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Abstract

Farmland abandonment plays a significant role in shifting vegetation patterns in
agricultural landscapes and often leads to large increases in vegetation cover. This
creates an opportunity for large scale habitat restoration particularly in regions of forest
and woodland that have been cleared for agriculture. This process is gaining more
attention in post-agricultural landscapes of south-eastern Australia. Whilst there has
been extensive research into the effects of agricultural intensification on birds in
Australia, there have been few investigations into the benefits of extensive regrowth,
particularly in agricultural areas shifting away from traditional farming.

In this thesis I investigated a region within a transitional agricultural landscape in
central Victoria, Australia with evidence of increasing regrowth vegetation. I studied
historical aerial photos to map the extent of vegetation change and investigated the
habitat value of this vegetation for regional bird diversity. I also constructed a predictive
model to explore future trends in vegetation patterns in the landscape. The main focus
was to investigate the effects of regrowth in a post agricultural landscape and how the
present and future vegetation mosaics influence the regional bird community.

Results indicated that regrowth is changing the landscape from a homogenous pasture
dominated composition to a more heterogeneous composition of trees, shrubs and
pasture. Regrowth is creating areas with important habitat values, which are
complementary to the forest remnant and production pasture. These are supporting bird
species of conservation concern and adding to regional bird species diversity. Modelling
showed succession patterns of regrowth predicting a future landscape predominantly
tree dominated. While this would increase habitat for most woodland birds in the region
there would be a reduction of habitat for a group of bird species that require mixed
patch types in close proximity.

These results highlight the role of regrowth in landscape restoration in south-eastern
Australia and provide valuable insights for achieving conservation goals in transitioning
agricultural landscapes where regrowth is increasing vegetation cover lost from prior
clearing for agriculture.
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General introduction and thesis overview

(source: a compilation of photos by Lisa Smallbone, Ian Lunt and Birds Australia)
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Chapter 1

General introduction and thesis overview

1.1 Introduction

1.1.1 History of land-use change and land abandonment

Land has been abandoned for as long as humans have attempted to cultivate and grow
food (Lentz, 2000; Lugo and Helmer, 2004; Diamond, 2005; Hobbs and Cramer,
2007a). Abandonment follows a process of clearing forests and woodlands for
agriculture, farming until economic, political or social circumstances disrupt
continuation, and then temporarily or permanently removing cropping or grazing
(Hobbs and Cramer, 2007a; Shaw and Whyte, 2013). Since the late 1800s, there has
been an increase in rates of abandonment across agricultural regions in both the
developed and the developing world (Ramankutty and Foley, 1999; Hobbs and Cramer,
2007a; Rey Benayas et al., 2007). The earliest records for this period were reported for
the north-eastern parts of the USA in 1870, followed by steady increases from Western
USA, Canada, Southern Asia, and Russia beginning about 1900. The most dramatic
increases have occurred since 1960 in China, South America and Europe (Ramankutty
and Foley, 1999; Hobbs and Cramer, 2007a). If reported rates continue, then the area of
abandoned farmland will be approximately 415 million ha by 2050, almost double what
it was in 1990 (based on rates cited in Ramankutty and Foley; 1999, Hobbs and Cramer,
2007a). Once disturbance from agriculture ceases, a range of natural regeneration
processes begin (Keever, 1983; Foster, 1992; Hobbs and Walker, 2007). Thus, the high
rate of land abandonment makes a significant contribution to regeneration on cleared
farmland and will substantially influence the future vegetation dynamics of postagricultural landscapes (Ramankutty and Foley, 1999; Rey Benayas et al., 2007; Bowen
et al., 2009; Keenleyside and Tucker, 2010; Abrams, 2012; MacDonald, 2000; Bryan et
al., 2013).
1.1.2 Where it is occurring – region, landscape position, climate

No single set of ecological settings defines where abandonment of farmland is likely to
occur, as it is found across many landscape contexts and climate zones (Ramankutty
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and Foley; 1999, Bowen et al, 2007; Hobbs and Cramer, 2007a; Sitzia et al., 2010). In
Europe, abandonment is occurring in temperate mountains, forests, and grassland
systems of Spain, Greece, Poland, Denmark, Central Italy, and the Swiss mountains
(Rey Benayas et al., 2007), particularly in areas with poor soils and harsh climates
where productivity is low (Keenleyside and Tucker, 2010). In North America, farmland
abandonment has occurred in a variety of systems across the continent. These include
New England old fields where there is undulating terrain, high rainfall and low average
temperatures (Foster, 1992), areas of Northern Michigan cleared for timber, farmed,
then abandoned due to poor soils (Parody et al., 2001), North Carolina Piedmont
(Taverna et al., 2005), Wisconsin wetlands and riparian forests, and dry shrubland of
central Mexico (Rey Benayas et al., 2007). In South America, areas of abandonment
include the rainforest systems of Costa Rica (Blake and Loiselle, 2001), Puerto Rico,
and Brazil (Rey Benayas et al., 2007; Ganade, 2007). Turnover can be rapid in the
Amazonian region of Brazil as rainforest is cleared, farmed and then quickly abandoned
as soils often only support a short period of cropping (Lucus et al., 2002). Forest
succession can then develop rapidly (Brown and Lugo, 1990; Borges, 2007; Ganade,
2007).

In Australia, examples of land abandonment after 1940 have been described for subtropical and temperate regions. Most studies to date have been reported in sub-tropical
regions of south-eastern Queensland (QLD) and northern New South Wales (NSW). In
the brigalow forest of the Darling Downs QLD, extensive areas were cleared for pasture
and cereal cropping between 1940 and 1970 (Bowen et al., 2009). As brigalow (Acacia
harpophylla) readily regenerates from suckers, many patches across different age
classes occur in and around production areas (Seabrook et al., 2006; Bowen et al.,
2009). In northern NSW, large areas of lowland sub-tropical rainforest were cleared to
1% of the former cover, and then declines in the banana and dairy industry since the
1960s allowed an increase in vegetation cover over 26% of the region (Neilan et al.,
2006). The area has fertile basalt soils and high rainfall and is an example of regrowth
occurring in a productive region. Two examples are documented from temperate
climates in Australia. In the central wheat belt of south-western Western Australia
(WA), land was cleared for agriculture and abandoned from 1940 to 1970. This is a
region of sandy soils and low rainfall, and land on poor soils was abandoned shortly
after clearing or after only a few years of cropping, and shrubby regrowth vegetation
followed (Arnold, 1999). In the central Victorian goldfield region, native trees and
4

shrubs have regenerated on numerous properties since 1960 (Geddes et al., 2011),
closely following the decline of traditional agriculture in the region (Barr, 2005; Race et
al., 2009; Kyle and Duncan, 2012). The area has undulating, hilly terrain and highly
erodible acid soils (DEPI, 2009) with most non-forest areas being used for sheep
grazing before abandonment (DEPI, 2011).
1.1.3 Drivers – economic, social, ecological

The reasons for abandonment of farmland are complex and include economic, social
and ecological drivers (FAO, 2005; Rey Benayas et al., 2007, Keenleyside and Tucker,
2010; Abrams et al., 2012; Bryan et al., 2013). Changing global terms of trade mean
some marginal agricultural areas are no longer economically viable in supporting
traditional farming enterprises (Proença et al., 2012, Hobbs and Cramer, 2007a; Rey
Benayas et al., 2007; Kyle et al., 2012). Increasing migration away from rural to urban
areas, and population displacement during conflicts, results in the depopulation of
farming communities, further reducing capacity to support traditional agriculture
(MacDonald et al., 2000; Hobbs and Cramer, 2007a; Sitzia et al., 2010; Rey Benayas et
al., 2007; Shaw and Whyte, 2013). The opposite of this trend is also occurring in
farming areas located in ‘amenity landscapes’ (see McGranahan, 1999; Barr, 2003;
Argent et al., 2005). These areas are valued by people for non-farm enterprises (e.g.
recreation, hobby farms, and conservation). Increasing demand for land results in higher
land prices preventing existing farmers from expanding and increasing the population of
non-farmers (McGranahan, 1999; Barr, 2003, Argent et al., 2005; Moss, 2006; Loeffler
et al., 2007; Abrams et al., 2012; Mendham and Curtis, 2012). Ecological factors
contributing to abandonment include practices that lead to land degradation and the
reduction in productive capacity. These include vegetation clearing, overgrazing, and
inappropriate application of fertilizer resulting in acidifying soils (Hobbs and Cramer,
2007a; Rey Benayas et. al., 2007; Diaz et al., 2011; Eldridge et al., 2011). These drivers
can combine or interact to cause abandonment of farmland, shifting areas away from
production agriculture to a post-agricultural landscape, which can then trigger a new set
of ecological processes.

5

1.1.4 Consequences of abandonment

One of the biotic consequences of farmland abandonment is an increase in the cover of
woody vegetation (trees and shrubs) particularly where forest or woodland were cleared
for agriculture (Foster, 1992; Roura-Pascual et al., 2005; Hobbs and Cramer, 2007a;
Rey Benayas et al., 2007). This can be viewed as an opportunity for landscape recovery
or, alternatively, as a sign of system decline due to the loss of important processes
linked to mixed farmland management (Rey Benayas et al., 2007; Abrams et al., 2012;
Proença et al., 2012; Navarro and Pereira, 2012). The provision of ecosystem services
and/or disservices by farmland abandonment depends on the agricultural disturbance
history of the particular region and the perceptions of humans occupying the system
(Hobbs and Cramer, 2007a, Rey Benayas et al., 2007; Navarro and Pereira, 2012).
Services can include extensive revegetation (Arnold et al., 1999; Roura-Pascual et al.,
2005; Geddes et al., 2011), carbon sequestration (Dwyer et al., 2009; Ngugi et al., 2011;
Navarro and Pereira, 2012), return of soil function (Rey Benayas et al., 2007) and
provision of habitat (Lugo and Helmer, 2004; Bowen et al., 2007; Rey Benayas et al.,
2007). Disservices include loss of cultural landscape (Rey Benayas et al., 2007; Navarro
and Pereira, 2012), loss of open habitat (Sirami et al., 2007; Brambilla et al., 2010),
increased fire frequency, predominantly in dry climates (Rey Benayas et al., 2007) and
over time, reduction of landscape heterogeneity (Roura-Pascual et al., 2005; Sirami et
al., 2008).

Costs and benefits often depend on the scale at which changes to the landscape are
assessed, the difference between ‘new world’ and ‘old world’ post agricultural systems
(time and extent of human modification) and the goals of biodiversity management
(Hobbs and Cramer, 2007a; Rey Benayas et al., 2007; Abrams et al., 2012; Proença et
al., 2012; Navarro and Pereira, 2012; Sharp et al., 2012). Thus when examining the
effects of regrowth in an ecosystem, it is important to consider ecological issues
relevant to the region (Doherty, 1998) and assess processes at multiple scales, from the
site to the patch and landscape (Turner et al., 1989; Cale and Hobbs, 1994; Rey Benayas
et al., 2007; Navaro and Pereira, 2012).
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1.1.5 Terms and context

There are many terms used to describe the large increases in woody vegetation cover
which are the consequence of farmland abandonment. The terms reflect the range of
perceptions regarding this process (Eldridge et al., 2011; Lunt et al., 2010a; Sharp et al.,
2012) but can be broadly grouped into positive, neutral, and more negative terms,
although this distinction is not always clear. Positive terms include ‘re-wilding’
described as passive management of ecological succession (Navarro and Pereira, 2012),
‘reforestation’ (Sitzia et al., 2010), ‘passive restoration’, ‘passive regeneration’,
‘regrowth’, ‘regrowth shrubland’ (Doherty, 1998), ‘secondary forest’, ‘secondary
regrowth forest’, ‘successional forest’ and ‘natural regeneration’ (Bowen et al., 2007;
Woinarski et al., 2009). These terms are used in the context of vegetation regenerating
on disused agricultural land following clearance of mature forest for crops and pastures
(Bowen et al., 2007).
Successional terms are more neutral, such as ‘old fields’ (Europe and North America),
which is often used to describe succession on abandoned farmland in North America
(Meiners et al., 2007; Copenheaver, 2008; Cramer et al., 2008), ‘secondary succession’
(Foster and Tilman, 2000), and ‘old field succession’ described as regrowth following
clearing (used in Woinarski et al., 2009).
More negative terms include ‘shrub encroachment’ (Sirami et al., 2009; Eldridge et al.,
2011), ‘tree and shrub encroachment’ (Laiolo et al., 2004b; Rippa et al., 2011), ‘woody
weeds’ (Doherty, 1998), ‘native woody weeds’ (Anderson, 1984; Scanlon, 1986), ‘bush
encroachment’ (Skowno and Bond, 2003), ‘weedy regrowth’ (Kanowski et al., 2008),
‘invasion’ (Costello et al., 2000), ‘woodland encroachment’ (Farina, 1995) and ‘woody
plant encroachment’ (Wiegand et al., 2006; Lunt et al., 2010b). The term
‘encroachment’ (Eldridge et al., 2011) is linked with other terms such as ‘woody
thickening’, ‘woody weed invasion’, ‘shrub invasion’, and ‘bush encroachment’. Terms
such as ‘encroachment’ are often used in arid and semi-arid regions, and are more
frequently used to describe the situation where savannahs change to shrubland, rather
than ‘regrowth’ in a post-agricultural landscape where forest and woodland once
existed, although some terms appear to be used in both contexts. The variety of terms
used to describe the consequences of abandonment, appear to reflect the landscape
context and the perceptions of humans engaging with the particular landscape change.
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Hereafter the term ‘regrowth’ will be used throughout this thesis to refer to the
natural regeneration of trees and shrubs on abandoned agriculture land following
clearance of mature forest or woodland for crops or pastures.
1.1.6 Patch and landscape – patterns, processes and scale

Land can be described within a spatial hierarchy from continent, region, landscape, to
‘local ecosystem’ or ‘patch’ (Cale and Hobbs, 1994; Forman, 1995a). ‘Landscape’ and
‘patch’ will be addressed here in terms of regrowth patterns and processes. A patch can
be described as a relatively homogenous area that varies from its surroundings (Forman
and Godron, 1986; Forman 1995a; Farina, 1998). Landscape has been described as a
collection of patch types repeated in a similar form over a number of kilometres
(Forman and Godron, 1981, 1986; Forman, 1995a; Farina, 1998). Heterogeneity can be
defined as ‘uneven, non-random distribution of objects’ (Forman, 1995a, p. 39) and can
be applied to both the patch and the landscape (Turner and Gardner, 1990; Forman,
1995a; Farina, 1998). Thus the elements of landscape heterogeneity encompass the
number, diversity and arrangement of patch types within the whole landscape (Cale and
Hobbs, 1994; Forman, 1995a; Farina, 1998; Bennett et al., 2006; Fischer and
Lindenmayer, 2007), and patch heterogeneity incorporates the number and variation of
biotic elements within the patch (Roth, 1976; Forman, 1995a; McElhinny et al., 2005
(see Fig. 1.1 for example).

