases the amount and heterogeneity of habitat and unique
opportunities for conservation and increased biodiversity (Rey Benayas 2007, Kuemmerle et
al. 2008, Smallbone et al. 2014). However, in Europe, the abandonment of agricultural
practices (e.g. cropland or pasture overgrown by shrubs, see Plate 5d), can lead to major
ecological problems (MacDonald et al. 2000, Romero-Calcerrada and Perry 2004). European
farmland abandonment can lead to biodiversity decline (e.g. of farmland birds) (Laiolo et al.
2004, Wretenberg et al. 2010, Tryjanowski et al. 2011, Berg et al. 2015), reduced water runoff
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due to vegetation encroachment, or changes in stream morphology and reservoir siltation
(Lasanta et al. 2000, García-Ruiz and Lana-Renault 2011)

1.2.5.

Landscape restoration for conservation

In some rural regions across the globe, the extent of woody vegetation cover is increasing.
Some land-uses contributing to this include timber plantations (Lugo 1992, Waltert et al. 2004,
Zhang et al. 2017, Minta et al. 2018), and natural vegetation encroachment on abandoned
farmland as previously discussed (Aide et al. 2000, Lunt and Spooner 2005, Wilcox and Huang
2010, Kyle and Duncan 2012).

However, modern society is also actively contributing to increased landscape restoration in
rural regions (Buijs et al. 2006, Mc Morran et al. 2008, Martín-López et al. 2012). This is
through a growing awareness of the need for sustainable living and changing motivations for
landownership from agricultural production to natural and cultural amenity preferences (e.g.
‘lifestyle’ property owners) (Argent 2002, Sorice et al. 2014, Polyakov et al. 2016). Active
biodiversity conservation land-use, such as re-planting, revegetating or regenerating native
seed and vegetation, or protecting remnants and patches, are becoming more common
(Lindenmayer et al. 2007, Munro et al. 2009, Phalan et al. 2011). The re-establishment or
planting of new native vegetation has become an important means to offset habitat loss in urban
areas, or for carbon sequestration (Foley et al. 2005, Gibbons et al. 2009, Watson et al. 2017).

This is exemplified in Victoria, Australia, where a grass roots community movement,
‘Landcare,’ established in 1986 and started undertaking voluntary citizen projects to restore
and revegetate farmland (Youl et al. 2006). Landcare aims to increase farm sustainability and
productivity, protect soils, reduce erosion, plant native trees, protect remnant vegetation,
promote natural regeneration of native plants, and encourage an increase in native wildlife
(Campbell and Siepen 1994, Curtis and Lockwood 2000). The emergence and growth of
Landcare, assisted by other agencies and organisations (e.g. Greening Australia, Catchment
Management Authorities), allowed local Australian communities to have a wider role in
promoting sustainable farm management, biodiversity conservation and rural landscape
restoration (Youl 2006). Through the 1990s, the Landcare movement expanded across
Australia, and thousands of local groups were formed, with numerous outstanding benefits to

Chapter One

11

conservation and increased native biodiversity across the country (Curtis and Lockwood 2000,
Youl et al. 2006, Lindenmayer et al. 2013). For example, in central Victoria, native tree cover
is slowly increasing (Kyle and Duncan 2012, Collins et al. 2015).

1.3.

The consequences of rural landscape change for biodiversity

1.3.1.

Impacts of rural landscape change on ecosystems and habitats

Globally, as a result of different types of land-use, mosaics of heterogeneous ecosystems can
occur in rural regions that include different combinations of natural and modified (e.g. seminatural or non-natural) habitats (Forman 1995, Bennett et al. 2006). These ecosystems form
from different origins (see Table 1.1 for examples), and can continue to alter and evolve
through land-use change (Lindenmayer and Fischer 2006).
i)

Historical ecosystems are most similar to natural ecosystems which occurred prior to
agricultural settlement and are the optimal goal of traditional conservation efforts as they
are important for maintaining native biodiversity in rural regions (Hobbs et al. 2009, Hallet
et al. 2013).

ii) Hybrid ecosystems retain similar characteristics to a previous historical ecosystem (e.g. an
old-growth forest community) but now have a composition that lies outside the historic
range of variability, which may be able to return to historic system thresholds with careful
management (e.g. revegetation of native species) (Hobbs et al. 2009, Hallet et al. 2013).
iii) Novel ecosystems have been altered by agricultural or other rural land-uses and are unable
to return to a previous historical state of species compositions but are self-sustaining or
evolving in their current form (despite not being actively managed) (Hobbs et al. 2009,
Hobbs et al. 2013b, Morse et al. 2014).
iv) Impacted ecosystems have been unintentionally altered, degraded or impacted by human
land-use and are not actively managed in their current form (but are not necessarily selfsustaining) (Morse et al. 2014).
v) Designed ecosystems form the majority of rural environments and have been deliberately
and purposefully altered and actively maintained (Morse et al. 2014).
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Table 1.1. Definitions and examples of ecosystems of different origin which are found in rural regions.
Ecosystem
origin

Natural

Historical

Hybrid

Occurred preagricultural
settlement
(yes / no)

Altered
species
composition
(yes / no)

Selfsustaining

Examples

Y

N

Y

-

Remnant or protected patches of intact forest, woodland, grassland
or wetland (Hobbs et al. 2014).

Y/N

Y/N

Y/N

-

Semi-natural habitat (e.g. native and non-native plants) growing
beside a roadside or creek line (Kremen and Merenlender 2018);
Revegetation or shelterbelts of native vegetation on private property
requiring annual weed removal (Kueffer and Daehler 2009).

(yes / no)

-

Novel

N

Y

Y

-

Impacted

N

Y

?

-

Modified

Designed

N

Y

N

-

Naturally recruiting forest on abandoned farmland (Lugo and
Helmer 2004);
Successive shrub encroachment in Spanish dehesas (grazed
grasslands with mature scattered trees) (Garcia-Tejero et al. 2013).
A polluted creek that receives runoff and effluent from a dairy farm
(Morse et al. 2014);
Semi-natural grasslands maintained by long-term traditional
agricultural practices which decline with the cessation of these
practices (Pitkänen et al. 2014).
Residential townships and gardens (van Heezik et al. 2008);
Hedgerows, or stone walls surrounding grazed paddocks (Hinsley
and Bellamy 2000, Kinross 2004, Collier 2013, Manenti 2014).
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Impacts of rural landscape change on birds

Changes in rural land-use can result in a transformation of the overall land mosaic available to
species and new or modified habitats (Fischer et al. 2005, Bennett et al. 2006, Hobbs et al.
2014). This can result in changing dynamics and behaviour of many species and challenges
for rural conservation management (McKee et al. 2004, Chace and Walsh 2006, Mortelliti et
al. 2011, Tilman et al. 2017). Bird species are a common and visible component of the
biodiversity of rural regions around the world (Recher 1988).

Bird species can either

experience population decline or adaptation due to common rural land-uses: i) clearing of
native vegetation, ii) increasing housing density, iii) agricultural intensification, and iv)
farmland abandonment.

1.3.3.

Impacts on birds from the clearing of natural vegetation

The clearing, transformation and loss of native habitat in rural regions is one of the major
drivers of global biodiversity loss around the world (Queiroz et al. 2014). Impacts associated
with habitat loss and fragmentation (e.g. loss of habitat connectivity, increased predation and
competition, parasitism), threaten ~13% of global bird species populations with extinction
(Lindenmayer and Fischer 2006, Tilman et al. 2017, Kremen and Merenlender 2018). Large
numbers of bird species are particularly threatened with extinction in biodiverse parts of the
world (e.g. Asia, India, China, Africa), where species are more vulnerable as they are diverse,
with smaller ranges (Jetz et al. 2007, Tilman et al. 2017, Davis et al. 2018). Many endemic or
native bird species are particularly disadvantaged by the rapid changes in land-uses and habitat
mosaics in rural regions, which fails to give them time for adaptation to new habitats
(Witherington 1992, Bennett and Owens 1997, Suárez-Seoane et al. 2002, Orłowski 2005).
Alternately, some bird species, described as ecological ‘winners’ (McKinney and Lockwood
1999, Low 2002) can benefit from the loss or alteration of habitat, and flourish in modified
rural environments through resisting decline and expanding their ranges (McKinney and
Lockwood 1999). The Noisy Miner (Manorina melanocephala) is one example of this. Noisy
Miners thrive in fragmented and smaller patches of native forest or woodland and with their
aggressive behaviour, have significantly altered the composition of many bird communities
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(particularly insectivorous and nectarivore species) in eastern Australia (Ford et al. 2001,
Mortelliti et al. 2016, Hall et al. 2018, Lindenmayer et al. 2018).
1.3.4.

Impacts on birds from increasing housing density

Residential expansion, or urbanisation, can create numerous problems for native birds.
Typically, an increase in housing density and residential expansion in rural regions can create
a reduction of native bird species richness and diversity (McKinney 2002, Chace and Walsh
2006, Davis et al. 2013). This process also contributes to biotic homogenisation of the
avifauna, with generalist or introduced species predominating, specialist species decreasing,
and a decrease in the seasonal variability of bird species compositions (McKinney and
Lockwood 1999, Rayner et al. 2015, Bellocq et al. 2017, Filloy et al. 2018).

Secondly, increased housing density can create behavioural problems for native birds, such as
increased competition for food, caused through the increased abundance of common invasive
or introduced species (Blair 1996, Davis and Wilcox 2013, Suarez-Rubio et al. 2016). Towns
can initiate ecological traps for some native bird species such as Powerful Owls (Ninox
strenua), which are drawn by increased food resources but are unable to breed due to a lack of
suitable habitat in built-up environments (e.g. tree nesting hollows) (Gibbons and Lindenmayer
2002, Isaac et al. 2014). Also, urbanisation can create the need for species to increase the
volume or pitch of birdsongs in locations with high traffic noise pollution (Slabbekoorn and
Peet 2003, Bermúdez-Cuamatzin et al. 2009, Nemeth and Brumm 2010, Pohl et al. 2012,
Narango and Rodewald 2017).

However, some native species now rely on human presence and interaction for their survival
and are greatly advantaged by their ability to use anthropogenic habitats (Low 2002, Markus
and Hall 2004). For example, waterbirds which use wastewater treatment plants have become
increasingly dependent on these artificial environments and many wastewater treatment
facilities are now recognized as important wetland habitat for waterbird conservation (Murray
and Hamilton 2010). Other bird species which can successfully invade and colonise new areas
(Hobbs et al. 2006, Lugo 2012), or survive in different structures and communities (Carlos and
Gibson 2010, Carroll 2011), are also successful in residential environments. For example, a
suite of birds from the United Kingdom (including Common Blackbird, Turdus merula, Song
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Thrush, Turdus philomelos and House Sparrow, Passer domesticus), are now common in New
Zealand towns after being introduced by European settlers in the nineteenth century (van
Heezik et al. 2008, Blackburn et al. 2013).

1.3.5.

Impacts on birds from agricultural intensification

Significant habitat loss following agricultural intensification, has contributed to significant
decline in native bird populations in rural regions globally. In Europe, agricultural policies
and practices relating to the creation of larger monoculture cropping fields, have contributed
to a significant decline in farmland birds (e.g. Corn Bunting, Miliaria calandra) (Hinsley and
Bellamy 2000, Donald et al. 2001, Fuller et al. 2001, Herzon and O’Hara 2007). This is due
to the subsequent removal or reduction of live fence structures (e.g. field-hedgerows), which
provide farmland birds with nesting, foraging, roosting and shelter habitat (Robinson and
Sutherland 2002, Shrubb 2003, Donald et al. 2006, Herzon et al. 2008). In rural Australia,
populations of woodland birds (e.g. Brown Treecreeper, Climacteris picumnus) are typically
declining through ongoing habitat loss and their poor dispersal ability across fragmented native
habitat in cleared, agricultural landscapes (Ford et al. 2001, Radford et al. 2005, Bennett and
Watson 2011, Ford 2011).

Conversely, some native bird species around the world, such as raptors, can adapt to changing
agricultural practices and demonstrate resilience in landscapes managed intensively for
agriculture (Bird et al. 1996, Tscharntke et al. 2005). An example is the Black-shouldered Kite
(Elanus caeruleus) in Swaziland, south-eastern Africa, which has expanded its range, and
actively forages for rodents and other small mammals in agroecosystems (Howard et al. 2016).
In Northern Australia, the Black Kite (Milvus migrans), Whistling Kite (Haliastur sphenurus)
and Brown Falcon (Falco berigora) have learnt to spread fire, to assist foraging in grassland
(Bonta et al. 2017).

1.3.6.

Impacts on birds from farmland abandonment

There are diverse effects on biodiversity from farmland abandonment in rural regions, which
are particularly evident between Europe and Australia where there are different landscape
histories and conservation objectives (Queiroz et al. 2014). In Europe, where farmland birds
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have adapted to live amongst low-intensity agricultural habitats (e.g. pasture and hedgerows)
(Sutcliffe et al. 2015, Muñoz-Sáez et al. 2017), the abandonment of agricultural practices
followed by subsequent vegetation encroachment can reduce landscape heterogeneity and the
diversity of the habitat mosaic available to species (Wilson et al. 1997, Butler et al. 2010,
Herrando et al. 2014, Queiroz et al. 2014). Changes in farming practices, such as the
abandonment of farming on less productive land (Berg et al. 2015), or changes to livestock
grazing regimes (Söderström et al. 2001, 2003), have caused problems for many European
farmland birds (especially for grassland specialists) (Dyulgerova et al. 2015). Typically a large
reduction in farmland bird community abundance and diversity has occurred (Robinson and
Sutherland 2002, Suárez-Seoane et al. 2002, Wretenberg et al. 2010).

Alternately, farmland abandonment in Australia, may hold positive benefits for native avifauna
if it enables habitat cover to return where it was previously cleared (Queiroz et al. 2014). The
creation of semi-natural habitat through natural regeneration and vegetation encroachment in
areas previously cleared for pasture (Lunt and Spooner 2005, Smallbone et al. 2014), is likely
to increase the return or persistence of bird species which rely on vegetated cover (e.g.
woodland or forest birds). Infestations of woody weeds (e.g. Hawthorn Crataegus monogyna
and Gorse Ulex europaeus) on abandoned farmland have also been found to increase native
bird species richness and abundance in some environments (Carlos and Gibson 2010).

1.4.

Land management methods for biodiversity conservation in rural regions

Much attention is given to developing land management strategies that will help to conserve
biodiversity in changing rural landscapes facing global climate change, rapid population
growth and increased agricultural production (Foley et al. 2005, Foley et al. 2011, Phalan et al.
2011). As a result, a dichotomy towards conservation has emerged between two different
methods; i) land sparing (traditional conservation) and ii) land sharing (a paradigm shift in
conservation).

Land sparing is the traditional method used for conservation, originating from the wilderness
movement (Low 2002, Mc Morran et al. 2008), which aims to preserve and restore historical
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ecosystems or communities of native species by setting aside separate protected areas for
conservation, outside of intensively used areas (e.g. reserves, National and State Parks) (Foley
et al. 2005, Lindenmayer et al. 2008a). This method also aims to meet food demands by
increasing production on existing farmland and preventing the conversion of natural
ecosystems to new agricultural land (Lumney and Recher 1990, Phalan et al. 2011). It may
however, contribute to problems for conservation. For example, in the UK, farmland birds are
likely to be negatively impacted by land sparing as they have evolved in a human-dominated
environment (Lamb et al. 2019). Other issues involve the over-use or exploitation of land
outside protected areas, limiting dispersal capacity of rural native wildlife within the greater
rural landscape matrix (e.g. for woodland birds in Australia), reducing the ability of some
species to use and adapt to modified environments (Jew 2016).

A different method is land sharing, or wildlife-friendly farming, which includes conserving,
protecting and restoring habitat within intensively managed areas, and changing land
management practices to encourage greater native biodiversity in modified environments
(Phalan et al. 2011). Much research has been done on promoting and increasing native habitat
within agricultural mosaics. This can include protecting habitat: in remnant forest patches
(Cunningham et al. 2007, Martin et al. 2011) and scattered paddock trees (Gibbons and Boak
2002, Fischer et al. 2010, Deikumah et al. 2017, Forejt et al. 2017). Also establishing new
habitat: planting linear strips of native vegetation to provide wildlife corridors (Bennett 1999,
Kinross 2004, Amos et al. 2014), or revegetating areas of new habitat for native species in
farmland (Hobbs 1993, Munro 2007, Simmers and Galatowitsch 2010, Brammar 2012, Bare
and Danner 2017). These actions can increase habitat patch size and quality (Radford et al.
2005, Haslem and Bennett 2008b, Mortelliti et al. 2010a) and landscape heterogeneity (Atauri
and De Lucio 2001, Benton et al. 2003, Bennett et al. 2006, Santana et al. 2017). Land sharing
requires a trade-off however, for reduced agricultural capacity can occur from wild species
reducing or competing with commercial agricultural production (e.g. birds eating produce in
apple orchards) (Katayama 2016, Mangan et al. 2017).

Land management for biodiversity conservation in rural regions is becoming increasingly
complex as i) the majority of the world’s ecosystems will never return to their former historical
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conditions (Ellis 2011a), ii) many native species now rely on semi-natural, non-native or
disturbed natural habitats (Low 2002), therefore, iii) new tools and fresh perspectives are
needed to improve the future management of rural regions worldwide (Hobbs et al. 2013a,
Hulvey et al. 2013). Novel ecosystems may also be increasingly important for providing
increased ecosystem services, resilience to human induced change and potential benefits to
biodiversity (e.g. evolving combinations of native and non-native species) (Light et al. 2013,
Milcu et al. 2013). However, further understanding is required of how to value and manage
new ecosystems in changing rural landscapes (Lindenmayer et al. 2008b, Hobbs et al. 2009,
Lugo 2012, Aronson et al. 2014).

1.5.

Ecological research to improve rural land management and biodiversity

Rural regions are modified by humans through time and are comprised of diverse land-uses
and environments. Rural regions are therefore highly variable, both across the broad region,
and within local areas or sites (Bennett and Ford 1997, Bennett 1999). Applied studies of
typical ecological pattern and process of biodiversity in rural regions, therefore require both a
landscape scale and a site scale approach to adequately sample the variability that occurs. A
landscape scale approach allows for replication of study sites across a large area (e.g. unit in
kilometres), to adequately sample variability that occurs at the broader regional scale (Bennett
et al. 2006, Haslem 2008). A site scale approach however, is based on the concept of species
within individual patches (Fahrig 2003, Radford and Bennett 2007), which allows for
investigation of the influence of landscape scale process at a local level (e.g. unit in metres).

These approaches are both found within the discipline of landscape ecology and are important
for two reasons (Haslem 2008). Firstly, a landscape scale approach allows for the greater
understanding of common factors which drive physical landscape structure and composition
(e.g. land-use or environmental variables), and broad species distribution patterns. This may
be comparable with similar regions around the world. Secondly, using a site scale approach in
addition to the landscape scale approach, enables the study of smaller-scale drivers and impacts
of various broad patterns and process on individual ecosystems and species. Studies at both
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the landscape and site scale are necessary to improve rural land management strategies. This
thesis therefore uses both of these approaches to advance the following research gaps.

Increase understanding of rural landscape structure
Better understanding is needed of what common types of land-use drive rural landscape change
throughout the world (Llausàs et al. 2015), and how diverse types of land-use alter the structure
of land-cover in rural regions. Typically, rural regions are modified by different land-uses and
are likely to include combinations of different land-cover types (e.g. houses and gardens, open
grass, tree plantation and remnant vegetation).

Increase understanding of wildlife distribution and responses to rural land-use and landscape
change
Rural land-use is likely to change the mosaic of habitat available to species with implications
for wildlife distribution, behaviour and conservation (Forman 1995, Lindenmayer and Fischer
2006, Lindenmayer et al. 2015). An increased understanding of how emerging types of rural
land-use and associated landscape properties influence different groups of species (e.g. forest,
open country, open tolerant and exotic birds) is particularly important to make predictions of
future patterns of biodiversity in rural regions. This includes the need to observe and document
distribution patterns of current rural species populations and compare community structure
across different types of rural land-use and landscape properties. There is also much to learn
about the movement of different groups of species into, or within, changing rural landscapes,
and the behaviours of species that persist in modified areas (Hobbs et al. 2018).

Increase understanding of species responses to new types of rural habitat
At the site scale, greater classification of new ecosystems and non-native habitats is needed to
understand their value for biodiversity in modified environments (particularly for native
species such as forest birds). This includes comparing the patterns and processes of species
populations across a gradient of human-dominated and semi-natural ecosystems and site types
(e.g. hybrid, novel, impacted and designed ecosystem origins) (Hobbs et al. 2014, Morse et al.
2014).
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Increase understanding of how to sustainably manage changing rural landscapes for native
wildlife
Many native wildlife live in rural regions which are globally facing increasing demand and
need to sustain multiple land-uses, such as expanding human settlement and agricultural
productivity. The future of many native species populations in rural regions may therefore not
be secure (Lindenmayer and Fischer 2006). However, rural regions pose both important
challenges and also opportunities for land management for wildlife (Tscharntke et al. 2012).
Some important questions to address include: how can rural regions produce provisional
ecosystem services that are valuable for both people and native biodiversity (e.g. food and
resources, habitat for native species) (Gutman 2007)? How can different types of land-use
(e.g. agricultural, townships, forestry) be managed to increase native biodiversity rather than
contribute to species decline or extinction?

1.6.

Thesis aim, research questions and overview

This thesis provides a case study investigation of the relative influence of diverse types of rural
land-use and habitats on bird communities. Within the study region, common types of rural
land-uses have historically (or continue to) contributed to significant structural changes of the
landscape, and the study region is representative of similar scenarios of rural landscape change
which are occurring worldwide. This study region therefore offered an important opportunity
to increase understanding of how birds are influenced by changing rural landscapes, which is
important for improving rural land management for biodiversity conservation. This research
aimed to understand the responses of four different bird guilds to rural landscape change,
particularly their responses to diverse land-uses and habitats in human-dominated or modified
parts of the study region.

Each chapter in this thesis addressed this aim. In Chapters 3 and 4 a landscape scale approach
was used and in Chapter 6 a site scale approach was used to address the research questions
below (Fig. 1.2). My focus was on the impacts of rural land-use on the entire terrestrial bird
community (including introduced birds). However, Chapter 5 focused exclusively on the forest
bird community, which inhabited the study region prior to agricultural settlement and is now
of conservation concern.

Chapter One

21

Research questions

The structure of rural landscapes and sites
-

In what ways do common rural land-uses contribute to differences in the structure and
composition of land-cover and habitat types?

-

What rural landscape properties and site types are beneficial or disadvantageous for
biodiversity conservation?

Bird communities in rural landscapes
-

What is the relative value for native bird communities of different land-uses in a changing
rural region?

-

In what ways does species richness and the composition of bird communities differ between
land-uses? Which aspects of rural landscape structure have the strongest influence on the
composition and richness of bird communities (and on individual species)?

- Which components of the avifauna (e.g. species, guilds) are most, and least, tolerant of
modified habitat and landscape properties?
- Can species traits be used to predict the distribution and occurrence of native birds which
may currently persist in modified rural landscapes?
-

What is the relative value of new types of habitat for native bird communities (e.g. exotic
vegetation in modified landscapes?)

Rural land management for biodiversity conservation
- What are the implications and opportunities for bird conservation in modified rural regions?
- Is land sparing or land sharing more beneficial for bird conservation in modified rural
regions?
- What kinds of future land management and restoration actions are most likely to maintain or
enhance bird communities of conservation concern in rural regions?

Overview of the thesis chapters
In Chapter 2 I introduce the study region, the western Strzelecki Ranges, in south-east
Australia, including its terrain, climate, vegetation and avifauna. I have used a descriptive
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approach here, to investigate and compare the patterns of historical and contemporary land-use
in the study region and consider how these may have shaped the structure of the present region.
To do this, I examined historical and current records and accounts, photos, and aerial imagery
from three periods of time (1947, 1988, 2017).

In Chapter 3 a landscape scale approach is used to investigate the impact of different types of
land-use on four terrestrial bird guilds within the study region. Here, I tested two main
hypotheses: i) that different land-use trajectories have altered the composition of land-cover
types in rural landscapes in contrasting but predictable ways; and ii) that such changes have
led to distinct bird communities at the landscape scale.

In Chapter 4 I used a landscape scale approach to determine which landscape properties have
important influences on four terrestrial bird guilds. Data from systematic surveys of birds in
the study region was used to test the relative influence of predictor variables representing
habitat extent, composition, spatial configuration or context on the richness and composition
of the four guilds. The data was analysed first for all study landscapes, including those with
extensive forest cover, and then for a set of modified landscapes with limited forest cover.

In Chapter 5 I focused on the forest bird community, to determine how some of these species
are able to persist in modified (non-forested) environments. I examined the distribution of 46
forest bird species at both a landscape and site scale and tested whether the variation in
occurrence of forest birds in modified study landscapes was related to individual species traits
(e.g. physical traits, resource preferences, behaviour). This chapter aimed to examine the
processes and mechanisms which contribute to patterns of occurrence of this original bird
community.

In Chapter 6 I classified common site types across the study region and compared terrestrial
and forest bird composition and diversity measures (alpha, beta, gamma) for each site type. I
evaluated the contribution of each site type to the conservation of rural bird assemblages in the
study region.
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Lastly, in Chapter 7, I summarised the key questions and findings for each chapter of the
thesis, with a focus on how to improve the conservation of native birds in changing rural
landscapes. Here I also discussed recommendations for future research and land management
based on the findings of this thesis.

Chapter One
Fig. 1.2. Synopsis of PhD thesis.
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Chapter Two

Rural landscape change in the western Strzelecki
Ranges

Plate 6. The Strzelecki Ranges; a) forest in gully, b) farmland, c) a rural township.
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Introduction

Identifying the historical processes and patterns of change in rural landscapes is important
for understanding the distribution of native species within these systems (Lunt and Spooner
2005). It is also necessary for predicting the future effects of rural landscape change on
biodiversity, which is discussed later in this thesis. This chapter provides descriptive insight
into how landscape transformation has occurred through time in the western Strzelecki
Ranges, a rural region in south-east Australia, where the research in the following chapters
was conducted. This region was chosen for the study as it provides an example of rural
landscape change and land-use scenarios which are also common in other rural locations
throughout the world. A study of this region can therefore provide insights to improve the
future management of rural landscapes globally. The western Strzelecki Ranges was
historically covered in dense forest, which was rapidly converted to pastoral farmland
following the settlement of Europeans in the region in the late nineteenth century. Since
then, this region has been exposed to additional changes associated with common rural
land-uses such as: land subdivision for developing residential area and lifestyle properties
(farmlets), forestry and revegetation, and farmland abandonment.

In this chapter, I address three key questions about the study region: i) how has the native
vegetation and avifauna changed in the western Strzelecki Ranges over time, ii) what landuse changes have occurred in the region through time and iii) how have different land-uses
shaped the modern structure of the landscape? I provide a descriptive overview, answering
these questions by exploring and comparing historical records and accounts, photos and
landscape aerial imagery (from 1947, 1988, 2017).

2.2.
2.2.1.

Natural environment
Region and climate

The western Strzelecki Ranges are in southern Australia: ~130km east of Melbourne CBD,
in regional Victoria (Fig. 2.1). This region contains steep and undulating hill terrain, with
elevation of ~70 - ~500m. The Strzelecki Ranges are surrounded by the flatter Gippsland
Plains and extend northwards to meet Victoria’s mountainous Great Dividing Range
(Highlands – Southern Fall bioregion, Fig. 2.1).

The Strzelecki Ranges form the

headwaters of several river catchments (e.g. Lang Lang and Tarwin). Rainfall occurs
consistently throughout the year but is typically higher in winter and spring. Between the
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years 1901 - 2017, average annual rainfall in the study region was 1166 mm, with lower
average annual rainfall (993 mm) during the period of this study (2014 – 2017) (data for
Korumburra, Bureau of Meteorology 2018). The climate is temperate. Average daily
maximum temperatures per month within the study region (between 2014 – 2017, only data
available) are 13ºC in winter and 26ºC in summer (data for Nilma North, Bureau of
Meteorology 2018).

The region contains soils that are generally gradational textured acidic soils (Dermosols),
as well as friable red soils (Ferrosols) (Department of Environment Land Water and
Planning 2016). These soils are notorious for their 'duplex' layering of subsoils and
tendency for water to build up between the layers causing problematic landslips and tunnel
erosion.
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Fig. 2.1. Location of the study region. Insets show a) the state of Victoria in south-eastern Australia, b) the location of the Strzelecki Ranges in southeastern Victoria, c) the study region in the western half of the Strzelecki Ranges, with towns and additional bioregions.
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Vegetation

Historically, structurally complex, old-growth forest covered the Strzelecki Ranges, dominated
by moisture dependent vegetation communities (e.g. eucalypts and acacias, ferns, dense
shrubby mid/understorey, refer to general species list in Table 2.1). Dominant vegetation
communities were: Wet Forest, Shrubby Foothill Forest and Damp Forest in foothills and
higher elevations; with pockets of Cool and Warm Temperate Rainforest and Riparian Forest
in sheltered gullies; and Swamp Scrub and Swampy Riparian Woodland in lowlands
(Department of Environment Land Water and Planning et al. 2007, Department of
Environment Land Water and Planning 2018).
Records from the late 1800s describe the forests of the Strzelecki’s as ‘thick’ and
‘impenetrable’ (Table 2.1, Fig. 2.2). The trees in the early forest were recorded in the words of
one local settler as so numerous that “the dogs had to wag their tails up and down” and so tall
that “it took two men and a boy to see the top” (Tilgner 1976). Large trees were recorded in
the region, typically >90 m height and >3 m girth (Coverdale 1920b). Some trees were large
enough to be used as buildings or supply stores. One example is of a tree, in the late 1880s,
which was ~8 m in diameter and was used as a church, school and public hall for it could hold
at least 50 people inside it (Western 1920b). The local literature reflects the admiration of many
settlers for the local flora. Some of the local townships were even named after indigenous
words for local plant species (for example Nyora, an Aboriginal word for ‘wild cherry tree’)
(White 1987).

Exotic plants were introduced to the region from the early days of settlement for horticultural
and agricultural purposes, in the form of crops, orchards, vegetable gardens, homestead
gardens and in farmland. Many invasive species, such as the European Blackberry (Rubus
fruticosus) which was introduced from the late 1870s, grew well in the fertile soils and wet
climate. Trees such as Cypress (Cupressaceae sp.) were established in farmland or around
homesteads for wind protection (Tilgner 1976, White 1976).
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Table 2.1. Example of plant species in the historical forests of the Strzelecki Ranges (c1800 - 1900s)
(Coverdale 1920b, Department of Environment Land Water and Planning et al. 2007).

Forest layer

Height range
(m)

Species

Canopy

~ 45 - >90m

Mountain Grey Gum
White Stringybark
Eurabbie (Southern Blue
Gum)
Gippsland Blue Gum
Messmate Stringybark
Narrow-leaf Peppermint
Mountain Ash (Blackbutt)
Silvertop Ash
Strzelecki Gum
Manna Gum

Midstorey

~ 3 - 25m

Silver Wattle
Lightwood
Blackwood
Prickly Moses
Sassafras
Blanket Leaf
Sweet Bursaria
Mountain Clematis
Forest Clematis
Prickly Currant Bush
Mountain Correa
Rough Tree Fern
Slender Tree Fern
Soft Tree Fern
Austral Mulberry

Eucalyptus cypellocarpa
Eucalyptus globoidea
Eucalyptus globulus
subsp. bicostata
Eucalyptus globulus
subsp. pseudoglobulus
Eucalyptus obliqua
Eucalyptus radiata
Eucalyptus regnans
Eucalyptus sieberi
Eucalyptus strzeleckii
Eucalyptus viminalis
subsp. viminalis

Acacia dealbata
Acacia implexa
Acacia melanoxylon
Acacia verticillata
Atherosperma
moschatum
Bedfordia arborescens
Bursaria spinosa subsp.
spinosa
Clematis aristata
Clematis glycinoides
Coprosma quadrifida
Correa lawrenceana
Cyathea australis
Cyathea cunninghamii
Dicksonia antarctica
Hedycarya angustifolia
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Forest layer

Midstorey

Understorey

Height range
(m)
~ 3 - 25m

~ <3m

Species

Mountain Tea-tree
Musk Daisy Bush
Banyalla
Victorian Laurel
Hazel Pomaderris
Victorian Christmasbush
Kangaroo Apple
Mountain Pepper
Supplejack

Leptospermum grandifolium
Olearia argophylla
Pittosporum bicolor
Pittosporum undulatum
Pomaderris aspera
Prostanthera lasianthos

Bidgee-widgee
Common Maidenhair
Shade Nettle

Acaena novae-zelandiae
Adiantum diaphanum
Australina pusilla subsp.
muelleri
Cassinia aculeata
Dianella revoluta var. revoluta
s.l.
Diplazium australe
Goodenia ovata
Lepidosperma elatius
Lomatia ilicifolia
Pimelia axiflora
Pteridium esculentum
Senecio velleioides
Tetarrhena juncea
Todea barbara

Common Cassinia
Black-anther Flax-lily
Austral Lady Fern
Hop Goodenia
Tall Sword Sedge
Holly Lomatia
Bootlace Bush
Austral Bracken
Forest Groundsel
Forest Wire Grass
Austral King Fern

Solanum aviculare
Tasmannia lanceolata
Tecoma australis
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Fig. 2.2. The historical forest in the Strzelecki Ranges and methods of clearing it. Insets a) settlers stand on a bridge over a creek c1900, b) men clearing
forest in 1890s, c) six men on a ‘springboard tree’ near Korumburra in 1890s, d) a bullock team and men standing in forest clearing in 1900, e) felled
trees and stumps on steep terrain in 1890s. Photos courtesy Korumburra and District Historical Society Inc.
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Avifauna

Historical accounts by the early settlers suggest that the original forest bird community in the
Strzelecki’s was abundant and inhabited different layers of the forest (Cook 1920, Elms 1920c,
White 1976). Some species recorded in the tall tree canopy were: ‘parroquets’ (possibly
Crimson Rosella, Platycercus elegans), ‘king’ parrots (Australian King Parrot, Alisterus
scapularis), ‘cockatoo parrots with red topknots’ (Gang-gang Cockatoo, Callocephalon
fimbriatum) (Elms 1920c). Other bird species lived in the mid-understorey, such as: ‘blue
kingfishers’ (Sacred Kingfisher, Todiramphus sanctus), 'jackasses' (Laughing Kookaburra,
Dacelo novaeguineae), ‘woodpeckers’ (e.g. White-throated Treecreeper, Cormobates
leucophaea), ‘robins’ (e.g. Eastern Yellow Robin, Eopsaltria australis), ‘wattlebirds’ (e.g. Red
Wattlebird,

Anthochaera

carunculata),

‘harmonious

thrush’

(Grey

Shrike-thrush,

Colluricincla harmonica), ‘fantails’ (e.g. Grey Fantail, Rhipidura albiscapa), ‘mopoke’
(Southern Boobook, Ninox novaeseelandiae) (Elms 1920c, White 1976). Other species lived
on the forest floor: ‘whip-birds’ (Eastern Whipbird, Psophodes olivaceus), ‘wrens’ (Superb
Fairy-wren, Malurus cyaneus), ‘tomtits’ (e.g. Brown Thornbill, Acanthiza pusilla) (Cook
1920, Elms 1920c, White 1976). Some species were also known to fly high above the forest
canopy including: ‘sparrow hawk’ (Collared Sparrowhawk, Accipiter cirrocephalus), ‘eagle
hawk’ (Wedge-tailed Eagle, Aquila audax), ‘swifts’ in summer months (e.g. Tree Martin,
Petrochelidon nigricans) (Elms 1920c). Other species occasionally flew overhead in transit
but never settled in the forest (e.g. Galah, Eolophus roseicapillus or Sulphur-crested Cockatoo,
Cacatua galerita) (Elms 1920c, White 1976).

The Superb Lyrebird (Menura novaehollandiae), was the most popular species recalled in the
accounts of the early settlers, described as being ‘the royalty’ or ‘king’ of the birds (Elms
1920c). A local town, Bena, was named for the indigenous word for this popular species
(White 1987). Accounts of the male lyrebird suggest that it dazzled settlers with its ability for
mimicry and beautiful tail; “As children we were taught of the wonders of the American
Mocking-Bird but here in our own bush was a bird that far exceeded the American bird in
powers of mimicry…besides being famed for its glorious notes, our lyre bird is even better
known for its tail” (Gillan 1920, p. 39). Some individual lyrebirds were recorded copying a
wide variety of sounds including; other bird inhabitants, birds that were no longer common in
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the area and also human sounds such as coach whip cracks, motor horns, chopping axes and
train whistles (Cook 1920).

Yellow-tailed Black Cockatoos (Calyptorhynchus funereus) were also common in the forest,
recorded as living in flocks up to approximately 20 birds and living a nomadic lifestyle seeking
grubs or borers which they located under loose bark in the forest trees. The grating sound of
Yellow-tailed Black Cockatoos feeding was familiar, for these cockatoos were known to listen
for their prey in the wood and then rip at the bark with their strong beaks (Elms 1920c).