Fig. 1.1 Example of the elements contributing to landscape and patch heterogeneity.
Landscape heterogeneity consists of a number of different patch types (pasture, crops,
open woodland, dense shrubs, forest), and patch heterogeneity is defined by the number
and variation of biotic elements (trees, shrubs, litter, grass, logs) within each patch.
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This is not to say that in cleared agricultural or modified landscapes patches are viewed
as ‘habitat and non-habitat’ (McIntyre and Hobbs, 1999; Bennett et al., 2006) rather as
part of a continuum (sensu Fischer et al., 2006) which considers all patches in the
landscape as a gradient of resources available to different species at multiple spatial
scales. The scale definition of ‘patch’ and ‘landscape’ varies from author to author, and
can fall within the range of 0.0001–100 ha for patch and 100 –10 000 ha for landscape
(Forman and Godron, 1981; Forman, 1995b; Freudenberger and Harvey, 2003;
McElhinny et al., 2005). Choosing the appropriate sampling scale for patch and
landscape is best defined by the organism under investigation and the scale of processes
affecting that organism (Pringle et al., 1988; Turner and Gardner, 1991; Cale and
Hobbs, 1994; Farina, 1998). For the purposes of assessing patterns and processes for
regrowth, patch scale is considered here to be in the range of 10–100 ha and landscape
scale 100–1000 ha (Freudenberger and Harvey, 2003; McElhinny et al., 2005).

1.1.7 Regrowth succession and the patch

Traditionally, vegetation succession has been described as a process of vegetation
change, which may or may not follow an orderly sequence, culminating in a stable
climax community (Hobbs and Walker, 2007). Early theories of succession were driven
by deterministic models, with succession after disturbance being described as a
predictable, orderly sequence culminating in a climax community (Clements, 1936).
Theories involving competition and dispersal mechanisms followed, with species
colonisation driven by a trade-off between dispersal and competition. The first species
to colonise after abandonment were considered to be good seed dispersers, but poor
competitors (r strategy species such as perennial herbaceous species, woody shrubs with
wind dispersed seeds), and these were followed by species that are poor dispersers, but
good competitors, leading to trees replacing shrubs (Odum, 1969; Tilman, 1985;
Gleeson and Tillman, 1990). Other theories have expanded from a single pathway to
alternative pathway models, with colonisation involving facilitation, inhibition or
tolerance mechanisms between species (Connell and Slatyer, 1977; Connell et al., 1987)
and ecological filter models (Diaz et al., 1999) where colonisation is regulated by biotic
(seed dispersal) and abiotic filters (e.g. soil fertility) that determine which species can
establish and remain in a site. Variation in initial site conditions and the species traits of
available propagules results in different pathways of vegetation succession after
disturbance (Diaz et al., 1999). Current ecological theory includes elements of
9

deterministic and alternative pathways, and highlights that succession or vegetation
dynamics can take multiple pathways depending on initial site conditions and
subsequent disturbances and management, and may not follow a predictable pathway to
a stable climax community (Noble and Slatyer, 1980; Keever, 1983; Picket et al., 1987,
2009; Suding et al., 2004; Walker et al., 2004; Hobbs and Cramer, 2007b; Copenheaver,
2008). State and Transition models are one such example of recent theories and include
concepts of alternative pathways or alternative states (Bestelmeyer et al., 2003). In this
framework, vegetation changes can be viewed as a sequence of discrete states, and
transitions to new states are moderated by thresholds and barriers (Westoby, 1989;
Stringham et al., 2003). This model framework is a key part of the investigation in
chapter 2 of this thesis. Whatever pathway regrowth succession takes, the composition
and arrangement of vegetation at various stages will profoundly affect the development
of structural complexity and spatial heterogeneity within the patch.

1.1.8 Structural complexity and spatial heterogeneity

Structural complexity can be defined as the number of different structural attributes and
the abundance of those attributes in a vegetation stand (Newsome and Catling, 1979;
McElhinny et al., 2005). Attributes can include the number of functional plant types
(Parkes et al., 2003), volume of fallen logs (Catling and Burt, 1995; Franklin et al.,
2000) and the density of trees in a stand (Spies and Franklin, 1991; McElhinny et al.,
2005). Structural complexity tends to increase as regrowth patches mature (McDonnell
and Stiles, 1983; Brown and Lugo, 1990; Dewalt et al., 2003; Kanowski et al., 2003;
Bowen et al., 2009) because key components of structural complexity take time to
develop and accumulate, such as stand biomass, deadwood and litter (Odum, 1969;
Franklin and Van Pelt, 2004; McElhinny et al., 2005; Vesk et al., 2008).
“All objects are heterogeneous or variegated, composed of patches within patches”
(Forman, 1995a p. 14). Thus spatial heterogeneity at the patch scale can be described as
the variation in space of the biotic elements within the patch (McElhinny et al., 2005).
Measures of this variation include foliage height diversity (MacArthur and MacArthur,
1961, Franklin and Van Pelt, 2004) and the co-efficient of variation of distance to
nearest neighbour (Roth, 1976; Franklin et al., 1981 cited in McElhinny et. al., 2005).
The former tends to describe vertical diversity whereas the latter is more descriptive of
heterogeneity in the horizontal plane or “patchiness” (Roth, 1976; Franklin and Van
10

Pelt, 2004). Spatial heterogeneity within the patch may also change over time but
patterns are highly dependent on land use history, length of modification, proximity to
seed sources and ‘biological legacies’ (see p. 12 below) (Arnold, 1999; Franklin et al.,
2000; Cook et al., 2005; Bowen et al., 2007). Spatial heterogeneity may eventually
decline as the stand is dominated by trees, particularly if the stand is an even age cohort
(Fig. 1.2). However over a longer period of time the level of spatial heterogeneity may
increase again as the stand matures and disturbances (such as fire, wind damage or
natural senescence of older trees) begin to open up gaps in the stand (Franklin and Van
Pelt, 2004) (see Fig. 1.3).

Structural complexity

high

low
(a)

(b)

(c)

(d)

(e)

TIME

low

high

low

Spatial heterogeneity

Fig. 1.2 Idealised changes in structural complexity and spatial heterogeneity over time.
As time increases from left to right the patch accumulates elements which add to stand
complexity (e.g. litter, logs, stand biomass). Patch (c) has the highest spatial
heterogeneity as it has different cover types in a diverse arrangement while patch (e) has
the highest structural complexity.
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Structural complexity

stand begins to open up

high

low

TIME

low

high

low

high

Spatial heterogeneity

Fig. 1.3 Idealised changes in structural complexity and spatial heterogeneity over time.
As time increases from left to right spatial heterogeneity increases then declines and
begins to rise again once the tree-dominated patch ages and older trees senesce and gaps
open up.
‘Biological legacies’ are “organisms, organic materials and organically generated
environment patterns that persist through disturbance and are incorporated into the
recovering system” (Franklin et al., 2000 p. 17). Examples of biological legacies in a
regrowth landscapes include remnant trees, which provide seed sources for tree
regeneration (Manning et al., 2006) and logs that provide micro-sites for germination
and soil fungi facilitating nutrient uptake by plants (Franklin et al., 2000). These
biological legacies exert a strong influence on the spatial pattern of re-colonisation of a
site (Franklin et al., 2000; Cook et al., 2005). As a result, the development of regrowth
is very much dependent on the starting conditions and biotic interactions following
abandonment and may not lead to reference patch conditions that existed before clearing
for agriculture, even after several decades of growth (Doherty, 1998; Lugo and Helmer,
2004; Zimmerman et al., 2007; Kanowski et al., 2008; Navarro and Pereira, 2012).
Instead it may form an alternative system with a different organisation of vegetation
patterns, structures and species composition (Lugo and Helmer, 2004; Hobbs et al.,
2006; Cramer et al., 2008). How this alternative system contributes to structural
complexity and spatial heterogeneity in the post agricultural landscape are important
12

questions to investigate (Doherty, 1998; Lugo and Helmer, 2004; Borges, 2007; Hobbs
and Cramer, 2007b; Bowen et al., 2007, 2009).

1.1.9 Regrowth and landscape

As described previously, landscape heterogeneity encompasses the number, diversity
and arrangement of patch types within that landscape (Cale and Hobbs, 1994; Forman,
1995a; Farina, 1998; Franklin and van Pelt, 2004; Bennettt et al., 2006). Over time,
regrowth may add new patch types or reduce the range and number of existing patch
types thus increasing or diminishing landscape heterogeneity. If the landscape is
initially relatively homogeneous (e.g. a pasture) then the addition of regrowth would
increase landscape heterogeneity but if the landscape contains a mosaic of different
patch types then the addition of regrowth could reduce landscape heterogeneity by
increasing the cover of a single patch type (Fig. 1.4).

Addition of regrowth patches
dispersed over space and time

Addition of regrowth patches
decreases landscape heterogeneity

Addition of regrowth patches is
simultaneously over large areas

(a)

(b)

(c)

Landscape heterogeneity

Landscape heterogeneity

Landscape heterogeneity

Fig. 1.4 Different outcomes for landscape heterogeneity depend on the landscape
composition and expansion of regrowth over space and time. Addition of regrowth in
(a) a homogenous landscape increases heterogeneity, whereas addition of regrowth in
(b) a landscape already spatially heterogeneous leads to declines in heterogeneity with
increasing areas of one patch type. (c) Simultaneous addition of regrowth over large
areas may increase heterogeneity initially but heterogeneity declines as landscape
becomes dominated by one patch type.
Homogenisation of the landscape is likely to occur very quickly if succession occurs
simultaneously over large areas (Chapin III et al., 2002; Rey Benayas et al., 2007).
However if succession is dispersed across the landscape over space and time, regrowth
can lead to an increase in landscape heterogeneity for an extended period of time
(MacDonald et al., 2000; Chapin III et al., 2002; Rey Benayas et al., 2007) (Fig. 1.4c).
Many researchers have stated that it is essential to restore landscape heterogeneity in
fragmented agricultural landscapes to improve biodiversity conservation (McIntyre and
Hobbs, 1999; Bennett et al., 2006; Fischer et al., 2006; Hendrickx et al., 2007;
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Cunningham et al., 2008). If succession is gradual over time and dispersed in space,
then regrowth could lead to increased landscape heterogeneity in a post-agricultural
landscape at least in the initial stages (Fig. 1.4a).

A number of studies have reported regrowth increaseing and decreaseing in landscape
heterogeneity over time (Foster, 1992; Farina, 1998; MacDonald et al., 2000; Rey
Benayas et al., 2007; Sirami et al., 2007). In Europe there are concerns that regrowth
will lead to homogenisation of the landscape due to increased woodland and forest
cover in post-agricultural regions (Roura-Pascual et al., 2005; Rey Benayas et al., 2007;
Sirami et al., 2007). This is a region with a long history of farming creating a mixed
farm landscape, with recent abandonment after 1950 leading to increased cover of
woodland and forest and consequently a loss of open pasture patch types (Farina, 1997;
Sirami et al., 2008, 2010; Brambilla et al., 2010). In regions with a shorter history of
intense agriculture, such as South America, regrowth appears to increase heterogeneity,
at least in the short term and along the forest edges (Lugo and Helmer, 2004).

This is not to suggest that increasing heterogeneity always leads to positive outcomes in
all landscape situations. Increasing heterogeneity in formerly homogenous landscapes
can have negative consequences for some species (Báldi and Batáry, 2011; Batáry et al,
2011); most notably where large areas of a particular habitat are required by species
such as grassland specialist birds (Báldi and Batáry, 2011). Here heterogeneity at a local
scale (variety of grassland sward) is beneficial but at a landscape scale is negative
(encouraging nest predators). The context of the agricultural region is highly relevant. In
highly mechanised agricultural areas increasing heterogeneity can be positive but in low
input traditional managed farm scapes, increasing heterogeneity may lead to diminished
biodiversity, through a reduction in area for specialist species and increases in more
generalist species (Batáry et al., 2011). It is also important to view landscape
heterogeneity from a species perspective and consider functional heterogeneity (the
variety of cover types defined by resource dependencies of species groups) as opposed
to structural heterogeneity (variety of patch types as perceived by the human observer)
(see Fahrig et al., 2011).

In Australia where the recent history of European agriculture has seen extensive
clearing of native vegetation, regrowth has increased native vegetation cover in cleared
agricultural landscapes (see Doherty, 1998). Bowen et al. (2007) contends that regrowth
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adds to overall habitat and is complementary to existing forest remnants. In this context,
regrowth has increased landscape heterogeneity by adding different age classes of patch
types. In the New England region of north-east USA, a region with a long history of
abandonment, succession has moved from cleared farmland through shrub dominance to
forest, but recent urban expansion has also changed patterns. This illustrates the
landscape pattern in these systems is not static, but highly dynamic over time (Foster,
1992).

Landscape patterns are often driven by socio-economics and land capacity. Diverse
landscape patterns occur in areas with small holdings interspersed among natural areas
in contrast to homogenous patterns in areas suitable for mechanised farming in higher
productive zones (Chapin III et al., 2002). Thus the effect of regrowth on landscape
heterogeneity is very much determined by the regional conditions, disturbance history,
socio-economics, and land capacity as well as the spatial and temporal scale of
examination. Landscape heterogeneity may be cyclic over very long time scales,
particularly in agricultural regions subject to different types and intensities of human
disturbance (Foster, 1992; Chapin III et al., 2002; Shaw and Whyte, 2013).

Another way of looking at landscape complexity is in terms of alpha and beta diversity.
Species richness within a patch can be taken to represent alpha diversity (although the
scale at which alpha diversity is measured is not fixed). Beta diversity is related to the
number of unique species supported in different patches across the landscape, and thus
incorporates species turnover among patches (Whittaker, 1960). There is an extensive
literature covering the conceptual framework and interpretations of alpha and beta
diversity in landscape studies (e.g. Whittaker et al., 2001; Tscharntke et al., 2012). In
this thesis the relationship between alpha and beta diversity is addressed in terms of
patch and landscape patterns and processes. Diversity within the patch and diversity of
patch types will affect species diversity and community structure across the entire
landscape.

1.1.10 Regrowth and birds

Different species respond in different ways to structural and spatial variation at both
patch and landscape scales. As birds have a strong relationship with vegetation
structural and spatial variation (MacArthur and MacArthur, 1961; Wiens, 1989), they
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make ideal species to monitor when investigating changes in regrowth. The impact of
regrowth on bird species again depends on the landscape context, history of disturbance
and how many species have adapted to a human modified system (Bowen et al., 2007;
Sirami et al., 2008; Cramer and Hobbs, 2007b). Changes in structure and spatial
arrangement of vegetation will have significant impacts on species richness, abundance,
diversity and community composition of birds (MacArthur, 1965; May, 1982; Wiens,
1989; Laiolo et al., 2004a; Bennett et al., 2006; Bowen et al., 2007). As regrowth
develops, bird species richness measured at the patch scale has been shown to increase
but in some instances not to the same level as in primary forest (Barlow et al., 2007;
Borges, 2007). Richness can also increase and then decline as the patch begins to
resemble primary forest (Blake and Loiselle 2001; Fisher, 2001; Foster et al., 2002) and
richness can also remain stable with succession over time but bird species community
composition exhibit a complete turnover (Arnold, 1999; Parody et al., 2001). The
abundance of different species groups can increase or decline with regrowth succession
depending on species habitat preferences (Laiolo et al., 2004b; Sirami et al., 2008). For
example, regrowth succession in European old fields can increase the abundance of
woodland bird species but decrease the abundance of species adapted to open grasslands
(see Laiolo et al., 2004b; Sirami et al., 2008, 2010, Brambilla et al., 2010; Rippa et al.,
2011).

The effect of regrowth on the bird community depends on the scale being evaluated:
from plot to patch or landscape scale. The addition of regrowth in the landscape can add
to regional bird species diversity (Blake and Loiselle, 2001; Bowen et al., 2009;
Lindenmayer et al., 2012) or make minimal contribution by supporting species already
common in the landscape (Laiolo et al., 2004). The most consistent response across
many studies of regrowth succession is that different bird communities are supported by
different successional stages of regrowth (early, mid and late succession) (Arnold, 1999;
Blake and Loiselle, 2001; Coppedge et al., 2001; Fisher, 2001; Parody et al., 2001;
Borges, 2007; Seymour and Dean, 2010). If a range of successional stages of adequate
size and quality are present across a landscape, then different bird communities can be
supported which leads to greater diversity in the regional species pool (MacArthur and
MacArthur, 1961; Turner, 1989; Wiens, 1989; Forman, 1995b; Bennett et al., 2006).

16

1.1.11 Predicting birds responses to regrowth using functional traits

The bird species that utilise the different stages of regrowth is determined by species life
history traits. Bird species traits reflect adaptations to variation in the physical and
biotic environment and dictate which habitat niches will be occupied by particular
species (MacArthur and MacArthur, 1961; Wiens, 1989; Harrington et al., 2010).
Functional traits include morphological (body size), physiological (metabolism), and
life history (diet, foraging behaviour) attributes (Violle et al., 2007; Hillebrand and
Matthiessen, 2009). These traits can be used to group birds and predict changes in bird
communities as patches within landscapes change (Fig. 1.5; Mac Nally, 1994; Martin
and Possingham, 2005; Mac Nally et al., 2008; Kutt and Martin, 2010).

TIME

(a)

(b)

(c)

(d)

(e)

Fig. 1.5 Examples of bird traits in different patch types. Patches (a) and (b) can support
more open area foraging granivorous species, patches (d) and (e) can support more
insectivorous bark and canopy foragers and patch (c) can support birds that forage in
ground litter and nest in shruby mid-storey vegetation. If a landscape includes all the
patch types illustrated above then many different species will be supported adding to
region species diversity, provided resources are sufficient to support each species. (Bird
photos courtesy of Birds Australia).

1.1.12 Bird species traits associations and regrowth

Studies indicate marked differences in certain traits of bird species in response to
regrowth. These include body size, diet, habitat preference, foraging, nesting and habitat
plasticity. As regrowth increases in an area there is likely to be an increase in the
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abundance of smaller birds (Seymour and Dean, 2010), insectivores (Bowen et al.,
2009; Kutt and Martin, 2010; Seymour and Dean, 2010), shrub and ground nesters
(Coppedge et al., 2001, 2004; Laiolo et al., 2004b), resident woodland species
(Coppedge et al., 2001; Sirami et al., 2008), and shrub and woodland species (Laiolo et
al., 2004b). There is also a corresponding decline of granivores and open area grassland
species (Coppedge et al., 2001; Sirami et al., 2008; Kutt and Martin, 2010).

1.1.13 Foraging traits and regrowth

Foraging traits can also be a strong predictor of what types of birds will occupy
regrowth at different successional stages (Blake and Loiselle, 2001; Parody et al., 2001;
Pons and Wendenberg, 2005; Bowen et al., 2009; Kutt and Martin, 2010). Foraging
traits include food item, location, substrate and behaviour, all of which are strongly
linked to structural complexity and spatial heterogeneity of vegetation (MacArthur and
MacArthur, 1961; Wiens, 1989; Martin and Possingham, 2005; Kutt and Martin, 2010;
Shanahan et al., 2011). Resource conditions in the site determine what food items are
available, which then determines occupancy based on dietary preferences of species
(Mac Nally et al., 2005; Watson, 2011). Foraging height is strongly related to vegetation
structure (Martin and Possingham, 2005; Kissling et al., 2008; Kutt and Martin, 2010)
and foraging behaviour will determine what species can occupy different vegetation
densities (Whelan et al., 2001). For example, birds that glean from foliage will be able
to occupy dense shrubby vegetation (Whelan et al., 2001) while bark and canopy
foraging insectivores can only occupy regrowth habitats once trees are present and
matured to a suitable stage (Davis et al., 2000; Blake and Loiselle, 2001; Bowen et al.,
2009, Kutt and Martin, 2010).

1.1.14 Nesting traits and regrowth

Vegetation structure also determines which birds can occupy habitat based on the
variation in species nesting traits (see Wittingham and Evans, 2004). These include nest
type and nest location, and birds occupying different structures of regrowth vegetation
have shown marked differences in the type of nest they build and where they locate it
(Coppedge et al., 2001; Parody et al., 2001; Seymour and Dean, 2010). Seymour and
Dean (2010) found cup-nesters were favoured by an increase in shrub vegetation while
cavity-nesters were only present once trees had matured. Coppedge et al. (2001) found
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strong differences in nest location preferences when comparing bird communities
between regrowth shrubland and grassland. Vegetation density can also impact on
nesting success and vulnerability to nest predators (see Wittingham and Evans, 2004) as
open nesting species may be more susceptible to nest predation particularly in
fragmented landscapes, in small patches and when close to edges (Ford et al., 2001;
Wittingham and Evans, 2004; Doerr et al., 2006; Pryke et al., 2011). Open nesting
species may have higher breeding success in larger dense shrubby patches than open
grassy patches and thus should be favoured in regrowth vegetation (Ford et al., 2001;
Yen et al., 2011).

1.1.15 Habitat plasticity and regrowth

Plasticity of habitat preference (sometimes referred to as habitat breadth) has been used
to explain species responses to regrowth (Sirami et al., 2008). Species with large habitat
plasticity can occupy many different niches whereases species with low habitat
plasticity can only occupy a small number of niches (Wiens, 1989; Sirami et al., 2008;
Luck et al., 2012). Most bird species will have a preferred habitat, but if habitat
plasticity is high, then species can use other associated habitats, and persist in an area
when vegetation is changing.

Regrowth succession should see different birds occupying habitats depending on the
structure and arrangement of different succession stages and bird responses can be
predicted by species traits (Coppedge et al., 2004; Martin and Possingham, 2005; Kutt
and Martin, 2010; Shanahan et al., 2011). Smaller, insectivorous, ground-nesting and
shrub-nesting birds with trait plasticity are likely to be accommodated in the early and
intermediate stages of vegetation succession, but as vegetation develops towards a
closed forest structure, canopy foragers, hollow nesters and birds with lower habitat
plasticity that prefer forest habitats will increase. At a landscape scale, many species
possessing a range of functional traits should be accommodated if the regrowth
landscape contains a variety of patch types (Fischer et al., 2008; Rey Benayas et al.,
2010). If regrowth contributes to landscape heterogeneity, patches at different
successional stages (increasing structural complexity and spatial heterogeneity) should
accommodate different bird communities adding to regional species diversity and
functional diversity (Loiselle and Blake, 1994; Skowno and Bond, 2003; Antongiovanni
and Metzgerre, 2005; Rey Benayas et al., 2007) (see Fig. 1.5).
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1.1.16 Conclusions

Regrowth can make substantial contributions to biodiversity at the patch and landscape
scale. As regrowth develops in the patch, measures of structural complexity and spatial
heterogeneity can increase. Regrowth can also contribute to landscape heterogeneity if
regrowth increases the diversity of patch types over space and time. Patterns depend on
disturbance history of the region and initial conditions, and benefits for birds, and other
mobile species, ultimately depend on whether regrowth is adding habitat and increasing
spatial heterogeneity. If regrowth is adding habitat that is missing from the landscape,
this can increase regional species diversity and landscape functional diversity. Under
these conditions, regrowth holds great potential for restoring vegetation cover in forest
and woodland systems that have been extensively cleared for agriculture.

1.2 Thesis overview and problem statement

Expansion of agriculture in Australia (and elsewhere) has significantly impacted
on woodland bird species through the loss of habitat and fragmentation (Barrett et
al., 1994; Bennett and Ford 1997; Ford et al., 2001; Murphy, 2003; Gregory et al., 2007;
Hewson et al., 2007; Montague-Drake et al., 2009; Watson, 2011). Efforts to halt
species declines and restore ecosystem function have entailed substantial investments in
active revegetation. Activities to achieve this such as fencing, direct seeding and
planting are expensive and often provide only small increases in vegetation cover
(Kanowski et al., 2008; Rey Benayas et al., 2008; Lindenmayer et al., 2012). In
addition, revegetation in some landscapes is not occurring fast enough to address system
declines and species losses (Vesk and Mac Nally, 2006; Cunningham et al., 2008).