The birds in the forest were a notable part of daily life for the early settlers (Elms 1920c):
“While the white mists yet are clinging
To the gullies down below,
On the hills the gums are gleaming
In the morning’s sunny glow,
While, from down among the blackwoods,
Comes the jay’s shrill note, so clear,
And the magpie pipes and warbles
In the dogwood standing near.
We hear the lyre-bird singing,
His notes so clearly ringing;
He can mimic to perfection
Every song the song-birds sing;
And, while morn’s golden changes
Play round the purple ranges,
We are busy, busy, milking,
Here in Gippsland in the spring.”
(Moore 1920)
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“When o’er the landscape shades of evening creep,
Then to their forest homes the bush birds sweep,
To chant their hymns of praise from some sweet bower,
In solemn hush of Nature’s vesper hour.
As myriad stars illume the vault on high,
From the dim distance comes the mopoke’s cry;
The soft moon rises o’er the eastern range
And floods the earth with light subdued and strange.”
(Johnson 1920)

The settlers documented changes to the forest bird community over time. While some species
were initially recorded as being very shy, by the early 1900s, some birds appeared to benefit
from human disturbance and became more common. Numerous species such as Grey
Butcherbirds (Cracticus torquatus), ‘jays’ (an unknown species, possibly Grey Currawong,
Strepera versicolor, with an ‘anvil ringing like note’ also described as the Bell Magpie or Black
Magpie), and Satin Bowerbirds (Ptilonorhynchus violaceus), hung around homesteads and
camps, scavenging and eating scraps from the ground (Cook 1920, Elms 1920c). The ‘jays’
scavenged in flocks of ≤100 individuals (Elms 1920c).

By the time extensive forest was cleared for pastoral land and settlements had been established
(c1920s), further changes in the dynamics of the local bird community had occurred. The
previously common species such as Satin Bowerbird and ‘jays’ disappeared and were replaced
by Australian Magpie (Cracticus tibicen) and ‘mudlark’ (Magpie-lark, Grallina cyanoleuca)
(Elms 1920c). The Superb Lyrebird also declined in abundance due to forest clearance and the
introduction of the Red Fox (Vulpes vulpes) (Cook 1920, Gillan 1920). Meanwhile, the
Crimson Rosella (Platycercus elegans) became more common and ‘new arrivals’ of species
began to take advantage of new farmland in the region including ‘swallows, kestrels, finches
and starlings’ (p.38, Elms 1920c). Many of these ‘new’ terrestrial species, tolerant of open
and modified habitats, were later recorded in the region from 1997-2002 (Radford and Bennett
2005) (Fig. 2.3, Appendix A).
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Fig. 2.3. Examples of terrestrial bird species found in the Strzelecki Ranges. Insets a) Yellow -tailed
Black Cockatoo (Calyptorhynchus funereus), b) Wedge-tailed Eagle (Aquila audax), c) Superb
Lyrebird (Menura novaehollandiae), d) Crimson Rosella (Platycercus elegans), e) Australian
Magpie (Cracticus tibicen), f) Eastern Yellow Robin (Eopsaltria australis).
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Historical land-use
Traditional owners

Indigenous people occupied the Strzelecki Ranges for a long time before European settlement
in the region. The traditional owners and custodians of this region were two groups of Koori
people (Victorian Aboriginals). The study region belonged to the Bunurong people of the
Kulin nation, and the Bratauolung people of the Gunnai/Kurnai nation who lived on its eastern
boundaries (Bradshaw 1999, Bunurong Land Council Aboriginal Coporation 2017). These
people were nomadic, living along the coastline, beside rivers and in the forested hill country
of the region. They had close connections with the extensive flora and fauna of the region.
For example, each person had a special native wildlife totem and some giant forest trees were
sacred birthing sites for women (E. Greene, pers. comm, June 2018).

Some records suggest that the traditional owners kept parts of the forest more open through
burning (Bradshaw 1999). After the 1790s, when they came into contact with the explorer
George Bass, and with escaped convicts, whalers and sealers at Wilsons Promontory and
Westernport (see Fig. 2.1), the Bunurong people lost much of their country (Elms 1920a,
Bradshaw 1999). However their connections to country and management of the study region
continue today (Bunurong Land Council Aboriginal Coporation 2017).

2.3.2.

European settlement

In 1839, the explorer James Macarthur was returning to the Australian mainland from
Tasmania (Van Diemen's Land) and was blown east off his intended course, along Gippsland's
coastline (Pepper and De Araugo 1985). Macarthur funded and organised an expedition to
explore the grazing potential of the land that he had seen, to cover the country between the
Victorian high country (Omeo) and the coast (Port Phillip) (Elms 1920a, Pepper and De Araugo
1985). Macarthur chose Count Paul Strzelecki, a Polish explorer, to be the navigating
lieutenant of the party. Subsequently, in 1840, the expedition party spent more than three weeks
crossing the difficult terrain of the Strzelecki Ranges (between Boolarra and Westernport),
following a straight course set by Count Strzelecki. The members of this expedition party,
which included an Aboriginal guide named Charlie Tarra, James Riley (19 years old), and two
servants, were forced to abandon their gear and supplies due to the difficult terrain and
vegetation. Thereafter the explorers lived on a bush-food diet during the expedition, which
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included eating 'monkeys' (Koala, Phascolarctos cinereus) (Elms 1920a, Ramsay 1991,
Bradshaw 1999).

Following this initial exploration and the development of Count Strzelecki's maps of the region,
the selector George McDonald cut a track on high ground through the Strzelecki Ranges (from
Lang Lang to Morwell) in 1860 - 1862 (Tilgner 1976). In 1869, the Government Lands
Department passed The Land Act in Gippsland, which granted settlers 320 acres (129.5 ha) of
land of their choosing, at one pound per acre repayable over 20 years, with the condition that
all trees must be cleared from any newly acquired property (Shire of Korumburra 1972). This
Land Act opened up many prospects for people wanting to start a new life, which included
settlers from Melbourne who left profitable businesses behind to settle in a landscape largely
unsurveyed and heavily forested. The settlers came to the region along George McDonald’s
track, from the nearest large town at the time (Cranbourne, now a suburb of Melbourne),
arriving in the early 1870s to settle in areas such as Poowong and Thorpdale (Tilgner 1976,
White 1976).

The discovery of coal in the region (e.g. at Korumburra) and the development of the coal
mining industry (from 1870s), aided the development of additional infrastructure in the region
during this period, including townships, railways and roads (Murray 1920, Bradshaw 1999).
Some of this infrastructure did not remain after coal mines closed in the region (1940 - 60s).

2.3.3.

Clearing of the forest

The old-growth forest was progressively cleared by the early settlers for farmland, also for
timber for housing and fencing. Methods for clearing the forest on the steep slopes varied (Fig.
2.2). Early on, individual trees were felled, and the shrubs were slashed. Later, a technique
was employed which involved cutting trees partially on one side only, then allowing them to
be blown over by the strong wind, to split and break their trunks. Other methods of clearing
included ring-barking trees, also partially cutting the trunks of a line of trees running downslope and then felling a tree at the top of the hill, which would cause a whole line of trees to
fall with relative ease (Bradshaw 1999). Much of the felled vegetation was left to dry out in
the gullies and burnt in the driest months of the year (January – February). In 1897 - 98, a
notably dry and hot summer led to extreme bushfires in the region. These fires, particularly
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‘Red Tuesday’ (1st February, 1898) which burnt 260,000 ha, devastated the region - destroying
over 2,000 buildings, livestock and most of the remaining old-growth forest cover (Coverdale
1920a, Elms 1920b, Western 1920b, Bradshaw 1999, Department of Sustainability &
Environment 2011). This event dramatically transformed the landscape from dense forest, to
open hillsides and gullies, ultimately contributing to the loss of >80% original forest cover in
the western Strzelecki’s.

2.3.4.

Horticulture and agriculture

Horticulture was first introduced to the region when grass seeds (e.g. Cocksfoot, Dactylis
glomerata and Ryegrass, Lolium sp.) and crops (e.g. Potato, Solanaceae sp.) were planted in
the ashes of bonfires, in the clearings left behind from the felled timber (Tilgner 1976). In
1877, the first commercial apple orchard was established in Thorpdale and apples were
exported to Europe (Tilgner 1976).

Many early settlers came from towns or cities and lacked farming experience. From 1874 1884 in the Poowong district, the majority of the 125 selectors (82%) had no previous farming
experience (Hartnell 1974). The region became known as the ‘Heartbreak Hills’, for pressures
from the climate and environment meant that many settlers struggled to grow enough food for
themselves or livestock, and were forced to abandon their claims (Noble 1986). For example,
early settlers experienced problems with caterpillar plagues decimating crops (1898 - 1900)
and wild native dogs (Dingo, Canis lupus dingo) killing sheep (c1885) (Western 1920a, White
1976).
Nevertheless, agriculture emerged as the region’s dominant land-use, through much trial and
error for many settlers, combined with further landscape clearing, fertile soils, and good rainfall
and growing conditions for crops, pasture and livestock. Between 1894 – 1904, drought
conditions were in other parts of the country and cattle were brought to the study region to
‘fatten up’, with a reliable growing season making the region well-known for its beef industry
(Western 1920a).

The region also became well-known for its dairy products from 1876. Dairying provided
income for many farming families and assisted with the development of the region (Land
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Conservation Council 1980, The Committee 2007). In the early period of settlement, (c1880s
- early 1900s), dairy herds were typically small family enterprises (<12 cows), milked by hand
in small dairy sheds (The Committee 2007). From 1888, several cheese and butter co-operative
factories established within the region and milk was used to make commercial products (butter
and cheese). During this time, horse drawn ‘cream-wagons’ took separated cream into towns
from where packhorses took the processed milk products either to the coast to be shipped, or
to rail stations to be sold in the Melbourne markets (Bradshaw 1999, The Committee 2007).
Pigs were kept on many dairy farms during this period to consume the separated skim milk
that could not be sold (Bradshaw 1999, Brooks 2007).

Dairy farms in the region were revolutionized from the early 1900s in numerous ways. Firstly,
diesel engines used to power cream separator and milking machines on farms, were installed
to make the daily task of milking easier. Secondly, electricity (from 1914) aided the installation
of machines that could pasteurize and refrigerate milk in the factories (The Committee 2007).
Following the sealing of the roads in the 1920s, milk goods were transported by truck instead
of horse and cart, which made the industry more profitable (Brooks 2007). From the 1950 –
60s, dairy companies began collecting whole milk, dairy herds grew larger (>100 cows) and
the Strzelecki Ranges became famous for its dairy production (Bradshaw 1999, Brooks 2007).

2.4.
2.4.1.

Current land-use
Residential and lifestyle properties

Townships in the region have expanded since early settlement and continue to experience
population growth and urban development.

Populations in the rural towns vary from

approximately 359 (Buln Buln) to 14,276 (Warragul) people (data from 2016 Census), but
these townships are continuing to grow with the development of new housing estates;
particularly around the larger regional centres (i.e. Warragul) (Australian Bureau of Statistics
2011, 2018b). For example, the population of Baw Baw Shire in 2006 (including the district
surrounding the major towns Warragul and Drouin) was 38,484 people and is projected to
increase to 47,928 by the year 2031 (State Government of Victoria 2014a). The townships in
the study region remain rural and are surrounded by farmland. They typically contain large
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recreational fields (ovals, golf courses), and are characterized by houses accompanied by small
(up to ~500 m²) gardens (State Government of Victoria 2014a).
Population growth in the region is increased by a shift towards tourism and ‘lifestyle’ living,
with larger numbers of the population seeking to live in the area for its recreational, aesthetic
and lifestyle benefits. Many ‘lifestyle’ residents come from larger cities (e.g. Melbourne) and
have either retired, or earn/supplement their income by working off-farm in local towns, or
commuting to work in Melbourne (Beilin 2001, Buijs et al. 2006, Australian Bureau of
Statistics 2017, 2018a). There are two types of typical lifestyle properties in the Strzelecki
Ranges: i) low density blocks, which are located on the outskirts of a town and are large enough
(~0.2 - 0.4 ha) to graze a few livestock with a small orchard and garden (State Government of
Victoria 2014a, b) and ii) farmlets, which are commonly larger blocks (~0.5 - 40 ha) located
on subdivided agricultural land, used for conservation purposes, small-scale farming, or left
abandoned (State Government of Victoria 2014b, a).

2.4.2.

Plantations and revegetation

From the early 1930s, hardwood reforestation (Mountain Ash, Eucalyptus regnans) by the
Forests Commission, began on land repurchased by the government (State Forest), to reestablish forest cover and improve the beauty and productivity of the region (Noble 1986).
Logging and additional monoculture reforestation (including softwood plantations – Pine,
Pinus radiata) began in these areas in the 1960s (e.g. Amcor ~1960s, Victorian Plantation
Corporation ~1996) (Land Conservation Council 1980, Noble 1986). Logging continues today
in areas leased to commercial timber companies (e.g. Hancock Victorian Plantations at Mount
Worth and Allambee) (Hancock Victorian Plantations 2014). Some plantations were also
established non-commercially on old State School sites, as well as surrounding water reservoirs
to protect town water storage, and on private properties (Munro et al. 2012).

After the official rise of the Landcare movement in Victoria in the 1980s, the restoration of
native vegetation in the region increased and continued, typically on private farmland
(Campbell and Siepen 1994, Curtis and Lockwood 2000, Youl et al. 2006). Community
projects, usually run by volunteers, began being carried out to implement native revegetation
works and pest species control, to increase: aspects of biodiversity (e.g. native plant and animal

Chapter Two

42

diversity), agricultural productivity (e.g. reducing tunnel erosion and landslips, providing
livestock shelter) and farm aesthetics (Beilin 2001, 2007). These projects commonly involve
planting locally sourced native seed or seedlings in farmland, also spraying weed plants (e.g.
Blackberry, Rubus fruticosus), to encourage the re-establishment of historical forest plant
communities in the region (typically following Ecological Vegetation Class guidelines)
(Department of Sustainability and Environment 2006, Department of Environment Land Water
and Planning et al. 2007, Department of Sustainability and Environment 2007, Munro et al.
2009). Revegetation plantings in the study region commonly occur on steep slopes or gullies,
in patches or linear windbreaks, particularly on lifestyle ‘farmlet’ properties and abandoned
farmland.

2.4.3.

Commercial horticulture and agriculture

Permanent commercial horticulture is generally limited to the outer fringes of the region where
there are flatter valleys with friable red soil zones (Red Ferrosol). Common commercial types
of horticulture in the region include apple orchards, vegetable crops (e.g. peas and potatoes),
or picked perennial flowers (e.g. Daffodil, Narcissus sp.). Lifestyle types of horticulture in the
region are becoming more common, typically vineyards.

Commercial horticulture (e.g. crops) in the region are typically rotated seasonally with pasture,
to rest the soil (e.g. paddock is sown with crop over a couple of years, then one year of pasture,
next year sown with crop again).

Horticultural areas are usually sprayed with

pesticides/fungicides to control pests and diseases and bird/hail netting is used in orchards.
Large permanent wetlands (dams, lakes) are typically found in horticultural areas which require
additional irrigation. A large proportion of the local produce is used nationally or exported; for
example, in 2010, Thorpdale supplied 17% of Australia’s eating potatoes and 25 - 30% of
national certified seed potatoes (Edis 2013).

Beef and sheep livestock grazing for meat production is an agricultural commodity which is
increasing Australia-wide (Australian Bureau of Statistics 2018a). This land-use continues to
occur on farmland in the study region (State Government of Victoria 2014a, b). Livestock
grazing (set-stocking or rotational grazing of pasture) typically occupies steeper terrain and is
a popular land-use on lifestyle properties.
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Dairy cows remain a major agricultural land-use and income for the community in the study
region. The region provides milk for both domestic and export markets. Most milk produced
in the region (e.g. more than 300 million litres of milk annually at Korumburra factory, Burra
Foods), is now processed locally and exported overseas to Japan, south-east Asia and the Middle
East, in the form of added-value milk products (e.g. dry milk powder, baby formula) (O'Neill
2018, Saputo Dairy Australia 2018). Dairy herds and farms are now larger than they were
historically, with average herd size ~300 cows and average farm size ~200 ha (DEDJTR Dairy
Services et al. 2017). However, due to record low milk prices at the farm gate (particularly in
2016 – 17), demand issues, increased land prices and running costs, the number of dairy farms
is declining across the region. This trend is also occurring throughout Victoria and New South
Wales (Henshall Hansen Associates et al. 1993, DEDJTR Dairy Services et al. 2017, Australian
Bureau of Statistics 2018a).

2.5.

Land-use trajectories over time

Over less than two centuries since European exploration of the region began in 1840, the
Strzelecki Ranges region has been subjected to many different types of land-use and has
undergone significant structural transformation over this time. I visually examined such
changes using available aerial imagery over a period of 70 years (from 1947, 1988 and 2017),
for 25 pre-selected locations within the study region (the study landscapes in the following
chapters). I was able to identify all 25 locations using 2017 imagery (Google Earth 2017), 11
locations in 1988 (La Trobe Regional Commission 1988) and 17 locations in 1947 (Department
of Lands & Survey and Adastra Airways Pty Ltd 1947). I visually identified changes in the
general structure and composition of the region over the last 70 years (e.g. housing density,
tree cover, pasture cover). The study landscapes of the Strzelecki Ranges have followed three
broad trajectories discussed below: i) developing residential trajectory, ii) modified forest
trajectory and iii) farmland trajectory (Figs. 2.4 & 2.5).

Developing residential trajectory
Townships in the study region remain rural and surrounded by farmland but they have grown
in area over the 70 year period (Fig. 2.4a). For example, see the expansion of Buln Buln
township area (Fig. 2.4a). The number of farmlets (subdivision of land and the development of
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houses associated with smaller lifestyle properties) has also increased over this period. This is
typical of trends occurring globally, in which societies are becoming more urbanized, large
cities are expanding into rural regions, and ‘peri-urban’ and urban land-uses are moving into
traditional farming areas (Yang et al. 2010, Lawler et al. 2014, Llausàs et al. 2015). This
pattern known as rural dilution, the changing social composition of the rural population, is
occurring in other parts of rural Australia (Smailes 2002, Gill et al. 2010, Butt 2013a), in the
United States (Hansen and Brown 2005, Huntsinger et al. 2010, Wilcox et al. 2012, Sorice et
al. 2014) and also Europe (Antrop 2004, Tárrega et al. 2009, Garcia-Tejero et al. 2013). I
predict that this trajectory will continue to increase in the study region in the future.

Modified forest trajectory
The Strzelecki Ranges is an example of how historical land-use largely determines current
patterns of forest cover in rural regions (Lunt and Spooner 2005). As previously discussed,
the region lost >80% of its native vegetation cover from widespread historical clearing and
bushfires, with only ~18% native vegetation cover remaining (Radford and Bennett 2005). The
remaining forest in the region (e.g. on roadsides, in steep farmland or in protected reserves
such as Mount Worth State Park or Mirboo North Regional Park), is typically old natural
regrowth or historical reforestation, generally occurring in isolated and fragmented patches less
than 50 ha in size. This is a typical scenario in Australia, where much vegetation clearance has
occurred, causing loss, isolation and structural changes to vegetation communities within rural
landscapes (Hobbs 2005, Lindenmayer and Fischer 2006).

However, new modified forest is returning to the region in the form of plantations,
revegetation, or the self-recruitment of native plant species where grazing is limited (e.g. in
steep gullies or abandoned farmland) (Ryan 1999, Munro 2007, Munro et al. 2009) (Figs. 2.4b
& 2.5). Some of the Strzelecki’s have been classified as Rural Conservation Zones or Public
Conservation and Resource Zones (State Government Victoria and Department of
Environment 2015), to encourage the planting of native vegetation for biodiversity in these
areas (Department of Environment Land Water and Planning 2017). Planting native trees
within these zones to offset other native vegetation clearance or to enhance ecosystem services
such as storing carbon (Greenfleet 2018), is an example of a new land-use in the region which
has emerged over the past few decades. The modified forest is different compared to the
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complex structure of the historical forests of the region. It typically lacks habitat components
which can take decades to develop (e.g. tree hollows, native leaf litter, native ground cover)
and can be dominated by weedy understorey (Munro et al. 2011, Munro et al. 2012). I predict
that the trajectory of modified vegetation will be widespread and increasing in the region in
the future, particularly on abandoned farmland, with benefits for forest species diversity.

Farmland trajectory
The aerial imagery displays much farmland in the region over the 70 year period (Fig. 2.4c).
Since the late nineteenth century, agriculture has been a dominant land-use and part of the
culture of the Strzelecki’s. Some farmland in the region is protected in ‘farming zone' titles,
given by the Victorian State Government, to restrict urban subdivision and protect agricultural
land-use in the region (State Government Victoria and Department of Environment 2015).
Nevertheless, many of these areas are no longer managed for traditional agricultural activity,
as the extent of agriculture slowly declines across the region. A significant decline in the
number of farms and farm jobs has occurred within the region since at least the 1980s (Henshall
Hansen Associates et al. 1993). Agricultural land abandonment is a post-war pattern which is
occurring in some other rural regions throughout Victoria and around the world (MacDonald
et al. 2000, Deloitte 2016), particularly in isolated or mountainous locations (Beilin et al. 2014),
and in high-income nations (Queiroz et al. 2014). Farmland is also becoming inaccessible to
traditional farmers due to a sharp increase in land pricing associated with increasing pressures
from population growth and lifestyle properties (Henshall Hansen Associates et al. 1993). The
decline of agriculture is occurring as other types of land-use such as urbanisation and
infrastructure development and conservation increase. I predict that land currently in the
farmland trajectory which is located close to rural towns, will be transformed to the residential
trajectory in future.

2.6.

Conclusion

An understanding of the patterns of change within rural regions from past and present landuses, assists when examining the distribution of communities of native species, which is
discussed later in this thesis. Human population growth and land-use change is transforming
the structure of rural landscapes and communities of native species globally, over relatively
short periods of time. The western Strzelecki Ranges in south-east Australia provides an
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example of common changes within rural landscapes: vegetation clearance and modification,
farmland intensification or abandonment, and developing residential area. As rural regions
continue to be transformed worldwide, a greater awareness and knowledge of the process and
consequences of rural landscape change will be important for their management, particularly
regarding the development of sustainable land management practices and strategies to protect
and improve future biodiversity conservation, agriculture, and healthy rural communities.
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Fig. 2.4 . Examples of three land-use trajectories over 70 years in the western Strzelecki Ranges (1947, 1988, 2017). Insets a)
developing residential trajectory, b) modified forest trajectory, c) farmland trajectory (Department of Lands & Survey and
Adastra Airways Pty Ltd 1947, La Trobe Regional Commission 1988 , Google Earth 2017).
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Fig. 2.5. Photos of historical and modern land-uses from three land-use trajectories in the
western Strzelecki Ranges. Insets - Developing residential trajectory a) 1909 house in
forest, b) 2018 house in farmland. Modified forest trajectory c) c1900 forest partially
cleared, d) 2018 revegetation in farmland. Farmland trajectory e) 1912 dairy cattle farm
scene, f) 2018 beef cattle farm scene. Photos (a), (c), (e), courtesy of the Korumburra and
District Historical Society Inc.
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Chapter Three

Diverse land-uses shape new bird communities in a
changing rural region

Plate 7. Bird activity in the Strzelecki Ranges; a) Australian King Parrot (Alisterus
scapularis) perched in a Silky Oak (Grevillea robusta), b) Australian Shelduck (Tadorna
tadornoides) circling above farmland, c) Willie Wagtail (Rhipidura leucophrys) foraging in a
vegetable garden.

Published chapter:
Sambell, C. E., G. J. Holland, A. Haslem, and A. F. Bennett. (2019). Diverse land-uses
shape new bird communities in a changing rural region. Biodiversity and Conservation,
28(13), 3479-3496. https://doi.org/10.1007/s10531-019-01833-5.
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3.1. Abstract
Rural landscape change as a consequence of human population growth is a major challenge
for nature conservation in the 21st century. Rural regions are globally experiencing change
driven by diverse factors, including agricultural intensification, new agricultural
commodities, residential development, and land abandonment.

Understanding how

different land-use trajectories affect biodiversity is critical for making informed decisions
for the conservation of species in modified environments. We examined the impact of
different land-uses on bird communities in the western Strzelecki Ranges, a formerly
forested but now rural region in south-east Australia. We selected 25 study landscapes,
each 1 km2, representing seven land-uses typical of rural regions: townships, lifestyle
properties (low-density acreages or hobby farms), dairy farming, beef grazing, horticulture,
tree plantation and natural forest. Terrestrial birds were systematically surveyed at 10 sites
in each study landscape and the results pooled to represent the whole landscape. We
recorded 80 native and 8 exotic species of birds, of which 46 species were classified a priori
as forest species typical of the region. Different trajectories of land-use have generated
variation in landscape structure, with a primary gradient of change from forest to rural
townships. The composition of bird communities and the richness of four species-response
groups showed marked differences across land-use types. The mean richness of forest
species, for example, was greatest in natural forest land-use (30.0 species) and lowest in
dairy farming land-use (14.5 species). Key lessons from this study include: 1) these diverse
land-uses, typical of rural regions, are creating novel assemblages of birds that differ from
that of the former forested environment; 2) land-use in this region is dynamic and so further
re-assortment of bird communities can be expected through time; 3) despite such change, a
component of the original forest avifauna persists, even in highly modified landscapes; and
4) each land-use type offers opportunities for nature conservation while also meeting the
needs of people and agricultural production.
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3.2. Introduction
Pressure from a growing human population and the associated demand for food, fibre and
other resources, is resulting in ongoing change to rural regions worldwide (Ellis and
Ramankutty 2008, Tilman 2012). Diverse land-uses are accelerating new and sometimes
irreversible trajectories of change in rural regions (Tilman et al. 2017). The modified and
novel ecosystems that result create both opportunities and challenges for biodiversity
(Hobbs et al. 2009). This is particularly evident in rural and agricultural regions due to
their dominance across the globe. Worldwide, croplands and pastures occupy some 40%
of the land area and continue to expand (Foley et al. 2005, 2011); with the demand for
cropland production forecast to double between 2005 and 2050 (Tilman et al. 2011). Given
the sheer extent of rural regions, the future of many components of biodiversity will depend
on the ability of species to persist in and among existing, new and emerging land-uses in
these environments.

The physical appearance, structure and management of many rural regions are changing as
a consequence of diverse demands. Global trends in different regions include loss and
fragmentation of remaining natural habitats (Foley et al. 2005, Phalan et al. 2011);
intensification of farmland to increase production per unit area (Tilman et al. 2011); and
land abandonment in areas considered unproductive due to poor soils, mountainous terrain,
spatial isolation from large cities and agricultural produce markets, or climate change
(Ramankutty et al. 2002, Beilin et al. 2014). In other regions, the expansion of tree
plantations for timber and other products commonly occurs (Gailly et al. 2017). A further
trend is the subdivision of agricultural land for low-density residential or ‘lifestyle’
properties, a growing land-use resulting in a transition from rural to peri-urban
environments (Radeloff et al. 2005b, Abrams et al. 2012, Llausàs et al. 2015). These
pressures mean that many ‘traditional’ rural regions are emerging as multifunctional land
that incorporates a range of land-uses (Buijs et al. 2006, Yang et al. 2010). The changing
mosaic of habitats available to biota in rural regions has implications for the distribution,
behaviour and conservation of species (Forman 1995, Lindenmayer and Fischer 2006,
Watson et al. 2014).

Changes in rural land-use have diverse implications for the biota: some species experience
population decline or loss from the region, while others flourish, and new species may
colonise (Hobbs et al. 2018). Concern about faunal decline in rural regions, especially of
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birds, has been widely documented across continents (Villard et al. 1999, Donald et al.
2001, Ford et al. 2001, Jetz et al. 2007). Alternately, some species adapt and thrive in
human-dominated environments, sometimes with repercussions for other species (e.g.
interspecific interaction changes, such as predation or competition) (Maron et al. 2013,
Hodara and Poggio 2016) or for human land-use (e.g. agricultural or urban pests) (Low
2002, Mangan et al. 2017). Where the species that thrive are generalists or introduced
species, the ensuing community level changes may lead to biotic homogenisation (Le Viol
et al. 2012).

Given the rapid and ongoing changes in rural regions, a challenge is to understand how
different land-use trajectories may influence native species. This is critical for effectively
predicting the future distribution of species and managing and protecting biodiversity in
dynamic systems. Birds are an abundant and visible component of rural biodiversity, and
are sensitive to land-use change, making them a suitable study taxon (Recher 1988). How
bird species respond to different types of land-use within changing rural regions is therefore
of great conservation relevance. This includes understanding which land-cover types are
associated with different types of land-use and how habitat change influences bird
community structure at both the site and landscape scale (Tscharntke et al. 2012).

Here, we examine the impacts of rural land-uses on the avifauna of the western Strzelecki
Ranges, south-east Australia, a region experiencing land-use changes common to other
rural locations around the world. Previously covered in forest vegetation, this region has
been transformed through on-going land-use change since the late nineteenth century,
including deforestation, agricultural intensification, land abandonment, increasing urbanto-rural migration of people, residential expansion of small towns, and revegetation. This
has created a multifunctional rural environment in which local landscapes have experienced
different land-use trajectories from the previous forest cover. We test two main hypotheses:
1) that different land-use trajectories have altered the composition of land-cover types in
rural landscapes in contrasting but predictable ways; and 2) that such changes have led to
distinct bird communities at the landscape scale.
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3.3. Methods

3.3.1. Study region
The study region encompasses ~900 km2 in the western Strzelecki Ranges, Victoria, southeastern Australia (Fig. 3.1).

The region has a temperate climate with average annual

rainfall of ~1000 mm (Korumburra, 38.43°S, 145.82° E). Rainfall occurs throughout the
year with approximately 60% falling in winter and spring. The topography ranges from
undulating to steep hill country (elevation range: 70 – 500 m).
Historically, the region was covered with tall eucalypt forests (~45 – 100 m tall), chiefly in
the form of Wet Forest (on sheltered slopes and gullies) and Damp Forest (exposed slopes
and ridge-tops). Wet Forest was typically dominated by Mountain Ash (Eucalyptus
regnans), Mountain Grey Gum (E. cypellocarpa) and Messmate Stringybark (E. obliqua).
Damp Forest overstorey included Manna Gum (E. viminalis subsp. viminalis), Southern
Blue Gum (E. globulus subsp. bicostata), Mountain Grey Gum and Messmate Stringybark
(Department of Environment Land Water and Planning et al. 2007).

Deforestation commenced in the western Strzeleckis in the 1870s as part of Government
policy for land settlement (Shire of Korumburra 1972). Native forests were extensively
cleared for timber milling and establishment of farmlands, and major bushfires in the 1890s
destroyed old-growth forest that had not been felled (Elms 1920b). Today, the region is
primarily open farmland dominated by introduced grass species, with patches of native
forest arising from regrowth of remnant forests or from active revegetation.

While

agriculture is the dominant land-use, the region is experiencing ongoing change associated
with farmland abandonment, urban-rural (lifestyle) migration and residential expansion.
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Fig. 3.1. Location of study landscapes and examples of land-use types. Insets (top) show a) the
study region in south-eastern Australia, b) the location of the study region - Strzelecki Ranges,
Victoria, c) the 25 study landscapes (represented by circles) across the study region (black line);
grey shading indicates extant native tree cover. Insets (bottom) show examples of land-use types
d) township, e) beef grazing, f) natural forest.

3.3.2. Study design
We selected 25 study ‘landscapes’, each a circular area of 1 km2 (564 m radius), to represent
replicates of seven types of land-use: townships (n = 4 landscapes), lifestyle (4), dairy
farming (4), beef grazing (4), horticulture (3), tree ‘plantation’ (4) and natural forest (2)
(Fig. 3.1, see Appendix B for descriptions of land-uses). The designated land-use was the
main activity in each landscape (mean 89% cover, SD 16). Study landscapes were ≥2 km
apart and replicates of each land-use type (e.g. lifestyle, dairy farming) were distributed
evenly across the four quadrants of the study region. Natural forest landscapes were in the
eastern part of the region where extensive forest remained.

Chapter Three

55

Within each landscape, we selected 10 sample sites (located ≥100 m apart) for bird surveys,
with at least two sites located in each quadrant of the landscape. Sites were positioned
using 2009/2010 aerial imagery to sample a range of habitat types (see below). Where
possible, sites sampling the same type of habitat (e.g. open grassland; see below) were in
different quadrants of the landscape.

We recognised five broad habitat types (see Table 3.1) in which survey sites were located:
indigenous (wooded) vegetation, introduced vegetation, exotic crops, open grassland, and
human infrastructure.

Most habitat types were present in each landscape (although

differing in extent), with the exception of natural forest landscapes that were dominated by
native forest vegetation. The number of sites allocated to each habitat type (excluding
grassland) was based on its percentage cover in the landscape: one site for ≤5% cover, two
for >5≤15%, three for >15≤30%, and four for >30%. For grassland, which dominated the
study region, a maximum of three sites was allocated in any study landscape. After
allocating sites according to these rules, any remaining of the 10 sites per landscape were
assigned to the habitat typical of the land-use in that landscape (e.g. to ‘human
infrastructure’ in a township landscape). Wetlands (e.g. farm dams, streams) were present
in all landscapes, but survey sites were not allocated to them since terrestrial birds were the
focus of this study.
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Table 3.1. Description of habitat types surveyed for birds and their relationship with land-cover types
mapped within study landscapes. The mean and range of each land-cover type (%) in the study
landscapes is shown, as is the number of landscapes in which each occurred.

Habitat type

Description

Land-cover type

Mean
cover
(%)

Range
(%)

No.
landscapes
(n = 25)

Indigenous
vegetation

Eucalypt canopy, intact
or disturbed (weedy).
Surveyed in three
forms: patches, linear,
scattered.

Native vegetation

18.2

3 - 99

25

Introduced
vegetation

Introduced woody
shrubs and trees.
Surveyed in three
forms: patches, linear,
scattered.

Exotic vegetation

5.5

0 - 16

24

Pine tree
plantation

1.6

0 - 24

2

Eucalypt tree
plantation

5.3

0 - 43

5

Food-bearing plants,
cultivated,
monoculture.

Crop

3.6

0 - 44

3

Orchard

1.0

0 - 22

4

Open grassland

Pasture without
scattered trees,
abandoned pasture,
grazed or ungrazed,
including grassed areas
in township (e.g.
recreation oval).

Open grass

52.6

0 - 92

24

Human
infrastructure

Houses or sheds
surrounded by plants,
lawn or tracks.

Developed urban

1.5

0 - 16

7

House and garden

7.4

0 - 49

21

Not sampled at
site scale

Open water body or
wetland (e.g. dams,
troughs).

Open water

1.0

0-6

20

Exotic crops

3.3.3. Bird surveys
At each site, all bird species detected (seen or heard) within a 30 m radius during a 10minute survey period were recorded as ‘on site’. Care was taken to avoid double counting
of individuals. Individuals recorded in flight (e.g. flying over the site) or outside the 30 m
radius were recorded as ‘off site’. To collate species richness and composition of bird
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species at the landscape scale, we pooled the data from all sites, including both on-site and
off-site records (as all were detected within the study landscape).

Surveys were undertaken by a single observer in each of four survey rounds over one year
(2014 – 2015): two rounds each in spring (September – November) and autumn/winter
(May – June) seasons, respectively. Each study landscape was surveyed once within each
of two time rotations per season (7 am – 10.30 am; 11 am – 2.30 pm). Two landscapes were
surveyed each day in different parts of the region to avoid bias in sampling associated with
geography or weather. Surveys were conducted in generally favourable conditions for
birds, avoiding rain and high winds.

3.3.4. Data analysis
All analyses were performed using the ‘vegan’ package (Oksanen et al. 2017) in R version
3.3.2 (R Core Team 2016).

3.3.5. Types of land-cover associated with different land-uses
To compare differences in the structure and composition of the study landscapes in greater
detail, we mapped 10 types of ‘land-cover’ (i.e. specific land-cover types nested within the
five previously identified habitat types; see Table 3.1) by using air photos from 2009/2010.
Mapping was checked for accuracy by: 1) comparison with 2015 Google Earth imagery;
and 2) ground-truthing of maps (scale 1:6000) for each landscape in May/June 2015.
Ground-truthing identified only minor changes between 2009/2010 and 2015 (e.g. removal
of vegetation, housing development). The percentage cover of each land-cover type was
calculated for each landscape following this process.

We used permutational multivariate ANOVA to test for differences in the composition of
land-cover types between study landscapes selected a priori to represent different landuses. This analysis was based on Bray-Curtis dissimilarity matrices of the percentage
cover of each land-cover type in each landscape. To better interpret multivariate
ANOVA results, we also tested for differences in within-group variation (i.e. dispersion
or beta diversity) (Anderson 2001). When a significant multivariate ANOVA result was
obtained, individual pair-wise comparisons were conducted to determine which
landscapes supported different land-cover types (Anderson 2001). We did not attempt to
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correct for error rates associated with multiple comparisons due to the conservative nature
of such corrections (Anderson 2001).

Non-metric multidimensional scaling (NMDS) was used to graphically display
differences in land-cover types between landscapes. Land-cover types were added to the
plot as vectors to aid interpretation. SIMPER (Similarity Percentage) analysis was also
used to identify land-cover contributing most to differences between landscapes.

3.3.6. Land-use and bird species richness
Native species were assigned to one of three broad response groups based on an a priori
classification (Radford and Bennett 2005); ‘forest’ (forest or woodland) species depend
primarily on intact forest and require native vegetation for daily activities (e.g. foraging,
nesting, shelter, roosting); ‘open tolerant’ species occur in forested habitats but are capable
of crossing cleared land for daily movements to disturbed environments (e.g. gardens,
farmland), and; ‘open country’ species inhabit cleared or modified environments but may
use scattered trees for nesting. In reality, species occur along a continuum in relation to
their response to wooded cover, but these categories provide a useful framework for
comparison. An additional group, ‘exotic’, was used for introduced bird species. We
excluded species favouring wetlands (n = 23) and nocturnal species (n = 1).

We used one-way ANOVA to test for differences in the average richness of bird response
groups in landscapes representing different land-use types. Data were explored for
normality of distribution and homogeneity of variance using the Fligner-Killeen test
(Zuur et al. 2010). Where a significant difference was observed (α = 0.05), post-hoc tests
were conducted using Tukey’s honest significant difference (HSD) to determine which
land-uses differed with regards to the richness of bird response groups.

3.3.7. Land-use and bird community composition
We used permutational multivariate ANOVA to test for differences in bird community
composition between landscapes representing different land-use types. This analysis was
based on Bray-Curtis dissimilarity matrices of the reporting rate of individual bird species
(both ‘on’ and ‘off’ site records included; range = 0 – 4, the number of survey rounds in
which a species was recorded in a landscape). Singletons (species recorded only once
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during the study) were excluded. Tests for within-group variation (i.e. dispersion or beta
diversity) were also conducted (Anderson 2001).

Individual pair-wise comparisons

(without correction for multiple comparisons) were conducted to determine which
landscapes supported different bird communities (Anderson 2001).

NMDS ordination was used to graphically display differences in bird community
composition across landscapes representing different land-use types. SIMPER (using the
Bray-Curtis dissimilarity measure) was used to identify those bird species driving
differences in community composition.

3.4. Results

3.4.1. Land-use and landscape structure
There was a significant difference between land-uses in the proportional composition of
land-cover types (F6, 18 = 10.86, p = 0.001, Table 3.2). Pair-wise comparisons revealed
differences between beef grazing and dairy farming, compared with horticulture, plantation
and townships. Differences were also revealed between lifestyle land-use compared with
beef grazing, plantation and townships, and also between plantation and township
(Appendix D). Small sample sizes for natural forest (n = 2) limited comparisons between
this and other types of land-use. An NMDS ordination showed the clustering of landscapes
in ordination space based on their land-use type (Fig. 3.2). The primary gradient (NMDS1)
was between forested land-uses (natural forest and plantation) and residential (townships)
land-use. In the centre of this main gradient there was close clustering of beef grazing,
dairy farming and lifestyle land-uses. Horticultural land-use was distinct but associated
with grazing land-use (Fig. 3.2). The second gradient (NMDS2) was more difficult to
interpret but represented a structural gradient between open grassland and plantation landuses.
SIMPER analysis identified that ‘native vegetation’ and ‘open grassland’ were the most
important land-cover types driving differences in composition between the seven types of
land-use examined. Forested land-uses (natural forest, plantation) were comprised of high
tree cover and low grass cover and were separate on NMDS1 to the other land-use types
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(Fig. 3.2). Native vegetation (contributing ≥50% to between-group differences) and
eucalypt tree plantation (≥25%) land-cover accounted for the greatest distinction between
the forested and other land-uses.

Of the 19 non-forest study landscapes, native vegetation covered on average only ~9% of
the landscape. Landscapes with lifestyle land-use had relatively higher native vegetation
cover (mean ~16%) compared to those with agricultural or residential land-uses.
Horticulture and township land-uses contained the lowest native vegetation cover (~5.5%,
Table 3.2). Lifestyle land-use was closely associated with beef grazing and dairy farming
on NMDS1 (Fig. 3.2) but open pasture accounted for the greatest difference (≥40%)
between these land-use types; lifestyle land-use had on average ~18% less grass cover.

Fig. 3.2. Non-metric multidimensional scaling plot (NMDS) of the cover (%) of land-cover types
in landscapes representing different types of land-use. Symbols show the location of individual
study landscapes. Vectors represent the direction of each land-cover type, the longer the vector
the more important the land-cover in determining landscape position. The NMDS ordination is
based on the Bray-Curtis dissimilarity measure.
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Table 3.2. Mean cover (%) of land-cover types for landscapes representing different types of land-use.

Land-use type

Native
vegetation

Exotic
vegetation

Pine tree
plantation

Eucalypt tree Crop
plantation

Orchard

Open
grass

Developed
urban

House &
garden

Open
water

Township

5.6

10.3

0

0

3.2

0

29.4

8.9

34.1

1.7

Lifestyle

16.2

7.7

0

0

0

0.4

66.1

0

7.1

1.0

Dairy

12.1

3.2

0

0

0

0

79.8

0

1.5

1.5

Beef

6.8

2.0

0

0

0

0

87.9

0

1.1

0.9

Horticulture

5.3

7.3

0

0

25.7

8

46.7

1

2.6

1.3

Plantation

20.3

5.3

10.2

32.8

0

0

30.0

0

0.2

0.4

Natural forest

97.3

0.5

0

0.3

0

0

0.9

0

0.1

0.1
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3.4.2. Bird species richness
A total of 88 terrestrial bird species (80 native, 8 exotic) were observed during this study.
Nine species occurred in all 25 study landscapes, while five species were recorded in one
landscape only (Appendix C). In relation to native bird response groups, there were 46
forest species, 19 open tolerant species and 15 open country species, detected in study
landscapes representing different types of land-use (Figs. 3.3 & 3.4). Only one species, the
Flame Robin (Petroica phoenicea), listed as ‘near threatened’, is a species of national
conservation concern.

It was recorded in 10 modified study landscapes in the

autumn/winter season (Appendix C).

Fig. 3.3. Average proportion of the landscape scale species richness comprised by different bird
groups, for landscapes representing different type of land-use.

There was a significant overall difference in richness of forest species between landscapes
representing different land-use types (F6,18 = 3.26, p = 0.024). The highest mean richness
was in natural forest (mean = 30.0). Dairy farming (14.5) and townships (16.0) had a
significantly lower richness than natural forest land-use (Fig. 3.4a). Common forest species
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across all land-uses (n = 25 study landscapes) included Red Wattlebird (Anthochaera
carunculata), Grey Fantail (Rhipidura albiscapa) and Crimson Rosella (Platycercus
elegans). Some forest bird species were found only in forested land-use (natural forest or
plantation), including Superb Lyrebird (Menura novaehollandiae, n = 3), Brush
Bronzewing (Phaps elegans, n = 2) and Pilotbird (Pycnoptilus floccosus, n = 2).

Species richness of open tolerant birds differed significantly across landscapes overall (F6,18
= 3.52, p = 0.018); however, Tukey’s HSD pair-wise comparison revealed no significant
differences between specific pairs of land-uses (Fig. 3.4b). Common open tolerant species
included Grey Butcherbird (Cracticus torquatus, n = 25), Silvereye (Zosterops lateralis, n
= 24) and Laughing Kookaburra (Dacelo novaeguineae, n = 24).

Common species of open country (farmland) birds included Australian Magpie (Cracticus
tibicen, n = 25 study landscapes), Australian Raven (Corvus coronoides, n = 25) and
Magpie-lark (Grallina cyanoleuca, n = 23). Species richness differed greatly between
landscapes (F6,18 = 9.34, p = <0.001), with the highest mean richness in horticulture (9.3)
and beef grazing (9.0) and lowest in natural forest (2.5) (Fig. 3.4c).

Widespread exotic species included the Common Blackbird (Turdus merula, n = 25),
Common Starling (Sturnus vulgaris, n = 22) and House Sparrow (Passer domesticus, n =
17). Richness of exotic species differed among landscapes (F6,18 = 8.72, p = <0.001), with
highest mean richness in horticulture (7.0) and lowest in natural forest (1.0, Common
Blackbird) and plantation (2.25) land-uses (Fig. 3.4d).
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Fig. 3.4. Average richness (+ SD) of bird species in landscapes representing different types of
land-use: a) forest species, b) open tolerant species, c) open country species, d) exotic species.
Columns with different letters are significantly different; columns that share a letter are not
significantly different (Tukey’s HSD, p <0.05).

3.4.3. Bird species composition
There was a significant overall difference in species composition between landscapes
representing different land-uses (F6,18 = 4.47, p = 0.001). Pair-wise multivariate ANOVA
tests indicated a significant difference in bird community composition between a number
of land-use types; specifically, between plantations and all other land-uses (excluding
natural forest); between township compared with beef grazing, dairy farming and lifestyle
land-uses; and between lifestyle land-use compared with beef grazing, horticulture and
township land-uses (Appendix E).

The NMDS ordination and SIMPER revealed that these compositional differences were
associated with a general gradient in the extent to which land-use types were dominated by
forest species and exotic species (Fig. 3.5). A primary gradient (NMDS1) separated natural
forest and plantation from townships and one dairy farming landscape in the ordination,
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with most other land-use types clustered together in the centre of NMDS1 (Fig. 3.5).
Natural forest and plantation contained a distinctive bird community dominated by forest
species, including Superb Lyrebird, Eastern Whipbird (Psophodes olivaceus) and Whitethroated Treecreeper (Cormobates leucophaea). In contrast, township land-use contained
more exotic species such as Common Myna (Acridotheres tristis), House Sparrow and
Spotted Dove (Streptopelia chinensis); and open tolerant species such as Rainbow Lorikeet
(Trichoglossus haematodus). Lifestyle land-use contained a mix of forest and open tolerant
species, including Eastern Spinebill (Acanthorhynchus tenuirostris), Little Wattlebird
(Anthochaera chrysoptera) and Pied Currawong (Strepera graculina). Agricultural landuse (beef grazing, dairy farming, horticulture), reflecting the range of habitat types present,
also comprised a mix of all four species groups; commonly including the Red Wattlebird,
Common Starling and Welcome Swallow (Hirundo neoxena).

Fig. 3.5. Non-metric multidimensional scaling plot (NMDS) of bird species composition in study
landscapes representing different types of land-use. Ordination is based on the Bray-Curtis
dissimilarity measure.
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3.5. Discussion
This study region shares similarities with rural regions worldwide, where ongoing
landscape transformation is driven by relatively recent land-use pressures (e.g. urban
sprawl, farmland abandonment) on top of historic pressures (e.g. deforestation, pasture
establishment) (Queiroz et al. 2014). From historically extensive forest cover, present-day
landscapes represent the outcomes of different trajectories of rural land-use change and
vary in the composition of land-cover types depending on the dominant land-use. By
examining the terrestrial avifauna in landscapes representing common rural land-uses, we
found that bird guilds respond in different ways to landscape modification. The species
richness and composition of the avifauna in these ‘whole’ landscapes vary, such that the
outcome of land-use change is the development of novel assemblages. While these
emerging novel assemblages comprise a mix of species from different avian response
groups, components of the forest bird community persist across all landscapes, but in
differing proportions.

3.5.1. Rural land-uses modify habitats within a landscape in different ways
The Strzelecki Ranges, like other rural environments, is changing from a primarily
agricultural region to a multifunctional one in which multiple land-uses are intermingled
(Holmes 2006, Zasada 2011). Our study design focussed on relatively small landscapes (1
km2) within which a dominant land-use occurred. We compared replicate landscapes,
identified a priori as representing distinct land-uses, to determine whether different rural
land-use trajectories led to the alteration of land-cover types and bird communities. Aside
from the benchmark forest landscapes, each land-use in these ‘whole’ landscapes typically
included varying combinations of forest, farmland and human-dominated land-cover.

Overall, there were marked differences in structural composition among landscapes
representing dominant land-uses, with the primary gradient being from natural forest to
human-dominated (township).

Landscapes representing four main land-uses were

relatively distinct (township, horticulture, tree plantation, natural forest). Others (beef
grazing, dairy farming, lifestyle) showed greater level of structural similarity, reflecting the
extent to which they were each dominated by open grassland, with lesser amounts of native
and exotic vegetation.
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3.5.2. Land-use change generates novel assemblages of birds
Bird assemblages were not uniform across the study landscapes, either in species richness
(Figs. 3.3 & 3.4) or composition (Fig. 3.5). Assemblages in modified landscapes displayed
varying levels of divergence from forested landscape assemblages. These differences in
species assemblages generally reflected the structural gradient of land-use types (and
compositional land-cover types) from natural to modified landscapes (Fig. 3.5). Open
country and exotic species contributed notably to these differences: compared with the
natural forest landscapes, most types of modified landscapes had a significantly greater
richness of both open country and exotic species. In contrast, the richness of forest bird
species was reduced in the modified landscapes, particularly in those dominated by
townships and dairy farming land-use.

Thus, a series of new assemblages have arisen in these landscapes, due to the persistence
or re-occupation of selected species (forest birds) and the addition of new species (open
country, exotic species), depending on the dominant land-use and associated land-cover
types present. Importantly, components of the forest avifauna formed a core proportion of
all assemblages (see below). Overall, the conservation status of these forest species is
considered relatively secure at a national level, but at a regional level several species are
scarce (e.g. Gang-gang cockatoo (Callocephalon fimbriatum) and Pilotbird). An open
tolerant species, the Flame Robin, considered ‘near threatened’ at a national level, moves
into open habitats during the non-breeding season, and was recorded in numerous modified
(particularly agricultural) landscapes during the autumn/winter period.

3.5.3. Bird communities are dynamic as land-use changes continue
The novel assemblages generated in these landscapes can be expected to change through
time in response to further changes in land-use (new habitats) and environmental conditions
(e.g. weather, drought). In this region, as for other rural environments, land-use is dynamic
(Watson et al. 2014), which creates new habitats and opportunities for behavioural changes
for species able to adapt. Lifestyle landscapes, for example, were until recently dominated
by livestock grazing but, as in other countries (Hansen and Brown 2005, Sorice et al. 2014),
are now on a trajectory of change with subdivision of land, increased density of houses and
farm gardens, and increased replanting and restoration of native vegetation (Beilin et al.
2014). This is reflected in the bird community within these changing landscapes which
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include forest and open tolerant species rather than potentially being dominated by open
country species.

The composition of future bird assemblages in response to ongoing change is difficult to
predict. Increased heterogeneity of rural land-cover types, for example, has been positively
associated with bird species richness (Haslem and Bennett 2008a, b, Neumann et al. 2016)
because it provides greater opportunities for a diverse group of birds to co-exist. In contrast,
modified environments can also result in homogenisation of the avifauna, whereby a
common set of generalists, including habitat-edge specialists and exotic species, dominate
across land-uses (Luck and Smallbone 2011, Le Viol et al. 2012, Hall et al. 2016).

3.5.4. The forest bird community remains despite rural landscape change
An important finding was that components of the forest bird community were present in all
assemblages with, on average, 37 - 77% of the species richness in each land-use type,
respectively, being forest species (Fig. 3.3). This reflects the presence of remnant forest
vegetation in most landscapes, as well as these species also occurring in some modified
habitats (C. Sambell unpublished). This is a positive outcome, considering the massive loss
of forest cover (>80%) and transformation of land in the western Strzelecki Ranges over a
relatively short time. These results illustrate the different ways in which species respond
to changing environments. Some species will persist only in landscapes dominated by
natural habitat (Saunders et al. 1991, Barrett et al. 1994), some species will adapt to or reoccupy modified landscapes and form part of novel assemblages; and some species may
persist in the short-term but become locally extinct without human intervention (Hobbs et
al. 2018). Examples of these responses were evident in this study: for example, the Superb
Lyrebird was recorded only in natural forest landscapes, the Grey Fantail was common
across all modified landscapes, and a previously abundant forest species, the Satin
Bowerbird (Ptilonorhynchus violaceus) (Elms 1920c), was not detected. Some other
species have been extirpated from the region (or are very rare), including the Blue-winged
Parrot (Neophema chrysostoma), Large-billed Scrubwren (Sericornis magnirostra),
Peaceful Dove (Geopelia striata), and Yellow-tufted Honeyeater (Lichenostomus
melanops) (Barrett et al. 2003, Radford and Bennett 2005).
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3.5.5. Opportunities exist for biodiversity in changing rural regions
Globally, rural regions with different types of land-use and land-covers differ in their
capacity for achieving conservation outcomes. Given the loss of natural (and semi-natural)
habitats is a primary factor contributing to the decline of forest and woodland birds (Villard
et al. 1999, Ford et al. 2001), increasing the protection and restoration of such habitats is a
key to the conservation of native species (Hanspach et al. 2011, Munro et al. 2011). There
are opportunities for enhancing native habitat cover in all types of common rural land-uses:
1) by protecting existing habitats where they occur, and 2) by creating new habitat. Care
must be taken, however, to avoid creating sink habitat or ecological traps for native species
(e.g. encouraging species to areas where breeding success is poor) (Isaac et al. 2014).

In addition to established zones of native vegetation (e.g. conservation reserves of various
sizes) that may occur adjacent to farmland, the protection or addition of native habitat can
be achieved in a variety of other ways within farmland (e.g. windbreaks, around dams,
scattered paddock trees or tree patches) (Gibbons and Boak 2002, Lindenmayer et al. 2012),
and associated with human amenity (e.g. along roadsides, in urban parks, gardens and
streetscapes) (van Heezik et al. 2008, Dale 2018). In agricultural lands, establishing new
vegetation for biodiversity conservation (e.g. streamside restoration, replanting of steep
slopes, agroforestry, planting scattered paddock trees), can also benefit agricultural
production through the provision of ecosystem services (e.g. shade for livestock, insect
control for crops, reduced erosion, increased pasture growth) (Nelson et al. 2009).

With increased population growth, changes to traditional agriculture and farmland
abandonment in many rural regions (Abrams et al. 2012), emerging land-uses such as
lifestyle properties can also offer fresh opportunities to enhance biodiversity (Polyakov et
al. 2016). For example, revegetation and restoration opportunities increase the natural
aesthetics of lifestyle land-use, whilst also enhancing native bird communities in areas
where they are limited or absent. Lifestyle property owners may display alternate natural
or cultural views of land stewardship and have increased resources (off-farm income and
time), which allow them to undertake conservation practices of restoring native vegetation
on land formerly used for agriculture (Gill et al. 2010, Farr et al. 2017). However, caution
is warranted, because new land-uses like lifestyle and human amenity, also create new land
management challenges (e.g. neglected land, increased exotic plantings, ecological traps
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for native wildlife), which will have different impacts for biodiversity, both threats and
opportunities (Queiroz et al. 2014, Sorice et al. 2014).

A common challenge in rural regions is to achieve the sustainable production of food, fibre
and human amenity and also provide for nature conservation (e.g. of native bird
communities). All common types of rural land-use have the potential to contribute to bird
conservation if they contain land cover types that represent natural (or semi-natural) habitat
for birds. However, the most appropriate land management measures to take, and the
expectations of likely outcomes, will differ depending on the dominant land-use. Greater
understanding of additional factors that affect bird communities in changing land-uses (e.g.
capacity to reproduce, rate of species turnover), will assist in the important conservation of
native species in rural regions.

Acknowledgments
We gratefully acknowledge the assistance of many landholders and volunteers involved in
this project. This research was supported by a PhD scholarship (La Trobe University) and
the Holsworth Wildlife Research Endowment; and undertaken with approval from La
Trobe University Animal Ethics (permit AEC15-21) and National Parks Act 1975 (permit
10007348). We also thank two anonymous reviewers for comments which improved this
manuscript.

Chapter Four

Bird guild responses to landscape properties in rural
environments

Plate 8. Birds of the Strzelecki Ranges; a) Wedge-tailed Eagle (Aquila audax) soaring in blue
sky, b) Grey Fantail (Rhipidura albiscapa) perched on a farm gate, c) tail feather of a male
Superb Lyrebird (Menura novaehollandiae) found in leaf litter.
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4.1. Abstract
Rural regions provide important habitat to sustain native species worldwide but are
threatened by different land-uses which modify landscape structure and can cause
challenges for rural wildlife. A key issue for biodiversity conservation is to identify the
properties of rural landscapes that will most assist in sustaining native fauna. Here, I
compared the relative influence of different forested and modified landscape properties on
the richness and composition of bird species in ‘whole’ landscapes in the rural Strzelecki
Ranges, south-eastern Australia. The 25 study ‘landscapes’, each 1 km2, were surveyed
for birds by undertaking point counts at 10 sites, and the data were pooled to represent the
overall landscape. I quantified eight landscape properties: extent of native wooded cover,
exotic wooded cover, open pasture cover; range in elevation, scattered tree density,
average residential property area, aggregation of native vegetation, and distance to the
nearest forest ‘source’ area. Multivariate modelling was used to compare the relative
influence of these landscape properties on four bird guilds (forest = 46 species, open
tolerant = 19, open country = 15, exotic = 8) in all 25 landscapes (range of 3 – 99% native
wooded cover), and in a subset of 19 modified landscapes (range 3 – 29%). When all 25
landscapes were modelled, the extent of native wooded cover strongly influenced the bird
community. For example, the richness of forest species significantly increased in
landscapes with greater native wooded cover and aggregation, including in semi-natural
habitat (exotic wooded cover in farmland). Alternately, exotic species richness responded
positively to average residential property area and negatively to the extent of native
wooded cover. However, when the subset of 19 modified landscapes was modelled, its
influence on bird guilds was limited and the importance of other predictor variables for
bird guilds was also reduced, particularly for open tolerant and open country species
which are typical of cleared environments in rural Australia and indicated no significant
predictors across the modified landscapes. Native vegetation is a key driver of rural
biodiversity. A range of edge-specialist and farmland birds (e.g. open tolerant and open
country species) may persist in current rural mosaics, but forest species are of particular
conservation concern in Australian rural regions (e.g. seven species were absent from the
modified landscapes). The greater protection and conservation of diverse farmland
mosaics (e.g. containing native and semi-modified wooded habitats) is crucial for the
persistence and long-term security of diverse bird assemblages in changing rural regions.
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4.2. Introduction
Rural landscapes are globally important for biodiversity as they lie at the interface of
natural and anthropogenic ecosystems and have the potential to provide for a wide range
of native species (Radeloff et al. 2005b, Tilman et al. 2017). Rural landscapes include
diverse types of land cover (Forman 1995); and consequently can have varied structure
and composition (Reddy et al. 2017). Despite being subject to a wide variety of abiotic,
natural and cultural processes, rural landscapes share some similarities globally in that
they are the product of human land-uses to provide food and fibre for human society
(Tilman et al. 2001, Kremen and Merenlender 2018). Typically, this means patterns of
cleared land (e.g. pastures), monocultures (e.g. cereal crops, tree plantations) and
developed areas of built infrastructure (e.g. urbanisation for human settlements) (Hobbs
2005, Minta et al. 2018). Many rural landscapes are on a trajectory of change, and
historically contained greater amounts of natural land-cover such as native forests or
woodlands, grasslands and wetland systems (Foley et al. 2005).

The types of land-uses in a rural landscape, and the associated landscape structure and
composition that it generates, influence the faunal species that can persist (Tscharntke et
al. 2005, Jetz et al. 2007). Birds in particular, are sensitive to changes in their
environment and are commonly used in studies around the world which investigate the
dynamics of rural biodiversity in changing landscapes (Recher 1969, Tryjanowski et al.
2011). Many studies have focused on the value of individual structural components of
agricultural landscapes for bird species. This includes farmland bird interactions with
cropping fields (Herzon and O’Hara 2007, Miguet et al. 2013), grazing land (Elsen et al.
2016, Mamo et al. 2016) and abandoned farmland (Herzon et al. 2006, Hanioka et al.
2018). The importance of natural (or semi-natural) wooded cover components for forest
or woodland bird species has also been studied, including live fences (e.g. hedgerows or
fencerows) (Estrada et al. 1997, Fuller et al. 2001, Muñoz-Sáez et al. 2017), replanted
patches (Vesk et al. 2008, Selwood et al. 2009, Munro et al. 2011), streamside or roadside
vegetation (Bennett et al. 2014, Hall et al. 2016, Nimmo et al. 2016), and scattered
paddock trees (Fischer and Lindenmayer 2002a, b, Gibbons and Boak 2002, Haslem and
Bennett 2008b).

Similarly, many individual structural components of urban landscapes have been
investigated in relation to patterns of bird species diversity and habitat interactions (Chace
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and Walsh 2006, Lepczyk et al. 2017, Litteral and Shochat 2017). The value of ‘green
spaces’ for birds has been a particular focus in urban studies, including in remnant
bushland or parks (Sorace and Gustin 2017, Tzortzakaki et al. 2018), urban gardens (van
Heezik et al. 2008, Goddard et al. 2017) and streetscape vegetation (White et al. 2005,
Ikin et al. 2013, 2015).
More recently, growing attention has been given to rural landscapes as ‘whole
landscapes’, seeking to understand the relative importance of different properties, or
attributes, of these habitat mosaics (Atauri and De Lucio 2001, Bennett et al. 2006,
Mortelliti et al. 2010b). Landscape properties typically found to influence birds in
agricultural environments include the extent of natural (or semi-natural) habitat,
composition and spatial configuration of landscape mosaics (e.g. patch shape, land-use
diversity), environmental variation and geographical position (Villard et al. 1999, Uezu et
al. 2005, Radford and Bennett 2007, Neumann et al. 2016). For example, many farmland
birds in Europe that rely on habitat provided by field boundaries dividing crops and
pasture, have been found to decline as hedgerows are removed for the expansion and
mechanisation of broad-scale agriculture (Benton et al. 2003, Herzon et al. 2008, Berg et
al. 2015). However, fewer investigations have studied how birds use the gradient of
landscape properties in environments which encompass a variety of modified as well as
natural types of land-cover (Neumann et al. 2016, Buffa et al. 2018). In low-density rural
environments, this typically includes residential area (e.g. small towns, homesteads and
gardens), farmland (e.g. grazed or abandoned pasture, exotic vegetation) and semi-natural
attributes (e.g. forest regrowth, plantations). An understanding of how species respond to
differing structural properties in modified rural landscapes with a range of land-uses, will
provide important insights for conservation land management in the future (Tscharntke et
al. 2012).

In this study, I examine the avifauna in rural landscapes in the western Strzelecki Ranges,
south-eastern Australia, selected to represent a range of common land-uses typical of rural
regions worldwide. In Chapter 3, I compared the avifauna between different land-use
types (e.g. townships, dairy farming, beef grazing, horticulture, plantations) and showed
that there were differences in the richness and composition of the avifauna along
gradients in rural land-use. Here, I hypothesise that there are common properties of rural
landscapes (regardless of the dominant land-use), which directly influence the birds living
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in these systems. I used these ‘whole’ landscapes, as a case study, to test the relative
influence of variables associated with the extent of different habitats in the landscape,
aspects of landscape composition, the spatial configuration of habitats, and the geographic
context, on the richness of four species guilds and composition of the bird community.
Second, given previous studies that have identified the importance of the extent of native
vegetation as a landscape predictor (Polyakov et al. 2013, Cunningham et al. 2014,
Neumann et al. 2016), I carried out the analyses for two data sets: a) the full set of 25
landscapes (including those with extensive forest cover) and b) a subset of 19 ‘modified’
landscapes in which forest cover represented only a minor component of the landscape
(<30% cover). The analyses of the subset of ‘modified’ landscapes were predicted to
indicate variables that might be important for native bird guilds in cleared environments,
which are typical throughout rural Australia.

The key questions that this study addressed were:
i)

Which broad landscape properties most influence the richness of different bird
guilds (e.g. forest, open tolerant, open country, exotic species) and
composition of the bird community?

ii)

What is the relative influence of the extent of natural habitat cover (native
wooded) on the different bird communities, including in modified rural
landscapes where the range of natural habitat cover is narrower?

iii)

What are important landscape properties that can be managed to improve
future bird conservation in rural environments?

4.3. Methods
4.3.1. Study region
The study region of ~900 km2 lies in the western Strzelecki Ranges, Victoria, southeastern Australia (Fig. 4.1). A temperate climate prevails, with average annual rainfall of
~1000 mm (Korumburra, 38.43°S, 145.82°E) (Bureau of Meteorology 2018). The terrain
is undulating hill country (elevation range 70 – 500 m) with fertile soils (dermosols and
ferrosols).
Old-growth eucalypt forest (~ 45 – 100 m tall) historically covered the region prior to
clearing for agriculture and timber harvesting from the late 1800s (Land Conservation
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Council 1980). The forest historically consisted of two dominant vegetation types: i) Wet
Forest in sheltered slopes and gullies, with a canopy of Mountain Ash (Eucalyptus
regnans), Mountain Grey Gum (E. cypellocarpa) and Messmate Stringybark (E. obliqua);
and ii) Damp Forest on exposed slopes and ridge-tops dominated by Manna Gum (E.
viminalis subsp. viminalis), Southern Blue Gum (E. globulus subsp. bicostata), Mountain
Grey Gum, and Messmate Stringybark (Department of Environment Land Water and
Planning et al. 2007).

The historical forested landscape has been transformed over the last 180 years (see
Chapter 2). Open farmland, with slopes dominated by introduced grasses and woody
weeds, is now widespread. Most remaining natural forest is fragmented and restricted to
small isolated patches, scattered trees or linear strips along roadsides or watercourses.
Restoration and replanting of native vegetation is increasingly common on private land
(Munro et al. 2009). Agriculture (livestock grazing) is the dominant land-use, with
horticulture and plantations (Pinus radiata and E. globulus) occurring in selected areas
(Land Conservation Council 1980). The region is experiencing an urban-rural migration
(i.e. people moving from urban centres for a rural lifestyle), which is resulting in changes
in agricultural land management, such as subdivision for residential development and
farmland abandonment (Chapters 2 & 3).

4.3.2. Site selection
A total of 25 ‘study landscapes’ were selected, representing replicates of seven common
types of land-use in the region. The land-uses represented included: townships (n = 4
landscapes), lifestyle properties (n = 4), dairy farming (n = 4), beef grazing (n = 4),
horticulture (n = 3), plantation (n = 4) and natural forest (n = 2) (Fig. 4.1). Natural forest
landscapes were restricted to the eastern part of the region where extensive forest tracts
remained. Study landscapes were each a circular area of 1 km2 (564 m radius) and
selected to be ≥2 km apart across the study region (Fig. 4.1).

In each study landscape, I selected 10 sites for bird surveys (n = 250 in total). Sites were
chosen to sample five broad types of habitat for terrestrial birds; indigenous vegetation,
introduced vegetation, exotic crops (food bearing), open grassland, and human
infrastructure (see Chapter 3, Sambell et al. 2019). The number of sites allocated to each
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habitat type (excluding grassland) was based on its percentage cover in the landscape: the
exception being a maximum of three sites allocated to grassland in any study landscape.
Wetlands (e.g. farm dams, streams) were present in all landscapes, but sites were not
allocated to this habitat because terrestrial birds were the focus of the study. Sites were
positioned using 2009/2010 aerial imagery and checked in the field for accuracy of
habitat type. Sites were located ≥100 m apart to increase their independence, and at least
two sites were positioned in each quadrant of the study landscape.

Fig. 4.1. Map of study region and examples of landscape predictor variables. Insets (top) show a)
south-eastern Australia, b) the study region (Strzelecki Ranges) in Victoria, c) 25 study
landscapes (represented by circles) across the study region (within black line); grey shading
indicates native tree cover. Insets (right) show examples of rural landscape properties d) native
wooded cover, e) open pasture cover, f) scattered native trees, g) exotic wooded cover.

4.3.3. Bird surveys
Bird surveys were undertaken at each site by point counts of all species seen or heard in a
10-min duration, within a radius of 30 m from the observer (i.e. ‘on-site’). Species
observed outside the 30 m radius (i.e. ‘off site’) or flying over the site were also recorded
and distinguished from those ‘on site’. Care was taken to avoid double or over-counting
of individual birds.
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Surveys were undertaken by a single observer in each of four survey rounds over one year
(2014 - 2015): two rounds in each of spring (September – November) and autumn/early
winter (May – June) seasons. Each study landscape was surveyed equally, once within
each of two rotations per season (7am – 10.30am; 11am – 2.30pm). During the survey
period, two landscapes were surveyed each day, in separate parts of the region, to avoid
sampling bias associated with weather or geography. Surveys were undertaken in
generally favourable weather conditions, excluding strong wind or heavy rainfall.

4.3.4. Landscape properties
Eight variables representing potential predictors of the landscape scale richness and
composition of bird communities were quantified for each 1 km2 study landscape
(Radford et al. 2005, Bennett et al. 2006). These variables were grouped into four
categories (see Table 4.1 for description). First, measures of habitat extent in the
landscape included the total amount (ha) of i) native wooded cover (i.e. eucalypt cover),
ii) exotic wooded cover, and iii) open pasture cover.

Second, variables that described aspects of landscape composition included i) elevation
range (m), ii) scattered tree density, and iii) the average area (size) of residential
properties (in farmland and towns). Range in elevation is a proxy for environmental
variation in a landscape; a greater elevational range encompasses a greater topographic
range and diversity of vegetation types.

Third, a measure of the aggregation of native vegetation (patch index) was included as a
spatial configuration variable. Large values for patch index (Table 4.1) indicate a
landscape in which native vegetation is strongly aggregated. Finally, a measure of
landscape context was characterised by the distance to the nearest area of core native
forest of >50 ha.
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Table 4.1. Description of variables used as landscape predictors of bird communities in the study landscapes. The mean and range for each landscape predictor is
shown for ‘all landscapes’ and ‘modified landscapes’.
Landscape variable

Abbreviation

Description (unit)

All landscapes (n = 25)

Modified landscapes (n = 19)

Mean

Range

Mean

Range

18.2

3.1 – 99.2

9.4

3.1 - 29.4

4.6

0.0 -14.5

4.8

0.0 – 14.5

HABITAT EXTENT
native wooded cover

natveg

Total extent of native (eucalypt, acacia) wooded cover (ha)
including remnant vegetation in patches or on roadsides,
revegetation, and scattered trees.

exotic wooded cover

farmexotics

Total extent of exotic and invasive wooded cover in
farmland areas (ha). Includes windbreaks, scattered trees,
woody weed patches, exotic roadside vegetation.

open pasture cover

pasture

Total extent of open grass cover in farmland (ha).

51.7

0.1 – 92.1

61.6

1.2 – 92.1

elevation

Difference in elevation between highest and lowest values

84.4

10.0 – 180.0

70.5

10.0 – 120.0

2.7

0.0 – 12.3

3.1

0.1 – 12.3

0.3

0.0 – 0.6

0.3

0.1 – 0.6

COMPOSITION
elevation range (topography)

in landscape (m). A greater range in elevation indicates
greater topographic diversity and greater environmental
variation (e.g. vegetation types).
scattered tree density

treedens

Total pasture cover in landscape (ha) / number of
individual native scattered trees in landscape

average residential property area

residential area

Total house and garden cover in landscape (ha) / number
of residential properties in landscape.
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Table 4.1. continued
Landscape variable

Abbreviation

Description (unit)

All landscapes (n = 25)

Modified landscapes (n = 19)

Mean

Range

Mean

Range

0.4

0.0 – 1.0

0.3

0.0 – 0.7

4.2

0.0 – 10.0

5.2

0.0 – 10.0

SPATIAL CONFIGURATION
aggregation of native vegetation

patchindex

Area of single largest patch of native wooded vegetation
(ha) / total native wooded cover in landscape (ha) (Radford
et al. 2005). Larger values indicate greater aggregation of
native vegetation in the landscape.

LANDSCAPE CONTEXT
distance to core

kmcore

Distance (km) from centre of landscape to nearest intact
patch of native wooded vegetation ≥50 ha in size.
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4.3.5. Bird species guilds
Native bird species were assigned to one of three guilds; ‘forest’ (forest or woodland),
‘open tolerant’ and ‘open country’ (farmland) based on a priori classification (Radford
and Bennett 2005) (Table 4.2). An additional guild, 'exotic', was used for introduced bird
species. Species which favour wetland and aquatic habitats were excluded (n = 23), as
were nocturnal species (n = 1).

Table 4.2. Description of bird guilds used in analyses
Response group

Description (Radford and Bennett 2005)

Forest

Species which depend on intact forest and require native vegetation for

(n = 46 species)

daily activities: foraging, roosting, nesting and shelter (e.g. Bassian Thrush,
Eastern Yellow Robin).

Open tolerant

Species which occur in forested habitats but can cross cleared land for daily

(n = 19 species)

movements to disturbed environments (i.e. gardens, farmland) (e.g.
Laughing Kookaburra, Rainbow Lorikeet).

Open country

Species which live in cleared or modified environments but may use

(n = 15 species)

scattered trees for nesting (e.g. Australian Raven, Magpie-lark).

Exotic

Introduced species (e.g. Common Blackbird, House Sparrow).

(n = 8 species)

4.3.6. Relative influence of landscape variables on guild richness
The following analyses were performed in R version 3.3.2 (R Core Team 2016) using the
package ‘AICcmodavg’ (Mazerolle and Linden 2019). Predictor variables were
transformed (log (x+1), square root) if preliminary assessments showed transformation
improved model fit. For each response variable, Akaike’s Information Criterion
(corrected for small sample sizes: AICc) values were compared for univariate models
containing raw and transformed versions of each variable (Burnham and Anderson 2002).
The version contained in the model with AICc value >2 lower than comparison models,
was used in all following analyses. Variables were standardized (mean = 0, SD = 1) to
allow for direct comparison of results and checked for pair-wise collinearity by using
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Spearman’s rank correlation coefficient (rs). Where rs >0.7, one variable from a
correlated pair of variables was excluded from analysis (Dormann et al. 2013). All
models were Generalized Linear Models assuming a Gaussian distribution for bird
species richness.

A total of 14 models, as well as both a null and global model, were built for each bird
guild. These models contained all possible combinations of the four groups of predictor
variables (i.e. hypotheses): habitat extent, landscape composition, spatial configuration
and landscape context. Residual plots of global models were checked to assess normality
and homogeneity of variances, by using histograms and plots of residuals versus fitted
values (Zuur et al. 2010). I used AICc to rank models (from smallest to largest) with
smallest AICc values deemed the most suitable (Burnham and Anderson 2001). In
addition, Akaike weights (wi) for each alternative model were generated and used to
assess the probability that a model was the ‘best’ in a candidate set (wi = 0.5).
In cases where AICc weights did not identify a single ‘best’ model, inference was based
upon all models with a value of delta AICc <4 of the lowest. This represented all models
with the most amount of support (Burnham and Anderson 2001). From these models, all
variables for which the 95% CI did not overlap with zero were included in a single final
model. From this final model for each bird guild, variables deemed important (i.e. 95%
CI of estimates do not overlap zero) were identified, prediction plots of these variables
were made, and the final conclusions were drawn.