By contrast, social research has identified many areas transitioning away from
traditional agriculture to amenity land use, small scale farming, conservation or
recreation land uses (Moss, 2006; Argent et al., 2007; Abrams et al., 2012), and
some of these areas are already seeing increases in regrowth (Neilan et al., 2006;
Kanowski et al., 2008; Geddes et al., 2011). In other regions regrowth from farmland
abandonment has lead to large increases in vegetation cover (Foster, 1992; Rey Benayas
et. al., 2007; Hobbs and Cramer 2007a) and constitutes a major influence in shaping
future vegetation patterns in some cleared agricultural landscapes. Currently there is
little published data on the amount of vegetation that has increased from farmland
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abandonment or change in farming type in Australia (but see Kyle and Duncan, 2012).
While there is a large body of data from the social researchers identifying where
landscape change may occur, there are few accompanying datasets on how much
vegetation is increasing and whether gains from regrowth compensate for losses caused
by associated land clearing. Regrowth from farmland abandonment may provide an
opportunity to rebuild landscapes. This process may also create habitats that could
benefit woodland birds that have declined in fragmented agricultural landscapes (Hobbs
and Cramer 2007a; Rey Benayas et al., 2007; Dwyer et al., 2009; Navarro and Pereira,
2012; Proença et al., 2012).

Habitats with diverse structural and spatial components are often missing in cleared
landscapes (Ford et al., 2001; Cunningham et al., 2008). Vegetation succession can
initially result in structurally simple patches but over time can increase in spatial
diversity and structural complexity (DeWalt et al., 2003; Laiolo et al., 2004a; Cramer et
al., 2008; Woinarski et al., 2009). Regrowth could also increase landscape heterogeneity
in cleared landscapes, especially if different patch types at different succession stages
are maintained. In addition, regrowth can add to texture in a modified landscape thus
allowing some species to move through and access available resources in the whole
landscape (Bennett et al., 2006; Fischer et al., 2008). Hypothetically, this should favour
woodland birds, particularly those that require shrubby mid-storey vegetation and
multiple patch types in close proximity (Reid, 1999; Montague-Drake et al., 2009; Ford,
2011).

Problem statement

Research in Australia has shown a positive response by birds to active regeneration and
planting on farms (Kavanagh et al., 2001; Hastings and Beattie, 2006; Barrett et al.,
2008; Munro et al., 2011; Lindenmayer et al., 2007, 2011). However there is limited
research on how birds respond to regrowth on abandoned farmland (but see Neilen,
2006). While birds have strong associations with specific structures associated with
active revegetation, little information is available to demonstrate whether birds respond
similarly to regrowth. Different scales of change may affect bird responses, as regrowth
can cover much larger areas compared to the relatively limited areas of revegetation
works undertaken in production farmland.
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A large body of research shows the detrimental effects of agricultural intensification on
birds in Australia, by comparison there have been few investigations into the benefits of
extensive regrowth, particularly in agricultural areas shifting away from traditional
farming (Doherty, 1998). These areas provide an opportunity to reconnect fragmented
agricultural landscapes, but the ecological properties of this new system are unknown.
Investigating bird responses to vegetation succession in these landscapes can improve
our understanding of regeneration processes and associated changes in bird
communities.
The aim of this thesis is to investigate regrowth in a post agricultural landscape and
how the present and future vegetation structure influence the regional bird
community.

Specific questions addressing this aim are presented at the beginning of chapters 2–4,
and the final chapter summarises the findings.

Chapter 2. Investigates vegetation succession in a post-agricultural landscape and
describes how the composition and structural complexity of regrowth vegetation have
changed over time. Results are then used to construct a State and Transition model for
vegetation change in the post-agricultural landscape.

Chapter 3. Investigates the provision of habitat by regrowth for woodland birds. This
study compares different compositions of regrowth vegetation to pasture and forest
remnants, and determines if regrowth is providing supplementary or complementary
habitat for bird species.

Chapter 4. Investigates the future regrowth landscape at the patch and landscape scale
under different expansion and disturbance scenarios using a cellular automata modelling
approach. Bird species response to changes in the provision of habitat type predicted in
vegetation modelling is then investigated based on species trait associations and density
estimates from chapter 3. Predictions are then made on the type of bird community
supported in the future regrowth landscape.

Chapter 5. Summarises the findings from each chapter, discusses the conservation
implications for Australian post-agricultural landscapes and suggests future research.
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Chapter 2

Vegetation change after farmland abandonment: Using a state and transition
model to predict vegetation patterns in a future landscape

An example of tree regeneration around a paddock tree in a regrowth property with litter
and coarse woody debris build up under the larger paddock tree. Shrub regeneration can
be seen in the background behind tree regeneration (source: Lisa Smallbone, 2011).
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Chapter 2

Vegetation change after farmland abandonment: Using a state and transition
model to predict vegetation patterns in a future landscape

Abstract

Regrowth is making major changes to vegetation composition and structure in postagricultural landscapes in central Victoria, Australia. Thus the need to understand the
mechanisms and succession pathways it follows. In this chapter, I develop and test
parameters for a state and transition model for a post-agricultural landscape. Vegetation
change was assessed by comparing proportional change in states (Tree, Shrub and
Pasture) using spatial analysis from a time series of aerial photos of the study area.
Hypotheses were tested by modelling change in states using time since abandonment,
distance to propagules, distance to natural drainage lines, and persistence of competing
states as predictors. Results indicated that over the last sixty years (1940–2007)
abandoned farmland has undergone a major shift in vegetation structure from cleared
pasture to increased shrub cover, which was gradually replaced by tree cover as shrub
cover declined. The main factor influencing the type of transition and stability of a state
was proximity to tree seed sources. Once established, trees appeared to form the most
stable state, and the Shrub state was more stable at greater distances from tree seed
sources. The Pasture state was the least stable and was quickly invaded by trees or
shrubs once grazing land was abandoned. Internal stand structure differed greatly
among states, particularly ground cover and microhabitat components such as
eucalyptus and fine leaf litter. If regrowth patches included a mix of Tree and Shrub
states, measures for vegetation structural complexity were greatly improved. In this
context regrowth is making a valuable contribution to structural restoration in this postagricultural landscape and warrants further investigation in terms of the species it
supports.
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2.1 Introduction

Farmland abandonment plays a significant role in shifting vegetation patterns in
agricultural landscapes and often leads to large increases in vegetation cover (Rey
Benayas et al., 2007; Hobbs and Cramer, 2007a). This can provide an opportunity for
ecosystem recovery at minimal cost (Hobbs and Cramer, 2007a; Rey Beneyas et al.,
2008; Dwyer et al., 2009; Navarro and Pereira, 2012; Proença et al., 2012). Potential
gains include extensive revegetation (Arnold et al., 1999; Roura-Pascual et al., 2005;
Geddes et al., 2011), carbon sequestration (Dwyer et al., 2009; Ngugi et al., 2012),
return of soil function processes (Rey Benayas et al., 2007), provision of habitat
(Bowen et al., 2007) and increased landscape heterogeneity (Foster, 1992; Lugo and
Helmer, 2004; Bowen et al., 2007). These benefits to biodiversity are largely
determined by landscape context and the local and regional history of disturbance
(Bowen et al., 2007; Hobbs and Cramer 2007a; others), which differs throughout the
world. However, the rate of farmland abandonment is increasing in both developed and
developing countries, with sharp increases since 1950 (Ramankutty and Foley, 1999).
High rates of abandonment will shape future vegetation patterns in cleared agricultural
landscapes. Therefore, it is essential to understand the impacts of this process on
landscape recovery, spatial heterogeneity and ecosystem function.

Early studies of vegetation change on abandoned farmland informed theories of
vegetation succession, and these often assumed a predictable succession pathway driven
by competition and dispersal mechanisms (see Clements 1936; Odum, 1969; Tilman,
1988; Gleeson and Tillman, 1990). Current ecological theory indicates succession or
vegetation dynamics can take multiple pathways depending on initial site conditions and
subsequent disturbances and management and may not necessarily follow a predictable
pathway to a stable climax community (Noble and Slatyer, 1980; Picket et al., 1987,
2009; Suding et al., 2004; Cramer, 2007; Copenheaver, 2008). Succession may not lead
to a prior undisturbed state as key processes may have been lost from the system and
new dynamics may be shaping succession patterns (Lugo and Helmer, 2004; Cramer et
al., 2008; Kanowski et al., 2008; Navarro and Pereira, 2012). This could result in a postagricultural landscape that is ecologically very different from the landscape before
clearing for agriculture (Doherty, 1998; Hobbs et al., 2006). A key goal of conservation
in cleared agricultural landscapes is restoration of a functioning system with diverse
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landscape patterns (McIntyre and Hobbs, 1999; Fischer et al., 2006), with increased
structure and spatial diversity of vegetation as these are key determinants of species
habitat associations (MacArthur, 1965). Therefore it is important to know how
vegetation components will develop in the post-agricultural landscape as the system
changes, how stable different states will be, and what factors will influence transitions
(Doherty, 1998; Kyle et al., 2012).

One approach that can be used to map vegetation pathways in regenerating landscapes
is the application of state and transition (S&T) modelling. S&T models were developed
to explain vegetation dynamics in non-equilibrium systems, and became an alternative
to earlier vegetation succession models (Jackson and Bartolome, 2002; Bestelmeyer et
al., 2003). State and transition theory asserts that vegetation can be in multiple discrete
states, and that transitions to new states are not necessarily a steady progression with the
removal of disturbance, but moderated by thresholds and barriers (Westoby, 1989;
Stringham et al., 2003). This model is much better at describing vegetation dynamics as
transitions to new states, having crossed a threshold, do not necessarily move back to
the former state even when competition is removed. This reflects more accurately what
is observed in a multi-equilibrium system (Laycock, 1991; Bestelmeyer et al., 2003).

Important assumptions in model development include defining the spatial and temporal
extent, and employing an objective assessment of transition dynamics and a robust
method for defining states (Jackson and Bartolome, 2002; Bestelmeyer et al., 2003). A
‘state’ can be defined as a large difference in plant functional group, and consequently
vegetation structure such as grassland versus shrubland (Bestelmeyer et al., 2003).
Transition is regulated by external and internal mechanisms and can be impeded by
three types of constraints: (1) dispersal of propagules; (2) effects of competitors,
predators and parasites; and (3) site conditions (Bestelmeyer et al., 2003, Cook et al.,
2005). Temporal extent is defined by the variability in weather patterns or permanence
of the current climate regime (Stringham et al., 2013), and spatial extent is defined as
the geological and soil conditions of the plant community (Jackson and Bartolome,
2002; Stringham et al., 2013). Here, spatial extent was defined by the estimated presettlement cover of dry eucalypt forest and woodland (DSE, 2008) which corresponds
with the regional soil conditions within the study area (see 2.2.1 Study area). Temporal
extent covered the period from 1940–2007 and included the typical variable rainfall
pattern of south-eastern Australian temperate climate (Bureau of Meteorology, 2010).
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It was predicted that in the study system transition from pasture to tree or shrub would
predominantly be driven by proximity to seed sources, time since abandonment, and
competitive interactions. In the absence of grazing, trees would establish if close enough
to a seed source. When an area was too distant from a tree seed source, shrubs (which
rely on wind-dispersed seed) would establish first. As time passed, trees would
gradually expand from established tree patches and replace shrubs (Gleeson and
Tillman, 1990). The degree to which shrubs may impede subsequent establishment of
trees was unknown. Thus, the density and pattern of mature seed trees would shape the
occurrence of new tree and shrub patches and interactions between trees and shrubs
would determine rates of tree succession and patterns of establishment (see Fig. 2.1 for
example). Overlaid with this was the influence of human disturbance, caused by
intentional removal of tree and shrub patches.

(a)

(b)

(c)

Fig. 2.1 Tree and shrub establishment patterns based on (a) initial arrangement of seed
source trees (dark grey circles) in a cleared grazing paddock (white rectangle) (b) tree
saplings (grey circles) establish close to seed sources, which are provided by remnant
trees on road side reserves (dark grey circles) and within paddocks and shrubs (white
oval) infill where tree saplings fail to establish initially (c) when tree saplings mature
they provide seed for new saplings to establish, gradually expanding into the shrub
patch over time.
State and transition models have been very popular and often applied to rangeland
systems (Stringham et al., 2013); however, the approach has also been applied to
vegetation dynamics in post agricultural landscapes using concepts of alternative stable
states (see Walker et al., 2004; Cramer, 2007). Using this approach it is possible to
predict how vegetation structure and spatial arrangement will evolve, what types of
habitats this will create and how this will influence fauna species diversity. This study
investigated vegetation change in a region experiencing farmland abandonment and
extensive post-agricultural regeneration in south-eastern Australia. The region was
dominated by dry eucalypt forest and grassy woodlands before European settlement.
Since the mid 1800s gold mining, timber extraction and clearing for grazing pasture
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have significantly modified the landscape. Many of these processes have now declined
or ceased, and since 1940, the steady increase in the abandonment of farmland has seen
open pasture replaced by increasing proportions of woody vegetation (Geddes et al.,
2011).

The aim of this study was to develop a state and transition model for post agricultural
succession patterns in a regenerating landscape.

More specifically, I ask the following questions in this chapter:


What proportion of the contemporary landscape is in each structural state and
how does this compare to the historical changes that have occurred?



What influences transition to a new state?



How stable are states, what influences transition length, and what are the
defining characteristics of each state?



How will these changes influence the structure and spatial arrangement of states
in the future landscape?