4.3.7. Relative influence of landscape variables on the composition of bird communities
The influence of landscape variables on the composition of terrestrial bird communities
was analysed with multivariate methods, by using the statistical package 'vegan' (Oksanen
et al. 2017) and plotting packages ‘ggplot2’ and ‘ggrepel’ (Slowikowski and Irisson 2016,
Wickham and Chang 2016). I used non-metric multidimensional scaling (NMDS) to
create ordination plots, using the Bray-Curtis dissimilarity matrix based on the incidence
of each species in each landscape (i.e. a value of 0 – 4 representing the number of survey
rounds out of 4 in which the species was recorded). Singletons, species recorded only
once in one landscape (n = 5 species), were not included in compositional analyses.
NMDS plots were then overlaid with vectors representing landscape variables that
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showed a significant relationship with compositional gradients (p-value <0.05), and also
labelled with individual bird species that strongly correlated with the vectors (MDS score
≥0.5) (Quinn and Keough 2006).

4.3.8. The influence of extent of native wooded cover on birds
The analyses described above were undertaken twice, to test the relative influence of the
range in native wooded cover on the avifauna of the study landscapes. First, analysis was
undertaken for all 25 landscapes, for which native wooded cover ranged from 3 – 99% of
the landscape. Second, analysis was undertaken for a subset of 19 landscapes, here
termed the ‘modified landscapes’ which excluded those dominated by natural forest or
extensive plantation. For these modified landscapes, there was a much narrower range in
native wooded cover, from 3 – 29% of the landscape. These modified landscapes
represent those typical of human-dominated rural landscapes.

4.4. Results
A total of 88 terrestrial species were detected across the 25 study landscapes, including
introduced species (n = 8) and singletons (n = 5) (refer to Chapter 3, Appendix C). The
mean species richness per landscape was 41.3 (range 31 - 53 species). Of the bird habitat
guilds, forest birds had the highest species richness per landscape (mean 19.8, range 6 30), and exotic species the lowest (mean 4.7, range 1 – 8). The mean richness of open
tolerant and open country species in the 25 study landscapes was 9.2 (range 4 – 14) and
7.6 (range 2 – 10), respectively. In the 19 modified landscapes, a total of 80 species was
detected (72 native species, 8 exotic species); seven forest and one open tolerant species
were not detected.

4.4.1. Landscape properties influencing species richness of bird guilds
The landscape variables that influenced species richness varied between bird guilds
(Table 4.3). They also varied depending on whether all landscapes (n = 25) or the subset
of modified landscapes (19) were included in models (Table 4.3).
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4.4.2. Forest species
Common forest species included Red Wattlebird (Anthochaera carunculate), Grey
Shrike-thrush (Colluricincla harmonica), and White-browed Scrubwren (Sericornis
frontalis).

For the full set of landscapes (25), there was strong collinearity between the variables
‘native wooded cover’ and ‘distance to core’ (rs = -0.74). Consequently, distance to core
was included only in models that did not include native vegetation cover. Important
predictors of the richness of forest bird species included variables representing habitat
extent (native wooded cover, exotic wooded cover) and spatial configuration (patch
index) (Table 4.3, Fig. 4.2). Richness of forest birds increased with increasing wooded
cover, and when native vegetation was more aggregated in the landscape (Fig. 4.2). The
deviance explained (R2) for this final model was high (72%).

At least seven forest species were absent from the 19 modified landscapes with <30%
native wooded cover. The richness of forest birds was best predicted by habitat extent
(native vegetation cover) and spatial configuration (patch index) (Table 4.3, Fig. 4.3).
Richness increased with a greater extent of native vegetation cover in the landscape and
with greater aggregation of this vegetation. This model for modified landscapes had less
variation explained (48%) (Table 4.3, Fig. 4.3).

4.4.3. Open tolerant species
Richness of open tolerant species, such as Black-faced Cuckoo-shrike (Coracina
novaehollandiae), Eastern Rosella (Platycercus eximius) and Rainbow Lorikeet
(Trichoglossus haematodus), responded positively to the extent of open pasture cover and
negatively to aggregation of forest cover (patch index) in the 25 study landscapes (Table
4.3, Fig. 4.2). This model accounted for 54% of the variation between landscapes. The
richness of open tolerant species in these landscapes increased with increasing extent of
cleared farmland pastures and where native vegetation occurred in smaller patches rather
than in a large aggregated area.

When considering only the 19 modified landscapes, none of the landscape variables were
found to be important for predicting species richness of open tolerant species.
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4.4.4. Open country species
Common species of open country birds were Australian Magpie (Cracticus tibicen),
Australian Raven (Corvus coronoides) and Magpie-lark (Grallina cyanoleuca). When
including all 25 landscapes, variables representing habitat extent (open pasture cover) and
landscape context (distance to core forest habitat) explained 71% of the variation in open
country species richness (Table 4.3). Richness was greater in landscapes with more open
pasture cover and distance from core areas of forest.

For the subset of 19 modified landscapes, however, no landscape variables had a strong
effect on the richness of native open country birds (Table 4.3).

4.4.5. Exotic species
The most frequently recorded exotic species were Common Blackbird (Turdus merula),
Common Starling (Sturnus vulgaris), and Common Myna (Acridotheres tristris). Exotic
species favoured the modified, cleared landscapes as found in the 25 landscapes model,
where richness of exotic species was strongly negatively related to extent of native
wooded cover and positively related to the average area (size) of residential properties
(Table 4.3, Fig. 4.2). This accounted for 85% of the variation in exotic species richness
between landscapes.

In the model for the 19 modified landscapes, the only important landscape variable was
the extent of native vegetation: the richness of exotic species was greater in landscapes
with less native wooded cover, and this explained 67% of the variation between
landscapes (Table 4.3, Fig. 4.3).
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Table 4.3. Models of the relationship between species richness of bird guilds and landscape variables. Values shown are the estimates (standard error) for each model
and the variance explained (R2). Bold indicates important variables in the final model for which 95% CI did not overlap zero. Due to significant correlation, natveg
and kmcore were not included in the same model for the 25 landscapes dataset.
Habitat Extent
Species guild /
No. of landscapes

Composition
treedens

residential area

Spatial
Configuration

Landscape
Context

patchindex

kmcore

R2

natveg

farmexotics

pasture

elevation

FOREST
all (n = 25)

2.90 (1.17)

2.22 (0.69)

-

-

- 1.33 (0.98)

1.67 (0.84)

3.35 (1.10)

-

0.72

modified (n = 19)

3.33 (1.65)

1.61 (1.07)

-

-

-

-

3.15 (1.50)

-1.36 (1.33)

0.48

all (n = 25)

-

-

0.83 (0.31)

-

-

-

-0.54 (0.32)

0.88 (0.30)

0.71

modified (n = 19)

-

-

-

-

-

-

0.45 (0.55)

0.33 (0.34)

-0.01

all (n = 25)

-

-

1.42 (0.43)

-

-

-

-0.84 (0.43)

-

0.54

modified (n = 19)

-3.32 (1.77)

-

0.94 (0.54)

-

-

-

-

-0.93 (0.64)

0.26

all (n = 25)

-1.55 (0.18)

-

-

-

-

0.74 (0.18)

-

-

0.85

modified (n = 19)

-2.51 (0.41)

-

-

-

-

-

-

-

0.67

OPEN COUNTRY

OPEN TOLERANT

EXOTIC
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Fig. 4.2. Relationships between important landscape variables and the richness of different bird guilds in study landscapes, based on models including all 25
landscapes. Filled circles are observed values, predicted values are represented by solid line + 1 standard error (shading). Other variables in models were held at
constant at mean values for these predictions. Forest species - a) native wooded cover, b) exotic wooded cover, c) aggregation of native vegetation; Open country
species - d) open pasture cover, e) distance to core; Open tolerant species – f) open pasture cover, g) aggregation of native vegetation; Exotic species – h) native
wooded cover, i) average residential property area.
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Fig. 4.3. Relationships between important landscape variables and the richness of different bird guilds in study landscapes, based on models including all 19
landscapes. Filled circles are observed values, predicted values are represented by solid line + 1 standard error (shading). Other variables in models were held at
constant at mean values for these predictions. Forest species - a) native wooded cover, b) aggregation of native vegetation; Exotic species – c) native wooded cover.
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4.4.6. Influence of landscape properties on species composition
An NMDS ordination (stress = 0.13) of the composition of bird communities in relation
to the significant landscape variables (p <0.05) within all 25 landscapes, is shown in Fig.
4.4. The first dimension, NMDS1, represented the strongest gradient between the
landscape variables, from native wooded cover and aggregation of native vegetation
(positive values) to increased distance to core (negative values). Different species were
associated with the forested variables (e.g. Brown Gerygone Gerygone mouki and
Pilotbird Pycnoptilus floccosus) compared to modified landscape variables (e.g. Rainbow
Lorikeet Trichoglossus haematodus, Brown Falcon Falco berigora). The second
dimension, NMDS2, indicated a similar but much weaker gradient, between species that
were associated with open pasture cover or average residential property area (negative
values), and those associated with native wooded cover (positive values).

Fig. 4.4. Non-metric multidimensional scaling plot (NMDS) of the presence-absence of four
guilds of terrestrial bird species in all 25 study landscapes (each 1km2) overlaid by corresponding
significant landscape variables. Study landscapes are represented by triangles. Uses Bray-Curtis
dissimilarity measure (stress = 0.13). Species listed had significant MDS scores ≥0.5.
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For the 19 modified landscapes, an NMDS ordination (stress = 0.18) of bird community
composition in relation to the most significant variables (p <0.05) is shown in Fig. 4.5.
The first dimension, NMDS1, again represented a strong gradient between species that
were closely associated with forested landscapes, as indicated by native wooded cover
(positive values; e.g. species Bassian Thrush Zoothera lunulata, Eastern Whipbird
Psophodes olivaceus), and species more strongly associated with cleared landscapes as
indicated by the variables open pasture cover and average residential property area
(negative values; e.g. species Fairy Martin Petrochelidon ariel and Grey Currawong
Strepera versicolor).

Fig. 4.5. Non-metric multidimensional scaling plot (NMDS) of the presence-absence of four
guilds of terrestrial bird species in 19 modified study landscapes (each 1km2) overlaid by
corresponding significant landscape variables. Study landscapes are represented by triangles.
Uses Bray-Curtis dissimilarity measure (stress = 0.18). Species listed had MDS scores ≥0.3.
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4.5. Discussion
Examining various properties of rural landscapes (particularly human-dominated
properties) is important for understanding how different elements interact to affect
ecological processes and biota (Lindenmayer and Fischer 2006, Mortelliti et al. 2010b,
Ellis 2013). Previously, in Chapter 3, I compared the influence of different types of landuse on landscape structure and the avifauna in ‘whole’ landscapes and found that species
richness and composition occurred along gradients in land-use. In this chapter, I also
used a whole of landscape approach, which is an important scale for rural conservation
management (e.g. it allows for understanding species patterns both relevant to individual
property or regional planning). However, here I tested the hypothesis that common
properties of rural landscapes (irrespective of the dominant land-use), may be directly
influencing the bird community within rural environments. For this reason, the landscape
variables used here represented the extent of broad habitat in the landscape, aspects of
landscape composition, the spatial configuration of habitats, and geographic context;
variables that are relevant to the conservation management of rural regions worldwide.

I was successful in identifying landscape properties that were important predictors of the
richness of four bird guilds in the full set of 25 landscapes and b) a subset of 19 highly
modified landscapes in which forest cover represented a minor component of the
landscape (<30% cover). Habitat extent (of different habitats) and aspects of landscape
configuration were generally important for most guilds, with some evidence of the
influence of compositional landscape properties as well.

4.5.1. Rural landscape properties that influence the richness of different bird guilds and
bird community composition
Each bird guild responded differently to the landscape variables, which is consistent with
other studies that have found that the response of species richness to landscape
heterogeneity or different landscape features varies: i) depending on the type of species
considered (e.g. birds or reptiles) (Atauri and De Lucio 2001), and ii) within the same
community e.g. woodland birds compared with open tolerant birds (Haslem and Bennett
2008a, Neumann et al. 2016). In addition, different guild responses were found
depending whether the full landscape set, or the subset of landscapes were included in
analysis.
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4.5.2. Forest species
Loss and fragmentation of habitat is a key threat to rural biodiversity worldwide (Fahrig
2003, Woinarski and Catterall 2004, Jetz et al. 2007, Newbold et al. 2014). Consistent
with other studies that demonstrate that habitat extent is a key driver of species
distribution (Villard et al. 1999, Radford et al. 2005, Mortelliti et al. 2010b), the key
influence on the richness and composition of the forest bird guild was the extent of native
vegetation (forest cover) and the aggregation of native vegetation. This occurred both for
all 25 landscapes (accounted for 72% variation) and the subset of 19 modified landscapes
(to a lesser extent as only accounted for 48% variation). Greater richness of forest bird
species was found in landscapes with increased native vegetation cover and where it was
aggregated in larger patches. In large aggregated areas of forest, populations are likely to
experience less disturbance from ‘edge effects’ associated with invasive species,
predators and human land-use; and greater availability of resources within larger
consolidated blocks.

There was some evidence of an additional positive influence of the extent of exotic
vegetation cover in farmland on forest species. However, this may be limited by the
context of the surrounding landscape structural composition (Buffa et al. 2018), where
exotic vegetation is associated with nearby native wooded cover, as it was important only
when all 25 landscapes were included in the models. This suggests that where forest
species are present, they may take advantage of partial or substitution habitat such as
exotic wooded cover in farmland (Martínez-Abraín and Jiménez 2015) or riparian habitat
(Sogge et al. 2008); if native habitat is sparse, fragmented or unavailable (Rodriguez
2006). For example, small species such as Superb Fairy-wren (Malurus cyaneus) or
Brown Thornbill (Acanthiza pusilla), known to use forest patches within Australian
farmland, may use exotic woody thickets (e.g. Blackberry, Rubus fruticosus) for foraging
and protective shelter if dense native shrub cover is absent or dominated by introduced
plant species, within their territories (Nias 1986, Carlos and Gibson 2010).

4.5.3. Open tolerant species
Open tolerant species were also most responsive to habitat extent and native vegetation
aggregation but had a markedly different response to forest species; they had greater
richness in landscapes where native vegetation was more cleared and dispersed (a positive
response to the extent of farm pasture and a negative response to patch aggregation). This
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is likely because open tolerant species, similar to hedgerow specialists in European
agricultural landscapes (Hinsley and Bellamy 2000, Fuller et al. 2001), occur in the
mosaic of wooded and open habitat (e.g. for daily activity) (Radford and Bennett 2005).
They are more likely to occur where ‘edge’ habitat is present, which allows them to move
between habitats in both the forested and modified environments (e.g. trees and pasture);
rather than being dependent on large forest tracts to sustain a territory (like forest or
woodland species) (Barrett et al. 1994, Zhang et al. 2017).

In the 19 modified landscapes there were no significant predictors of the richness of open
tolerant species, suggesting that species richness was relatively similar across the 19
modified landscapes. Each of these landscapes provided mosaics of treed and open areas.
Therefore, open tolerant species in Australian rural environments are generally less
sensitive to landscape modification than forest or woodland species. However, like
farmland birds in Europe which are declining through the clearing of semi-natural
structures (e.g. hedges, ditches, fencerows) (Benton et al. 2003, Herzon et al. 2008, Berg
et al. 2015); some open tolerant species (e.g. Laughing Kookaburra, Dacelo
novaeguineae) are declining in eastern Australia (Birdlife Australia 2015), and likely are
sensitive to continued clearing of edge habitats in rural regions.

4.5.4. Open country species
The richness of open country species was strongly related to predictors of open farming
landscapes (e.g. open pasture cover, increased distance to intact forest). This bird guild
can use farmland elements for resources or breeding (e.g. forage in cultivated land or
pasture, may nest in scattered trees) (Radford and Bennett 2005). Within the subset of 19
landscapes no significant predictors were evident; this suggests that all of the modified
landscapes provide suitable habitat and therefore there is little variation in the richness of
open country species within them. While many open country species within the study
region are currently of least concern for conservation and are typical of cleared or
modified environments in Australia (Garnett et al. 2015), some species within this guild
are declining in other regions (e.g. Australian Magpie Cracticus tibicen, Little Eagle
Hieraaetus morphnoides) (Olsen et al. 2010, Birdlife Australia 2015). This is a trend
which is also occurring for many species of agroecosystems globally, which face
problems associated with changing rural land-use (e.g. over-grazing by livestock, shrub
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encroachment following farmland abandonment, increasing urban development)
(Freeman et al. 2007, Smith et al. 2012, Heldbjerg et al. 2016, Howard et al. 2016).

4.5.5. Exotic species
The findings in this study are consistent with others globally which demonstrate that
homogenization of bird communities and widespread occurrence of populations of
invasive species is associated with landscape clearing and intensive modification (Haslem
et al. 2015, Martin et al. 2016, Viana et al. 2017). Greater richness of exotic species was
found here in landscapes in which native wooded cover was limited and where the
average size of residential properties was larger (e.g. houses associated with farm
infrastructure and larger gardens in rural properties or townships). Exotic species (e.g.
House Sparrow Passer domesticus, Common Myna, Acridotheres tristis) favour foods
(e.g. insects, grains, seeds) (Garnett et al. 2015), which are common in rural farmland and
residential environments (e.g. around livestock grain feeders, dairy-sheds, bird feeders in
gardens). They can also use structurally simple habitat (e.g. lawn, trees and shrubs in
residential gardens) (Blair 1996, van Heezik et al. 2008, Coetzee and Chown 2016), and
breed in modified or urban environments (Garnett et al. 2015).

4.5.6. Comparing the influence of range in extent of natural vegetation cover on bird guilds
in rural environments
The extent of native vegetation (natural habitat) is a key predictor for native birds at the
landscape scale (Villard et al. 1999, Radford et al. 2005, Mortelliti et al. 2010b, Polyakov
et al. 2013, Cunningham et al. 2014). I subdivided the data to compare the effect of
native vegetation cover on bird guilds for a subset of landscapes where native vegetation
was <30% (more typical of rural environments), compared with the full set of landscapes
with wide range in native vegetation cover (up to 99%). The range in values for other
landscape properties remained unchanged or similar (Table 4.1), thus the main difference
between these two data sets related to the extent of native vegetation cover. The models
for the two datasets generally were similar, with those for the subset typically including
the same or fewer variables (rather than a different set of variables) as being significant.
Models for the full set of landscapes had greater variance explained, which related to the
strong influence that a greater range in extent of native wooded cover had on each species
guild. For example, none of the other landscape predictors were important for the
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richness of two guilds (open tolerant and open country species) once extensive wooded
cover was removed, suggesting there was little consistent variation in the other landscape
variables to which they were responding.

When comparing compositional differences between bird communities for the two
datasets, several important differences were evident for the occurrence of forest birds.
For all 25 landscapes, the extent of native vegetation, aggregation and elevation range
were strongly associated with the location of forest bird species in ordination space. This
can be attributed, at least in part, to historical land-use in the study region, as the
extensive forest landscapes typically occurred in steeper terrain which were less suitable
for farming and thus were permitted to naturally regenerate as forest (or used for
plantations) (Land Conservation Council 1980, Noble 1986). In these extensive forest
landscapes, seven forest specialists were detected (e.g. Superb Lyrebird Menura
novaehollandiae, Pilotbird Pycnoptilus floccosus, Rose Robin Petroica rosea). When
modelling the data for the subset of 19 modified landscapes (native vegetation <30%
cover), this suite of forest species were notably absent (further discussed in the next
chapter).

While these results do not indicate a clear threshold extent of habitat required for these
forest species in the landscape, it is evident here that retaining a greater proportion of the
landscape (e.g. >30%) as natural habitat, significantly benefits native bird species
(Andren 1994, Ruffell et al. 2017, Zhang et al. 2017). This was also found in other
Australian studies, where woodland bird species richness was found to suffer
disproportionate loss following a decrease in total habitat extent and contiguous patches
to 10% of the landscape, and richness was more likely to be retained at 30% cover
(Barrett et al. 1994, Radford et al. 2005). Existing intact or extensive forest habitats need
to be prioritised for conservation and protection in rural environments, if the goal is to
retain a rich bird community and the presence of specialist species.

4.5.7. Important landscape properties for bird conservation in rural regions
Identifying the properties of rural landscapes that are important for different bird guilds
will assist in the conservation of rural bird communities. Different species guilds respond
to different landscape properties. Globally, rural landscapes require increased protection
and conservation of diverse habitats in the farmland mosaic and associated forested
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environments (Le Roux et al. 2015), to provide for a rich and diverse native avifauna and
to limit an increase in populations of exotic species. Guilds such as those described here
as open tolerant and open country species have the potential to persist in modified rural
environments, by careful management of elements typically occurring in rural landscapes,
and minimising changes that reduce the farmland mosaic (e.g. increasing urban area).
Conservation strategies should include a focus on maintaining the richness of these
species within the rural mosaic to ensure that they remain secure long-term (Barrett et al.
1994).

Of more concern for conservation in the study region (and in other historically forested
rural environments in Australia and globally), are forest species which favour extensive
cover of native forest or woodland, aggregated in larger blocks of forest. Retaining and
restoring native habitat in rural environments for this bird community is an important
challenge. Any future vegetation clearance in rural environments needs to be carefully
limited, monitored and managed to minimise further loss and fragmentation and to
improve existing habitat (Gibbons et al. 2009). The planting of new forests (Hobbs 1993)
and regenerative farming practices (e.g. planting native trees in pasture, protecting
streamside vegetation) (Fischer et al. 2010, Bennett et al. 2014, Massy 2017), can provide
an important means to enhance the persistence of forest species within modified rural
environments (further discussed in Chapters 6 & 7). However, large tracts of extensive
forest (e.g. protected reserves or parks >1000 ha) are required to provide intact source
areas for populations of native species sensitive to farmland or urban mosaics. Protection
of native vegetation in important source areas from invasive species which may damage
habitat quality for bird communities (e.g. woody weeds (Reid et al. 2009) or feral deer
(Coomes et al. 2003, Horsley et al. 2003, Moriarty 2004)), is also needed. Large, intact
source areas for native forest bird species are likely to take on increasing importance as
the surrounding modified mosaic in rural landscapes continues to change.

Chapter Five

Do species traits influence forest bird occurrence and
use of modified habitats in a rural region?

Plate 9. Forest birds and habitat in the Strzelecki Ranges; a) a pair of Yellow-tailed Black
Cockatoos (Calyptorhynchus funereus) fly before a thunderstorm, b) a remnant patch of
eucalypt trees in farmland, c) Rufous Fantail (Rhipidura rufifrons) in native shrubs.
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Abstract

When rural landscapes are cleared for agricultural production, marked changes occur to
former natural ecosystems with wide consequences for native wildlife, plants and
ecosystem function. Some native species can survive in these environments despite
widespread loss of habitat. Understanding the mechanisms that influence whether or not
native species can persist in modified landscapes is vital for the future management of
vulnerable species and communities, and for biodiversity conservation in changing rural
landscapes. I examined a forest bird community in a rural region in south-eastern Australia,
where major loss of forest cover has occurred (>80% loss). In this chapter, I test the
relationship between species traits and the occurrence of forest species in this highly
modified region, at both the landscape and local (site) scale. I surveyed terrestrial bird
species in 25 study landscapes, each 1 km2, representing seven common types of rural landuse.

Nineteen of these landscapes, representing rural residential, agricultural or

horticultural land-uses, were highly modified and had low forest cover (mean 9.4%). Five
response variables were used to quantify the occurrence of ‘forest’ bird species in these
modified environments. Species trait data (relating to morphology, mobility, foraging,
reproduction and forest use) were collated for each species and univariate modelling was
used to test the relationship between these traits and the response variables. I recorded 46
species classified a priori as forest species, of which 85% (n = 39 species) were detected
in the 19 modified landscapes.

There was wide variation among species in their

distribution, occurrence and use of habitats. Species that were more widespread in the
modified landscapes also tended to use a wider range of habitat types. In general, there
were few significant associations with species traits.

There was a strong positive

relationship between species breadth of occurrence in extensive forest and all measures of
forest bird occurrence in modified landscapes. Ground-foraging species were likely to
occur in fewer modified landscapes compared to species that forage in the tree canopy; and
species with relatively greater brain mass were associated with use of a greater diversity of
broad habitat types. Gradients in the composition of forest bird assemblages in the
modified landscapes were associated with migratory pattern, foraging habitat, nest height
and breadth of occurrence in extensive forest. Results show that a substantial component
of the forest bird community can persist within modified rural landscapes, but species differ
markedly in their patterns of occurrence. Targeted conservation actions (e.g. increasing
understorey for ground-dwelling species) are required, to improve individual species
occurrence in rural regions where habitat transformation and disturbance continues.
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Introduction

The physical transformation of landscapes through widespread clearing of vegetation for
agriculture or human settlements, can significantly challenge the distribution and
occurrence of native species (Tilman et al. 2001, Foley et al. 2005, Ellis 2011b). This is
particularly relevant when landscape transformation occurs over a short period of time
(Watson et al. 2014). Habitat loss and land-use intensification are typical of many rural
regions worldwide and contribute to loss of biodiversity and decline in ecosystem health
(Foley et al. 2005, Lenzen et al. 2012, Newbold et al. 2014).

This has been well

documented for native bird species inhabiting rural and agricultural landscapes (Bennett
and Ford 1997, Ford et al. 2001, Mortelliti et al. 2010b, Nimmo et al. 2016). Species typical
of former habitats (e.g. forest or woodland) may experience rapid decline and even become
regionally extinct following habitat clearance and disturbance (Jetz et al. 2007, Ford 2011,
Jerrentrup et al. 2017).
Some native species, ‘stayers’, can persist in modified environments over time (Hobbs et
al. 2018). This is typically related to favourable attributes of the habitat remaining. Many
studies have focused on the importance of native vegetation for supporting native species
in rural regions (Gould and Mackey 2015, Jerrentrup et al. 2017, Hall et al. 2018, Hanioka
et al. 2018) by providing wildlife corridors (Bennett 1999, Soanes and van der Ree 2015)
and habitat resources for resident populations (Selwood et al. 2009, Żmihorski et al. 2016).
Other studies have focused on the importance of landscape heterogeneity (Benton et al.
2003, Bennett et al. 2006) and species’ use of the matrix or wider habitat mosaic (Radford
and Bennett 2007, Haslem et al. 2015, Ruffell et al. 2017, Tzortzakaki et al. 2018), such as
scattered eucalypt trees (Fischer et al. 2005, Haslem and Bennett 2008b, Coulson et al.
2014)

A complementary approach to understanding of ecological interactions of species with new
environments, is to determine species traits (e.g. life-history, behavioural) which might
enhance species adaptability and survival. For example, some species have adapted their
movement patterns by dispersing beyond their historic range in response to land-use change
(Fossi and Renzoni 1989, Tscharntke et al. 2005, Gilroy et al. 2017). Other studies have
investigated morphological traits (e.g. brain mass, migratory patterns, nest type and clutch
size) of bird species that occur in remnant patches (Lindenmayer et al. 2002), contiguous
patches of forest habitat in agricultural landscapes (Gilroy et al. 2015) and abandoned
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farmland (Herzon et al. 2018). Some urban studies have found that generalist species with
a greater capacity for adaptation have larger brain size, allowing them to be more tolerant
of disturbance associated with increased urbanisation (Sol and Lefebvre 2000, Maklakov
et al. 2011, Callaghan et al. 2019). However, greater understanding is required to determine
which specific attributes and traits allow native species to remain in and use rural
landscapes which have been transformed or highly modified (Hobbs et al. 2018).

Here, I considered the status of a community of forest birds within a rural region in southeast Australia, where extensive and rapid loss of native forest has occurred. Species
which typically depend on woodland or forest habitats in this region are of conservation
concern due to the extent of landscape transformation (see Chapters 3 & 4). I asked the
following questions: 1) what are the patterns of distribution and occurrence of forest birds
in modified rural landscapes across the region; 2) to what extent do forest species occur in
non-forested habitats in modified landscapes, and 3) can species traits predict the
distribution and occurrence of forest species in modified rural environments?
Specifically, I hypothesised that for forest birds to persist in modified environments, they
require greater behavioural flexibility and tolerance of disturbance, which is likely to be
linked to: i) their morphology, ii) mobility, iii) foraging and habitat requirements, iv)
breeding and v) breadth of occurrence in local forest.

5.3.
5.3.1.

Methods
Study region

The study region is in the western Strzelecki Ranges, Victoria, south-eastern Australia,
encompassing an area of ~900 km2 (Fig. 5.1; and see Chapter 2). The region contains
fertile soils and the terrain is undulating hill country (elevation range 70 – 500 m). The
climate is temperate, with average annual rainfall of ~1000 mm (Korumburra, 38.43°S,
145.82°E) (Bureau of Meteorology 2018). Historically, old-growth eucalypt forests with
tall canopy (40 m - >90 m) and dense mid/understorey dominated the region, including:
Wet Forest (e.g. Mountain Ash, Eucalyptus regnans, Messmate Stringybark, E. obliqua);
Damp Forest (e.g. Manna Gum, E. viminalis subsp. viminalis, Strzelecki Gum, E.
strzeleckii); and Shrubby Foothill Forest (e.g. Narrow-leaf Peppermint, E. radiata subsp.
radiata, Mountain Grey Gum, E. cypellocarpa) (Department of Environment Land Water
and Planning et al. 2007). These forests were extensively cleared for agriculture and timber
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production from the late nineteenth century, with only a limited forest extent (~18% cover)
now remaining (see Chapter 2).

Following forest clearing, open farmland became characteristic of the region, with hill
slopes dominated by introduced grasses and woody weed patches (e.g. Blackberry, Rubus
fruticosus). Natural forest within the region is typically fragmented, mostly occurring in
small isolated patches, linear strips and scattered trees. Common land-uses in the region
include agriculture (dairy farming, livestock grazing), horticulture, timber plantations and
residential development (Land Conservation Council 1980, see Chapters 2 & 3).

Fig. 5.1. Location of the western Strzelecki Ranges, Victoria, Australia. Circles represent 25
individual study landscapes inside the study region (black line): grey shading indicates extant
native tree cover.
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Study design

Twenty-five ‘study landscapes’ were selected, each a circular area of 1 km2 (564 m radius),
representing replicates of seven common types of land-use in the region (see Chapter 3).
Dominant land-uses represented were townships (n = 4 landscapes), lifestyle properties (n
= 4), dairy livestock grazing (n = 4), beef livestock grazing (n = 4), horticulture (n = 3),
timber plantation (n = 4) and natural forest (n = 2). Here, the primary focus for analysis
was the 19 modified landscapes (township, lifestyle properties, dairy and beef livestock
grazing, horticulture), which typically had limited native vegetation (average 9.4% cover,
range 3 – 29%, see Chapter 4). Study landscapes were ≥2 km apart and located evenly
across four quadrants of the study region to enhance their independence (Fig. 5.1).

In each study landscape, I selected 10 sites for bird surveys (n= 250 sites total, 190 sites in
modified landscapes). Sites were located ≥100 m apart and at least two sites were positioned
in each quadrant of the landscape. Sites in the modified landscapes were selected to sample
five broad, terrestrial habitat types; i) indigenous vegetation (n = 52 sites), ii) introduced
vegetation (n = 50), iii) exotic crops (n = 6), iv) open grassland (n = 47), and v) human
infrastructure (n = 35). Sites were positioned using 2009/2010 aerial imagery and checked
in the field for accuracy.

5.3.3.

Bird surveys

Bird surveys were undertaken at each site by point counts of all species seen or heard in a
10 min period, within a radius of 30 m from the observer. Species observed outside the 30
m radius (i.e. ‘off site’) were also recorded and distinguished from those ‘on site’. Surveys
were undertaken by a single observer in each of four survey rounds over one-year (2014 2015): two rounds in each of spring (September – November) and autumn/winter (May –
June) seasons. Each study landscape was surveyed equally, once within each of two (time)
rotations per season (7am – 10.30am; 11am – 2.30pm). Two landscapes were surveyed
each day, in different quadrants of the region, to reduce sampling bias associated with
weather or geography.

5.3.4.

Bird species classification

Here, I focus on native terrestrial species associated with forest (including woodland)
habitats, as classified a priori by Radford and Bennett (2005). These species depend
primarily on intact forest or require native vegetation for daily activities such as foraging,
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roosting, nesting and shelter (Radford and Bennett 2005). Other species were excluded,
including waterbirds (n = 23), nocturnal species (n = 1), open country (n = 15), open tolerant
(n = 19) and exotic species (n = 8) (see Appendix C for details of these species).

5.3.5.

Data analysis

All analyses were performed in R version 3.5.1 (R Core Team 2016).

I calculated five response variables as measures of the use of modified habitats by different
species of forest bird:
i) Landscape distribution, the breadth of species’ distribution at a regional scale indicated
by the number of modified study landscapes (n = 19) in which a species was recorded,
either on or off-site.
ii) Site distribution, the breadth of species’ distribution at a local (site) scale indicated by
the number of sites (n = 190) in modified landscapes at which the species was recorded
(on-site records only).
iii) Site diversity, the diversity of broad habitat types (n = 5) within the modified landscapes
in which a species was recorded (on-site), calculated using the Shannon-Weiner
Diversity Index (H’) (Oksanen 2018).
iv) Reporting rate, a landscape scale measure calculated as the proportion of the four survey
rounds in which a species was detected in a landscape (including both on and off-site
records). These values were averaged across all 19 modified landscapes (and hence
referred to as ‘average reporting rate’).
v) Community composition, scores from a multi-dimensional scaling (MDS) ordination of
a species by landscape matrix for the forest species detected in each of the 19 modified
landscapes. Species data was the number of sites per landscape at which each species
was detected (on-site records only), and the Bray-Curtis index was used as a similarity
measure. The score for each species in relation to the first two dimensions of the
ordination (‘Composition1’ and ‘Composition2’), represented the species’ position in
relation to compositional gradients in the forest avifauna within modified landscapes of
the region.

5.3.6.

Species traits

I collated characteristic data (henceforth described as traits) for all forest bird species from
a range of published sources (Table 5.1). These traits were considered as potential
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predictors of the ability of forest species to use modified environments. Specifically, I
predicted that forest species that had wider distribution and greater frequency of occurrence
in modified landscapes were likely to: i) have larger relative brain mass which may
facilitate adaptation to different habitats; ii) have a wing shape with longer wingspan
relative to body mass, and therefore greater ability to cross open spaces; iii) be migratory,
rather than sedentary, and therefore have greater dispersal capacity into modified
environments; iv) forage in the tree canopy rather than at lower levels where vegetation
may be modified, and have an insectivorous diet compared with more specialised nectar,
fruits or seed diet; v) nest higher off the ground which may reduce predation risk, and have
larger clutch sizes; and vi) be locally widespread in natural forest sites which may increase
their likelihood of occurring in modified landscapes.

5.3.7.

Trait analyses

I tested the influence of these species traits on each response variable by using general
linear models (GLMs, Gaussian distribution). Where needed, I transformed (log x+1)
continuous predictor variables (i.e. relative brain mass, wing shape, nest height, clutch size,
occurrence in forest sites) prior to modelling to meet model assumptions and improve fit.
To identify the best form (i.e. transformed or not) of each variable, I used an informationtheoretic approach, employing Akaike’s Information Criterion (corrected for small sample
sizes: AICc values) in the R package ‘AICcmodavg’, (Burnham and Anderson 2002,
Mazerolle and Linden 2019). A model (and so the associated version of the relevant
variable) was deemed more suitable if it had an AICc value >2 lower than comparison
models. Plots of model residuals were assessed to confirm data conformed to model
assumptions.
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Table 5.1. Description of species traits and characteristics used as predictor variables in modelling
the occurrence of forest bird species in modified rural landscapes.
Trait

Description

Morphology
Relative brain mass

Brain size relative to body mass, calculated as the deviation from a
regression of log(brain mass) on log(mean body mass) (Franklin et al.
2014, Garnett et al. 2015). Positive values indicate species with a larger
brain mass relative to their body size.

Mobility
Wing shape

Measured by wingspan3/body mass (Garrard et al. 2012).
Wingspan (S) calculated using wing length (L): S=1.91L + 0.06 (data from
Marchant and Higgins 1993, Higgins and Davies 1996, Higgins 1999,
Higgins et al. 2001, Higgins and Peter 2002, Higgins et al. 2006a, b).

Migratory strategy

Migration within Australia:
1) local: species largely sedentary; juveniles or individuals disperse over
small distances but do not make obvious population movements.
2) partial: species for which part or the entire population is known to move
(includes partial, total migrants, and species that track resources such as
nectar) (Emison et al. 1987, Garnett et al. 2015, Menkhorst et al. 2017).

Foraging
Habitat

Preferred foraging level: canopy, tall shrubs, low shrubs, ground (Radford
and Bennett 2005).

Diet

Preferred diet: frugivore, insectivore, vertebrate, granivore, nectarivore
(Radford and Bennett 2005).

Breeding
Nest height

Mean height of nest (m) (from Marchant and Higgins 1993, Higgins and
Davies 1996, Higgins 1999, Higgins et al. 2001, Higgins and Peter 2002,
Higgins et al. 2006a, b).

Clutch size

Average number of eggs in a single clutch (from Garnett et al 2015).

Occurrence in local forest
Forest sites

Local occurrence in forest vegetation determined by the number of sites
(n = 20) at which a species was detected within the two natural forest
landscapes.
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Results
Landscape distribution

A total of 88 terrestrial bird species were detected across the study region, more than half
of which were classified a priori as forest species (n = 46, Plate 10). Thirty-nine of the 46
forest species (85%) were detected within the 19 modified study landscapes, with a range
of 7 – 27 species per landscape (Appendix F). Within the two natural forested landscapes,
a total of 37 forest bird species was detected (range 31 – 34 species). Nine forest species
were recorded only in the modified landscapes, whereas seven species were recorded only
in the natural forest landscapes.

There was much variation in the frequency of occurrence of forest species across the
modified landscapes (Fig. 5.2): 11 species were detected only in 1 – 2 landscapes, seven
species in 3 – 7 landscapes, 13 in 8 – 16 landscapes, and eight species were widespread (17
– 19 landscapes). Forest species recorded in all 19 modified landscapes included Yellowfaced Honeyeater (Lichenostomus chrysops), Crimson Rosella (Platycercus elegans) and
Grey Fantail (Rhipidura albiscapa). Rare species (n = 7 species, in 1 landscape only)
included Mistletoebird (Dicaeum hirundinaceum), Olive Whistler (Pachycephala olivacea)
and Scarlet Robin (Petroica multicolor).

Plate 10. Example of forest birds detected in modified environments of the Strzelecki Ranges,
Australia, 2014 - 2015. Insets a) Brown Thornbill (Acanthiza pusilla), b) Eastern Yellow Robin
(Eopsaltria australis), c) Yellow-tailed Black Cockatoo (Calyptorhynchus funereus) d) Grey
Fantail (Rhipidura albiscapa). Photos courtesy of J. Krijt.
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Fig. 5.2. The distribution of forest bird species (n = 46) in 19 modified study landscapes in the
Strzelecki Ranges.

5.4.2.

Site distribution

Across all sites, a total of 42 forest species was detected when considering on-site records
only: 38 species in modified sites (n = 190 sites) and 32 species in the natural forest sites
(n = 20 sites).

There was great variation among species in their occurrence in the modified sites.
Widespread species included Grey Fantail (n = 89 sites), Brown Thornbill (n = 87) and Red
Wattlebird (Anthochaera carunculata, n = 77); whereas species detected at only one site
included Brown Goshawk (Accipiter fasciatus), Grey Currawong (Strepera versicolor) and
Olive Whistler. There was a strong positive relationship between the number of sites at
which a species was detected and the number of landscapes in which it was recorded (p
<0.001, R2 = 0.83, Fig. 5.3).

In the natural forest sites, four common species occurred in >16 of the 20 sites; Brown
Thornbill, Grey Fantail, Crimson Rosella and White-browed Scrubwren (Sericornis
frontalis). Seven rare species, detected only in one site, included, Brown Treecreeper
(Climacteris picumnus), Brush Bronzewing (Phaps elegans) and Rufous Fantail (Rhipidura
rufifrons).
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Fig. 5.3. Relationship between the number of sites (n = 190) at which a forest bird species was
detected and the number of landscapes (n = 19) in which it was recorded (p = <0.001).

5.4.3.

Site diversity

Native vegetation supported the largest number of forest bird species (n = 35 species, Fig.
5.4), with eight species found only in this broad habitat type (e.g. Fan-tailed Cuckoo
(Cacomantis flabelliformis), Spotted Pardalote (Pardalotus punctatus), White-throated
Treecreeper (Cormobates leucophaea)). Most species, however, were found in multiple
habitat types: 56% of species were detected in 2 – 5 types. Nine species were recorded in
all five habitat types, including Grey Fantail, Brown Thornbill, White-browed Scrubwren
and Crimson Rosella.

There was a strong positive relationship between site diversity and the number of
landscapes in which a species was recorded (p <0.001, R2 = 0.66); and also, between site
diversity and the number of sites (log10) at which a species was detected (p<0.001, R2 =
0.79).
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Fig. 5.4. The percentage of forest species (n = 38) detected in different habitat types at sites
(n=190) in modified landscapes.

5.4.4.

Reporting rate

The reporting rate for the modified landscapes varied considerably across the community
of forest bird species (range 0.01 – 0.99, Fig. 5.5). Species with the lowest reporting rate
included Brown Goshawk, Brown Quail (Coturnix ypsilophora), Buff-rumped Thornbill
(Acanthiza reguloides) and Bassian Thrush (Zoothera lunulata). Species with high average
reporting rate (>0.85) included Grey Shrike Thrush (Colluricincla harmonica), Superb
Fairy-wren (Malurus cyaneus), Red Wattlebird and Grey Fantail.

There was a strong positive relationship between the average reporting rate of forest bird
species and the number of landscapes in which they occurred (p <0.001, R2 = 0.92, Fig.
5.5), the number of sites in which a species was detected (p <0.001, R2 = 0.90) and site
diversity (p <0.001, R2 = 0.69).
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Fig. 5.5. Relationship between the average reporting rate of forest bird species in modified
landscapes and the number of landscapes (n = 19) in which the species occurred (p = <0.001).

5.4.5. Community composition scores
An MDS ordination of the composition of forest birds present within the 19 modified
landscapes, is shown in Fig. 5.6. The first dimension, Composition1, represented a gradient
from species commonly occurring in eucalypt forest vegetation (negative values; e.g.
Eastern Yellow Robin, Golden Whistler (Pachycephala pectoralis), Grey Shrike-thrush,
White-browed Scrubwen), to those species commonly recorded in townships and
agricultural landscapes (positive values; e.g. Red Wattlebird, Little Wattlebird
(Anthochaera chrysoptera), Pied Currawong (Strepera graculina), Yellow Thornbill
(Acanthiza nana)). Species scores for Composition1 were not significantly related to any
of the other response variables (i.e. landscapes, sites, reporting rate or site diversity).

The second dimension, Composition2, represented in part, a gradient in frequency of
occurrence in the modified landscapes. Species recorded in relatively fewer modified
landscapes generally had positive values (e.g. Rufous Whistler (Pachycephala rufiventris),
White-throated Treecreeper, Grey Currawong, Brown Treecreeper, Eastern Whipbird
(Psophodes olivaceus), all <5 landscapes), whereas those with negative values typically
were recorded in numerous landscapes (e.g. Pied Currawong, Striated Thornbill (Acanthiza
lineata), Eastern Spinebill (Acanthorhynchus tenuirostris), Yellow-faced Honeyeater, all
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>12 landscapes). Species scores for Composition2 were significantly negatively related to
the number of landscapes (p<0.001, R2 = 0.28), number of sites (p=0.003, R2 = 0.20),
average reporting rate (p = <0.001, R2 = 0.27) and site diversity (p<0.001, R2 = 0.41).

Fig. 5.6. Plot of a non-metric multi-dimensional scaling (MDS) ordination, showing patterns in
the occurrence of forest bird species based on the similarity of community assemblages detected
in sites within each of the 19 modified landscapes, using the Bray-Curtis dissimilarity measure
(stress = 0.13).
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5.4.6. Influence of species traits on response patterns
The most important trait influencing the distribution of forest bird species in modified
landscapes was their occurrence in local forest sites (i.e. number of sites at which the
species was recorded in the two extensive forest landscapes, n = 20). This attribute was
significantly positively related to response variables representing species’ distribution in
modified landscapes and number of sites, site diversity and reporting rate (Fig. 5.7,
Appendices F & G). Species which were more widespread in extensive forest vegetation
in the local area were therefore more likely to occur in the modified landscapes. The
distribution of forest bird species across modified landscapes was also influenced by a
species’ foraging location. Species that foraged in ground-layer habitat were likely to occur
in fewer modified landscapes when compared with species that foraged in the canopy (Fig.
5.7a, Appendix G). There was also a positive relationship between relative brain mass and
the diversity of sites occupied by forest birds (Fig. 5.7c). Relationships of the other
measured traits (e.g. wing shape, migratory strategy, diet, nest height, clutch size) with the
response variables were non-significant.

In relation to the compositional patterns of forest birds (Fig. 5.6), for Composition1 there
was a significant positive relationship with nest height and migratory strategy; species with
positive values for Composition1 were more likely to nest at a higher level, and be partial
or regular migrants (e.g. Fan-tailed Cuckoo, Shining Bronze-Cuckoo (Chalcites lucidus))
or move to track resources (e.g. Red Wattlebird, Mistletoebird), while those with negative
values were more sedentary (Fig. 5.8a, Appendix G). There were significant negative
associations between Composition1 and local forest occurrence and diet categories. Those
with negative values for Composition1 were more likely to be widespread in local forest,
and more likely (when compared with the reference category, frugivores) to be insectivores
and granivores. These observations are consistent with many widespread and insectivorous
forest birds (e.g. Grey Shrike-thrush, Golden Whistler, White-browed Scrubwren, Striated
Thornbill) being clustered together with negative values for Composition1.

For Composition2 gradient, no significant relationships were found with the traits (Fig.
5.8b, Appendix G).
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Fig. 5.7. Parameter estimates (circles) and 95% confidence intervals from univariate models of the
influence of species traits on landscape distribution, site distribution, site diversity and reporting
rate of forest birds. Filled circles indicate estimates for which the 95% confidence interval did not
overlap zero. Variables are defined in Table 5.1 and Appendix G. Reference categories not
displayed here are migratory strategy (local), foraging habitat (canopy), and diet (frugivore).
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Fig. 5.8. Parameter estimates (circles) and 95% confidence intervals from univariate models of the
influence of species traits on community composition scores of forest bird species. Filled circles
indicate estimates for which the 95% confidence interval did not overlap zero. Variables are
defined in Table 5.1 and Appendix G. Reference categories not displayed here are migratory
strategy (local), foraging habitat (canopy), diet (frugivore).

5.5.

Discussion

5.5.1. Some forest species can persist in heavily cleared rural landscapes
Forest birds, the community which inhabited the study region prior to historical vegetation
clearance, are of conservation concern due to significant loss and transformation of their
habitat (>80 % of historical vegetation cover removed) (Chapters 2 - 4). The decline of
native species in response to habitat transformation is common, but some native species
can demonstrate resilience; surviving through adaptation or shifting their range (Mayfield
et al. 2010, Pecl et al. 2017, Hobbs et al. 2018). These species which largely persist in situ
in regions where pressure from human disturbances has, or continues, to occur, are known
as ‘stayers’ (Hobbs et al. 2018).

Although forest birds no longer form a discrete community as in the past (except in the
extensive forest landscapes), they continue to be an important component of the current
avifaunal community which includes different groups of species (e.g. open country and
open tolerant) (see Chapters 3 & 4). A large percentage of the forest bird community
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(~85%, n = 39 species) were detected within highly modified study landscapes. While
remnant eucalypt vegetation continues to be important for this community, some forest
species also have the capacity to use non-forested habitat within modified environments
(e.g. in farmland or residential areas).

5.5.2. Much variation in patterns of occurrence is found within the forest bird
community in modified environments
As a community, forest birds were widespread across the region, but there was much
variation in the occurrence and responses of individual forest species, which is typical
across modified environments (Hobbs 2005, Munteanu et al. 2018). Some species, for
example the Grey Fantail, had a high reporting rate, occurred in a large proportion of
modified landscapes (100%) and sites (~50%) and used all five broad habitat types (e.g.
indigenous vegetation, introduced vegetation, exotic crops, open grassland, human
infrastructure). Other species, such as the Olive Whistler were rare; with a low reporting
rate, occurrence in <5% modified landscapes and sites, and were only detected in one type
of habitat (e.g. native vegetation).

The change in community structure and decline of particular species within communities
(e.g. specialists which require specific habitat cover and quality), is typical, following
broad-scale habitat removal, fragmentation or transformation across a landscape (Sprugel
1991, Jackson and Sax 2010, Jesse et al. 2018). Species within the same community with
diverse traits and requirements (e.g. Grey Fantail and Olive Whistler), are likely to respond
differently, to habitat changes which involve the disruption of former species-environment
interactions (e.g. in old-growth forest) and the potential development of new speciesenvironment interactions (e.g. in farmland or residential area) (Pecl et al. 2017).

5.5.3. Forest birds favour native vegetation but some species can use modified habitat
The extent of native vegetation is crucial for sustaining the richness of forest bird
assemblages at a landscape scale (see Chapter 4, Villard et al. 1999, Mortelliti et al. 2010b,
Polyakov et al. 2013, Cunningham et al. 2014). For example, larger patches of natural
woodland or forest have been found to increase native species occupancy in Australian
agricultural systems (Lindenmayer et al. 2002, Radford et al. 2005). Results of this study
similarly confirmed that native vegetation is essential for the persistence of a community
of rural forest birds. The breadth of occurrence of forest birds at sites in extensive forest
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landscapes, consistently had a strong positive effect on all the measures of forest bird
occurrence in modified landscapes. Forest species which were widespread in modified
parts of the landscape were also likely to use patches of fragmented forest in the modified
landscapes.

However, here, most forest birds (56% of species) used more than two types of broad
habitats in the modified landscapes. Cross-habitat spillover, (i.e. the movement of species
between different types of habitat), is an important survival mechanism for species which
remain in transformed rural regions (Tscharntke et al. 2012, Boesing et al. 2018). The
diversity of broad habitat types that forest bird species occupied was significantly related
to their distribution in the modified landscapes. Species which used a range of habitat types
(e.g. native and exotic), were more likely to occur widely in modified landscapes; whereas
species that had limited occurrence tended to favour native forest vegetation. This is
consistent with other findings that generalist native species predominate in highly modified
environments where less native habitat occurs (Le Viol et al. 2012, Ibáñez-Álamo et al.
2017).

5.5.4. Species traits are associated with forest bird persistence in rural environments but
complex patterns occur
The results of this study supported several of the initial species trait predictions for forest
bird occurrence in modified environments. Clearest evidence suggested that species which
occurred widely at sites in local forest landscapes were more likely to have greater
distribution and reporting rate in the modified parts of the region; and canopy foraging
species were more likely than ground foragers to occur in habitat available within modified
landscapes. Forest species with larger relative brain mass were also found to be using a
greater diversity of broad habitat types in modified environments. This is consistent with
findings that greater relative brain size in bird species can increase behavioural flexibility,
invasion success and adaptation to survival in new habitats (Sol et al. 2005, Reif et al. 2011,
Franklin et al. 2014, Møller and Erritzøe 2015).

However, no clear relationship was found here between other traits (e.g. clutch size, wing
shape) and the pattern of forest bird occurrence in rural environments, which were
important in other studies (e.g. Lindenmayer et al. 2002, Tinoco et al. 2018). The responses
of species to landscape modification are known to be diverse and complex (Lindenmayer
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et al. 2002) and the relevance of some specific species traits to broader-scale community
occurrence may therefore be difficult to detect. Rural environments are also subject to
diverse influences (Chapter 1) and further research could investigate the potential
contribution of other attributes not considered here, which may be stronger drivers of forest
bird occurrence. This could include: predation risk (Fulton and Ford 2001, Berger‐Tal et
al. 2010, van Heezik et al. 2010, Doherty et al. 2015), competitive interactions (e.g. from
invasive species, nest intrusion, Gurevitch and Padilla 2004, Belnap et al. 2012, Sol et al.
2012), distribution and use of individual plant species (Sogge et al. 2008, Holland-Clift et
al. 2011) and species tolerance levels of humans (Moller 2010, Carrete and Tella 2011).

5.5.5. Forest birds need increased conservation focus to encourage their persistence in
changing rural environments
Understanding the relationships between environmental occurrence and species life-history
traits can enhance predictions of species distribution, which is important for the
conservation of native faunal communities which remain in rural environments
(Lindenmayer et al. 2002, Norris 2008, Hobbs et al. 2018). This study shows that a
substantial component of a forest bird community can persist in a modified rural region,
but responses and patterns of occurrence are species-specific. Some species (e.g. Grey
Fantail, Crimson Rosella) are more widely distributed and have greater potential to persist
as rural landscape change continues, compared to others (e.g. Olive Whistler, Superb
Lyrebird), which have different traits or specialist habitat requirements.

Species turnover occurs naturally in ecosystems but is accelerated by human land-use and
climate change (Magurran 2016). Future conservation actions in rural regions need to
increase in response to the rate of environmental change, to target both community and
individual species responses to modified habitat. The restoration and protection of forest
habitat is particularly important for forest bird communities (see Chapter 4), however,
increasing specific habitat for individual species (e.g. ground-foragers) is also needed.
Specialist native species (e.g. understorey inhabitants) can play important functional roles
and have disproportionate influence on entire assemblages and ecosystems (Folke et al.
2004, Fischer et al. 2006) . For example, some species (e.g. the Superb Lyrebird in
Australian eucalypt forest), can disturb soil and litter layers, which helps to recruit and
encourage new plant growth in forest ecosystems (Dunham 2011, Nugent et al. 2014).
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This study, consistent with others, shows that some functional traits will either aid with
future adaptation strategies or increase a species susceptibility to environmental change
(Tinoco et al. 2018). While canopy foraging species within the forest bird community are
more likely to persist within rural environments; ground foraging species are susceptible to
ongoing land modification and may experience further decline if they do not become the
focus of conservation efforts (Bradfer‐Lawrence et al. 2018). Actions such as increasing
native shrub and ground cover vegetation may encourage the persistence of important forest
species as modification of rural regions continues.

Chapter Six

Bird diversity across a gradient of modified rural
habitats

Plate 11. Example of study sites in the Strzelecki Ranges; a) rural town streets and
backyards, b) a Nankeen Kestrel (Falco cenchroides) perched on a fence post (photo
courtesy J. Krijt), c) Willow trees (Salix sp.) shading a creek in farmland.
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Abstract

Transformation and intensification of rural environments causes changes to the
composition of ecosystems and habitats available to wildlife. Understanding the relative
value of different types of modified environments, and their potential contribution to rural
biodiversity, is important for conservation management. I examined terrestrial bird species
across a spectrum of rural site types and ecosystems, from natural intact forest (i.e.
historical ecosystem origin) to modified vegetation (hybrid, novel or impacted ecosystem
origins), farmyards and townscapes (designed ecosystem origin).

Bird species were

surveyed at 250 sites, grouped to represent 25 study landscapes (each 1 km2 in size), across
the rural Strzelecki Ranges, in south-eastern Australia. Sites were selected to represent 10
different site types common to rural environments. To quantify the contribution of each
site type to conservation of the avifauna, I calculated three diversity measures, both for ‘all
terrestrial species’ and ‘forest species’ groups respectively: 1) species richness per site (α
diversity); 2) the compositional dissimilarity between sites in each site type (β diversity)
and 3) the contribution of each site to the overall landscape diversity (contribution to γ
diversity). I used generalised linear mixed models to compare these diversity measures
between site types. A total of 81 terrestrial bird species were detected. There were
significant differences in species richness (α diversity) between site types, with native
revegetation closest to the benchmark of intact eucalypt forest, and grassland sites the most
distant and having the lowest richness. Between-site variation (β diversity) for each site
type tended to increase with the level of habitat modification. The proportional contribution
of individual sites to landscape (γ) diversity was greatest for revegetation sites, and (for
forest birds) native linear vegetation. While all habitats in heterogenous rural environments
contribute to the conservation of native species, ‘historical’ ecosystems (e.g. intact eucalypt
forest) and ‘hybrid’ ecosystems (e.g. revegetation sites) are the most important for birds of
conservation concern in rural Australia. Others, including ‘novel’ (e.g. exotic scattered
trees), ‘impacted’ (e.g. native scattered trees), and ‘designed’ (e.g. grazed pasture)
ecosystems, have lesser importance. This is problematic as these latter ecosystems are
becoming more common (e.g. in farmland and residential areas). Further research into
factors that determine the persistence of native bird species (e.g. breeding, foraging,
dispersal) in the different types of modified sites will help to improve the opportunity for
bird conservation in rural environments.

Chapter Six

6.2.

121

Introduction

Rural regions typically consist of a range of modified ecosystems, including remnants of
natural and semi-natural vegetation (Fischer et al. 2005, Driscoll et al. 2013, Hobbs et al.
2014). The mosaic of modified ecosystems in rural regions has been collectively termed
‘countryside elements’ (Daily et al. 2001, Haslem and Bennett 2008b), or sometimes
‘disturbed environments’ (Krummel et al. 1987). Modified ecosystems occur where human
management has reduced, fragmented, altered or replaced extensive natural ecosystems,
through a variety of historical or current land-uses (Shrubb 2003, Foley et al. 2005, Phalan
et al. 2011). As rural landscape intensification and change occurs, the extent of these
diverse modified habitats is increasing worldwide (see Chapters 1 & 3).

Modified

ecosystems and habitats alter species distribution in rural regions (Donald et al. 2001,
Herzon and O’Hara 2007, Mortelliti et al. 2011), but are likely to become valuable for
supporting remaining native wildlife populations in the future (Wilson et al. 1997, Petit et
al. 1999, Hobbs et al. 2009).

A gradient of different ecosystem origins (and site types) can occur in rural environments.
Firstly, historical ecosystems, at one end of the gradient, retain their natural structure (from
prior to agricultural settlement) and persist largely within a natural range of variability and
diversity of species (Hobbs et al. 2009). Historical ecosystems typically are rare or
fragmented in most rural regions (Lindenmayer et al. 2008b), but are regarded as being
important for sustaining native biodiversity, and are the focus of ‘land sparing’
conservation methods (e.g. retaining stands of intact forest with a variety of natural
vegetation layers and ground cover) (Le Roux et al. 2015, Kremen and Merenlender 2018).

The following four ecosystem origins commonly occur in modified rural regions and were
the primary focus of this study. Hybrid ecosystems retain similar characteristics to a
previous historical ecosystem (e.g. old-growth forest) but have a composition that lies
outside the historic range. They may be able to return to the historic range with careful
management (e.g. revegetation with native species) (Hobbs et al. 2009, Hallet et al. 2013).
Novel ecosystems are the outcome of agricultural or other rural land-uses and are unable to
return to a historical state of species composition. Novel ecosystems are self-sustaining, or
evolving in their current form (e.g. self-establishing exotic vegetation in farmland) (Hobbs
et al. 2009, Hobbs et al. 2014, Morse et al. 2014). Impacted ecosystems are inadvertently
altered or degraded as a result of rural land-use (e.g. native trees scattered in pasture)
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(Morse et al. 2014). Finally, designed ecosystems, form most ecosystems in rural regions
and have been deliberately and purposefully altered, and actively maintained (e.g.
farmyards, townscapes and pasture) (Morse et al. 2014).

Different ecosystems in modified rural environments may require different management
strategies for biodiversity conservation.

Much attention has been paid to managing

‘historic’ or ‘designed’ (e.g. urban, agricultural) ecosystems, with a tendency to group other
modified ecosystems into a single category. Increased understanding of the gradient of
modified ecosystems within rural environments is, however, important to assist in
developing a better framework for future conservation (e.g. including ‘land sharing’
methods) (Tscharntke et al. 2005, Seastedt et al. 2008, Hobbs et al. 2014). This will involve
developing a priori definitions of typical modified ecosystems (Morse et al. 2014, Murcia
et al. 2014), and increasing understanding of the value each contributes to native
biodiversity.

In this study, I compared the occurrence of birds in intact forest sites (e.g. benchmark
historical ecosystem origin), to occurrences in a range of modified site types typical of rural
regions (e.g. within the hybrid, novel, impacted and designed ecosystem origin gradient).
The native bird species that occur in modified site types can be expected to have some
capacity to use them (e.g. by finding suitable resources, structural protection, refuge) but
this will likely differ between species and site types. The aim of this study was to evaluate
the use by bird species of a range of modified site types and therefore to better understand
how each site type can contribute to biodiversity conservation and management in rural
environments. To quantify the different contributions, I calculated and compared three
measures of diversity between site types: alpha diversity (mean site scale species richness);
beta diversity (within-site variation in community composition); and gamma diversity
(contribution of sites to broader-scale species richness).

I hypothesized that modified site types in rural environments offer different resources for
birds, and because of these differences there will be variation in the composition of bird
communities between site types. I predicted that, compared with the benchmark intact
forest, the modified site types would support a greater range of species with more varied
habitat associations (e.g. open tolerant, open country species, exotic species) and therefore
bird communities would differ from the benchmark intact forest. With regard to alpha
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diversity, a high richness (especially of forest birds) is indicative of a strong positive
contribution. I predicted that benchmark intact forest would have more (richer) forest bird
species than modified site types. Second, with regard to beta diversity, higher values
indicate greater between-site variation (and less predictability) for sites of the same site
type; whereas, low values are indicative of a stable composition across a site type. I
predicted that more-modified sites would show greater beta diversity than intact forest sites,
reflecting the variation in land-use and disturbance that they have experienced. Third, in
relation to the contribution of different site types to gamma diversity (landscape richness),
I predicted that modified sites with greater similarity to intact forest (i.e. those with eucalypt
cover) would be more important in contributing to gamma (landscape) diversity of native
bird species, compared to highly modified site types (e.g. townscapes).

I therefore explored the following questions:
i)

Which terrestrial bird species use each site type and does the composition of
species assemblages differ between site types?

ii)

How does alpha diversity vary between site types?

iii)

Does beta diversity differ between site types, and which show highest and
lowest levels of beta diversity?

iv)

Which site types contribute most, or least, to gamma diversity?

6.3.

Methods

6.3.1.

Study region

The study was conducted in the rural western Strzelecki Ranges in Victoria, south-eastern
Australia. This region has been subject to extensive human modification for agriculture
over the past ~180 years. The region was formerly covered in tall forests which were
largely removed following European settlement in the late nineteenth century (Chapter 2).
Remnant forest among farmland in the study region is typically fragmented and limited,
although some native vegetation has regenerated naturally or has been retained or reestablished (e.g. in the form of scattered trees, linear windbreaks or roadside strips, small
isolated patches). These components are mixed with introduced grassland and exotic
vegetation communities.
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Study design

I selected 25 ‘study landscapes’, each 1 km2 in size and ≥2 km apart (see Chapter 3 for
further details). Each study landscape was chosen as a typical representation of one of
seven types of rural land-uses: extensive natural forest (n = 2), plantations (n = 4), dairy
livestock grazing (n = 4), beef livestock grazing (n= 4), horticulture (n = 3), lifestyle
properties (n = 4) and townships (n = 4 landscapes). Apart from the natural forest and
plantation landscapes, native vegetation cover was typically low (average 9.4%, range 3 –
29% cover) in the remaining study landscapes (n = 19, Chapter 4).

Within each study landscape, I selected 10 sites (n = 250 sites) to survey birds, with sites
located ≥100 m apart. Sites were chosen to represent five broad habitat types which were
common throughout the region; indigenous vegetation, introduced vegetation, exotic crops,
human infrastructure and open grassland (refer to Chapter 3).

6.3.3. Site type classification
I classified the 250 survey sites into 10 site types, based on a subdivision of the five broad
habitat types as follows (Table 6.1); i) indigenous vegetation: intact eucalypt forest (n = 24
sites), revegetation patch (n = 18), native linear (n = 16), native scattered (n = 26); ii)
introduced vegetation: plantation (n = 20), exotic linear (n = 32), exotic scattered (n = 18);
iii) human infrastructure: farmyard (n = 22), townscape (n = 14); iv) open grassland:
grassland (n = 54). This subdivision provides greater resolution than the broad habitat
types, with each of these 10 site types expected to provide differing resources for birds
(Table 6.1, Plate 12). The ‘intact eucalypt forest’ sites were in the extensive natural forest
(and some plantation) landscapes and were used as a ‘historical’ benchmark for comparison
with other site types. Exotic crops (e.g. sites in monoculture cropping of potatoes, flower,
pea crops), were excluded from analysis due to the small sample size (n = 6 sites).
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Table 6.1. Description of broad habitat and finer-scale site types sampled in this study. The number of sites sampled in each is shown, as is the ecosystem origin with
which they are aligned.
Habitat type
Site type
Description
Number of
Ecosystem origin
sites (n = 244)
Indigenous vegetation

Intact eucalypt forest

(extensive = benchmark)

Native forest with tall eucalypt canopy, shrubby understorey, tree ferns

24

Historic

18

Hybrid / Designed

16

Impacted / Designed

26

Impacted / Designed

and leaf litter. No livestock grazing. Part of large continuous forest
block.

Indigenous vegetation

Revegetation patch

Patch of planted vegetation of native species/origin, surrounded by
farmland. Has a range of vegetation layers (i.e. canopy, midstorey,
understorey). Protected from livestock grazing by fencing.

Native linear

Strip of native trees and/or shrubs (e.g. eucalypts, acacia) typically ≤5m
wide, found on roadsides or beside creek lines, or used for wind protection
in pasture.

Native scattered

Single trees or patch of native trees (e.g. eucalypts) and/or tall shrubs (e.g.
acacia), typically with grassy ground layer.
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Ecosystem origin

sites (n = 244)
Introduced vegetation

Plantation

Monoculture Pine (Pinus) or introduced eucalypt (e.g. Blue Gum, Eucalyptus

20

Novel / Designed

32

Novel / Designed

18

Novel / Designed

22

Designed

14

Designed

54

Designed

globulus) trees, grown typically with pruned branches and grassy ground layer.
Some shrubby understorey. Log heaps and burn piles may be present.

Exotic linear

Strip of introduced trees and/or shrubs (e.g. cypress, pine) typically ≤5 m wide,
found on roadsides or beside creek lines, or used for wind protection in pasture.

Exotic scattered

Single trees or patch of exotic trees (e.g. oak, fruit trees) and/or tall shrubs (e.g.
Common Hawthorn, Crataegus monogyna), typically with grassy ground layer.

Human infrastructure

Farmyard

Rural homestead which typically includes house, garden, farm buildings and
nearby pasture.

Townscape

Town houses and gardens on small blocks of land (typically ~500 m2 – 1000 m2)
in streetscape.

Open grassland

Grassland

Grazed or ungrazed pasture or lawn (predominantly introduced grass species) in
cleared area without trees or shrubs.
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Plate 12. Examples of site types identified in the Strzelecki Ranges grouped by broad habitat type (Table 6.1); indigenous vegetation, a) intact eucalypt forest
(benchmark site type), b) revegetation patch, c) native linear, d) native scattered; introduced vegetation, e) plantation, f) exotic linear, g) exotic scattered; human
infrastructure and open grassland, h) farmyard, i) townscape, j) grassland.
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6.3.4. Bird species
I undertook bird surveys at each site, recording all individuals seen or heard in a 10 min
point count, within a radius of 30 m. Species observed outside the 30 m radius (i.e. ‘off
site’) were also recorded but not included in analyses in this chapter, which focused on
species present at the site scale. Two survey rounds were undertaken in each of spring
(September–November 2014) and autumn/winter (May–June 2015) seasons. In each
season, I surveyed each site once in each of two time periods (7am – 10.30am; 11am –
2.30pm). This amounted to four surveys of each site over one year, 2014 – 2015, and a
total of 1000 point counts.

6.3.5. Data analysis
Each species was assigned to a separate a priori category (guild), based on their known
habitat preferences (Radford and Bennett 2005, Chapters 3 & 4): i) forest – native species
which depend on natural forest for daily activities; ii) open tolerant – native species which
occur in forested habitats but can move into disturbed environments (e.g. gardens,
farmland), iii) open country – native species that primarily live in open or cleared areas,
and iv) exotic - all non-native species which are introduced to the study region.

Some species were excluded from analysis including; i) waterbirds (n = 17 species
commonly associated with dams or creeks), and ii) singletons (n = 9 terrestrial species that
were recorded at only one site throughout the study).

To compare bird communities between different site types, I undertook the following
analyses for i) all terrestrial species, the entire species assemblage including native and
exotic species (see Haslem and Bennett 2008b), and ii) forest bird species, the native
species of conservation concern.

6.3.6. Composition of bird communities
First, I examined the compositional similarity of bird assemblages within and between
different site type. I ran an NMDS ordination for ‘all terrestrial’ and ‘forest’ species, based
on the Bray-Curtis dissimilarity measure and the presence or absence of each species at
each study site. Sites which had ≤1 species recorded were excluded. For ‘all terrestrial
species’, one exotic scattered site and 16 grassland sites were excluded (total sites included
= 227). For ‘forest species’, six native scattered, four exotic linear, three exotic scattered,

Chapter Six

129

four farmyard, one townscape and 39 grassland sites were excluded (total sites included =
187). The average MDS score for each site type on the first and second axes were calculated
and used to plot the centroid of each site type on ordinations. The program SIMPER
(Similarity Percentage, using the Bray-Curtis dissimilarity measure) was used to identify
species which were most influential in driving differences in community composition
between site types.

6.3.7. Comparison of diversity measures between site types
I calculated three measures of diversity to compare between site types, as follows.
Alpha (α) diversity was calculated as the species richness of birds recorded at each site (onsite only), pooled over the four surveys during the study. This was undertaken separately
for ‘all (terrestrial) species’, and for ‘forest species'.

A measure of beta (β) diversity was calculated from an MDS ordination of bird composition
data (presence – absence) for ‘all species’ and ‘forest species’. Following the MDS
ordination of sites, the distance of each site from the centroid of its associated site type, was
calculated. Site types which have a larger ‘average distance to median’ can be considered
to show greater between-site variation (i.e. higher β diversity).
The proportional contribution of each site to gamma (γ) diversity (i.e. the overall species
richness in the associated study landscape), was calculated as:
(site species richness) / (landscape species richness)
Thus, sites which have a high richness relative to that in the landscape, make a greater
proportional contribution to gamma diversity.

To compare these measures of diversity between site types, I used a generalised linear
mixed model (GLMM) assuming a Gaussian distribution with the diversity measure as the
response variable and ‘site type’ as the fixed predictor variable. Models were fitted
separately for each diversity measure, for both data sets (‘all species’, ‘forest species’). A
term for ‘study landscape’ was included as a random variable in all models, to account for
multiple sites clustered in each landscape.
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Analyses were performed in R version 3.5.1 (R Core Team 2016), using the packages:
AICcmodavg’ (Mazerolle and Linden 2019) ‘effects’ (Fox et al. 2018), ‘ggplot2’
(Wickham et al. 2018), ‘lme4’ (Bates et al. 2019) and ‘MuMIn’(Bartoń 2018). Model
predictions were plotted for each analysis, with 95% confidence intervals, and compared to
test for significant differences between site types.

6.4. Results
A total of 81 terrestrial species were detected across all study sites (see Appendix H), of
which nine were singletons, recorded at one site only: Australian Hobby (Falco
longipennis), Brown Goshawk (Accipiter fasciatus), Brown Quail (Coturnix ypsilophora),
Nankeen Kestrel (Falco cenchroides), Peregrine Falcon (Falco peregrinus), Rose Robin
(Petroica rosea), Rufous Fantail (Rhipidura rufifrons), Sulphur-crested Cockatoo (Cacatua
galerita) and Tree Martin (Petrochelidon nigricans).

Excluding singletons, there were 39 forest species, 14 open tolerant species, 11 open
country species, and eight exotic species (Appendix H). Four species, Brown Thornbill
(Acanthiza pusilla, forest), Grey Fantail (Rhipidura albiscapa, forest), Australian Magpie
(Cracticus tibicen, open country species), and Common Blackbird (Turdus merula, exotic),
occurred in ≥50% of the sites (Appendix H).

6.4.1. Comparison of bird community composition among site types
The NMDS ordination of species by sites highlighted wide variation in bird assemblages
both within and between different site types (Figs. 6.1 & 6.2).
For ‘all species’, the major gradient in bird community composition, shown by MDS1 (Fig.
6.1), aligned site types in relation to the structural complexity of the vegetation; from
grassland (negative) through scattered trees, linear strips, revegetation patches and
plantations, to intact eucalypt forest (positive).

The second dimension, MDS2,

distinguished townscape sites from others. SIMPER analysis (Appendix I) revealed species
that contributed to differences between site types on these gradients (Fig. 6.1). Open
country species (e.g. Australian Magpie) were associated with grassland on MDS1,
compared with forest species (e.g. Brown Thornbill, Grey Fantail, White-browed
Scrubwren Sericornis frontalis) which were associated with intact eucalypt forest and
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revegetation patches. Exotic species (e.g. Common Myna Acridotheres tristis, House
Sparrow Passer domesticus) were associated with townscape site type on MDS2 (Appendix
I).

Fig. 6.1. Plot of the centroid (+ SD) of each site type in a non-metric multidimensional scaling
(NMDS) ordination of all terrestrial bird species composition in different site types (stress =
0.21). Centroids were calculated from the average MDS scores for sites in each site type. The
ordination is based on the Bray-Curtis dissimilarity measure and the presence-absence of each
species at each site (all terrestrial species). Key bird guilds and species driving the ordination
are plotted in coloured circles: forest species (green), open country species (purple) and exotic
species (pink). Symbols represent different site types (see legend).

The major gradient in ‘forest species’ assemblage composition, shown by MDS1 (Fig. 6.2),
also aligned site types in relation to a gradient in habitat modification; from intact eucalypt
forest (negative) through revegetation patches and plantations, linear strips, scattered trees,
farmyard and grassland, to townscape sites (positive). While comprising a shorter gradient,
the second dimension, MDS2, distinguished native sites (e.g. intact forest, revegetation
patches, native linear strips and native scattered trees) from exotic vegetation (e.g.
plantations, exotic linear, exotic scattered). For forest species, assemblage composition in
the farmyard site type was similar to grassland, whereas the composition of the townscape
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site type differed from all other site types. SIMPER analysis (Appendix J) revealed the
forest species that were contributing to differences between site types on these gradients
(Fig. 6.2). Some forest species (e.g. Eastern Yellow Robin Eopsaltria australis, Grey
Shrike-thrush Colluricincla harmonica, White-browed Scrubwren) were associated with
intact eucalypt forest (negative values on MDS1), compared with other forest species which
were associated with native scattered or native linear site types (e.g. Crimson Rosella
Platycercus elegans, Yellow-faced Honeyeater Lichenostomus chrysops), or townscape
(Red Wattlebird Anthochaera carunculate, positive value on MDS1) (Fig. 6.2., Appendix
J).