2.2 Methods

2.2.1 Study area

The region is part of a larger process occurring in post-agricultural landscape around
south-eastern Australia (Argent et al., 2005; Barr, 2005). In Victoria there are more than
40 local government areas (LGA’s) identified as transitional or rural amenity
landscapes, which is equivalent to nearly half the state of Victoria (Barr, 2005). The
study region covers three local government zones identified by Barr (2005) as
transitioning away from tradition agriculture and constitutes about 18% of a much
larger post-agricultural landscape. The study area covered approximately 138 800 ha
between Rushworth (36o, 35’ S and 145o, 0’ E) and Heathcote (36o, 55’ S and 144o, 42’
E) in central Victoria, Australia (Fig. 2.1a). The centre of the region supports a large
Eucalypt forest remnant on public land (43 615 ha) and the region surrounding the study
area supports intensive agriculture including grazing and irrigated cropping. Mean
annual rainfall is 485 mm year-1 (Bureau of Meteorology, 2014). Topography is
moderate to gently undulating and soils range from shallow stony earths on upper slopes
to deeper more fertile, yellow duplex/grey clay soils on lower slopes and in adjacent
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agricultural regions (DEPI, 2009). The study area was within the Goldfields bioregion
and pre-settlement ecological vegetation classes are predominantly Box Ironbark Forest,
Sandstone Ridge Shrubland/Box Ironbark Forest and Heathy Dry Forest (DSE, 2008).

(a)

(b)

Fig 2.2 (a) Map of study area showing study region boundary, public reserve land,
Puckapunyal army reserve, and Waranga Reservoir (b) areas used for time series study
(1940–2007) and locations for field sampling in farmland, forest and regrowth sites.
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Historical use of the forest remnant included 19th century and early 20th century gold
mining and timber extraction for firewood (Slijkerman, 2006; Parks Victoria, 2008) and
then later silviculture methods in state forest management (Slijkerman, 2006). This has
led to a system that could be described as being in an ‘alternative state’ compared to the
poorly known, pre-European condition. While “natural” forests may have large internal
variation due to an array of age structures of large trees and patches of dead and dying
trees, much of this forest remnant has a higher density of trees with a very even age
structure compared to a “natural” (pre-European) state (ECC, 2001). Over time as trees
mature and senesce more spatial variation may occur in this particular forest and more
sites would be available for shrub establishment. How much time this may take is
unknown at present.

Land use history is an important determinant of vegetation condition and the potential
for natural regeneration to occur (Thackway & Lesslie, 2006). Regions existing in a
‘modified state’ from prior land use can exhibit low to moderate regenerative capacity
(Thackway & Lesslie, 2006). Information for past land use history was obtained from
secondary sources (e.g. DEPI, 2011). The majority of the area was rated as 2nd class
(moderate intensity) sheep grazing and 3rd class (low intensity) cattle grazing with
minimal if any improved pastures (DEPI, 2011). Soils are highly vulnerable to erosion
by water (DEPI, 2009) and this has resulted in substantial areas of bare ground allowing
woody vegetation to readily establish (Geddes et al., 2011).

A study by Geddes et al. (2011) identified areas of tree and shrub regrowth throughout
this region at varying stages of development from 5 to 64 years old. The vegetation
occurs on abandoned farmland and is mainly composed of grey box (Eucalyptus
microcarpa), red stringybark (E. macrorhyncha), red box (E. polyanthemos) and red
ironbark (E. tricarpa) and the perennial shrub drooping cassinia (Cassinia arcuata). The
region of specific interest for this study was an area where regrowth has historically
occurred (Geddes et al., 2011). The extent of the study area was confined to a 5 km
buffer from the central public forest area, but excluded a large area of Commonwealth
defense land east of Heathcote and the Waranga Basin Reservoir north east of
Rushworth (Fig. 2.2a). The entire study area was sampled to determine current
vegetation states in the landscape. The area that had the best aerial photo coverage for
the time series sampling was the north eastern corner of the study area (see Fig. 2.2b).
Field sampling required accessing sites on private land and this was restricted to areas
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where landholders had granted access. Despite this restriction, field sampling sites were
spread across the entire study area with nine regrowth sites located in the north eastern
corner of the study area to be used for comparison to aerial image classification (Fig.
2.2b). Detail on field sampling is provided below.

2.2.2 Quantifying current states using field data

I collected site data from regrowth, forest and agricultural areas to document internal
structure within states identified from aerial photos. It was not possible to access all
regrowth sample areas used in the aerial photo analysis as the majority of points were
on private land. Field sampling was therefore limited to thirty six landholders who
accepted an invitation to be involved in the study. Five of these properties supported
open pastures that were interspersed among regrowth properties and the rest contained
regrowth parcels identified by Geddes et al. (2011). Sites within 1 km of other study
sites were excluded to maintain spatial independence. I also selected six sites in the
forest block by stratified random sampling. Three of the forest sites were randomly
selected in the forest interior (> 1200 m from forest edges), and three < 300 m from the
edge of the forest block. This resulted in 38 sites (5 farm, 27 regrowth, 6 forest) along a
gradient of tree cover from 0–65% at the site scale. The age of regrowth sites was
determined from aerial photo sequences, and a minimum age was designated based on
the first appearance of shrubs on the site (Geddes et al., 2011). Regrowth parcels ranged
from 5–64 years old (see Fig 2.1b for site locations).

A 400 m transect line was established in the centre of each property and selected forest
area, and vegetation cover and structure were measured at four equidistant points along
each transect. At each point, tree density was measured in the 10 x 20 m quadrat and
other variables were measured in two nested 5 x 5 m plots in opposing corners of the 10
x 20 m quadrat. Within each 5 x 5 m plot, a 50 x 50 cm subplot was used to sample
ground cover and litter depth (see Table A1.1 and Fig A1.1 in appendix 1 for detail).
The major cover components at each data point were also described in the field and on
the latest aerial photo using ArcMAP 10. From this data set, 30 points were excluded as
they crossed zones or boundaries of vegetation types, supported an atypical vegetation
type, eg. areas of Xanthorrhoea sp. (Grass trees) or a riparian zone (permanent creek).
The remaining data points (n = 224) were used to describe the internal structure of states
in farmland, forest and regrowth parcels.
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2.2.3 Quantifying current states using aerial photo data.

Vegetation states were defined as dominated by tree, shrub and pasture as these
comprise the major structural components of habitat (MacArthur and MacArthur, 1961;
Weins,1989; McElhinny et al., 2005) and could they could be confidently identified
from aerial photo interpretation (Fensham and Fairfax, 2003). I examined contemporary
aerial photo mosaics held by the Victorian Department of Sustainability and
Environment (DSE) to determine the proportion of the landscape in each vegetation
state. These photos were taken between 2006 and 2009 with ground resolutions of 15
cm to 1 m. Using ArcMAP10, 500 random points were generated across the study area
with a minimum separation of 100 m. These were then buffered by 2.82 m radius to
generate a 25 m2 sample circle and classified to state and major land use (private land
agriculture, public land or private land regrowth). This sample size was chosen because
it closely matched the area sampled on the ground in field transects at bird survey sites
(Chapter 3) and produced consistent results, using manual classification, in a pilot study
using three different sampling strategies (point, 25 m2 circle and 2500 m2 grid). If
randomly sampled points fell on infrastructure (e.g. water, roads or buildings) points
were moved 100 meters in a randomly selected compass direction, then reclassified.
State was determined by the dominant vegetation cover (trees, shrubs or pasture > 50%)
in the cell. If cover was 50/50, then both states were combined e.g. ST for shrub and
tree. States were classified at a map scale between 1:2000 and 1:3000. I then checked
classification accuracy from aerial photos compared to site data using a confusion
matrix, overall accuracy and kappa statistic.

2.2.4 Quantifying change in states over time using aerial photo data

I reviewed aerial photo images of current regrowth patches over the previous 60 years,
to determine changes in state and triggers for transition. I selected areas of regrowth that
had aerial photo coverage in the 1940s and at ~10 year intervals from 1970 to 2007.
Availability of aerial photos resulted in 27 parcels of regrowth out of the 132 identified
by Geddes et al. (2011) being suitable to investigate (mean = 86 ha, min = 5 ha, max =
249 ha) in the north-eastern corner of the study area (Fig. 2.3). Hard copy aerial
photographs from 1940, 1970, 1980 and 1989 were obtained from DSE and the
Department of Primary Industries. Photos from 1999 onwards were provided by DSE in
a rectified digital format and historical aerial photos (1940–1989) were scanned to
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electronic format. The scale from the original aerial photos was 1:15840 (1940) and
1:25000 (1971, 1982, 1989). Aerial photos were then converted to jpg files and georeferenced in ArcMAP10 with contemporary geo-referenced digital photos (1999, 2000,
2006 and 2007) from DSE, using road, property boundaries, farm dams, buildings and
other significant features including older paddock trees for referencing. The procedure
used 10 to 30 control points to maximise accuracy of final geo-referenced images. The
pixel resolution for 1945 images was 1.3 m and 1971, 1982 and 1989 was 2.2 m once
aerial photos were geo-referenced. Pixel resolution for images from 1999, 2000, 2006
and 2007 was 35 cm–2 m.

Fig. 2.3 North east corner of study area and location of the 27 regrowth parcels used for
time series study (1940–2007) and detail of aerial photo coverage.
Random points (354) where then generated with a minimum of 100 metres separation
within these regrowth areas. These were buffered to 25 m2 circles and classified to state
with the 2006 and 2007 aerial photos using the same method as the previous section.
Non vegetation points were moved and reclassified. Once the 2006/2007 state was
classified, points were tracked back over time. At each time step, state was again
classified, as was distance to closest tree (seed source) and the spatial arrangement of
the tree seed source. The closest seed source trees were classified as either isolated
Paddock tree; Clump (two or more trees within two canopy widths of each other); or
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Edge (road edge trees or trees in a linear arrangement). I also designated whether the
closest tree was a mature or young tree as seed production can vary with stand quality
and crown health, with good seed quantities being produced by trees in 20–40 year old
stands (Florence, 1996). In cases where the closest tree was a young tree, the distance to
the closest mature tree was also measured. Young trees (age < ca. 20 years) were
designated as those with a canopy width of < 10 m and mature trees as those with a
canopy ≥ 10 m. This was based on a pilot investigation of known tree ages and canopy
widths that compared field measurements with aerial photo measurements (conducted at
Charles Sturt University Albury-Wodonga campus). Measurements used the ruler tool
in ArcMAP10 and all distance measurements were done at 1:1000 scale. Data was
collected for six time steps 1940, 1970, 1980, 1989, 1999/2000 and 2006/2007.

I also included a landscape factor for modelling, as proximity to natural drainage lines
may influence some transitions. For example, shrubs may not establish in or near
natural drainage lines due to water logged soil conditions for C. arcuata (Wrigley and
Fagg, 1991). I used the spatial layer Watercourse VICMAP HYDRO V4.2.1 (DSE,
2008) to designate water drainage and generated the distance measurement using the
near table function in ArcMAP10. This distance to natural drainage line was measured
for all points sampled.

2.2.5 Analysis

I used contingency tables in SPSS20 to test for significant change in proportions of each
state over time. I then described transition types, transition times, and extracted seven
potential explanatory parameters. Once transitions were allocated for all sample points
these were sorted into simple transitions and multiple transition types. Simple
transitions were defined as no change or one change in state (e.g. p-p, p-t) and multiple
transitions were defined as more than one change in state (e.g. p-s-t, p-s-s-t-t). Multiple
transition sample points were cross checked for signs of human disturbance by reexamining aerial photos.

Sites that showed evidence of human disturbance over the period of abandonment were
noted and disturbance was included as a variable in predictive modelling. I tested the
data set with and without these sites to determine the effect of human disturbance on
predictive models. I used logistic regression to test for parameters affecting change of
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state to tree, shrub or pasture; this used all states that were either pasture/disturbed or
shrub at time0 (the beginning of abandonment) and pasture, shrub or tree as the end state
at the 2006/2007 aerial photo. This resulted in 280 samples points suitable for analysis
and 225 when human disturbed sites were excluded. Response variables (Table 2.1) and
predictor variables (Table 2.2) are described below.

Table 2.1 Measure, type, description and coding of response variables used in the
modelling analysis.
Analysis

Response variables

Measure

Type

Description

GLM

END STATE TREE
Transition to tree

Yes = 1
No = 0

binomial

END STATE SHRUB
Transition to shrub

Yes = 1
No = 0

binomial

END STATE
PASTURE
Transition to pasture

Yes = 1
No = 0

binomial

If the state at time2007 is
Tree it is coded at 1, if not it
is coded as 0
If the state at time2007 is
shrub it is coded at 1, if not it
is coded as 0
If the state at time2007 is
pasture it is coded at 1, if not
it is coded as 0

Time till transition to
tree state

years

continuous

Time till transition to
shrub state

years

continuous

Transition type

Text coded
e.g. p-t

categorical

ANOVA;
Proportional
distribution
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The number of years from
time0 for point to transition to
a tree state
The number of years from
time0 for point to transition to
a shrub state
Overall transition type
defined by each change in
state from time0 to 2007

Table 2.2 Measure, type and description of predictor variables used in the modelling
analysis.
Predictor
variables
timeMin

Measure Type

Description

References

years

continuous

Minimum time since
abandonment (first described
by Geddes et al., 2011) and
refined for this study by
checking specific patches in
detail

distance

metre

continuous

distance to closest tree at the
first year of abandonment
(time0)

Majority of Euc seed
dispersed at 1.5 tree
canopy height
(Cremer, 1977;
Florence, 1996)

distanceM

metre

continuous

distance to closest MATURE
tree at the first year of
abandonment (time0)

Mature tree is more
reliable seed source
(Florence, 1996)

seed source type

text: C,
E, or P

categorical

Seed source type (Clump,
Edge, Paddock) of closest
mature tree at time0

Seed quality varies
depending on tree
patch type (Florence,
1996)

shrub phase

Yes = 1
No = 0

binomial

existence of a shrub state at
any time from time0 to 2007

drainDist

metre

continuous

Distance from sample point
to the closest natural
drainage line

Shrub patches may
suppress tree
establishment due to
competition for light
and water (Onans and
Parsons, 1998)
Proximity to drainage
line may suppress
shrubs and promote
pasture (Campbell et
al., 1990; Wrigley
and Fagg, 1991)

human disturb

Yes = 1
No = 0

binomial

Presence of human
disturbance which was
defined as aerial photo
evidence of removal of trees
or shrubs at any time from
time0 to 2007, where photos
from an earlier date had
shown trees and shrubs to be
present at a site.