Fig. 6.2. Plot of the centroid (+ SD) of each site type in a non-metric multidimensional scaling
(NMDS) ordination of forest bird species composition in different site types (stress = 0.23).
Centroids were calculated from the average MDS scores for sites in each site type. The ordination
is based on the Bray-Curtis dissimilarity measure and the presence-absence of each species at
each site. Key forest species driving the ordination are plotted in green circles. Symbols
represent different site types (see legend).
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6.4.2. Comparison of alpha diversity among site types
There was marked variation in alpha diversity among site types, both for ‘all species’ and
‘forest species’ (Figs 6.3 a, b, Appendix K). There were significant differences in species
richness between forested site types (intact eucalypt forest and revegetation patches) and
grassland, and other modified site types clustered in the middle of this gradient (Figs. 6.3
a, b & Appendix K). For both species’ groups, farmyard site type (mean = 11.51 all species,
mean = 5.23 forest species) had higher mean richness than townscape sites (mean = 8.70
all species, mean = 3.37 forest species) but significant difference between these site types
was only found for ‘all species’.
For ‘all species’, the greatest richness was in revegetation patches (mean = 14.47 species)
and lowest richness was in the grassland sites (mean = 3.85): these site types differed
significantly in terms of richness from all other site types (Fig. 6.3a, Appendix K). Intact
eucalypt forest had similar richness to native linear and farmyard site types (mean range =
10.34 – 11.93 species). The species richness of native linear, native scattered, plantation,
exotic linear, exotic scattered, and townscape was not significantly different (mean range
= 7.62 – 10.34).
Forest birds (39 species) were the guild with the largest proportion (32 – 90%) of species
in each site type (range = 1.22 – 10.79 species) (Fig. 6.4). Alpha diversity of forest species
was significantly greater in intact eucalypt forest and revegetation patch site types (mean =
~10 species) than any other site type (Fig. 6.3b, Appendix K). Significantly lower richness
compared to all other site types was found in grassland sites (mean = 1.31). The richness
of forest species in farmyard sites (mean = 5.23) was not significantly different to that of
native linear, native scattered, plantation, exotic linear, exotic scattered and townscape site
types. Townscape richness (mean = 3.37) was not significantly different to that of native
scattered, exotic linear, exotic scattered and farmyard site types.
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Fig. 6.3. Comparison of diversity measures for all terrestrial bird species (plots a, c, e) and forest
bird species (plots b, d, f) at different site types. Values shown are model predictions (+/- 95%
CI) (refer to Appendix K): a - b) predicted mean species richness, (c - d) predicted mean beta
diversity (β) measured as the predicted average distance to median between sites for each site
type, (e - f) predicted mean proportional contribution of site types to gamma (landscape) diversity.
Site types with different letters are significantly different (95% CI does not overlap zero); site
types that share a letter are not significantly different).

Chapter Six

135

15
14
13

exotic species

12

Average species richness

11

open country species

10
open tolerant species

9

8

forest species

7
6
5
4
3
2
1
0

Site type
Fig. 6.4. Average proportion of the species richness in each site type that was comprised of
different bird groups.

6.4.3. Comparison of beta diversity among site types
There were significant differences among site types in between-site beta diversity, both for
‘all species’ and ‘forest species’ (Figs 6.3 c, d, Appendix K). For both datasets, the lowest
beta diversity was for revegetation patches and (surprisingly) townscapes, comparable with
the benchmark intact forest; whereas the highest beta diversity was for grassland, which
was higher than any other site type. In general, the predicted beta diversity for ‘all species’
and for ‘forest species’ increased as site types became more open and less similar
(floristically and structurally) to intact forest vegetation. That is, the between-site variation
in bird assemblages was greater for cleared and fragmented site types, compared with less
variation and greater predictability in composition for the benchmark intact forest.
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Townscape site types were the exception, where less variation and greater predictability in
bird composition was comparable to revegetation patches and intact forest.

6.4.4. Comparison of each site type to gamma (landscape) diversity
The site type that contributed most to the landscape scale richness of bird species (both for
‘all species’ and ‘forest species’) was revegetation patches (Figs. 6.3 e, f, Appendix K). On
average, a single revegetation site supported 34% of ‘all species’ recorded in the landscape
in which it was located, and 50% of ‘forest species’ in that landscape. In contrast, sites in
the grassland site type contributed the least to landscape diversity (9% and 6% for all
species and forest species, respectively). Most of the heavily modified site types (e.g.
exotic linear, exotic scattered, townscape) had contributions that were not significantly
different from each other (Figs. 6.3 e, f, Appendix K), but were significantly lower than for
the benchmark intact forest or revegetation patches. The farmyard sites made a relatively
high contribution to landscape diversity when ‘all species’ were considered, but not when
‘forest species’ were the focus of analysis (Figs. 6.3 e, f).

6.5.

Discussion

Rural regions are important for the persistence and survival of many native wildlife
communities worldwide (Barrett et al. 1994, Tryjanowski et al. 2011, Ciuzio et al. 2013),
but they contain mosaics of heterogeneous modified ecosystems that have differing value
for native species (Forman 1995). Here, I compared the species composition of different
types of sites typically present in rural environments and used three diversity indices as a
means of quantifying their differing values to avifaunal conservation.

6.5.1. Alpha diversity varied across the gradient of site types
Sites that support a larger number of species generally have greater conservation value in
rural environments, particularly where the focus is on the richness of forest-dependent
native species. In this study, alpha diversity varied among site types, consistent with the
other studies of agricultural environments (Luck and Daily 2003, Herzon and O’Hara 2007,
Haslem and Bennett 2008b). As predicted, site types containing native eucalypt vegetation
(e.g. revegetation) supported the greatest richness and were most similar to the benchmark
intact forest (Ford et al. 2001, Radford et al. 2005). The lowest alpha diversity, for both
‘all species’ and ‘forest species’ groups, occurred in grassland sites, as is typical in a range
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of rural environments (Estrada et al. 1997, Loyn et al. 2007, Haslem and Bennett 2008b).
Grasslands, including grazed pastures of introduced grasses and intensively managed lawn,
support relatively fewer bird species than wooded vegetation (Blair 1996, Petit et al. 1999,
van Heezik et al. 2008).

Structural complexity of the vegetation was an important influence on patterns in site scale
richness. Bird richness was lowest in open farmland but increased with the occurrence of
single or scattered paddock trees (Gibbons and Boak 2002, Manning et al. 2006, Fischer et
al. 2010). In this case, surprisingly, there was little difference in richness between site types
with either native or exotic scattered trees, both for ‘all species’ and ‘forest species’ groups.
This suggests that the presence of habitat structure that provides for perching, refuge or
surveillance activities may be of greater value to many bird species that can persist in the
open farmland or urban fringe, than vegetation origin or composition (Garden et al. 2007).
However, for forest birds, both habitat structure and composition contribute to high alpha
diversity, as evidenced by the richest site types being those more similar to intact forest
(e.g. revegetation and remnant patches).

It was notable that farmyard sites had relatively high richness compared to other highly
modified site types such as townscapes, when considering all species, but similar (reduced)
species richness when considering forest birds. It is likely that farmyard sites had a range
of different habitat and resources available (e.g. farm gardens, orchards, pasture, farm
infrastructure, feed associated with livestock) for species tolerant of modified environments
(Fig. 6.4., Chapter 4). However a relatively high richness of exotic species was detected in
both farmyard and townscape site types, compared to all other modified site types (Fig.
6.4). This is a trend which commonly occurs in built-up environments around the world
(Chace and Walsh 2006, van Heezik et al. 2008, Rayner et al. 2015).

6.5.2. Bird assemblages varied within site types
For both species groups (all species, forest species), beta diversity increased and differed
in overall avifaunal composition, from the benchmark of intact eucalypt forest; as site types
became more cleared and fragmented (e.g. in open farmland). This may be a consequence
of greater between-site variation in habitat structure and composition or resource
availability in modified environments. Townscape site types were the exception, where
less variation and greater predictability in bird composition may be related to increased
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reliability in habitat and resources for generalists and urban exploiters (e.g. exotic species,
Fig. 6.4) (van Heezik et al. 2008, Davis and Wilcox 2013).

Values of beta diversity for different site-types (habitats) provide insight for conservation
planning (Socolar et al. 2016). Those that have a higher beta diversity are likely to have
less predictability in composition of the avifauna they support and experience a greater
turnover of species through time. In contrast, site types with lower beta diversity offer
greater confidence that where such habitats are present they will support a predictable suite
of species. In this study, revegetation patches (and remnant eucalypt patches) showed the
lowest between-site variation and hence are likely to more consistently and reliably sustain
species of concern (e.g. forest birds, Fig. 6.4) than other more-modified site types.

6.5.3. Revegetation sites contribute the most to overall bird diversity in the landscape
An important conservation goal in heterogenous rural regions is to maintain a high
landscape scale richness (MacArthur and Wilson 1967, Gotelli and Chao 2013), such that
as many taxa of concern as possible are maintained across a range of land-uses (Chapter 3).
Thus, the relative contribution of different site-types to landscape (gamma) diversity, helps
to identify which habitats can make a greater, or lesser, contribution to achieving this goal.

Here, revegetation sites made the greatest proportional contribution to gamma diversity
both for ‘all species,’ and ‘forest species’, with this contribution being comparable with, or
greater than, that of sites in intact forest. Similarly, sites in native linear vegetation (e.g.
along roadsides, streams) also contributed greatly to landscape diversity for forest species,
potentially reflecting both their compositional similarity to native eucalypt forest and the
connectivity they provide in the landscape (e.g. Bennett et al. 2014, Hall et al. 2018). The
observation that farmyard sites made an important contribution to landscape diversity for
‘all species’ (but less so for ‘forest species’) points to the potential role of homestead
gardens and households in providing habitat in rural environments. This is particularly
relevant in rural regions and urban fringe areas where ‘lifestyle’ properties are proliferating
and land-owners may have space for larger gardens, and display growing interest in
planting native vegetation (Gill et al. 2010, Sorice et al. 2014, Polyakov et al. 2016).

Other modified site types (e.g. exotic linear, exotic scattered, grassland) make lesser
contributions to gamma diversity, although being used by some forest bird species. The
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use and value of such modified site types by birds is likely to be greater where there is a
larger extent of natural habitat cover in the surrounding mosaic (see Chapter 4; Bennett et
al. 2006, Neumann et al. 2016, Zhang et al. 2017). This is because bird composition and
diversity in different site types is context dependent, and relative to the surrounding mosaic
and its landscape heterogeneity (i.e. the context, size or quality of nearby native forest
patches) (Forman 1995, Haslem and Bennett 2008a, Le Roux et al. 2015).

Overall, this study emphasizes that protection and restoration of natural vegetation cover
(e.g. through revegetation patches and remnants of native linear vegetation) are important
for the conservation of bird communities in rural environments (Hobbs 1993, Munro 2007,
Clarke et al. 2010, Bare and Danner 2017). Such sites typically have high site scale
richness, they have relatively lower between-site variation in species composition, and
individual sites make a substantial contribution to landscape diversity. However, such sites
in rural regions may also be vulnerable to detrimental edge processes, such as (in SE
Australia), domination by the problematic edge-specialist species, the Noisy Miner
(Manorina melanocephala) (Maron 2009, Hall et al. 2016, Mortelliti et al. 2016).

6.5.4. Improving the management of modified site types for native bird diversity in rural
environments
Rural environments are important globally for the future survival of many native species;
but the challenge is that they comprise mosaics of modified site types that have differing
habitat value. Rural habitats can be placed within a conceptual gradient of ecosystems
based on their origin (e.g. historical, hybrid, novel, impacted, designed) (Hobbs et al. 2009,
Hobbs et al. 2014). Historical (e.g. intact eucalypt forest) and hybrid (e.g. revegetation
patches) ecosystems are the cornerstones in providing habitat for bird species of
conservation concern in rural environments in Australia. The importance of retaining
existing native vegetation and restoring further vegetation (particularly through
revegetation or native linear plantings) in rural environments, is crucial, particularly for
species of conservation concern (i.e. forest birds).

Other ecosystems, including impacted (e.g. native scattered tree), novel (e.g. exotic linear,
exotic scattered) and designed ecosystems (e.g. farmyard, townscape, grassland), have
lesser importance in Australia for bird species of conservation concern. This is problematic
because impacted, novel and designed ecosystems (e.g. in farmland or townships) are
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becoming more common, to the detriment of historical or hybrid ecosystems. However,
such modified ecosystems can contribute to maintaining species composition and diversity,
particularly as evidenced in other continents such as Europe, where there is a much longer
history of settled and intensively managed farmland (Hinsley and Bellamy 2000, Fuller et
al. 2001, Miguet et al. 2013). Further attention is needed to determine how novel and
designed ecosystems can best be carefully included as part of land management in
Australia, such as for regenerative agriculture, or in green urban spaces (Ikin et al. 2015,
Massy 2017, Tzortzakaki et al. 2018).

The results from this study provide information on species diversity and composition of
bird communities across a gradient of modified site types. The data presented is based on
the occurrence and relative abundance of species but provides less insight into aspects such
as behaviour and reproduction, which will determine the capacity for populations to persist.
It may be that many of these modified site types lack or contain limited resources for bird
communities to persist in these sites long-term (Vickery et al. 2001, Vesk et al. 2008).
Clearly, retaining and expanding natural forest cover and quality is a high priority across
rural environments for native bird communities (Munro 2007, Ribeiro et al. 2009, Schuster
and Arcese 2013, Boesing et al. 2018). However, there will be benefit from further research
on the breeding, foraging and dispersal behaviour of native species in modified site types,
to understand how land management can better incorporate these habitats in future rural
conservation.

Chapter Seven

Synthesis and recommendations for future management
and conservation in rural regions

Plate 13. Rural scenes in the Strzelecki Ranges; a) Homestead surrounded by pasture, b) a
pair of Laughing Kookaburra (Dacelo novaeguineae) (photo courtesy J. Krijt), c) low cloud
covers steep farmland.

Chapter Seven

142

7.1. Thesis overview
This thesis focuses on the patterns of occurrence and the responses of bird communities to
diverse land-uses and habitats in a rural region. Table 7.1 sets out a summary of the key
questions and results from each thesis chapter. Here, I briefly discuss several broad themes
arising from the messages within this thesis, and then outline some issues and
recommendations for sustainable land management for bird conservation in rural regions.

7.2. Rural regions change through time but remain important for wildlife
7.2.1. Rural regions are dynamic due to different types of land-use
An understanding of how rural landscapes change over time due to different types of landuse (both historical and present) is important, as it helps us to appreciate the health, function
and management of current and future landscapes (Lunt and Spooner 2005, Massy 2017).
There are similarities among land-use trajectories in rural regions throughout the world
(Chapter 1). Many rural regions have undergone similar types of transitions, from the
clearing and conversion of ‘frontier’ environments (e.g. expansive natural forest or
woodland) for farmland, to the increasing development and intensification of agriculture,
and the expansion of rural settlements and townships (Watson 1984, Foley et al. 2005).

Examples of typical patterns of rural landscape change have been described previously,
both worldwide (Chapter 1) and in the study region (Chapter 2).

These landscape

transitions can occur over relatively short periods of time (Watson et al. 2014), as
highlighted in Chapter 2 for this study region, which was cleared of its extensive old-growth
forests and transformed into agricultural and residential land in less than 180 years
following European exploration and settlement (Shire of Korumburra 1972). Globally,
ongoing changes are occurring and are predicted to accelerate in future decades (Chapter
1), the study region also exemplifies likely future change (Chapter 2). Common changes
in rural land-use globally include an increasing human population, increased density of
housing (Antrop 2004, Butt 2013a, Bellocq et al. 2017), agricultural intensification (Donald
et al. 2001, Tilman et al. 2001), land abandonment (Laiolo et al. 2004, Kuemmerle et al.
2008, Beilin et al. 2014) and restoration of natural habitat (Aide et al. 2000, Choi 2007,
Bare and Danner 2017). Collectively, combinations of these pressures are likely to
dramatically change the structure of various rural regions within the next 50 years (Tilman
et al. 2017).
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7.2.2. Bird communities change in response to rural landscape change
Rural regions throughout the globe provide important habitat for native bird communities
but many species are responsive to rural landscape change (Foley et al. 2005, Lindenmayer
and Fischer 2006). As in other studies (e.g. Studeny et al. 2013, Herrando et al. 2014,
Alexander et al. 2017), this research used birds as indicators of biodiversity and ecosystem
health. Bird assemblages were found to undergo changes in relation to differences in
landscape structure, which in turn is a response to variation in different types of rural landuse and land-cover (Chapters 2 & 3). This has resulted in differences between historical
assemblages (e.g. pre-European settlement, Chapter 2) and current assemblages of species
(Chapters 3 - 6). In the study region, the bird community from c1800s was dominated by
forest species (Chapter 2, Batey 1910, Elms 1920c), whereas the bird community
documented between 1997 - 2002 (Barrett et al. 2003, Radford and Bennett 2005) and that
detected in this study, comprised a different mix of species including those classified as
open tolerant, open country and exotic species (Chapters 3 - 4).

In this thesis, as in other studies (Söderström et al. 2003, Vignoli et al. 2013), bird
communities were responsive to different types of land-use and the way in which they
modify habitat structure across a gradient of forested, agricultural and residential study
landscapes (Chapter 3). The influence of broad landscape attributes associated with landuse, in particular the extent of different types of habitat (e.g. native wooded cover, open
pasture cover), was an important influence in rural landscapes. Those species historically
present (forest bird species) were strongly influenced by native wooded cover (Chapters 4
- 5), and species regarded as open tolerant and open country responded positively to open
pasture and farmland habitat (Chapter 4).

Chapter Seven
Table 7.1. Outline of the key objectives and findings in each data chapter of this thesis.
Data
chapter

Objectives

Key findings

Chapter 3

Determine the effect of
different types of rural
land-use on landscape
structure and on the bird
communities (species
richness and
composition) occurring
in these ‘whole
landscapes’ across the
study region.

▪ Diverse land-uses modify the land-cover of rural landscapes in different ways with a primary gradient between landcover associated with natural forest and township land-use. This results in different patterns of habitat available to
bird species (total number 88 species = 46 forest, 19 open tolerant, 15 open country, 8 exotic).
▪ Significant differences in the richness of bird guilds occurred between landscapes representing different land-uses.
Several land-uses (e.g. natural forest and townships) showed clear differences in species richness and composition,
whereas others (e.g. lifestyle, dairy farming, beef grazing) showed limited difference between them (lifestyle land-use
is on a trajectory of change from agricultural to residential or forested land-cover).
▪ Components of the forest bird community were present in all types of land-use but favoured some (e.g. natural forest,
plantations, mean richness 30.0 species) above others (e.g. dairy farming, mean richness 14.5 species).
▪ Each type of rural land-use can offer some contribution towards the conservation of rural avifauna, but this differs in
capacity and expectations for achievable outcomes. Careful management will be required as bird communities
continue to change in response to rural land-use.

Chapter 4

Identify broad landscape
attributes that are
important for the
richness and composition
of different bird guilds in
rural landscapes.

▪ The presence of the four bird guilds described in the previous chapter were strongly influenced by the extent of native
wooded cover in ‘all landscapes’ (n = 25 landscapes, 3 – 99 % native wooded cover); however its influence, and the
influence of other landscape properties, was limited in the subset of modified landscapes (n = 19 landscapes, 3 – 29 %
cover) (e.g. landscape properties did not affect open tolerant and open country species in the modified landscapes).
▪ Habitat extent (of different habitats) and landscape configuration were important for increasing richness of native bird
communities. Forest species richness increased where there were large contiguous patches of forest, and seven forest
species were absent from landscapes with <30% native wooded cover. In ‘all landscapes’, open tolerant species
richness increased where there were cleared farmland pastures and native vegetation cover in smaller patches; and
open country species richness increased in open pasture cover with greater distance to large forest areas.
▪ Exotic species responded positively to average area (size) of residential properties and responded negatively to native
wooded cover. Increased urban development in rural regions is likely to encourage more exotic species and
homogenization of bird communities and may threaten current native bird communities (e.g. forest, open tolerant
species).
▪ Landscape heterogeneity is important in rural regions to provide for different native bird guilds which respond
differently to broad landscape attributes. The protection and conservation of diverse farmland mosaics (e.g. both
pasture and wooded habitats) and large source areas of intact natural wooded habitat are crucial for the persistence of
diverse guilds of native birds in rural regions.
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Table 7.1. continued
Data
chapter

Objectives

Key findings

Chapter 5

Examine the patterns of
distribution of forest species in
modified rural habitats and
landscapes. Investigate whether
species traits can be used to
predict variation in the pattern of
occurrence of individual forest
species.

▪ Species from the original forest bird community (n = 46) persist in the study region despite major loss of historical
natural habitat (>80% loss). 85% of the forest species recorded (n = 39 species) were detected in 19 modified
landscapes (forest cover <30%, mean cover = 9.4 %).
▪ There was wide variation in forest species distribution, occurrence and use of habitats across the 19 modified rural
landscapes (e.g. some species were absent, others rare, some common).
▪ Forest bird species that were common in modified rural environments typically had a widespread occurrence in
extensive forest habitat (e.g. natural forest study landscapes) and used a wide range of habitat types in modified
landscapes. Species with relatively greater brain mass were also associated with using a greater diversity of
modified habitat types. Ground-foraging species were less likely to occur in modified environments compared to
tree canopy foragers.
▪ Future conservation actions to encourage the persistence of forest birds within modified rural regions need to target
the habitat requirements of individual forest species (e.g. increasing understorey for ground-dwelling species) and
entire forest bird communities as transformation and modification of habitat in rural regions continues.

Chapter 6

Examine the contribution of a
gradient of modified site types to
the composition and diversity
(alpha, beta and gamma) of rural
bird assemblages.

▪ A total of 81 bird species were detected across all study sites (n = 250 total). Significant differences in species
richness (alpha diversity) occurred between site types – native revegetation was closest in richness to benchmark
intact eucalypt forest and grassland sites had the lowest species richness.
▪ Beta diversity for each site type (i.e. between-site variation) generally increased as site types became more open and
less similar (floristically and structurally) to intact forest vegetation (e.g. highest beta diversity occurred in the
grassland site type).
▪ The proportional contribution of individual site types to landscape (γ) diversity was greatest for revegetation sites,
and (for forest birds) native linear vegetation.
▪ Forest site types remain of high importance for native bird diversity in rural regions. Modified site types including
‘novel’ (e.g. exotic scattered trees), ‘impacted’ (e.g. native scattered trees), and ‘designed’ (e.g. grazed pasture)
ecosystems have lesser importance, which is problematic as these latter ecosystems are becoming more common in
rural regions (e.g. in farmland and residential areas).
▪ Vegetation structure is particularly important for determining patterns of species richness and composition in
modified environments (e.g. across a gradient of patches, linear, scattered trees and open grassland).
▪ Some native bird species can use modified habitats where natural habitat is absent or lacking, but further research is
needed as to the extent of resources that modified habitats provide for native species and their ability to sustain
species long-term.
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7.2.3. Future changes to rural regions are likely to create challenges for native wildlife
Worldwide, rural regions are important for biodiversity but changing land-use is predicted to
contribute to the reduction (by >50%) of the ranges of >400 bird species in the next 30 years
(Jetz et al. 2007). Major land-uses contributing to this include the clearing of forests (e.g.
tropical rainforest) for agriculture (Date et al. 1996, Waltert et al. 2004, Zhang et al. 2017);
homogenization of farmland for monoculture cropping, and urban area expansion (Chace and
Walsh 2006, Vannier et al. 2016, Xiao et al. 2016). This causes much concern for the future
survival prospects of many native species, particularly those with specialist requirements or
limited ability to disperse across cleared environments (e.g. ground-foraging forest birds,
Chapter 5). Here, I demonstrated that some species historically present (i.e. forest birds) may
persist in modified rural environments but their patterns of distribution and occurrence vary
substantially among species (Chapter 5). Most of these species rely on the presence of native
vegetation within the farmland mosaic. Other species have colonized rural regions as landcover changes and suitable habitat is made available (e.g. open country species in this study
region) (Hobbs et al. 2018, Chapters 3 & 4). Exotic species, in particular, benefit from new
types of land-use and land-cover in rural regions (Chapters 3 & 4, van Heezik et al. 2008).

In this study, native bird species were found to respond least positively (in terms of species
richness and composition) to open grassland and human infrastructure habitat (Chapters 3, 4
& 6), yet these are the types of land-cover that are increasing in response to land-use change
in rural regions (Chapter 1, Wretenberg et al. 2010). The forest bird guild (of most concern
for conservation, see below), tended to avoid open grassland and human infrastructure habitat
(Chapters 5 - 6). Other bird guilds, such as the open tolerant species, which preferred open
‘edge’ habitats between trees and farmland (Chapters 3 & 4), are of lower concern for
conservation; but even some of these species (e.g. Laughing Kookaburra), are declining in
parts of rural Australia (Birdlife Australia 2015) and require increased conservation action.

In southern Australia, forest and woodland birds have declined and many species are threatened
following further habitat clearance for different rural land-use (Barrett et al. 1994, Ford et al.
2001, Cunningham et al. 2014). Decline is likely to continue without adequate intervention
from conservation (e.g. increased revegetation). In Europe, farmland bird communities are
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also declining through loss of habitat (e.g. removal of hedgerows in farmland) and changing
agricultural practices (e.g. abandoned land leading to shrub regrowth, changes in crop type and
timing, use of pesticides) (Donald et al. 2001, Laiolo et al. 2004, Herzon et al. 2006, 2008,
Wretenberg et al. 2010, McKenzie et al. 2011, Berg et al. 2015). If we wish to sustain a high
diversity of species in rural regions worldwide, conservation efforts must maintain and increase
the suitability of habitats for vulnerable species by ensuring rural mosaics support favourable
semi-natural and natural habitats for wildlife.

7.3. Bird communities respond to key aspects of rural environments
This research found that, regardless of the dominant land-use, there are key attributes of rural
environments that can be identified as important for bird communities, both at the landscape
scale (Chapters 3 – 4) and at the site scale (Chapters 5 – 6). Patterns in species richness and
composition were evident across a forest-farmland-township gradient at both spatial scales.
However, some elements, notably i) natural habitat cover and ii) habitat structure, were found
to be particularly influential for determining the richness, composition and distribution of
species, at both the landscape and site scales.

7.3.1. Natural habitat cover
The forest bird community responded most strongly to the amount of forest vegetation cover
at the landscape scale and exotic species were negatively associated with its presence (Chapters
3 - 4). This is consistent with other studies on the occurrence of woodland birds in agricultural
landscapes in Australia (Barrett et al. 1994, Ford et al. 2001, Radford et al. 2005, Cunningham
et al. 2014), in which large tracts of natural forest habitat were particularly important for
increasing native species richness and diversity amongst the rural farmland mosaic (Chapter
4).

At the site scale, (Chapter 6), revegetation plantings supported relatively high richness of forest
species within modified environments (Munro et al. 2011). However, I found much variation
in the distribution patterns of individual forest species (Chapter 5). Significantly, groundforaging species (e.g. Superb Lyrebird Menura novaehollandiae, Pilotbird Pycnoptilus
floccosus) were more likely to be absent from the farmland sites and unable to use non-native
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habitat types, whereas canopy foragers (e.g. Grey Fantail Rhipidura albiscapa), were more
common, and appear to have greater ability to disperse across fragmented or modified habitat.
Other studies have also reported that larger, ground-nesting birds are less common in modified
land-uses (Coetzee and Chown 2016). This is particularly relevant for rural regions that have
undergone major landscape transitions from former forest or woodland cover, and where
species associated with the previous habitat are still likely to persist (Hobbs et al. 2018).

Native vegetation cover (forming natural or semi-natural habitat) therefore continues to remain
a high priority for protection, conservation and regeneration efforts, to maintain and increase
biodiversity in Australian rural regions (Radford et al. 2005, Fischer et al. 2006, Munro 2007,
Bennett and Watson 2011). The occurrence and cover of semi-natural habitats amongst
farmland (e.g. scattered eucalypt trees in farmland; linear strips of native vegetation) were also
important for native species in other guilds such as open tolerant and open country species
(Chapters 4, 6). Such ‘countryside’ elements are known to increase the heterogeneity of
habitats and support diverse species assemblages in rural environments (Daily et al. 2001,
Haslem and Bennett 2008b).

7.3.2. Habitat structure
The bird assemblages in the study region were also responsive to the structural complexity of
habitats, which were represented by the different types of land-use, land-cover and site types
examined in this thesis. Variation in habitat structural complexity was associated with i) the
type of environment (e.g. forest, farmland, township), and ii) wooded vegetation (e.g.
presence-absence, composition); and were relevant at both the landscape and site scale.

Firstly, at the landscape scale, the gradient in structural complexity of habitat found within
extensive natural forest, farmland and townships, was a key influence on responses of birds to
different types of land-use and land-cover (Chapter 3) and landscape properties (Chapter 4).
Typically, more forest species occurred in natural forest, open country species occurred in
cleared farmland, open tolerant and exotic species occurred in the township landscapes. The
landscapes in the middle of this gradient (e.g. grazing and lifestyle land-uses), which contained
aspects each of forest, farmland and residential structure, contained a mixed assemblage of all
four species guilds. Whether or not wooded vegetation (e.g. trees) occurred in a landscape was
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also a significant predictor of the presence or absence of different bird guilds. For example,
forest species richness increased where there were large patches of wooded vegetation, open
tolerant species richness increased in farmland with dispersed wooded cover, and open country
species richness increased in open pasture (Chapter 4). Overall the presence of wooded
vegetation appeared more important than vegetation composition (Garden et al. 2007) for
forest species occurrence at the landscape level. For example, similar average forest species
richness occurred in landscapes dominated by tree plantations and natural forest (Chapter 3).
This is consistent with previous findings where tree plantations have helped to supplement or
maintain habitat for native species in rural regions (Saunders 1974, Ruffell et al. 2017).

At the site scale, birds also responded to a gradient in structural complexity of different habitats
and site types (Chapter 6) along the forest, farmland and township gradient. For example, beta
diversity for each site type generally increased as site types became more open and less
structurally-similar to intact forest. Another important factor for determining patterns of bird
assemblages in different site types was vegetation structure across gradients of patches, linear,
scattered trees and open grassland (Chapter 6). The capacity of individual forest species to use
different site types that did not contain native vegetation significantly varied (Chapter 5).
Overall, eucalypt forest sites (including revegetation patches) remained of highest importance
for native bird diversity at the site scale and for increasing gamma diversity within study
landscapes (Chapter 6).

An important finding was that some native bird species (including some forest species) can use
modified rural habitats at both landscape and site scales (Chapters 3 – 6). It is likely that this
is due to important structural components that modified habitat can provide for species in
cleared rural environments where natural habitat is absent or lacking (e.g. for bird shelter,
perching or roosting in farmland).

Rural regions are largely comprised of designed

ecosystems, in terms of their origin (Hobbs et al. 2014, Morse et al. 2014); however, important
habitat structure can naturally develop within these regions (e.g. recruiting native vegetation
or weed patches in abandoned Australian farmland, see Chapter 6). Such developing habitats
are likely to provide increasingly important structure (and resources) for native bird
communities that persist in modified rural regions around the globe (Hobbs et al. 2009, 2014)
but the capacity of individual species to respond to, and use these habitats will vary, depending
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on the ability of species to use the structural attributes provided (Chapters 5 - 6). Consequently,
there will be many future challenges as to how to best manage modified habitat structure for
conservation in rural regions where natural habitat cover is lacking (Lindenmayer et al. 2008b,
Marris 2009, Light et al. 2013, Pitkänen et al. 2014), in a way that encourages bird community
conservation outcomes and also benefits other rural land-use objectives.

For example,

sensitive techniques will need to be developed for managing agricultural weeds that provide
important habitat structure for native species (Sogge et al. 2008, Brammar 2012, Carlos 2012,
Zedler et al. 2012).

7.4. Management and conservation actions for rural bird communities
The following recommendations are made based on the findings in this research, to improve
the future management and conservation of bird communities in rural environments. They
arise from research in this study region, but also are broadly relevant in other rural regions in
Australia and throughout the world. Possible actions for each recommendation are outlined in
Table 7.2.

7.4.1. Increase conservation action in rural regions in response to the rate of land-use change
This thesis demonstrates the significant influence that land-use has on bird assemblages and
that ongoing development (and associated loss) of wooded cover and farmland mosaics of
natural and semi-natural habitats in rural regions (e.g. for residential growth, farmland
intensification), is detrimental for many native species. Conservation actions to protect and
restore farmland mosaics with natural and semi-natural habitats for native birds, need to
increase in rural regions globally, to match the rapid rate of landscape change and the
widespread effects for birds (e.g. community homogenization and ecological traps through
urban growth, Chapter 3). However, rural regions also need to be ‘working landscapes’
(Kremen and Merenlender 2018), to support future food production for a growing human
population and provide for people’s health and well-being (e.g. lifestyle and amenity properties
away from cities). A balance will need to occur between maintaining different rural land-use
objectives and long-term habitat for diverse native species. This thesis demonstrates that all
rural land-uses can provide some opportunity for enriching habitat for native birds and it is
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important that appropriate conservation actions are undertaken at both landscape and site scales
(Table 7.2).

7.4.2. Encourage the long-term persistence of diverse native bird assemblages in rural regions
A knowledge of historic faunal assemblages (Chapter 2), and how they have responded to
landscape change (e.g. due to land-use), is important for understanding current patterns of
species distribution and also for predicting how species might change in the future as a
consequence of ongoing or new land-uses (Lunt and Spooner 2005). For conservation, historic
knowledge is particularly important for identifying which past methods have (or have not)
worked to support particular native species, how conservation action can be improved in the
future, and for reducing the impacts of the phenomenon of ‘shifting baselines’; that is, changing
human perceptions (e.g. of ‘common’ species) due to loss of experience of past conditions
(Humphries and Winemiller 2009, Papworth et al. 2009, Rittenhouse et al. 2010). Globally,
many bird communities in rural regions are declining in response to changing habitat (e.g.
through livestock over-grazing, shrub encroachment following farmland abandonment,
increasing urban area). Conservation strategies should include a focus on sustaining greater
native species richness within heterogenous rural mosaics and sites to ensure that species
remain secure long-term (Barrett et al. 1994). This can be done for some communities (e.g.
forest birds) by maintaining extensive cover of natural habitat (e.g. forest or woodland)
aggregated in large patches. Actions that will enhance the persistence of sensitive species (e.g.
ground-foraging forest birds) include increasing specific habitat at the site scale (e.g. native
shrub cover, logs and leaf litter).

While a range of species (e.g. open country and open tolerant birds) are likely to persist in rural
mosaics (subject to the availability of farmland mosaics as discussed above), forest species are
of concern for conservation in Australian rural regions and will require greater focus for
conservation action. Recommendations include monitoring the distribution, behaviour and
resource use of native species (including in modified habitats), carefully limiting further habitat
loss and protecting existing habitat (e.g. scattered trees, remnant patches), planting new native
vegetation (e.g. revegetation patches), reducing livestock access and grazing of natural habitat
(e.g. around water courses, windbreaks), and controlling predators (e.g. cats, foxes) (Table
7.2).
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7.4.3. Both land sparing and land sharing are needed to protect and enhance natural habitat
for native species in rural regions
For rural regions to retain high conservation values into the future, a combination of both land
sparing and land sharing conservation methods will be required. Firstly, protecting and
regenerating extensive tracts of native habitat (e.g. forest and woodlands) across large areas of
land (e.g. >1000 ha reserves in the study region) primarily for conservation, is crucial. Land
sparing is particularly important for many native species (such as ground-dwelling forest birds,
Superb Lyrebird or Pilotbird) that rely on intact natural habitat with limited disturbance from
humans or invasive edge species. However land sparing is also essential for widespread
species of forest communities (e.g. Crimson Rosella Platycercus elegans, Grey Fantail) by
providing for large source populations. To maintain their conservation values such source
areas will need strong protection, particularly if land-use on the boundaries intensifies.
Schemes that promote large green corridors through a region (particularly connecting isolated
habitat patches across a range of diverse environments such as forest, farmland and townships),
will importantly assist with species movements through modified habitats, and potentially also
aid adaptation to changing climate (Pecl et al. 2017). Appropriate management to reduce the
effects of invasive plants (e.g. Blackberry Rubus fruticosus) and animals (e.g. feral pigs, deer)
is also important for maintaining high quality habitat in source areas.

Land sharing (i.e. maintaining habitats for conservation within and among productive
farmland) is also important for supporting the local persistence of rural biodiversity. As
discussed previously, a diverse array of native vegetation and semi-natural habitat (e.g. wooded
habitats dispersed amongst pasture areas) within and amongst different land-uses in rural
regions is needed to sustain bird assemblages at site and landscape scales. This includes
protecting, regenerating and creating smaller patches of natural and semi-natural habitat within
the rural matrix (e.g. in gardens, beside roadsides, in gullies, windbreaks), using regenerative
farming practices and green urban spaces (e.g. green walls, rooftop gardens) (Table 7.2).
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Table 7.2. Recommendations and suggestions for conservation actions for bird communities in rural regions.
Recommendation

Suggestions for practical application

Increase conservation action in rural
regions in response to the rate of landuse change

▪ Protect farmland mosaics for rural biodiversity from over-development and urbanisation by limiting and
controlling intensive land-uses (e.g. urban growth, intensive agriculture). Set and abide by careful planning
boundaries to limit urban growth and protect land zones for particular use (e.g. conservation or agricultural
zones).
▪ Increase revegetation and restoration practices using different vegetation layers (e.g. understorey, midstorey,
canopy) in different types of land-use (e.g. on lifestyle properties, farmland, townships). Protect from
disturbance (e.g. long-term intensive livestock grazing, vehicles).
▪ Encourage diverse habitats and land-cover in farmland and townships (e.g. grasses/lawn, natural forest,
gardens, linear vegetation, wetlands), rather than widespread monoculture crops/pasture in farmland or
concrete in urban areas.
▪ Support grassroots community initiatives which promote and encourage sustainable land-use (e.g. Landcare
groups (Campbell and Siepen 1994).
▪ Create opportunities for connections between previous and new land managers (e.g. between retired farmers
and new lifestyle property owners, i.e. ‘This Farm Needs a Farmer’ program (Connors 2019)); to improve the
transfer of local knowledge and reduce farmland neglect which may impact native species.

Encourage the long-term persistence of
diverse native bird assemblages in rural
regions

▪ Identify what conservation methods have (or not) worked in the past to support native species (e.g. record
species within different conservation sites).
▪ Monitor the distribution, behaviour and resource use of populations of native species (including threatened
species) in different rural environments at both site and landscape scales (e.g. using wildlife cameras, bird
counts).
▪ Increase specific habitat for declining individual species (e.g. native shrub cover, logs and leaf litter for
ground-dwelling forest species).
▪ Monitor and control predation risk (e.g. control movement of pet cats).
▪ Limit further habitat loss and fragmentation - protect/maintain/manage existing stands of native habitat (e.g.
fence remnant vegetation and scattered trees off from livestock, protect trees and branches with hollows).
▪ Plant new native vegetation (e.g. revegetation patches, agroforestry, establish missing vegetation layers such
as ground cover in remnant patches).
▪ Monitor and protect native species using modified habitats (e.g. on roadsides, in gardens).
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Table 7.2. continued
Recommendation

Suggestions for practical application

Both land sparing and land
sharing are needed to protect
and enhance natural habitat for
native species in rural regions

Land sparing:
▪ Increase the number of large source areas (e.g. >1000 ha reserves) in the region and their connectivity with
other source areas (e.g. green corridors linking patches of habitat in neighbouring properties/townships or
across entire regions).
▪ Protect existing patches of natural habitat (e.g. forest, woodland) from clearing and fragmentation adjacent
to intensive land-use.
▪ Improve the management of invasive species (e.g. feral pigs, deer, blackberry) in forest areas to enhance
habitat quality for native species.
▪ Control, reduce or remove human disturbance in parks and reserves (e.g. vehicle tracks, camping, firewood
collection, rubbish dumping).
Land sharing:
▪ Promote a diverse array of natural and semi-natural habitats in rural regions (e.g. wooded habitats dispersed
amongst areas of pasture, reduce areas of mown grass in urban areas).
▪ Support, encourage and implement strategic initiatives for habitat restoration such as carbon offset
plantings, revegetation of abandoned farmland (in formerly forested regions), and zoning of land for
conservation.
▪ Protect, regenerate and create small patches of natural and semi-natural habitat in areas unsuitable for other
land-use (beside roadsides, on steep eroded slopes, marshy paddocks, between logging coupes, surrounding
dams).
▪ Inform and increase awareness of the agricultural, economical and conservation benefits of regenerative
farming (e.g. planting trees for livestock fodder or shade in pasture, wind protection from native linear
habitats, sowing native grasses in pasture, low-intensity rotational grazing of pasture) (Massy 2017).
▪ Plant, protect and re-establish diverse native vegetation in residential areas (e.g. beside rail-lines, on
streetscapes, in parks, mulched garden beds and shrubby cover (instead of paved concrete) in gardens).
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7.5. Further research direction for bird conservation in rural regions
This study has provided a snapshot perspective of a diurnal, terrestrial bird community in
relation to different rural land-uses and habitats, from data collected over a relatively short
period of time (2014 – 2015). As established in this thesis, rural bird communities are dynamic
in response to different types of land-use and associated environments, and further changes in
bird assemblages are likely to occur in response to future rural landscape change. Greater
understanding of additional factors that affect rural species, which could not be included in this
study, could also assist to direct future conservation to protect rural bird communities from
changing land-uses. This includes further insights into i) the temporal responses of bird
communities to changes in rural land-use and modified habitats over time, and ii) the human
dimensions of conservation, the interactions between people and wildlife in rural regions where
rapid population growth is occurring (Table 7.3).

Firstly, further research of how bird communities respond over time to changing rural
landscapes and habitats will build on the insights gained in this study. Research on long-term
seasonal and annual changes in bird community composition, and the movements of species in
modified environments, could provide valuable insight into potential behavioural changes (e.g.
foraging and resource use, breeding/population dynamics) of species persisting within different
rural land-use trajectories and modified habitat over time. Further research is also required to
better understand the effect of additional factors associated with rural landscape change, which
were not addressed here. This includes examining the effects of habitat modification and
fragmentation on the genetic diversity of species; investigating factors which might increase
predation risk or competitive interactions with invasive species in areas of different land-use;
and understanding the distribution of individual plant species (native or exotic) which provide
important resources for native birds in modified environments (e.g. in farmland, town
backyards).

Secondly, research relating to the human dimensions of conservation (i.e. the interactions
between people and wildlife), will be important for conservation in rural regions that are
experiencing rapid human population growth. This includes greater understanding of social
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factors that will improve uptake of bird conservation by rural land managers and communities
(e.g. education and awareness programs of regenerative and sustainable land management
practices to reduce land abuse, farmland abandonment and loss of biodiversity); as well as
understanding additional factors which may influence bird assemblages in rural environments
(e.g. effects of backyard bird feeders, or individual species tolerance levels of human presence).

7.6. Towards a sustainable future in changing rural landscapes
Finally, hope, which involves positive vision, strategy and tactics (Hobbs 2000), has the ‘elixir
of action’ (Morton 2017). Hope for a better future is important for encouraging and equipping
more people to implement sustainable rural land-uses; to protect, restore and actively promote
diverse natural ecosystems and native wildlife within rural regions (Hobbs 2000, Massy 2017);
while also increasing agricultural productivity and providing for the co-existence and
enjoyment of people in rural regions across the globe.
In the words of Wendell Berry (1993), we do not own the world, yet ‘all of us are makers,
within mortal terms and limits, of our lives, of one another’s lives, of things we need and use’.
This thesis demonstrates how humans have caused (and are predicted to continue) changes to
bird communities through land-use and management practices in rural landscapes.

By

understanding the effects that we as humans have on other creatures and our environment
(either directly or indirectly), we are led to a greater understanding of ourselves (McInnes 2013,
Massy 2017). This can lead to positive growth and transformation, inspiring us to work
towards greater sustainability in rural regions of the future.
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Table 7.3. Recommendations for future research to gain further understanding for the conservation of rural bird assemblages.
Research direction/theme

i)

Research questions

Responses of bird communities to changes in rural land-use and modified habitats over time

On-going monitoring of the
composition and behaviour of
communities and individual species in
response to changing rural land-use
and habitat modification

▪ What bird communities (e.g. native or introduced terrestrial, wetland or nocturnal species) are persisting (e.g. becoming
more abundant) or declining in rural regions over time (e.g. seasonally, annually)?
▪ What are the long-term effects of different land-use trajectories and habitat modification for bird communities (e.g.
composition, dispersal, breeding) and for individual species (e.g. behavioural changes, species traits, foraging and
resource use)?

Examine additional factors associated
with rural landscape change which
might influence species occurrence

▪ How does habitat modification and fragmentation affect the genetic diversity of native species? What level of genetic
diversity occurs in species populations using modified environments (e.g. in townships or farmland) or fragmented forest
patches (e.g. ground-dwelling forest birds)?
▪ Which native birds are more susceptible to predation and competitive interactions from invasive species and within what
types of rural land-use? How might this be reduced?
▪ What individual plant species (native or exotic) provide important resources for native birds (especially threatened
species) in modified environments and how are they distributed across rural regions (e.g. do/can they occur in farmland or
gardens)?

ii)

Interactions between people and wildlife in changing rural regions

Examine social factors that will
improve conservation actions by rural
land managers and communities

▪ Which land managers are more (or less) likely to undertake holistic, sustainable and environmentally friendly land
management practices (e.g. regenerative agriculture)? Which are the most effective education and awareness programs
for rural communities and land managers, to build understanding of the importance of resilient and sustainable land
management practices (and reduce land abuse, farmland abandonment and loss of biodiversity on private land)?

Examine what interactions occur
between wildlife and people in rural
land-uses/environments and the effect
of these on native bird communities

▪ What interactions occur between people and wildlife in different types of rural land-use (e.g. on farms, lifestyle properties,
towns) and what is the effect of these on native bird communities? E.g. Can backyard bird feeders increase the presence of
exotic and generalist species in a garden and broader area? Which species are more (or less) tolerant of human presence
(e.g. are common native species more tolerant of humans and therefore more likely to inhabit towns)?

Appendices

Plate 14. Spring in the Strzelecki Ranges; a) spider web in flowering Blackwood (Acacia
melanoxylon), b) Eastern Yellow Robin (Eopsaltria australis) fledgling, c) Common Heath
(Epacris impressa) in forest leaf litter.
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Appendix A. Terrestrial species (n = 108) detected in area searches in the western half of the Strzelecki Ranges bioregion, 1997-2002 (New Atlas of Australian
Birds) (Barrett et al. 2003). Habitat classification from Radford and Bennett (2005). Reporting rate is the proportion of total surveys (lists) in which each species
was detected (n = 257). Species detected in ≤1 list were excluded. Status classification is based on reporting rate, rare; reporting rate <0.05, moderate ≥0.05<0.30,
common ≥0.30. Distribution is the percentage of landscape units that species were represented in (n = 10).
Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

Brown Thornbill

Acanthiza pusilla

Acanthizidae

forest

common

0.66

100

Buff-rumped Thornbill

Acanthiza reguloides

Acanthizidae

forest

rare

0.02

20

Large-billed Scrubwren

Sericornis magnirostris

Acanthizidae

forest

rare

0.02

10

Striated Fieldwren

Calamanthus fuliginosus

Acanthizidae

open tolerant

rare

0.01

10

Striated Thornbill

Acanthiza lineata

Acanthizidae

forest

common

0.32

90

White-browed Scrubwren

Sericornis frontalis

Acanthizidae

forest

common

0.46

80

Yellow Thornbill

Acanthiza nana

Acanthizidae

forest

rare

0.02

30

Yellow-rumped Thornbill

Acanthiza chrysorrhoa

Acanthizidae

open tolerant

moderate

0.22

80

Black-shouldered Kite

Elanus axillaris

Accipitridae

open country

moderate

0.07

40

Brown Goshawk

Accipiter fasciatus

Accipitridae

forest

moderate

0.11

20

Collared Sparrowhawk

Accipiter cirrocephalus

Accipitridae

forest

rare

0.01

20

Swamp Harrier

Circus approximans

Accipitridae

open country

moderate

0.08

20

Wedge-tailed Eagle

Aquila audax

Accipitridae

open tolerant

moderate

0.13

50

Whistling Kite

Haliastur sphenurus

Accipitridae

open country

rare

0.02

20

Australian Reed-warbler

Acrocephalus australis

Acrocephalidae

open country

moderate

0.07

50
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Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

Eurasian Skylark

Alauda arvensis

Alaudidae

exotic

rare

0.01

20

Laughing Kookaburra

Dacelo novaeguineae

Alcedinidae

open tolerant

common

0.63

90

Sacred Kingfisher

Todiramphus sanctus

Alcedinidae

forest

rare

0.02

30

White-throated Needletail

Hirundapus caudacutus

Apodidae

open country

rare

0.02

10

Australian Magpie

Cracticus tibicen

Artamidae

open country

common

0.90

100

Dusky Woodswallow

Artamus cyanopterus

Artamidae

forest

moderate

0.09

30

Grey Butcherbird

Cracticus torquatus

Artamidae

open tolerant

common

0.40

80

Grey Currawong

Strepera versicolor

Artamidae

forest

rare

0.03

40

Pied Currawong

Strepera graculina

Artamidae

forest

common

0.35

70

Galah

Eolophus roseicapillus

Cacatuidae

open country

common

0.40

60

Gang-gang Cockatoo

Callocephalon fimbriatum

Cacatuidae

forest

moderate

0.26

50

Little Corella

Cacatua sanguinea

Cacatuidae

open tolerant

rare

0.02

40

Sulphur-crested Cockatoo

Cacatua galerita

Cacatuidae

open tolerant

moderate

0.15

60

Yellow-tailed Black Cockatoo

Calyptorhynchus funereus

Cacatuidae

forest

common

0.39

50

Black-faced Cuckoo-shrike

Coracina novaehollandiae

Campephagidae

open tolerant

moderate

0.22

80

Masked Lapwing

Vanellus miles

Charadriidae

open country

moderate

0.28

60

Red-browed Treecreeper

Climacteris erythrops

Climacteridae

forest

rare

0.02

10

160
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Appendix A. continued
Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

White-throated Treecreeper

Cormobates leucophaea

Climacteridae

forest

common

0.36

80

Brush Bronzewing

Phaps elegans

Columbidae

forest

rare

0.04

10

Common Bronzewing

Phaps chalcoptera

Columbidae

forest

rare

0.03

30

Peaceful Dove

Geopelia placida

Columbidae

forest

rare

0.02

20

Rock Dove

Columba livia

Columbidae

exotic

rare

0.01

20

Spotted Turtle-dove

Streptopelia chinensis

Columbidae

exotic

moderate

0.28

70

Australian Raven

Corvus coronoides

Corvidae

open country

common

0.33

80

Little Raven

Corvus mellori

Corvidae

open country

moderate

0.16

80

Fan-tailed Cuckoo

Cacomantis flabelliformis

Cuculidae

forest

moderate

0.11

70

Horsfield's Bronze-cuckoo

Chalcites basalis

Cuculidae

forest

rare

0.04

50

Pallid Cuckoo

Heteroscenes pallidus

Cuculidae

open tolerant

rare

0.02

30

Shining Bronze-cuckoo

Chalcites lucidus

Cuculidae

forest

moderate

0.05

60

Mistletoebird

Dicaeum hirundinaceum

Dicaeidae

forest

rare

0.04

60

Red-browed Finch

Neochmia temporalis

Estrildidae

forest

common

0.33

90

Australian Hobby

Falco longipennis

Falconidae

open tolerant

rare

0.01

20

Brown Falcon

Falco berigora

Falconidae

open country

moderate

0.06

40

Nankeen Kestrel

Falco cenchroides

Falconidae

open country

moderate

0.05

40

Peregrine Falcon

Falco peregrinus

Falconidae

open tolerant

rare

0.02

30
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Appendix A. continued
Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

Crested Shrike-tit

Falcunculus frontatus

Falcunculidae

forest

moderate

0.09

30

Common Greenfinch

Chloris chloris

Fringillidae

exotic

moderate

0.10

40

European Goldfinch

Carduelis carduelis

Fringillidae

exotic

common

0.38

90

Fairy Martin

Petrochelidon ariel

Hirundinidae

open country

rare

0.02

20

Tree Martin

Petrochelidon nigricans

Hirundinidae

forest

rare

0.04

20

Welcome Swallow

Hirundo neoxena

Hirundinidae

open country

common

0.51

80

Little Grassbird

Poodytes gramineus

Locustellidae

open country

rare

0.01

20

Superb Fairy-wren

Malurus cyaneus

Maluridae

forest

common

0.71

100

Bell Miner

Manorina melanophrys

Meliphagidae

forest

rare

0.02

20

Brown-headed Honeyeater

Melithreptus brevirostris

Meliphagidae

forest

rare

0.04

60

Crescent Honeyeater

Phylidonyris pyrrhopterus

Meliphagidae

forest

moderate

0.09

70

Eastern Spinebill

Acanthorhynchus tenuirostris

Meliphagidae

forest

common

0.49

90

Lewin's Honeyeater

Meliphaga lewinii

Meliphagidae

forest

moderate

0.23

30

Little Wattlebird

Anthochaera chrysoptera

Meliphagidae

forest

moderate

0.06

60

New Holland Honeyeater

Phylidonyris
novaehollandiae

Meliphagidae

open tolerant

common

0.47

80

Noisy Miner

Manorina melanocephala

Meliphagidae

open tolerant

moderate

0.21

50

Red Wattlebird

Anthochaera carunculata

Meliphagidae

forest

common

0.49

80

White-eared Honeyeater

Nesoptilotis leucotis

Meliphagidae

forest

moderate

0.18

80
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Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

White-fronted Chat

Epthianura albifrons

Meliphagidae

open country

rare

0.01

10

White-naped Honeyeater

Melithreptus lunatus

Meliphagidae

forest

moderate

0.22

60

White-plumed Honeyeater

Ptilotula penicillatus

Meliphagidae

open tolerant

rare

0.04

50

Yellow-faced Honeyeater

Caligavis chrysops

Meliphagidae

forest

common

0.31

80

Yellow-tufted Honeyeater

Lichenostomus melanops

Meliphagidae

forest

rare

0.02

10

Superb Lyrebird

Menura novaehollandiae

Menuridae

forest

rare

0.04

20

Magpie-lark

Grallina cyanoleuca

Monarchidae

open country

common

0.60

100

Restless Flycatcher

Myiagra inquieta

Monarchidae

open tolerant

rare

0.02

20

Satin Flycatcher

Myiagra cyanoleuca

Monarchidae

forest

moderate

0.10

80

Varied Sitella

Daphoenositta chrysoptera

Neosittidae

forest

moderate

0.07

50

Olive-backed Oriole

Oriolus sagittatus

Oriolidae

forest

rare

0.01

30

Grey Shrike-thrush

Colluricincla harmonica

Pachycephalidae

forest

common

0.66

100

Golden Whistler

Pachycephala pectoralis

Pachycephalidae

forest

common

0.31

90

Olive Whistler

Pachycephala olivacea

Pachycephalidae

forest

rare

0.02

20

Rufous Whistler

Pachycephala rufiventris

Pachycephalidae

forest

moderate

0.16

80

Spotted Pardalote

Pardalotus punctatus

Pardalotidae

forest

moderate

0.19

80

Striated Pardalote

Pardalotus striatus

Pardalotidae

open tolerant

moderate

0.15

60

Eurasian Tree Sparrow

Passer montanus

Passeridae

exotic

rare

0.01

20
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Appendix A. continued
Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

House Sparrow

Passer domesticus

Passeridae

exotic

common

0.43

70

Eastern Yellow Robin

Eopsaltria australis

Petroicidae

forest

common

0.47

90

Flame Robin

Petroica phoenicea

Petroicidae

open tolerant

rare

0.01

20

Jacky Winter

Microeca fascinans

Petroicidae

forest

rare

0.02

20

Rose Robin

Petroica rosea

Petroicidae

forest

rare

0.01

20

Scarlet Robin

Petroica multicolor

Petroicidae

forest

moderate

0.15

60

Tawny Frogmouth

Podargus strigoides

Podargidae

forest

moderate

0.09

40

Australian King Parrot

Alisterus scapularis

Psittaculidae

forest

common

0.39

50

Blue-winged Parrot

Neophema chrysostoma

Psittaculidae

open tolerant

rare

0.01

30

Crimson Rosella

Platycercus elegans

Psittaculidae

forest

common

0.71

90

Eastern Rosella

Platycercus eximius

Psittaculidae

open tolerant

common

0.47

80

Eastern Whipbird

Psophodes olivaceus

Psophodidae

forest

common

0.32

60

Grey Fantail

Rhipidura albiscapa

Rhipiduridae

forest

common

0.66

100

Rufous Fantail

Rhipidura rufifrons

Rhipiduridae

forest

rare

0.04

50

Willie Wagtail

Rhipidura leucophrys

Rhipiduridae

open country

common

0.37

90

Southern Boobook

Ninox novaeseelandiae

Strigidae

forest

moderate

0.05

40

Common Myna

Acridotheres tristis

Sturnidae

exotic

common

0.31

80

Common Starling

Sturnus vulgaris

Sturnidae

exotic

common

0.57

80
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Species

Family

Habitat

Status

Reporting Rate

Distribution (%)

Bassian Thrush

Zoothera lunulata

Turdidae

forest

moderate

0.12

40

Common Blackbird

Turdus merula

Turdidae

exotic

common

0.74

90

Song Thrush

Turdus philomelos

Turdidae

exotic

rare

0.01

10

Silvereye

Zosterops lateralis

Zosteropidae

open tolerant

moderate

0.28

100

Appendices
Appendix B. Description of land-use types sampled by study landscapes.
Land-uses represent the dominant activity in study landscapes.

Land-use type

Description

Township

Small rural towns (population 500 – 1700) surrounded by
open farmland.

Lifestyle

Small farms (farmlet) or low-density rural properties on
subdivided agricultural land (typically 0.4 - 20 ha).

Dairy farming

Farmland managed for production of dairy goods. Intense
grazing of pasture by cattle on a rotational basis with
selected areas set aside for feed supplement (e.g. silage)
and infrastructure (e.g. effluent ponds, milking sheds).

Beef grazing

Farmland managed for production of meat (typically beef)
products. Grazing of cattle usually occurs through set
stocking of paddocks; pasture length/quality varies
depending on stocking rate and management.

Horticulture

Large-scale monoculture orchards/crops (apple, potato,
peas, flowers) cultivated for commercial use, in valleys
with red ferrosol soils.

Plantation

Hardwood (Eucalyptus globulus) or softwood (Pinus
radiata) timber tree plantation established and logged for
commercial use.

Natural forest

Intact indigenous eucalypt forest with a variety of
vegetation layers, limited weed cover and no livestock
grazing.
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Appendix C. Classification of terrestrial bird species detected in point counts in study
landscapes, 2014 - 2015. National status is the risk of species extinction in Australia in
July 2015 assessed using IUCN Red List criteria where: NT (near threatened), LC
(least concern), intro (introduced) (Garnett et al. 2015). None of the species were
included in the Flora and Fauna Guarantee Act 1988 advisory list for threatened
species in Victoria, May 2014 (Garnett et al. 2015).

Species

Response
group

Australasian Pipit

Anthus novaeseelandiae

open country

No.
landscapes
(n = 25)
6

National
status
(Aust)
LC

Australian Hobby

Falco longipennis

open tolerant

3

LC

Australian King Parrot

Alisterus scapularis

forest

14

LC

Australian Magpie

Cracticus tibicen

open country

25

LC

Australian Raven

Corvus coronoides

open country

25

LC

Bassian Thrush

Zoothera lunulata

forest

4

LC

Black-faced Cuckoo-shrike

Coracina novaehollandiae

open tolerant

13

LC

Black-shouldered Kite

Elanus axillaris

open country

7

LC

Brown Falcon

Falco berigora

open country

3

LC

Brown Gerygone

Gerygone mouki

forest

2

LC

Brown Goshawk

Accipiter fasciatus

forest

2

LC

Brown Quail

Coturnix ypsilophora

forest

1

LC

Brown Thornbill

Acanthiza pusilla

forest

24

LC

Brown Treecreeper

Climacteris picumnus

forest

3

LC

Brush Bronzewing

Phaps elegans

forest

2

LC

Buff-rumped Thornbill

Acanthiza reguloides

forest

3

LC

Common Blackbird

Turdus merula

exotic

25

intro

Common Greenfinch

Chloris chloris

exotic

4

intro

Common Myna

Acridotheres tristis

exotic

16

intro

Common Starling

Sturnus vulgaris

exotic

22

intro

Crescent Honeyeater

Phylidonyris pyrrhopterus

forest

10

LC

Crested Pigeon

Ocyphaps lophotes

open country

3

LC

Crested Shrike-tit

Falcunculus frontatus

forest

6

LC

Crimson Rosella

Platycercus elegans

forest

25

LC

Eastern Rosella

Platycercus eximius

open tolerant

19

LC

Eastern Spinebill

forest

20

LC

Eastern Whipbird

Acanthorhynchus
tenuirostris
Psophodes olivaceus

forest

5

LC

Eastern Yellow Robin

Eopsaltria australis

forest

17

LC

Eurasian Skylark

Alauda arvensis

exotic

9

intro

European Goldfinch

Carduelis carduelis

exotic

15

intro

Fairy Martin

Petrochelidon ariel

open country

2

LC

Fan-tailed Cuckoo

Cacomantis flabelliformis

forest

16

LC
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Species

Response
group

Flame Robin

Petroica phoenicea

open tolerant

No.
landscapes
(n = 25)
10

National
status
(Aust)
NT

Galah

Eolophus roseicapillus

open country

19

LC

Gang-gang Cockatoo

Callocephalon fimbriatum

forest

1

LC

Golden Whistler

Pachycephala pectoralis

forest

20

LC

Grey Butcherbird

Cracticus torquatus

open tolerant

25

LC

Grey Currawong

Strepera versicolor

forest

8

LC

Grey Fantail

Rhipidura albiscapa

forest

25

LC

Grey Shrike-thrush

Colluricincla harmonica

forest

23

LC

House Sparrow

Passer domesticus

exotic

17

intro

Laughing Kookaburra

Dacelo novaeguineae

open tolerant

24

LC

Lewin's Honeyeater

Meliphaga lewinii

forest

14

LC

Little Corella

Cacatua sanguinea

open tolerant

21

LC

Little Eagle

Hieraaetus morphnoides

open tolerant

2

LC

Little Raven

Corvus mellori

open country

22

LC

Little Wattlebird

Anthochaera chrysoptera

forest

12

LC

Magpie-lark

Grallina cyanoleuca

open country

23

LC

Masked Lapwing

Vanellus miles

open country

15

LC

Mistletoebird

Dicaeum hirundinaceum

forest

5

LC

Nankeen Kestrel

Falco cenchroides

open country

3

LC

New Holland Honeyeater

Phylidonyris novaehollandiae

open tolerant

13

LC

Noisy Miner

Manorina melanocephala

open tolerant

8

LC

Olive Whistler

Pachycephala olivacea

forest

5

LC

Pallid Cuckoo

Cacomantis pallidus

open tolerant

1

LC

Peregrine Falcon

Falco peregrinus

open tolerant

2

LC

Pied Currawong

Strepera graculina

forest

19

LC

Pilotbird

Pycnoptilus floccosus

forest

2

LC

Rainbow Lorikeet

Trichoglossus haematodus

open tolerant

7

LC

Red Wattlebird

Anthochaera carunculata

forest

25

LC

Red-browed Finch

Neochmia temporalis

forest

14

LC

Rose Robin

Petroica rosea

forest

1

LC

Rufous Fantail

Rhipidura rufifrons

forest

1

LC

Rufous Whistler

Pachycephala rufiventris

forest

5

LC

Scarlet Robin

Petroica multicolor

forest

3

LC

Shining Bronze-cuckoo

Chalcites lucidus

forest

20

LC

Silvereye

Zosterops lateralis

open tolerant

24

LC

Spotted Dove

Streptopelia chinensis

exotic

12

intro

168

Appendices
Appendix C. continued
Species

Response
group

No.
landscapes
(n = 25)
13

National
status
(Aust)
LC

Spotted Pardalote

Pardalotus punctatus

forest

Striated Pardalote

Pardalotus striatus

open tolerant

21

LC

Striated Thornbill

Acanthiza lineata

forest

22

LC

Stubble Quail

Coturnix pectoralis

open country

6

LC

Sulphur-crested Cockatoo

Cacatua galerita

open tolerant

14

LC

Superb Fairy-wren

Malurus cyaneus

forest

25

LC

Superb Lyrebird

Menura novaehollandiae

forest

3

LC

Tree Martin

Petrochelidon nigricans

forest

5

LC

Wedge-tailed Eagle

Aquila audax

open tolerant

15

LC

Welcome Swallow

Hirundo neoxena

open country

23

LC

White-browed Scrubwren

Sericornis frontalis

forest

24

LC

White-eared Honeyeater

Lichenostomus leucotis

forest

5

LC

White-naped Honeyeater

Melithreptus lunatus

forest

4

LC

White-plumed Honeyeater

Lichenostomus penicillatus

open tolerant

4

LC

White-throated Treecreeper

Cormobates leucophaea

forest

7

LC

Willie Wagtail

Rhipidura leucophrys

open country

16

LC

Yellow Thornbill

Acanthiza nana

forest

4

LC

Yellow-faced Honeyeater

Lichenostomus chrysops

forest

25

LC

Yellow-rumped Thornbill

Acanthiza chrysorrhoa

open tolerant

11

LC

Yellow-tailed Black-cockatoo

Calyptorhynchus funereus

forest

21

LC
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Appendix D. Results from pair-wise multivariate ANOVA tests of differences between land-use
types in the proportional composition of land-covers (see Table 1) (F6,18 = 10.86, p = 0.001).
Significant differences are highlighted in bold. Note that small sample sizes for natural forest (n =
2) limit the comparison between this and other types of land-use.

Land-use pairing

Df

t-stat

Pr(>F)

beef grazing – dairy farming

1,6

0.099

0.356

beef grazing - horticulture

1,5

0.516

0.043

beef grazing - lifestyle

1,6

0.302

0.025

beef grazing – natural forest

1,4

1.056

0.067

beef grazing - plantation

1,6

0.846

0.041

beef grazing - township

1,6

0.816

0.032

dairy farming - horticulture

1,5

0.469

0.033

dairy farming - lifestyle

1,6

0.207

0.163

dairy farming – natural forest

1,4

0.994

0.067

dairy farming - plantation

1,6

0.784

0.033

dairy farming - township

1,6

0.774

0.028

horticulture - lifestyle

1,5

0.393

0.058

horticulture – natural forest

1,3

0.988

0.100

horticulture - plantation

1,5

0.767

0.057

horticulture - township

1,5

0.593

0.062

lifestyle – natural forest

1,4

0.938

0.067

lifestyle - plantation

1,6

0.698

0.032

lifestyle - township

1,6

0.616

0.037

natural forest - plantation

1,4

0.839

0.067

natural forest - township

1,4

1.026

0.067

plantation - township

1,6

0.894

0.027
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Appendix E. Results from pair-wise multivariate ANOVA tests of differences in species
composition between land-use types (F6,18 = 4.47, p = 0.001). Significant differences are
highlighted in bold. Note that small sample sizes for natural forest (n = 2) limit the comparison
between this and other types of land-use.

Land-use pairing

Df

t-stat

Pr(>F)

beef grazing – dairy farming

1,6

0.170

0.784

beef grazing - horticulture

1,5

0.203

0.287

beef grazing - lifestyle

1,6

0.271

0.023

beef grazing – natural forest

1,4

0.542

0.067

beef grazing - plantation

1,6

0.424

0.030

beef grazing - township

1,6

0.152

0.021

dairy farming - horticulture

1,5

0.275

0.130

dairy farming - lifestyle

1,6

0.314

0.057

dairy farming – natural forest

1,4

0.590

0.067

dairy farming - plantation

1,6

0.484

0.030

dairy farming - township

1,6

0.338

0.022

horticulture - lifestyle

1,5

0.236

0.026

horticulture – natural forest

1,3

0.474

0.100

horticulture - plantation

1,5

0.376

0.028

horticulture - township

1,5

0.326

0.059

lifestyle – natural forest

1,4

0.444

0.067

lifestyle - plantation

1,6

0.329

0.023

lifestyle - township

1,6

0.334

0.029

natural forest - plantation

1,4

0.276

0.133

natural forest - township

1,4

0.632

0.067

plantation - township

1,6

0.564

0.032
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Appendix F. Forest bird species detected in the western Strzelecki Ranges (2014 - 2015), response variables for each species and values for species traits (predictor
variables). Descriptions of response variables are given in Section 5.3.5, and for species traits in Table 5.1.
Species

Response variables
site

Australian King Parrot

Alisterus scapularis

landscape
13

Bassian Thrush

Zoothera lunulata

2

Brown Gerygone

Gerygone mouki

Brown Goshawk

Predictor variables
site
diversity
0.90

comp1

comp2

8

report
rate
0.34

wing
shape
341

migratory
strategy
partial

habitat

diet

nest

eggs

-0.582

brain
mass
0.20

canopy

frugivore

12.90

4.50

forest
sites
0

0.220

2

0.03

0.69

-0.438

-0.125

0.05

150

local

ground

insectivore

3.70

2.06

0

0

0

0.00

-

-

-

0.00

143

local

tall shrubs

insectivore

3.20

2.90

5

Accipiter fasciatus

1

1

0.01

0.00

-0.344

-0.086

0.04

426

partial

ground

vertebrates

22.00

3.10

0

Brown Quail

Coturnix ypsilophora

1

1

Brown Thornbill

Acanthiza pusilla

18

87

0.01

0.00

0.043

0.043

-0.28

65

partial

ground

granivore

0.10

7.90

0

0.86

1.33

-0.446

-0.353

0.05

100

local

low shrubs

insectivore

0.78

2.87

20

Brown Treecreeper

Climacteris picumnus

2

1

0.03

0.00

-0.258

0.172

0.03

168

local

canopy

insectivore

4.00

2.65

1

Brush Bronzewing

Phaps elegans

0

0

0.00

-

-

-

-0.23

149

local

ground

granivore

2.60

2.00

1

Buff-rumped Thornbill
Crescent Honeyeater

Acanthiza reguloides

1

1

0.01

0.00

-0.129

0

-0.01

138

local

ground

insectivore

2.05

3.60

2

Phylidonyris pyrrhoptera

4

2

0.05

0.00

-0.313

-0.313

0.08

175

partial

tall shrubs

nectarivore

1.26

2.54

4

Crested Shrike-tit

Falcunculus frontatus

3

3

0.04

0.00

-0.158

-0.184

0.16

203

local

canopy

insectivore

15.70

2.00

2

Crimson Rosella

Platycercus elegans

19

70

0.83

1.39

-0.656

-0.311

0.26

299

local

canopy

granivore

7.24

5.50

16

Eastern Spinebill
Eastern Whipbird

Acanthorhynchus tenuirostris
Psophodes olivaceus

14
1

22
2

0.34
0.05

1.14
0.69

-0.176
-0.387

-0.743
0.129

-0.02
0.21

185
111

partial
local

canopy
ground

nectarivore
insectivore

3.10
1.10

2.20
2.00

8
12

Eastern Yellow Robin

Eopsaltria australis

11

21

0.45

1.14

-0.723

-0.496

0.08

207

local

ground

insectivore

2.50

2.30

12

Fan-tailed Cuckoo

Cacomantis flabelliformis

10

2

0.17

0.00

-0.094

0.250

-0.07

405

partial

tall shrubs

insectivore

0.70

1.00

2

Gang-gang Cockatoo

Callocephalon fimbriatum

0

0

0.00

-

-

-

0.38

423

partial

canopy

granivore

23.30

2.00

0

Golden Whistler

Pachycephala pectoralis

14

25

0.51

0.86

-0.770

-0.267

0.12

144

partial

tall shrubs

insectivore

3.30

2.20

12
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Appendix F. continued
Species

Response variables
site

Grey Currawong

Strepera versicolor

landscape
2

Grey Fantail

Rhipidura albiscapa

Grey Shrike-thrush
Lewin’s Honeyeater

Predictor variables
site
diversity
0.00

comp1

comp2

1

report
rate
0.04

wing
shape
363

migratory
strategy
partial

habitat

diet

nest

eggs

0.301

brain
mass
0.17

ground

vertebrates

13.70

2.60

forest
sites
0

-0.172

19

89

0.99

1.29

-0.437

-0.241

-0.08

356

partial

canopy

insectivore

3.30

2.66

16

Colluricincla harmonica

17

49

0.86

Meliphaga lewinii

9

6

0.21

1.25

-0.809

-0.241

0.14

206

local

canopy

insectivore

2.40

3.00

9

1.01

-0.600

-0.393

0.09

198

local

canopy

nectarivore

3.30

2.15

4

Little Wattlebird

Anthochaera chrysoptera

11

22

0.43

1.27

0.151

-0.641

0.05

179

partial

canopy

nectarivore

2.90

1.65

0

Mistletoebird

Dicaeum hirundinaceum

1

2

0.04

0.69

0.172

-0.129

-0.08

178

partial

canopy

frugivore

3.10

2.80

2

Olive Whistler

Pachycephala olivacea

Pied Currawong

Strepera graculina

1

1

0.03

0.00

-0.344

-0.086

0.14

168

partial

low shrubs

insectivore

1.40

2.40

5

14

24

0.47

1.30

0.221

-0.498

0.18

377

partial

canopy

vertebrates

14.90

3.10

2

Pilotbird

Pycnoptilus floccosus

0

0

0.00

-

-

-

0.12

85

local

ground

insectivore

0.29

1.92

3

Red Wattlebird

Anthochaera carunculata

19

77

0.96

1.29

0.511

-0.795

0.06

278

partial

canopy

nectarivore

6.40

1.97

2

Red-browed Finch

Neochmia temporalis

11

15

0.28

1.04

-0.629

-0.044

0.06

103

partial

ground

granivore

2.40

5.00

1

Rose Robin

Petroica rosea

0

0

0.00

-

-

-

0.02

219

partial

low shrubs

insectivore

10.20

2.50

0

Rufous Fantail

Rhipidura rufifrons

0

0

0.00

-

-

-

-0.11

281

partial

tall shrubs

insectivore

1.60

2.10

1

Rufous Whistler

Pachycephala rufiventris

4

5

0.08

0.50

-0.510

0.361

0.13

245

partial

canopy

insectivore

4.40

2.60

0

Scarlet Robin

Petroica multicolor

1

0

0.01

-

-

-

-0.03

165

partial

ground

insectivore

5.95

2.70

0

Shining Bronzecuckoo
Spotted Pardalote

Chalcites lucidus

14

7

0.24

0.60

-0.117

0.2442

-0.07

333

partial

canopy

insectivore

1.70

1.00

1

Pardalotus punctatus

8

2

0.17

0.00

-0.376

0.094

-0.05

154

partial

canopy

insectivore

1.37

3.10

1

Striated Thornbill

Acanthiza lineata

16

32

0.51

1.17

-0.461

-0.550

0.11

139

local

canopy

insectivore

3.90

2.90

12

Superb Fairy-wren

Malurus cyaneus

19

68

0.86

1.26

-0.679

-0.098

-0.02

98

local

ground

insectivore

0.66

3.20

11
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Appendix F. continued
Species