Logistic regression analysis used a two-step process to identify significant explanatory
variables and to generate a subset for further modelling. First, two-tailed T-tests were
used to compare the values of the continuous variables at sites where a transition to
trees was present or absent. Variables were excluded if they did not differ substantially
between samples (p > 0.2; Hosmer and Lemeshow, 2000). Simple logistic regression
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models were then used to test the relationship between each of the remaining variables
in turn (including categorical variables) and the presence/absence of the end state (tree,
shrub or pasture) at the 2006/2007 stage (see Table A1.2 and A1.3 in Appendix 1).
From this process a subset of variables were selected for generalised linear model
(GLM) analysis, including time since abandonment, shrub phase, distance to drainage
line, human disturbance and distance to closest mature tree. Distance to closest mature
tree and distance to closest tree were highly correlated (r = 0.761) so distance to closest
mature tree was modelled, as it was stronger and was more ecologically relevant. Seed
source type (Clump, Edge, Paddock) was excluded after closer scrutiny of the
relationship, as any effects in the logistic model were determined more by differences in
distance of the seed source rather than its type, due to isolated paddock tree seed sources
being at a greater distance than clumped or edge seed sources (Table A1.4 in Appendix
1). A summary of state and predictor variables tested in the final GLM analysis is
shown in Table 2.3.

Table 2.3 Summary of variables used for candidate models in the final GLM analysis
for data with human disturbance sites included (n = 280) and excluded (n = 255). All
subsets within the candidate models were explored and compared against the intercept
only model.

Sample = 280

Sample = 255

Response

Variables tested in each candidate model

END STATE TREE

distanceM + shrub phase + human disturb

END STATE SHRUB

distanceM + drainDist + human disturb

END STATE PASTURE

distanceM + shrub phase + drainDist + human disturb

END STATE TREE

TimeMin + distanceM + shrub phase

END STATE SHRUB

TimeMin + distanceM + drainDist

END STATE PASTURE

shrub phase + drainDist

I then developed models with the data set that included human disturbed sites (n=280)
and the non-disturbed data set (n = 225). Analysis used a generalised linear model with
a binomial distribution and a logit link function. All candidate models were tested using
the variables indicated in Table 2.1 and models were ranked using an information
theoretic approach and Akaike’s Information Criterion (AIC) (Burnham and Anderson,
2002). Condition AIC (AICc) was used to rank models in preference to AIC. As n gets
larger, both AICc and AIC start to converge (Burnham and Anderson, 2004). Using
AICc as the default position for ranking ensures robust selection of models and guards
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against over fitting (Burnham and Anderson, 2004). I compared the difference in the
criterion values of the best ranked model to model i (Δi). Models where Δi is < 2 are
usually considered to have substantial empirical support; values between 2 and 4
suggest some support, while values > 4 indicate little support (Burnham and Anderson,
2002). Akaike weights (wi) were also calculated and these can be interpreted as the
probability that any given model is the best model in the suite of models being
considered. I also calculated the summed Akaike weight for each explanatory variable
(i.e. summing wi across the models that the variable occurred in) as a measure of the
relative importance of each variable, and model-averaged estimates of effects (modelaveraged coefficients; Burnham and Anderson, 2002). Model fit was assessed by
comparing the AICc value of the more complex models with the constant only model
and the global model. The above analysis was done using MuMin (Bartoń, 2013) in R
statistical package (R core team, 2013).

2.2.6 Model validation

To evaluate the predictive performance of the top models, deviance explained and 10
fold cross validation was used (Pearce and Ferrier, 2000). This involved splitting the
data into 10 folds, fitting the data to nine of the folds and testing the predictions on the
10th fold. The prediction for samples in the 10th fold was compared with the observed
responses to test prediction accuracy. This process was continued until predictions had
been made for all samples. Evaluation of predictive performance was based on mean
discrimination and standard error of all folds. Model discrimination used the relative
operating characteristic (ROC) curve which informs the data required for calculating the
area under the curve (AUC). The AUC is a useful statistic for evaluating model
prediction accuracy (Hanley and McNeil, 1982; Pearce and Ferrier, 2000). AUC ranges
from 0–1 with values between 0.5–0.7 indicating some discrimination ability, 0.7–0.9
reasonable discrimination ability and values > 0.9 excellent discrimination (Hanley and
McNeil, 1982; Pearce and Ferrier, 2000). Cross validation analysis was done using the
R statistical package (R core team, 2013) using methods and source scripts adapted
from Elith et al. (2008) and Watson et al. (2011).
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2.2.7 Time till transition and shrub effects

A subset of points from the non-disturbed data set that started as pasture at time0 and
transitioned to either tree or shrub at some future time was used to determine how long
it took for a point to transition to a tree or a shrub. This resulted in 58 samples for
shrubs and 60 samples for trees (subset of 225 samples). I then plotted the proportional
distribution of transition time for the two transition types (Pasture to Tree and Pasture to
Shrub). To determine if competition from shrubs delayed the establishment of trees, all
sites that transitioned to trees were used, 29 of which went through a shrub phase and 31
that did not. Univariate analysis of variance was used to test for significant differences
in time till transition to trees in SPSSV20 (IBM Corp, 2011) with shrub phase (y/n) as
the factor and distance to tree seed source as a covariate.

2.3 Results

2.3.1 Classification of states - field data compared to aerial photo classification

Aerial photo classification of field transect sites identified the structural states of Tree,
Shrub and Pasture. Tree states were most frequent, followed by Shrub then Pasture with
intermediate or transition states occurring rarely (e.g. low shrub cover over grass and
trees emerging in shrub patches) (Table 2.4). When aerial photo classification was
compared with on ground classification overall accuracy was 81.3% with kappa = 0.73.
Thus classification of states using aerial photos can be used with relative confidence.

Table 2.4 Comparison of aerial photo classification with on ground site classification.
Number of sites classified for each state is shown along with producer and user
accuracy.
State

Predicted
Aerial classification

Actual
Site classification

Producer
accuracy

User
accuracy

Disturbed
Pasture
Shrub
Shrub Pasture
Tree
Tree Open
Tree Pasture
Tree Shrub

2
44
71
5
97
0
2
3

2
36
64
6
89
18
2
7

1
0.77
0.79
0.20
0.88
0
1.00
0.67

1
0.94
0.88
0.17
0.96
0
1.00
0.29

Overall accuracy 81.3%, kappa = 0.73
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2.3.2 Characteristics of states - structure and microhabitat

Variables in table 2.5 provide an initial description of site conditions in the field for
each state and are analysed in more detail in chapter 3 when looking at bird responses to
site and local landscape structures. States showed clear differences in internal stand
structure primarily in cover and microhabitat components.

Table 2.5 Characteristics of the structural states of Pasture, Shrub and Tree. Note:
Pasture states located in farmland and regrowth, and Tree states located in regrowth and
forest are separated for comparison due to small compositional differences. Variable
means and (SE) measured in 5 x 5m quadrats, highest strata and tree density are from 10
x 10m area (for clarity of presentation data from eight 5 x 5m quadrats with mixed
classification (shrub/pasture) and (shrub/tree) are excluded).
AREA

Farm

STATE

Pasture

Pasture

Shrub

Tree

Tree

30
12

14
5

71
26

97
36

48
18

n
%
Cover
(%)
0–0.5 m

Regrowth

96.6

(1.1)

64.2

(9.1)

41.5

(4.4)

0.1

(0.1)

22.6

(7.5)

44.0

3.4

(3.0)

0.0

(0.0)

7.4

Microhabitat
(%)
Grass

90.3

(1.7)

52.6

(10.8)

Bare ground

3.3

(0.9)

21.9

Litter Euc

1.0

(0.7)

3.1

Litter fine

3.2

(0.7)

Litter coarse

0.1

Litter cover

Forest

5.7

(1.4)

9.9

(2.5)

(3.8)

5.3

(2.6)

58.2

(1.2)

4.2

(1.1)

(3.6)

46.8

(4.6)

22.5

(3.9)

0.7

(0.4)

0.1

(0.0)

(8.1)

27.9

(1.8)

6.5

(3.8)

17.4

(2.9)

14.6

(3.8)

(2.0)

42.4

(2.5)

46.1

(3.5)

6.0

(1.7)

16.2

(2.4)

22.2

(2.0)

30.3

(3.2)

(0.1)

3.1

(1.9)

4.3

(0.9)

5.6

(0.8)

6.0

(1.0)

4.3

(1.0)

12.2

(3.1)

27.0

(3.6)

70.3

(3.3)

82.3

(4.1)

Highest
strata (m)

0.8

(0.6)

2.1

(0.9)

4.2

(0.6)

13.8

(0.6)

13.1

(0.7)

Tree density
(no/ha)

10

(10.0)

30

590

(70)

700

(80)

6.7

(4.6)

7.1

(7.1)

14.1

(11.4)

285.6

(56.2)

333.3

(51.7)

11–20 cm

0.0

(0.0)

0.0

(0.0)

19.7

(9.3)

200.0

(24.4)

250.0

(41.0)

21–30 cm

0.0

(0.0)

14.3

(14.3)

8.5

(3.9)

59.8

(9.9)

95.8

(25.1)

31–40 cm

0.0

(0.0)

0.0

(0.0)

5.6

(2.8)

17.5

(5.9)

16.7

(6.2)

40–50 cm
> 50 cm

0.0

(0.0)

0.0

(0.0)

0.0

(0.0)

8.2

(4.1)

2.1

(2.1)

3.3

(3.3)

7.1

(7.1)

0.0

(0.0)

18.6

(4.7)

0.0

(0.0)

> 0.5–4 m
>4m

Structure

Tree DBH
(no/ha)
< 10 cm

(20)

50

41

(20)

Pasture states were characterised by the highest vegetation cover < 0.5 m, low litter and
the lowest tree density, tree states had the highest vegetation cover > 4.0 m, high litter
and the highest tree density (Table 2.7). Shrub states had the highest cover of vegetation
between 0.5-4 m, but still had moderate levels of litter and vegetation cover < 0.5 m.
Despite Shrub states having the highest level of bare ground, they also harboured
moderate levels of grass cover (27%). Patterns observed in the field showed Shrub
states had bare ground outside shrub canopies and grass occurring under the shrub.
Although Tree states in both regrowth and forest shared similar attributes, a clear
difference was the greater number of trees larger than 40 cm DBH in regrowth areas.

2.3.3 Proportion of the contemporary landscape in each state

The proportion of each state (Pasture, Shrub, Tree) differed significantly among land
use types in the 2007/2009 landscape (Table 2.6). Private production land was
dominated by Pasture, private regrowth land contained greater proportions of Tree and
Shrub, and public forest land was completely dominated by the Tree state. Areas of the
Tree state on private production land were confined to isolated paddock trees or
remnant clumps. The Shrub state was not observed in public forest land; and areas that
may be present were too small to be sampled from the aerial photo analysis.

Table 2.6 Classification of states for 500 random samples within total study area (aerial
photos 2006-2009) (Pasture state may include crops in production areas on private
land).
Private land
2

State(25m )

disturbed
pasture
shrub
shrub/pasture
tree
tree/pasture
total

Public land

Production

Regrowth

%

%

4.5
82.6
1.4
0.0
9.8
1.7
57.4

(n)
(13)
(237)
(4)
(0)
(28)
(5)
(287)
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0.0
15.9
34.1
4.5
45.5
0.0
8.8

(n)
(0)
(7)
(15)
(2)
(20)
(0)
(44)

Forest
%
1.8
10.7
0.0
0.0
87.6
0.0
33.8

(n)
(3)
(18)
(0)
(0)
(148)
(0)
(169)

2.3.4 Patterns of change over time 1940–2007

The proportion of structural states in private production areas in 2007 (Table 2.6) was
similar to that observed in regrowth parcels in 1940 (Fig 2.4). There was a significant
change in proportions of structural states within regrowth parcels (X2 < 0.001) with a
shift from dominance by the Pasture state in 1940 to the Tree state in 2007 (Fig. 2.4).
The proportion of Shrub state steadily increased from 20% in 1940 to a peak of 47% in
1989 before declining to 37% in 2007, suggesting that in this section of the landscape,
shrub cover is retreating as trees begin to encroach. When Tree and Shrub state were
combined, there was an increase in woody vegetation cover from 33% in 1940 to 88%
in regrowth parcels in the 2006/2007 landscape.
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Fig. 2.4 Proportional change in structural states in the time series study of regrowth
areas since 1940 (dark grey = Pasture, light grey = Shrub, white = Tree). Differences in
subscript letter denotes a subset of year categories whose proportions differ significantly
from each other at the P = 0.05.
2.3.5 State transitions - all sample points from 1940–2007

From 1940–2007, sample areas went through a variety of transitions; 42% transitioned
to Tree, with 15% of these going through an intermediate Shrub phase, 25% transitioned
from Pasture to Shrub, and 15% had no change from the original state (Table 2.7).
About 35% were relatively unstable and changed states on more than two occasions.
When aerial photos sequences were cross-checked for these areas, there was evidence of
tree clearing and mechanical slashing of shrubs across years. In many cases where
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shrubs were slashed, a Pasture state did not always establish and shrubs had established
again by the next air photo. Similarly in the case where trees were cleared, shrubs
quickly established in the following aerial photo sequences (see examples Fig A1.2.a
and A1.2.b in Appendix 1). Overall, 59 samples (17%) showed evidence of human
disturbance over the time series and were checked for effects in the modelling analysis.
Of the 59 sites that showed repeated human disturbance (> 1 disturbance event), only 17
(30%) were in a Pasture state at 2007.