Response variables
site

Superb Lyrebird

Menura novaehollandiae

landscape
0

Tree Martin

Petrochelidon nigricans

White-browed Scrubwren

Predictor variables
site
diversity
-

comp1

comp2

0

report
rate
0.00

wing
shape
120

migratory
strategy
local

habitat

diet

nest

eggs

-

brain
mass
0.17

ground

insectivore

2.45

1.01

forest
sites
10

-

5

1

0.08

0.00

-0.301

-0.215

-0.09

511

partial

canopy

insectivore

6.60

3.41

0

Sericornis frontalis

18

50

0.71

1.27

-0.805

-0.313

0.14

94

local

low shrubs

insectivore

1.00

2.83

19

White-eared Honeyeater

Lichenostomus leucotis

3

4

White-naped Honeyeater

Melithreptus lunatus

2

3

0.04

0.56

-0.411

-0.224

0.07

234

partial

canopy

insectivore

1.00

2.09

0

0.03

0.64

-0.197

-0.046

0.06

205

partial

canopy

nectarivore

9.50

2.67

0

White-throated Treecreeper

Cormobates leucophaeus

3

2

0.11

0.00

-0.470

0.219

0.05

238

local

canopy

insectivore

7.00

2.45

9

Yellow Thornbill

Acanthiza nana

4

6

0.08

0.45

0.452

0.046

0.00

118

local

canopy

insectivore

6.60

3.14

0

Yellow-faced Honeyeater
Yellow-tailed Black Cockatoo

Lichenostomus chrysops

19

48

0.72

1.28

-0.554

-0.369

0.06

204

partial

canopy

nectarivore

2.30

2.35

9

Calyptorhynchus funereus

15

4

0.36

1.04

-0.236

-0.141

0.44

758

partial

canopy

granivore

15.40

2.00

1
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Appendix G. Coefficients (and standard error) resulting from univariate modelling of the relationship between response variables and species traits of
forest birds. Bold indicates important variables in final model where 95% CI did not overlap zero. The reference categories for the categorical predictor
variables are; local (for migratory strategy), canopy (for habitat), frugivore (for diet).
Predictor variable

Response variable
landscape
distribution

site
distribution

site
diversity

reporting
rate

composition1

composition2

Morphology

relative brain mass

9.63 (7.95)

10.94 (29.19)

1.45 (0.73)

0.35 (0.35)

-0.54 (0.45)

-0.42 (0.40)

Mobility

wing shape

1.01 (1.01)

-0.01 (0.03)

-0.06 (0.17)

0.0001
(0.0004)

0.0004
(0.0004)

5.86 (3.54)

0.10 (2.15)

-7.50 (7.68)

-0.15 (0.18)

-0.06 (0.09)

0.23 (0.11)

-0.01 (0.10)

tall shrubs

-4.15 (3.34)

-14.49 (12.35)

-0.49 (0.33)

-0.18 (0.15)

-0.17 (0.20)

0.11 (0.18)

low shrubs

-0.50 (3.67)

14.21 (13.57)

0.09 (0.33)

0.07 (0.17)

-0.31 (0.20)

-0.03 (0.18)

ground

-5.90 (2.34)

-11.68 (8.65)

-0.24 (0.21)

-0.20 (0.11)

-0.17 (0.13)

0.18 (0.11)

granivore

0.67 (5.91)

10.00 (21.52)

0.07 (0.47)

0.05 (0.26)

-0.57 (0.27)

0.24 (0.23)

insectivore

-0.07 (5.30)

11.43 (19.29)

-0.20 (0.47)

0.06 (0.24)

-0.59 (0.23)

0.27 (0.19)

nectarivore

4.14 (5.80)

20.71 (21.14)

0.15 (0.43)

0.20 (0.26)

-0.36 (0.25)

-0.12 (0.21)

vertebrates

-1.33 (6.61)

3.67 (24.06)

-0.36 (0.49)

-0.02 (0.30)

-0.29 (0.28)

0.26 (0.24)

migratory strategy
partial
Foraging

habitat

diet

Appendices
Appendix G. continued
Predictor variable

Breeding

Occurrence in
forest

Response variable
landscape
distribution

site
distribution

site
diversity

reporting
rate

composition1

composition2

nest

-0.17 (0.19)

-0.83 (0.67)

-0.01 (0.02)

-0.01 (0.01)

0.02 (0.01)

-0.002 (0.009)

eggs

0.43 (0.91)

2.80 (3.27)

-0.06 (0.07)

0.03 (0.04)

0.003 (0.045)

0.003 (0.039)

forest sites

0.71 (0.15)

3.15 (0.47)

0.03 (0.01)

0.04 (0.01)

-0.03 (0.01)

-0.01 (0.01)

176
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Appendix H. Occurrence of terrestrial bird species detected in each site type, in the western Strzelecki Ranges (2014 - 2015). Values are the number of sites in which
species were detected in each site type. Species are ordered by guild.
Species

Guild

Striated Thornbill

Acanthiza lineata

forest

Intact
eucalypt
forest
(24)
14

Revegetation
patch
(18)

Native
linear
(16)

Native
scattered
(26)

Plantation
(20)

Exotic
linear
(32)

Exotic
scattered
(18)

Farmyard
(22)

Townscape
(14)

Grassland
(54)

Total
(244)

12

6

5

12

7

2

3

0

3

64

Yellow Thornbill

Acanthiza nana

forest

0

0

1

0

0

2

3

0

0

0

6

Brown Thornbill

Acanthiza pusilla

forest

24

16

13

9

17

25

7

11

5

6

133

Buff-rumped Thornbill

Acanthiza reguloides

forest

2

1

0

0

0

0

0

0

0

0

3

Eastern Spinebill

forest

9

2

1

2

0

9

2

7

1

1

34

Brown Goshawk

Acanthorhynchus
tenuirostris
Accipiter fasciatus

forest

0

1

0

0

0

0

0

0

0

0

1

Australian King Parrot

Alisterus scapularis

forest

0

0

0

1

0

1

1

3

2

0

8

Red Wattlebird

Anthochaera carunculata

forest

2

2

8

12

2

12

8

16

13

9

84

Little Wattlebird

Anthochaera chrysoptera

forest

0

0

1

1

0

1

3

5

7

3

21

Fan-tailed Cuckoo

Cacomantis flabelliformis

forest

2

2

1

0

2

0

0

0

0

0

7

Yellow-tailed Black Cockatoo

Calyptorhynchus funereus

forest

1

1

0

0

1

2

0

0

0

1

6

Shining Bronze-cuckoo

Chalcites lucidus

forest

1

2

1

0

1

5

0

0

0

0

10

Brown Treecreeper

Climacteris picumnus

forest

1

1

0

0

0

0

0

0

0

0

2

Grey Shrike-thrush

Colluricincla harmonica

forest

10

12

5

10

9

11

5

6

1

5

74

White-throated Treecreeper

Cormobates leucophaea

forest

11

2

0

1

2

0

0

0

0

0

16

Brown Quail

Coturnix ypsilophora

forest

0

0

0

0

0

1

0

0

0

0

1

Mistletoebird

Dicaeum hirundinaceum

forest

3

0

0

0

0

1

0

0

0

0

4

Eastern Yellow Robin

Eopsaltria australis

forest

15

11

4

1

7

6

0

4

0

1

49

Crested Shrike-tit

Falcunculus frontatus

forest

2

3

0

0

0

0

0

0

0

0

5

Brown Gerygone

Gerygone mouki

forest

5

0

0

0

0

0

0

0

0

0

5

Yellow-faced Honeyeater

Lichenostomus chrysops

forest

12

12

10

5

5

7

5

6

3

3

68

White-eared Honeyeater

Lichenostomus leucotis

forest

0

1

2

0

2

0

0

0

0

1

6
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Appendix H. continued
Species

Guild

Superb Fairy-wren

Malurus cyaneus

forest

Intact
eucalypt
forest
(24)
13

Revegetation
patch
(18)

Native
linear
(16)

Native
scattered
(26)

Plantation
(20)

Exotic
linear
(32)

Exotic
scattered
(18)

Farmyard
(22)

Townscape
(14)

Grassland
(54)

Total
(244)

14

7

13

11

20

3

12

3

6

102

Lewin's Honeyeater

Meliphaga lewinii

forest

6

2

1

0

4

3

1

1

0

0

18

White-naped Honeyeater

Melithreptus lunatus

forest

1

1

0

0

2

0

0

0

0

0

4

Superb Lyrebird

Menura novaehollandiae

forest

10

0

0

0

0

0

0

0

0

0

10

Red-browed Finch

Neochmia temporalis

forest

1

6

2

0

1

3

2

3

0

0

18

Olive Whistler

Pachycephala olivacea

forest

7

1

0

0

0

0

0

0

0

0

8

Golden Whistler

Pachycephala pectoralis

forest

14

17

4

3

7

3

1

2

0

0

51

Rufous Whistler

Pachycephala rufiventris

forest

0

3

0

1

1

1

0

0

0

0

6

Spotted Pardalote

Pardalotus punctatus

forest

1

2

0

0

2

0

0

0

0

0

5

Tree Martin

Petrochelidon nigricans

forest

0

0

0

0

0

0

1

0

0

0

1

Rose Robin

Petroica rosea

forest

0

0

0

0

1

0

0

0

0

0

1

Brush Bronzewing

Phaps elegans

forest

2

0

0

0

0

0

0

0

0

0

2

Crescent Honeyeater

Phylidonyris pyrrhopterus

forest

6

2

0

0

1

0

0

0

0

0

9

Crimson Rosella

Platycercus elegans

forest

19

13

7

15

9

12

5

13

4

8

105

Eastern Whipbird

Psophodes olivaceus

forest

15

1

0

0

1

1

0

0

0

0

18

Pilotbird

Pycnoptilus floccosus

forest

4

0

0

0

0

0

0

0

0

0

4

Grey Fantail

Rhipidura albiscapa

forest

21

17

11

14

14

19

11

14

2

10

133

Rufous Fantail

Rhipidura rufifrons

forest

1

0

0

0

0

0

0

0

0

0

1

White-browed Scrubwren

Sericornis frontalis

forest

23

16

7

6

9

10

5

8

1

5

90

Pied Currawong

Strepera graculina

forest

2

0

0

6

1

2

4

3

7

3

28

Grey Currawong

Strepera versicolor

forest

0

1

0

0

3

0

0

0

0

0

4
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Appendix H. continued
Species

Guild

Intact
eucalypt
forest
(24)
0

Revegetation
patch
(18)

Native
linear
(16)

Native
scattered
(26)

Plantation
(20)

Exotic
linear
(32)

Exotic
scattered
(18)

Farmyard
(22)

Townscape
(14)

Grassland
(54)

Total
(244)

Bassian Thrush

Zoothera lunulata

forest

1

0

0

0

0

0

0

0

1

2

Yellow-rumped Thornbill

Acanthiza chrysorrhoa

open tolerant

0

1

2

1

0

3

2

3

0

5

17

Wedge-tailed Eagle

Aquila audax

open tolerant

0

0

0

0

0

1

1

0

0

0

2

Sulphur-crested Cockatoo

Cacatua galerita

open tolerant

0

0

1

0

0

0

0

0

0

0

1

Little Corella

Cacatua sanguinea

open tolerant

0

0

0

3

0

1

0

2

2

0

8

Black-faced Cuckoo-shrike

Coracina novaehollandiae

open tolerant

0

5

2

2

0

0

0

0

0

0

9

Grey Butcherbird

Cracticus torquatus

open tolerant

2

2

3

7

2

5

0

3

2

2

28

Laughing Kookaburra

Dacelo novaeguineae

open tolerant

3

6

2

4

1

5

1

3

0

0

25

Australian Hobby

Falco longipennis

open tolerant

0

0

0

1

0

0

0

0

0

0

1

Peregrine Falcon

Falco peregrinus

open tolerant

0

1

0

0

0

0

0

0

0

0

1

White-plumed Honeyeater

Lichenostomus penicillatus

open tolerant

0

2

1

2

0

0

0

0

0

0

5

Noisy Miner

Manorina melanocephala

open tolerant

0

1

1

7

0

2

0

0

0

1

12

Striated Pardalote

Pardalotus striatus

open tolerant

1

2

3

6

0

0

0

2

0

1

15

Flame Robin

Petroica phoenicea

open tolerant

0

2

0

1

0

1

1

0

0

4

9

New Holland Honeyeater

open tolerant

0

2

3

2

0

5

2

7

3

1

25

Eastern Rosella

Phylidonyris
novaehollandiae
Platycercus eximius

open tolerant

0

1

5

10

0

6

5

1

1

2

31

Rainbow Lorikeet

Trichoglossus haematodus

open tolerant

0

0

1

3

0

0

1

0

2

2

9

Silvereye

Zosterops lateralis

open tolerant

12

10

2

2

6

6

8

7

2

2

57

Australasian Pipit

Anthus novaeseelandiae

open country

0

0

0

0

0

2

0

0

0

3

5

Australian Raven

Corvus coronoides

open country

0

2

4

8

2

3

1

6

2

10

38
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Appendix H. continued
Species

Guild

Little Raven

Corvus mellori

open country

Intact
eucalypt
forest
(24)
0

Revegetation
patch
(18)

Native
linear
(16)

Native
scattered
(26)

Plantation
(20)

Exotic
linear
(32)

Exotic
scattered
(18)

Farmyard
(22)

Townscape
(14)

Grassland
(54)

Total
(244)

5

2

7

0

4

4

6

7

4

39

Stubble Quail

Coturnix pectoralis

open country

0

0

0

0

0

0

0

0

0

4

4

Australian Magpie

Cracticus tibicen

open country

1

7

10

20

5

24

9

17

7

23

123

Galah

Eolophus roseicapillus

open country

0

1

1

2

0

2

2

4

1

3

16

Brown Falcon

Falco berigora

open country

0

1

0

2

0

0

0

0

0

0

3

Nankeen Kestrel

Falco cenchroides

open country

0

0

0

0

1

0

0

0

0

0

1

Magpie-lark

Grallina cyanoleuca

open country

0

0

5

3

0

3

3

4

2

7

27

Welcome Swallow

Hirundo neoxena

open country

0

1

0

7

0

3

3

7

0

19

40

Willie Wagtail

Rhipidura leucophrys

open country

0

1

2

1

0

9

2

7

0

7

29

Masked Lapwing

Vanellus miles

open country

0

0

1

0

0

0

1

1

0

2

5

Common Myna

Acridotheres tristis

exotic

0

0

2

3

0

3

3

8

11

2

32

Eurasian Skylark

Alauda arvensis

exotic

0

1

0

1

0

2

1

0

0

5

10

European Goldfinch

Carduelis carduelis

exotic

0

4

1

1

1

5

4

6

1

5

28

Common Greenfinch

Chloris chloris

exotic

0

0

0

1

0

2

0

1

0

0

4

House Sparrow

Passer domesticus

exotic

0

0

1

0

0

2

4

10

9

2

28

Spotted Dove

Streptopelia chinensis

exotic

0

1

0

3

0

2

1

5

4

0

16

Common Starling

Sturnus vulgaris

exotic

0

3

5

16

0

7

5

9

12

11

68

Common Blackbird

Turdus merula

exotic

9

17

12

14

8

23

12

18

14

11

138
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Appendix I. Influential terrestrial bird species contributing up to 25% cumulative dissimilarity between each pair of site types (‘all species’ SIMPER analysis).
Numbers in brackets are the percentage of sites at which individual species were detected in each site type.
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Pair-wise site type comparison

Influential species and proportion of sites per site type (%)

intact forest - revegetation patch

Common Blackbird (38 IF, 94 RP), Eastern Whipbird (63, 6), Grey Shrike-thrush (42, 67), Yellow-faced Honeyeater (50, 67), Silvereye (50,
56), Superb Fairy-wren (54, 78).
Australian Magpie (4 IF, 63 NL), Eastern Whipbird (63, 0), White-browed Scrubwren (96, 44), Common Blackbird (38, 75), Eastern Yellow
Robin (63, 25), Crimson Rosella (79, 44), Golden Whistler (58, 25).
White-browed Scrubwren (96 IF, 23 NS), Australian Magpie (4, 77), Brown Thornbill (100, 35), Common Starling (0, 62), Eastern Whipbird
(63, 0), Eastern Yellow Robin (63, 4).
Eastern Whipbird (63 IF, 5 P), White-browed Scrubwren (96, 45), Eastern Yellow Robin (63, 35), Crimson Rosella (79, 45), Golden Whistler
(58, 35).
Australian Magpie (4 IF, 75 EL), White-browed Scrubwren (96, 31), Eastern Whipbird (63, 3), Crimson Rosella (79, 38), Eastern Yellow Robin
(63, 19), Striated Thornbill (58, 22).
White-browed Scrubwren (96 IF, 29 ES), Crimson Rosella (79, 29), Brown Thornbill (100, 41), Eastern Whipbird (63, 0), Eastern Yellow Robin
(63, 0), Striated Thornbill (58, 12).
Australian Magpie (4 IF, 77 F), White-browed Scrubwren (96, 36), Red Wattlebird (8, 73), Eastern Whipbird (63, 0), Common Blackbird (38,
82), Striated Thornbill (58, 14), Eastern Yellow Robin (63, 18).
White-browed Scrubwren (96 IF, 7 T), Common Starling (0, 86), Red Wattlebird (8, 93), Common Myna (0, 79), Grey Fantail (88, 14), Common
Blackbird (38, 100).
Brown Thornbill (100 IF, 16 G), White-browed Scrubwren (96, 13), Grey Fantail (88, 26), Crimson Rosella (79, 21), Eastern Whipbird (63, 0).

intact forest - native linear
intact forest - native scattered
intact forest - plantation
intact forest - exotic linear
intact forest - exotic scattered
intact forest - farmyard
intact forest - townscape
intact forest - grassland
revegetation patch - native linear
revegetation patch - native scattered
revegetation patch - plantation
revegetation patch - exotic linear
revegetation patch - exotic scattered
revegetation patch - farmyard
revegetation patch - townscape

Golden Whistler (94 RP, 25 NL), White-browed Scrubwren (89, 44), Superb Fairy-wren (78, 44), Grey Shrike-thrush (67, 31), Eastern Yellow
Robin (61, 25), Striated Thornbill (67, 38).
Golden Whistler (94 RP, 12 NS), White-browed Scrubwren (89, 23), Brown Thornbill (89, 35), Yellow-faced Honeyeater (67, 19), Striated
Thornbill (67, 19), Common Starling (17, 62).
Golden Whistler (94 RP, 35 P), Common Blackbird (94, 40), Yellow-faced Honeyeater (67, 25), White-browed Scrubwren (89, 45), Eastern
Yellow Robin (61, 35).
Golden Whistler (94 RP, 9 EL), White-browed Scrubwren (89, 31), Yellow-faced Honeyeater (67, 22), Striated Thornbill (67, 22), Australian
Magpie (39, 75), Crimson Rosella (72, 38).
Golden Whistler (94 RP, 6 ES), Superb Fairy-wren (78, 18), White-browed Scrubwren (89, 29), Striated Thornbill (67, 12), Crimson Rosella
(72, 29), Brown Thornbill (89, 41).
Golden Whistler (94 RP, 9 F), Red Wattlebird (11, 73), White-browed Scrubwren (89, 36), Striated Thornbill (67, 14), Yellow-faced Honeyeater
(67, 27), Australian Magpie (39, 77).
Golden Whistler (94 RP, 0 T), Red Wattlebird (11, 93), Grey Fantail (94, 14), White-browed Scrubwren (89, 7), Common Myna (0, 79), Common
Starling (17, 86).
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Appendix I. continued
Pair-wise site type comparison

Influential species and proportion of sites per site type (%)

revegetation patch - grassland

Golden Whistler (94 RP, 0 G), White-browed Scrubwren (89, 13), Brown Thornbill (89, 16), Common Blackbird (94, 26), Grey Fantail (94, 26).

native linear - native scattered

Brown Thornbill (81 NL, 35 NS), Yellow-faced Honeyeater (63, 19), Common Starling (31, 62), Crimson Rosella (44, 58), Common Blackbird
(75, 54), Grey Fantail (69, 54).
Yellow-faced Honeyeater (63 NL, 25 P), Australian Magpie (63, 25), Common Blackbird (75, 40), Striated Thornbill (38, 60), Superb Fairy-wren
(44, 55), Crimson Rosella (44, 45).
Yellow-faced Honeyeater (63 NL, 22 EL), Superb Fairy-wren (44, 63), Red Wattlebird (50, 38), Grey Fantail (69, 59), Crimson Rosella (44, 38),
White-browed Scrubwren (44, 31).
Brown Thornbill (81 NL, 41 ES), Yellow-faced Honeyeater (63, 29), Red Wattlebird (50, 47), Australian Magpie (63, 53), Grey Fantail (69, 65),
Silvereye (13, 47).
Yellow-faced Honeyeater (63 NL, 27 F), Brown Thornbill (81, 50), Crimson Rosella (44, 59), Red Wattlebird (50, 73), Superb Fairy-wren (44,
55), Grey Fantail (69, 64), White-browed Scrubwren (44, 36).
Common Myna (13 NL, 79 T), Common Starling (31, 86), House Sparrow (6, 64), Grey Fantail (69, 14), Brown Thornbill (81, 36), Yellow-faced
Honeyeater (63, 21).
Brown Thornbill (81 NL, 16 G), Common Blackbird (75, 26), Yellow-faced Honeyeater (63, 8), Grey Fantail (69, 26), Red Wattlebird (50, 21).

native linear - plantation
native linear - exotic linear
native linear - exotic scattered
native linear - farmyard
native linear - townscape
native linear - grassland
native scattered - plantation
native scattered - exotic linear
native scattered - exotic scattered
native scattered - farmyard
native scattered - townscape
native scattered - grassland
plantation - exotic linear

Brown Thornbill (35 NS, 85 P), Common Starling (62, 0), Australian Magpie (77, 25), Striated Thornbill (19, 60), Crimson Rosella (58, 45), Grey
Fantail (54, 70).
Brown Thornbill (35 NS, 78 EL), Common Starling (62, 22), Crimson Rosella (58, 38), Superb Fairy-wren (50, 63), Common Blackbird (54, 72),
Grey Fantail (54, 59).
Common Starling (62 NS, 29 ES), Crimson Rosella (58, 29), Common Blackbird (54, 71), Grey Fantail (54, 65), Superb Fairy-wren (50, 18),
Australian Magpie (77, 53).
Common Starling (62 NS, 41 F), Red Wattlebird (46, 73), Common Blackbird (54, 82), Superb Fairy-wren (50, 55), Grey Fantail (54, 64), Crimson
Rosella (58, 59), Brown Thornbill (35, 50).
Common Myna (12 NS, 79 T), House Sparrow (0, 64), Red Wattlebird (46, 93), Crimson Rosella (58, 29), Common Blackbird (54, 100), Australian
Magpie (77, 50).
Common Starling (62 NS, 29 G), Crimson Rosella (58, 21), Grey Fantail (54, 26), Superb Fairy-wren (50, 16), Common Blackbird (54, 26),
Australian Magpie (77, 58).
Australian Magpie (25 P, 75 EL), Common Blackbird (40, 72), Striated Thornbill (60, 22), Superb Fairy-wren (55, 63), Grey Fantail (70, 59).
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Appendix I. continued
Pair-wise site type comparison

Influential species and proportion of sites per site type (%)

plantation - exotic scattered

plantation - townscape

Brown Thornbill (85 P, 41 ES), Common Blackbird (40, 71), Striated Thornbill (60, 12), Australian Magpie (25, 53), Superb Fairy-wren (55, 18),
Silvereye (30, 47).
Red Wattlebird (10 P, 73 F), Australian Magpie (25, 77), Common Blackbird (40, 82), Striated Thornbill (60, 14), Brown Thornbill (85, 50), Crimson
Rosella (45, 59).
Common Starling (0 P, 86 T), Red Wattlebird (10, 93), Common Myna (0, 79), House Sparrow (0, 64), Grey Fantail (70, 14).

plantation - grassland

Brown Thornbill (85 P, 16 G), Grey Fantail (70, 26), Australian Magpie (25, 58), Striated Thornbill (60, 8), Superb Fairy-wren (55, 16).

exotic linear - exotic scattered

exotic linear - townscape

Brown Thornbill (78 EL, 41 ES), Superb Fairy-wren (63, 18), Grey Fantail (59, 65), Australian Magpie (75, 53), Red Wattlebird (38, 47), Silvereye
(19, 47).
Red Wattlebird (38 EL, 73 F), Crimson Rosella (38, 59), Brown Thornbill (78, 50), Superb Fairy-wren (63, 55), Grey Fantail (59, 64), Common
Starling (22, 41).
Common Myna (9 EL, 79 T), Common Starling (22, 86), House Sparrow (6, 64), Red Wattlebird (38, 93), Brown Thornbill (78, 36).

exotic linear - grassland

Brown Thornbill (78 EL, 16 G), Common Blackbird (72, 26), Superb Fairy-wren (63, 16), Grey Fantail (59, 26), Australian Magpie (75, 58).

exotic scattered - farmyard
exotic scattered - townscape

Crimson Rosella (29 ES, 59 F), Red Wattlebird (47, 73), Brown Thornbill (41, 50), Superb Fairy-wren (18, 55), Australian Magpie (53, 77), Silvereye
(47, 32).
Common Myna (18 ES, 79 T), Common Starling (29, 86), House Sparrow (18, 64), Grey Fantail (65, 14), Red Wattlebird (47, 93).

exotic scattered - grassland

Common Blackbird (71 ES, 26 G), Grey Fantail (65, 26), Australian Magpie (53, 58), Silvereye (47, 5), Red Wattlebird (47, 21).

farmyard - townscape

Common Myna (36 F, 79 T), Common Starling (41, 86), Grey Fantail (64, 14), Crimson Rosella (59, 29), House Sparrow (45, 64), Australian Magpie
(77, 50).
Common Blackbird (82 F, 26 G), Red Wattlebird (73, 21), Crimson Rosella (59, 21), Grey Fantail (64, 26), Superb Fairy-wren (55, 16), Australian
Magpie (77, 58).
Common Blackbird (100 T, 26 G), Common Myna (79, 5), Red Wattlebird (93, 21), Common Starling (86, 29).

plantation - farmyard

exotic linear - farmyard

farmyard - grassland
townscape - grassland
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Appendix J. Influential forest bird species contributing up to 25% cumulative dissimilarity between each pair of site types (‘forest species’ SIMPER analysis).
Numbers in brackets are the percentage of sites at which individual species were detected in each site type.
Pair-wise site type comparison

Influential species and proportion of sites per site type (%)

intact forest - revegetation patch

Eastern Whipbird (63 IF, 6 RP), Grey Shrike-thrush (42, 67), Yellow-faced Honeyeater (50, 67), Superb Fairy-wren (54, 78), Eastern Yellow
Robin (63, 61).
White-browed Scrubwren (96 IF, 44 NL), Eastern Whipbird (63, 0), Eastern Yellow Robin (63, 25), Crimson Rosella (79, 44), Striated Thornbill
(58, 38).
White-browed Scrubwren (96 IF, 30 NS), Eastern Whipbird (63, 0), Eastern Yellow Robin (63, 5), Brown Thornbill (100, 45).

intact forest - native linear
intact forest - native scattered
intact forest - plantation
intact forest - exotic linear
intact forest - exotic scattered

White-browed Scrubwren (96 IF, 45 P), Eastern Whipbird (63, 5), Eastern Yellow Robin (63, 35), Crimson Rosella (79, 45), Golden Whistler (58,
35).
White-browed Scrubwren (96 IF, 36 EL), Eastern Whipbird (63, 4), Striated Thornbill (58, 25), Crimson Rosella (79, 43).

intact forest - farmyard

White-browed Scrubwren (96 IF, 33 ES), Crimson Rosella (79, 33), Eastern Whipbird (63, 0), Eastern Yellow Robin (63, 0), Striated Thornbill
(58, 13).
Red Wattlebird (8 IF, 89 F), White-browed Scrubwren (96, 44), Eastern Whipbird (63, 0), Striated Thornbill (58, 17).

intact forest - townscape

Red Wattlebird (8 IF, 100 T), White-browed Scrubwren (96, 8), Grey Fantail (88, 15), Brown Thornbill (100, 38).

intact forest - grassland

Brown Thornbill (100 IF, 33 G), White-browed Scrubwren (96, 33), Crimson Rosella (79, 27), Eastern Whipbird (63, 0).

revegetation patch - native linear

Golden Whistler (94 RP, 25 NL), White-browed Scrubwren (89, 44), Superb Fairy-wren (78, 44), Striated Thornbill (67, 38).

revegetation patch - native scattered Golden Whistler (94 RP, 15 NS), White-browed Scrubwren (89, 30), Yellow-faced Honeyeater (67, 25).
revegetation patch - plantation

Golden Whistler (94 RP, 35 P), Yellow-faced Honeyeater (67, 25), White-browed Scrubwren (89, 45), Crimson Rosella (72, 45).

revegetation patch - exotic linear

Golden Whistler (94 RP, 11 EL), White-browed Scrubwren (89, 36), Yellow-faced Honeyeater (67, 25).

revegetation patch - exotic scattered Golden Whistler (94 RP, 7 ES), Superb Fairy-wren (78, 20), White-browed Scrubwren (89, 33), Yellow-faced Honeyeater (67, 27).
revegetation patch - farmyard

Golden Whistler (94 RP, 11 F), Red Wattlebird (11, 89), Striated Thornbill (67, 17).

revegetation patch - townscape

Golden Whistler (94 RP, 0 T), Red Wattlebird (11, 100), Grey Fantail (94, 15), White-browed Scrubwren (89, 8).

revegetation patch - grassland

Golden Whistler (94 RP, 0 G), Brown Thornbill (89, 33), White-browed Scrubwren (89, 33).

native linear - native scattered

Yellow-faced Honeyeater (63 NL, 25 NS), Brown Thornbill (81, 45), Superb Fairy-wren (44, 65).

native linear - plantation

Yellow-faced Honeyeater (63 NL, 25 P), Striated Thornbill (38, 60), Crimson Rosella (44, 45), Superb Fairy-wren (44, 55).

native linear - exotic linear

Yellow-faced Honeyeater (63 NL, 25 EL), Superb Fairy-wren (44, 71), Red Wattlebird (50, 36).

native linear - exotic scattered

Yellow-faced Honeyeater (63 NL, 27 ES), Brown Thornbill (81, 47), Red Wattlebird (50, 53).

native linear - farmyard

Yellow-faced Honeyeater (63 NL, 33 F), Crimson Rosella (44, 67), Red Wattlebird (50, 89).
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Pair-wise site type comparison

Influential species and proportion of sites per site type (%)

native linear - townscape

Brown Thornbill (81 NL, 38 T), Grey Fantail (69, 15), Yellow-faced Honeyeater (63, 23).

native linear - grassland

Brown Thornbill (81 NL, 33 G), Yellow-faced Honeyeater (63, 20), Red Wattlebird (50, 47).

native scattered - plantation

Brown Thornbill (45 NS, 85 P), Red Wattlebird (60, 10), Crimson Rosella (55, 45), Superb Fairy-wren (65, 55).

native scattered - exotic linear

Brown Thornbill (45 NS, 86 EL), Red Wattlebird (60, 36), Crimson Rosella (55, 43).

native scattered - exotic scattered

Superb Fairy-wren (65 NS, 20 ES), Red Wattlebird (60, 53), Crimson Rosella (55, 33).

native scattered - farmyard

Brown Thornbill (45 NS, 61 F), Crimson Rosella (55, 67), Superb Fairy-wren (65, 61).

native scattered - townscape

Grey Fantail (70 NS, 15 T), Superb Fairy-wren (65, 23), Little Wattlebird (5, 54).

native scattered - grassland

Superb Fairy-wren (65 NS, 40 G), Red Wattlebird (60, 47), Crimson Rosella (55, 27).

plantation - exotic linear

Striated Thornbill (60 P, 25 EL), Superb Fairy-wren (55, 71), Crimson Rosella (45, 43), Grey Fantail (70, 68).

plantation - exotic scattered

Brown Thornbill (85 P, 47 ES), Striated Thornbill (60, 13), Red Wattlebird (10, 53), Superb Fairy-wren (55, 20).

plantation - farmyard

Red Wattlebird (10 P, 89 F), Crimson Rosella (45, 67), Striated Thornbill (60, 17).

plantation - townscape

Red Wattlebird (10 P, 100 T), Grey Fantail (70, 15), Brown Thornbill (85, 38).

plantation - grassland

Brown Thornbill (85 P, 33 G), Striated Thornbill (60, 20), Superb Fairy-wren (55, 40).

exotic linear - exotic scattered

Superb Fairy-wren (71 EL, 20 ES), Brown Thornbill (86, 47), Red Wattlebird (36, 53).

exotic linear - farmyard

Red Wattlebird (36 EL, 89 F), Crimson Rosella (43, 67), Superb Fairy-wren (71, 61).

exotic linear - townscape

Red Wattlebird (36 EL, 100 T), Brown Thornbill (86, 38), Superb Fairy-wren (71, 23).

exotic linear - grassland

Brown Thornbill (86 EL, 33 G), Superb Fairy-wren (71, 40), Red Wattlebird (36, 47).

exotic scattered - farmyard

Crimson Rosella (33 ES, 67 F), Superb Fairy-wren (20, 61), Brown Thornbill (47, 61).

exotic scattered - townscape

Grey Fantail (73 ES, 15 T), Pied Currawong (27, 54), Little Wattlebird (20, 54).

exotic scattered - grassland

Red Wattlebird (53 ES, 47 G), Brown Thornbill (47, 33), Grey Fantail (73, 67).

farmyard - townscape

Grey Fantail (72 F, 15 T), Crimson Rosella (67, 31), Pied Currawong (17, 54).

farmyard - grassland

Crimson Rosella (67 F, 27 G), Brown Thornbill (61, 33), Red Wattlebird (89, 47).

townscape - grassland

Grey Fantail (15 T, 67 G), Pied Currawong (54, 20), Red Wattlebird (100, 47).
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Appendix K. Output of models comparing diversity measures for ‘all terrestrial’ and ‘forest’ bird
species between different site types in the western Strzelecki Ranges (Fig. 6.3). ‘Fit’ shows the
predicted values for each response variable: i) mean species richness (alpha diversity) at each site
type, ii) mean beta diversity, measured as the predicted mean distance to the centroid for each site
in a site type, and iii) mean proportional contribution of each site type to the overall landscape
species richness (gamma diversity). R2m represents the variance explained in the model by the
fixed effect (site type). R2c represents the variance explained in the entire model by both the fixed
effect (site type) and random effect (landscape).
Response
variable
i) Species
richness
(α diversity)

ii) Beta (β)
diversity

iii) Proportional
contribution to
gamma (γ)
diversity

Species
group
All
species

All
species

All
species

Site type

Fit
11.93

Standard
error
0.91

Lower
CI
10.14

Upper
CI
13.73

intact eucalypt forest
revegetation patch

14.47

0.82

12.86

16.09

native linear

10.34

0.85

8.67

12.02

native scattered

9.59

0.69

8.23

10.95

plantation

7.62

0.88

5.89

9.36

exotic linear

9.09

0.63

7.85

10.34

exotic scattered

7.90

0.82

6.27

9.52

farmyard

11.51

0.73

10.06

12.96

townscape

8.70

0.98

6.78

10.62

grassland

3.85

0.50

2.86

4.84

intact eucalypt forest

0.32

0.03

0.26

0.38

revegetation patch

0.30

0.03

0.25

0.35

native linear

0.42

0.03

0.37

0.47

native scattered

0.46

0.02

0.42

0.50

plantation

0.43

0.03

0.38

0.49

exotic linear

0.44

0.02

0.40

0.48

exotic scattered

0.52

0.03

0.47

0.57

farmyard

0.42

0.02

0.38

0.47

townscape

0.34

0.03

0.28

0.39

grassland

0.59

0.02

0.55

0.62

intact eucalypt forest

0.31

0.02

0.26

0.35

revegetation patch

0.34

0.02

0.30

0.38

native linear

0.25

0.02

0.21

0.29

native scattered

0.24

0.02

0.20

0.27

plantation

0.19

0.02

0.15

0.23

exotic linear

0.22

0.02

0.19

0.25

exotic scattered

0.20

0.02

0.16

0.24

farmyard

0.27

0.02

0.24

0.30

townscape

0.22

0.02

0.18

0.27

grassland

0.09

0.01

0.07

0.12

R2 m

R2c

0.46

0.53

0.44

0.51

0.47

0.54
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Response
variable
i) Species
richness
(α diversity)

ii) Beta (β)
diversity

iii) Proportional
contribution to
gamma (γ)
diversity

Species
group
Forest
species

Forest
species

Forest
species

Site type

Fit

intact eucalypt forest

10.30

Standard
error
0.82

Lower
CI
8.69

Upper
CI
11.91

revegetation patch

10.02

0.68

8.68

11.36

native linear

6.02

0.70

4.64

7.41

native scattered

4.24

0.58

3.10

5.38

plantation

5.89

0.75

4.41

7.38

exotic linear

5.14

0.53

4.09

6.19

exotic scattered

4.04

0.69

2.69

5.39

farmyard

5.23

0.61

4.02

6.44

townscape

3.37

0.82

1.76

4.98

grassland

1.31

0.44

0.45

2.18

intact eucalypt forest

0.30

0.04

0.22

0.39

revegetation patch

0.27

0.04

0.20

0.34

native linear

0.40

0.04

0.32

0.47

native scattered

0.45

0.03

0.39

0.51

plantation

0.42

0.04

0.35

0.50

exotic linear

0.44

0.03

0.39

0.50

exotic scattered

0.48

0.04

0.40

0.55

farmyard

0.43

0.03

0.37

0.50

townscape

0.35

0.04

0.26

0.43

grassland

0.57

0.03

0.51

0.63

intact eucalypt forest

0.37

0.04

0.30

0.44

revegetation patch

0.50

0.03

0.43

0.56

native linear

0.35

0.03

0.29

0.42

native scattered

0.24

0.03

0.19

0.30

plantation

0.25

0.04

0.18

0.32

exotic linear

0.27

0.03

0.22

0.32

exotic scattered

0.24

0.03

0.17

0.30

farmyard

0.27

0.03

0.21

0.32

townscape

0.21

0.04

0.13

0.28

grassland

0.06

0.02

0.02

0.10

R2 m

R 2c

0.50

0.60

0.24

0.38

0.45

0.53
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