Table 2.7 Number (n) and proportion (%) of transition types from 1940–2007 for 354
sample sites in regrowth parcels. Human-disturbed column indicates the number of sites
showing evidence of human disturbance on at least one occasion. ‘State at 2007’
indicates the number of sites that were Tree, Shrub or Pasture in 2007. ‘Human
disturbance success’ column indicates the number of sites that changed to pasture in
2007 from a different prior state and showed evidence of repeated human disturbance.

n

%

Human
disturbed

Human
disturbance
success

State at 2007

(n)

tree
(n)

shrub
(n)

pasture
(n)

(n)

SIMPLE
STATES
no transition
p-p
s-s
t-t
ts-ts

11
9
33
1

3.1
2.5
9.3
0.3

1
0
0
0

-

-

-

-

1 transition
p-s
p-t
s-p
s-t
t-p

87
60
7
20
2

24.6
16.9
2.0
5.6
0.6

0
1
1
0
1

60
20
-

87
-

7
1

1
1

UNSTABLE
STATES
2 transitions
pst
others
3 transitions
4 transitions
5 transitions
Totals

53
34
29
7
1
354

15.0
9.6
8.2
2.0
0.3

0
21
26
7
1
59

53
6
9
1
149

19
18
3
127

9
2
3
1
23

9
2
3
1
17
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2.3.6 Movement to state model – sample points from time0 to 2007
After testing for main effects, four of the seven explanatory variables were retained for
inclusion in the models. These were time since abandonment, distance to closest mature
tree at time0, the binary variable shrub phase (yes/no) and distance to a drainage line
(included in the pasture model). In all Tree and Shrub models, distance to tree seed
source was a significant predictor (∑ wi =1.00) with increasing distance to seed source
reducing probability of transition to Tree and increasing the probability of transition to
Shrub (Table 2.8). Shrub phase was also a significant predictor in all Tree and Pasture
models (∑ wi =1.00) with presence of a shrub phase at any point in time reducing the
probability of a Tree or Pasture end state. Time was only significant for Tree and Shrub
transitions in the data set that excluded human disturbance sites (∑ wi = 0.96–0.99).

Increasing time since abandonment had a positive effect on Tree and a negative effect
on Shrub at the end of the period. Human disturbance was retained in the best models
for Tree and Pasture (∑ wi = 0.86 and 1.00 respectively) and appeared to have a positive
influence on transitions to Pasture and a negative influence on transition to Tree. There
was a negligible effect of this variable on transition to Shrub (∑ wi = 0.26) with model
averaged coefficients encompassing zero (Table 2.9). Distance to drainage line was
retained in only one model, with increasing distance raising the chance of end state
being Shrub, however the effect was small (∑ wi = 0.67) compared to the influence of
distance and time.

2.3.7 Evaluation of model fit

Deviance explained ranged from 0.08 to 0.20 in the data set that included human
disturbed sites and 0.14 to 0.24 in the data set that excluded human disturbed sites. This
indicates some variation in explanatory power, being higher for the Tree model and
lowest for the Shrub model. AUC values for the best models in both data sets ranged
from 0.70–0.78 and 0.74–0.83 respectively, and suggest reasonable predictive
discrimination. The best predictive performance was for the non-disturbed data set.
Although predictions for Pasture were good, this may be because the model is correctly
predicting absences.
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Table 2.8 Top models (Δi < 4) examining relationships between end state (Tree, Shrub
or Pasture) and predictor variables for both datasets. AICc: Akaike’s Information
Criterion conditional; Δi: the difference in the criterion values of the best ranked model
to model i; wi: Akaike weights; AUC: area under the ROC curve with (SD), D2;
deviance explained and D2 (CV); deviance explained from cross validation (Data set n =
280 includes sites with human disturbance, data set n = 255 excludes sites with human
disturbance).
AICc

Δi

wi

AUC (SD)

D2

D2 (CV)

END STATE TREE
distanceM + shrub phase + human disturb
distanceM + shrub phase
intercept

318.6
322.2
381.2

0.0
3.6
62.6

0.85
0.14
0.00

0.77 (0.06)
0.75 (0.11)

0.18
0.17

0.17
0.16

END STATE SHRUB
distanceM
distanceM +drainDist
distanceM + human disturb
distanceM + human disturb+drainDist
intercept

359.1
359.2
361.1
361.2
389.5

0.0
0.1
1.9
2.1
30.3

0.37
0.36
0.14
0.13
0.00

0.70 (0.11)
0.71 (0.09)
0.69 (0.09)
0.71 (0.10)

0.08
0.09
0.08
0.09

0.08
0.08
0.07
0.06

END STATE PASTURE
shrub phase + human disturb
shrub phase + human disturb + drainDist
shrub phase + human disturb + distanceM

166.0
167.0
167.2

0.0
1.0
1.2

0.40
0.24
0.22

0.78 (0.11)
0.80 (0.09)
0.78 (0.12)

0.20
0.20
0.20

0.17
0.16
0.18

shrub phase + human disturb + drainDist +
distanceM

168.2

2.2

0.13

0.79 (0.10)

0.21

0.15

intercept

201.0

35.0

0.00

END STATE TREE
distanceM + shrub phase + TimeMin
intercept

259.9
312.9

0.0
53.1

0.98
0.00

0.76 (0.13)

0.19

0.17

END STATE SHRUB
distanceM + TimeMin + drainDist
distanceM + TimeMin
intercept

275.8
277.2
312.3

0.0
1.4
36.5

0.64
0.32
0.00

0.74 (0.10)
0.73 (0.06)

0.14
0.13

0.11
0.12

END STATE PASTURE
shrub phase
shrub phase + drainDist
intercept

95.9
96.3
122.5

0.0
0.4
26.6

0.55
0.45
0.00

0.83 (0.19)
0.86 (0.10)

0.24
0.25

0.21
0.21

Logistic model dataset (n = 280)

Logistic models dataset (n = 255)
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Table 2.9 The summed Akaike weights (wi), model-averaged coefficients (β) and their
standard error (SE) and upper and lower confidence intervals (CI) for each variable
included in the highest ranked models (Δi < 4) for both datasets (Data set n = 280
includes sites with human disturbance, data set n = 255 excludes sites with human
disturbance).
∑ wi

β

SE

Lower CI

Upper CI

1.00
1.00
0.86

2.06
-0.029
-1.214
-0.939

0.410
0.005
0.374
0.413

1.255
-0.039
-1.947
-1.748

2.863
-0.019
-0.481
-0.130

1.00
0.49
0.28

-1.127
0.021
0.001
-0.109

0.232
0.004
0.001
0.338

-1.582
0.013
-0.001
-0.771

-0.672
0.029
0.003
0.553

1.00
1.00
0.38
0.35

-0.983
-2.480
2.304
-0.002
0.005

0.418
0.524
0.517
0.002
0.005

-1.802
-3.507
1.291
-0.005
-0.005

-0.164
-1.454
3.318
0.002
0.015

1.00
0.99
0.99

0.503
-0.036
-1.321
0.059

0.687
0.007
0.408
0.018

-0.843
-0.049
-2.119
0.023

1.850
-0.023
-0.522
0.095

1.00
0.96
0.67

-0.158
0.029
-0.050
0.002

0.728
0.006
0.018
0.001

-1.585
0.018
-0.085
0.000

1.270
0.041
-0.014
0.004

1.00
0.45

-0.668
-2.890
-0.003

0.460
0.607
0.003

-1.568
-4.079
-0.008

0.233
-1.701
0.002

Logistic models (n = 280)
END STATE TREE
intercept
distanceM
shrub phase
human disturb
END STATE SHRUB
intercept
distanceM
drainDist
human disturb
END STATE PASTURE
intercept
shrub phase
human disturb
drainDist
distanceM
Logistic models (n = 255)
END STATE TREE
intercept
distanceM
shrub phase
timeMin
END STATE SHRUB
intercept
distanceM
timeMin
drainDist
END STATE PASTURE
intercept
shrub phase
drainDist
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2.3.8 Time till transition to tree or shrub

The plot of the proportional distribution of transition time for Shrub and Tree showed a
clear difference depending on pathway (Fig. 2.5). The first transition in a sequence
(either Shrub or Tree) occurred quickly after abandonment with about 56% or more of
Pasture points transitioning within 10 years and 80% or more transitioning within 20
years with mean times around 14 years. By contrast, where Tree transition was preceded
by a shrub phase no Pasture points had become Tree within 10 years and just 20%

cumulative %

within 20 years, giving a mean time to transition to Tree of 28 years.

100
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10
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25
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35
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Fig. 2.5 Frequency distribution of time till first transition for points that begin as pasture
but change to shrub or tree states (grey line for P-S and solid black line for P-T). Time
till transition for PST samples are separated into 1st transition (shrub) indicated by the
dotted line and 2nd transition (tree) indicated by the dashed line. (Mean (SE) time till
shrub transition P-S mean 16 (1) n = 58, PST mean 12(1) n = 29. Mean (SE) time till
tree transitions P-T mean 15 (2) n = 31, PST mean 28 (1) n = 29).
2.3.9 Influence of shrubs

Shrub phase alone may not be the main effect on time till transition to Tree if there is a
significant difference in tree seed source distance among sites that went through a shrub
phase and those that did not. Consequently, I tested time till transition to Tree using
shrub phase as the factor and seed source distance as a covariate. Shrub phase was
found to be the main factor affecting time till transition to a Tree state (p < 0.001) with
distance having no influence (p = 0.201). These differences are highlighted by
comparing mean time until transition to a Tree state and mean distance to mature tree
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seed source (Table 2.10). If a Tree state did not establish initially in a sample site, the
establishment of a shrub phase appeared to then delay a Tree state establishing by about
12 years, despite proximity to tree seed sources.

Table 2.10 Comparison of mean (SE) distance to mature tree and time till transition to
tree for sample points that went through a shrub phase and those that did not. P-T and
PST data set excludes points that began as shrub at time0 (46) and uses only points that
began as pasture at time0 (60). *** indicates significant differences at p < 0.001. Mean
shrub phase length was 14.8 years ± 1.1(SE), range = 10–30years. (Univariate test with
distM as covariate finds no significant effect of distance to seed source)
Time till transition to tree
(years)
Sample (31/29)
P-T and PST data
(31/29)

no shrub
15.5

***

(1.5)

shrub
27.6

***

(1.1)

Distance to mature tree
(m)
no shrub

shrub

31.7 (4.2)

31.4 (4.7)

2.3.10 State & Transition model

As predicted, transitions after agricultural abandonment were primarily driven by
distance to tree seed sources and competition. Distance to tree seed source was the
strongest predictor with competition from shrub patches delaying establishment of trees
for about 12 years. Eventually, as time increased, trees began to establish in shrub
patches, gradually expanding from maturing seed sources. While time since
abandonment played a role, when human disturbance was considered, the influence of
time became less important. Closer scrutiny of aerial photos in disturbed sites revealed
many attempts to remove shrubs, however only a few of these attempts were successful
with shrubs re-establishing in the following years. In effect, given the results of models
proposed, the attempts to remove shrubs often served to help this state persist and
further delayed trees establishing at the edge of shrub patches. These results have
formed the basis of the proposed state and transition model illustrated in Fig 2.6. The
following Fig 2.7 illustrates the different vegetation patterns generated as a result of
state transitions driven by human disturbance and proximity to tree seed sources.
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Fig. 2.6 Model of states and transitions in the study landscape tracked over 60 years,
with proportional movement of states shown and description of transition pathways.
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Fig. 2.7 Examples of the parameters affecting states and transitions over time for an
area of regrowth within the study region. In 1970 the area had contiguous pasture with
scattered paddock trees, by 2007 the area had substantial regrowth and had been
subdivided into ~ 20 ha properties and illustrates the different management practices of
the landholders. Land parcels outlined in red had lower numbers of mature tree seed
sources in 1970 and by 2007 these areas still had large patches of shrubs where trees
had not established. Land parcels outlined in blue had higher numbers of tree seed
source in 1970 and had greater tree cover by 2007. Land parcels in green show the
effect of human disturbance with evidence of mechanical slashing removing shrub
patches.
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2.4 Discussion

Key findings

The substantial increase in native woody vegetation in the region since 1940 has
effectively transformed the highly fragmented agricultural landscape to a more
variegated landscape today (sensu McIntyre and Hobbs, 1999). This transition is
particularly important in modified landscapes as increased amounts of native vegetation
can make important contributions to the diversity and abundance of fauna (Fischer and
Lindenmayer, 2007; Bowen et al., 2009).

2.4.1 Contemporary landscape and historic change

There was a clear difference in the proportional representation of states between private
production land, private regrowth land and public reserve land. The current landscape
has private production areas dominated by Pasture states, public forest areas dominated
by Tree states and private regrowth land containing almost equal proportions of Tree
and Shrub states. Before abandonment regrowth land was largely in the same condition
as today’s production land. Over the last sixty years this abandoned farmland has
undergone a major shift in vegetation structure from cleared pasture to increased shrub
cover, which was gradually replaced by tree cover as shrub cover declined. This
represents a substantial increase in native woody vegetation cover for both trees and
shrubs on private land. Moreover, in today’s landscape private regrowth land represents
a more heterogeneous mix of the three states compared to private production land or the
public forest.

One of the major benefits of this vegetation change in the study region is the
contribution to landscape restoration. Regrowth has effectively changed the cleared
agricultural landscape from a fragmented to a more variegated classification (sensu
McIntyre and Hobbs, 1999). Restoring vegetation cover in the landscape is a key
conservation strategy as it increases connectivity and diversity of habitats (see McIntyre
& Hobbs, 1999; Bennett et al., 2006; Fischer and Lindenmayer, 2007). This is
particularly important in a modified landscape as increased amounts of regrowth can
make an important contribution to the diversity and abundance of fauna (Fischer and
Lindenmayer, 2007; Bowen et al., 2009).
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The results from this study reflect similar vegetation succession patterns in other cleared
agricultural landscapes after agricultural abandonment (e.g. Foster, 1992; Parody et al.,
2001; Romero-Calcerrada and Perry, 2004; Roura-Pascual et al., 2005, Bowen et al.,
2009). Areas are cleared of native vegetation and a period of agriculture produces a
grassland dominated landscape with little forest cover. After abandonment, open pasture
area is reduced and shrub and forest cover increase (Foster, 1992; Parody et al., 2001;
Roura-Pascual et al., 2005; Bowen et al., 2009). While initial changes can make areas
more heterogeneous, there is concern that long term trends will make an area more
homogenous (Roura-Pascual et al., 2005) as late successional species become dominant.
In general, farmland abandonment and passive regeneration have increased landscape
heterogeneity (Rey Benayas et al., 2007). In this study region whether the succession
process continues to maintain heterogeneity or leads to landscape simplification,
depends on new transitions, human disturbance and the interaction of states.

2.4.2 Transitions

Transitions occurred very quickly after abandonment with ~ 60% occurring at the next
time step, around 10 years. This is not to say that transitions did not occur in less than
10 years but the earliest they could be detected was restricted to availability and
suitability of air photos, at roughly 10 year intervals. The main factor influencing the
type of transition was proximity to tree seed sources. The probability of trees
establishing increased closer to a mature tree seed source with the inverse being the case
for shrubs. If shrubs established first in a patch, this appeared to delay trees establishing
for ~12 years. Trees eventually expanded into patches of shrubs, not by overtopping
them but replacing them altogether. This can be seen in the major differences in internal
stand structure between Tree and Shrub states, and average shrub cover declined from
44% in the Shrub state to just 4% in the Tree state.

Although intuitively time should contribute to the probability of vegetation transitions,
time was only a predictor when using the data set that excluded human disturbance. In
the absence of humans, trees and shrubs will eventually establish as they are influenced
mainly by seed source distance. By contrast, the action of human disturbance will set
back establishment of both Shrub and Tree states and this is discussed further below. In
addition our data set may not span a long enough period of time for time to be
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significant in the model, as regeneration from abandonment depends on the productivity
of the system, and is often slower in dry temperate systems than in tropical systems (see
Bowen et al., 2007; Rey Benayas et al., 2007). Establishment of eucalypts also requires
favourable winter and summer rainfall (Vesk and Dorrough, 2006) and these conditions
occurred for about 60% of the years for the period from 1942–2007.

As hypothesised, tree seed source and competition were the strongest predictors of
transitions, playing a major role in determining spatial patterns and patch dynamics. If
an area has numerous tree seed sources scattered evenly throughout, then transition to a
tree dominated state should occur quickly. If at the other extreme, tree seed sources are
sparse or clumped then tree dominated states will occur within a distance of 30 m from
a seed source with shrub states persisting beyond this zone (see Fig 2.6).Variations on
this patterning will be shaped by the quality, amount and proximity of initial tree seed
sources in the landscape. This has implications for patch dynamics and spatial patterns,
which influence the vegetation mosaic. Historically tree seed sources have been on road
reserves, as these were protected from clearing, and from scattered paddock trees, which
were the remnants after clearing for pasture. Paddock trees are currently declining in
agricultural landscapes (Vesk and MacNally, 2006), and if abandonment continues into
these areas with diminishing densities of paddock trees, then regeneration in the future
could produce a greater proportion of shrub cover compared to tree cover (see Fig. 2.7).

2.4.3 Stability of states

Once established, trees appear to form the most stable states. The Shrub state was more
stable at greater distances from tree seed sources, and the Pasture state was the least
stable and was quickly invaded by trees or shrubs once grazing land was abandoned.
Stability of states is again driven by proximity to seed source and time, but the actions
of humans played a significant role. The amount of human disturbance detected in sites
was surprising and appears to be the major factor in multiple state transitions. Seventeen
percent of sites were disturbed by humans after shrub establishment began. Human
interventions can reverse or arrest transitions, resulting in the creation of a Pasture state
from a former Shrub state, or the persistence of a shrub phase, which delays the
expansion of trees. By 2007, only 29% of human-disturbed sites were successfully
converted back to a Pasture state from a previous Shrub state. The success of returning a
shrub-dominated patch back to pasture was dependent on the level of sustained
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intervention. Landholders need to have the time and investment capital to be successful,
as substantial, ongoing inputs are required to return C. arcuata dominated shrub land
back to pasture (Campbell et al, 1990). Of the few sites that did return the Shrub state
back to a Pasture state, five out of nine had dwellings on the property and showed
evidence of repeated slashing of shrubs at the early growth stages (also seen in field
visits by LS; see Fig A1.2a in Appendix1). There was only a small number of instances
(4 sample sites on one property) where people had cleared tree regeneration. While the
intent may have been to create pasture, the result was the rapid establishment of a Shrub
state into areas cleared of trees (See Fig A1.2b in Appendix1).

There was some evidence that landscape position maintained stable pasture states,
proximity to drainage line on lower slopes prevented shrubs establishing and maintained
open pasture zones. The mechanisms at work could be (a) higher soil moisture retaining
grass cover and preventing C. arcuata from establishing (Campbell et al., 1990), (b)
periods of inundation also preventing shrubs establishing or killing established shrubs
(Wrigley and Fagg, 1991) and (c) a feedback loop from native grazers maintaining a
grassy patch state (Roberts, 2011). However it was difficult to accurately model this
relationship as few sampling points were located close to drainage lines.

2.4.5 Conclusions

If past trends continue, regrowth vegetation in the study area is estimated to increase by
1800 ha per decade (Geddes et al., 2011). The S&T model proposed describes the
pathways of vegetation change in this region. It shows a clear trend over time to
increasing domination of Tree states; however this is a dynamic system influenced by
starting state, succession processes and human disturbance. Starting state will determine
the rate of closure (number of seed sources) and abandoned land with a lower density of
tree seed sources will see domination of a Tree state take longer than land with a higher
density of seed sources. These different rates of closure at the patch scale contribute to
landscape diversity at the larger scale. Competition with shrubs may act to thin tree
establishment in 2nd and 3rd waves of expansion, but eventually trees will spread
through patches. If shrubs do act to thin tree establishment away from the initial pulse of
dense tree regeneration, this could allow trees to develop a more open form further
adding to patch diversity. Investigating this aspect will require more detailed
measurement in the field and repeated sampling in sites over time. As humans move
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into areas of abandoned farmland, subdivision of larger regrowth parcels and repeated
disturbance of shrub patches within these parcels may see open areas of grass establish
creating a diversity of patch types at the local scale (see Fig 2.6 for examples). All these
factors could act to influence landscape heterogeneity into the future and form the basis
of modelling investigation in chapter 4 of this thesis.

Regrowth patches may not come close to a state that existed before clearing for
agriculture, at least in the short term (Doherty, 1998). Natural thinning processes can
take at least 100 years to develop structures close to an original forest (Ngugi et al.,
2012). It is difficult to make comparisons in this study region, as very few original boxiron bark forest structures exist today and the box-iron bark forest remnants that do exist
today are highly modified from years of mining and timber extraction. However
regrowth parcels still have ecological value in the landscape. If regrowth patches
include a mix of Tree and Shrub states in stands then values for shrub, litter and grass
cover and large tree cover come close to benchmark values for some of the structures in
high quality box iron bark forest and heathy dry forest (using Habitat Hectares
assessment methodology in Parkes et al., 2003). In this context regrowth is making a
valuable contribution to habitat restoration in this post-agricultural landscape and
warrants further investigation in terms of the species supported. This forms the subject
of investigation in the chapter 3 of this thesis, where I investigate the habitat value of
different structures of regrowth vegetation for woodland birds compared to pasture and
forest remnants.
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Chapter 3

Regrowth provides complementary habitat for woodland birds of conservation
concern in a regenerating agricultural landscape

Sampling sites in regrowth vegetation used in this study (source: Lisa Smallbone 2011)
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Chapter 3

Regrowth provides complementary habitat for woodland birds of conservation
concern in a regenerating agricultural landscape

Abstract

Farmland abandonment often leads to an increase in vegetation cover in formerly
cleared landscapes. In regions where forests and woodlands were cleared for
agriculture, regrowth could be an effective way to increase species diversity by reconstructing a variegated landscape. This chapter investigated the conservation
outcomes for birds across a regenerating agricultural landscape. Bird composition was
compared across a range of land use and gradient of vegetation cover from cleared
pasture, to regrowth sites of varying structure, to remnant forests. Bird community
composition differed significantly among vegetation classes, with regrowth providing
habitat for a complementary group of high conservation value species, rather than
simply providing extra habitat for species that were otherwise well represented in the
region. Variations in bird community composition were best explained by site variables
that contributed to vegetation structure and internal patch variation. Regrowth had a
higher diversity of cover than forest or pasture, and this created habitat for many
woodland bird species. Regrowth vegetation may be slower to proceed, but it has the
potential to complement active revegetation activities in adjacent production areas and
contribute to landscape texture. While the benefits of regrowth are context specific,
where regrowth improves landscape heterogeneity, there is great potential for
conservation gains for birds.
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3.1 Introduction

Woodland birds have declined in many agricultural landscapes due to large-scale
clearance of their preferred habitat (Barrett et al., 1994; Bennett and Ford, 1997; Ford et
al., 2001; Murphy, 2003; Gregory et al., 2007; Hewson et al., 2007; Montague-Drake et
al., 2009; Watson, 2011). Consequently, there has been much focus on restoration,
primarily through revegetation, to halt species declines and restore ecosystem functions.
Direct seeding and planting approaches require large investments and may provide only
small increases in vegetation cover (Rey Benayas et al., 2008; Lindenmayer et al.,
2012). However, in areas where traditional agriculture is declining, the abandonment of
farmland often leads to large areas of regrowth (also termed passive regeneration or old
field succession), which has the potential to restore habitat and ecological functions
over large areas (Hobbs and Cramer, 2007a; Rey Benayas et al., 2007; Dwyer et al.,
2009; Navarro and Pereira, 2012; Proença et al., 2012). The addition of structural and
spatial complexity from regrowth in the landscape may provide adequate habitat to help
conserve woodland birds.

Numerous authors have recognised that in cleared landscapes, one of the best ways to
achieve conservation gains is by re-constructing a variegated landscape with a mix of
habitats to support regional species diversity (McIntyre and Hobbs, 1999; Bennett et al.,
2006; Hendrickx et al., 2007). In regions where forests and woodlands have been
cleared for agriculture relatively recently (e.g. New world systems, Hobbs and Cramer,
2007a), regrowth vegetation provides great potential to achieve this. Conservation
efforts tend to focus on large intact remnants and active restoration in production areas
(Barrett et al., 1994). However regrowth could support these efforts, increase landscape
variegation, and provide a variety of resources for birds, in addition to those present in
large remnants.

Conceptually, regrowth on abandoned farmland may contribute to two conservation
outcomes for birds at regional scales. It could provide supplementary habitat, and
support species already present in the cleared pasture and/or the remnant forest, or it
could provide complementary habitat, and support a different suite of species than in
cleared pasture or remnant forests. In the latter case, regrowth would promote regional
bird species diversity, rather than simply increasing the area of available habitat for
species already well supported in other parts of the landscape (Arnold et al., 1999;
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Bowen et al., 2007). Regrowth may not restore vegetation in the system to a condition
that is structurally or compositionally similar to remnant vegetation (Hobbs and Cramer,
2007a). However it could provide ‘novel’ habitat with different resources to remnant
habitats and cleared areas (McIntyre and Hobbs, 1999; Hobbs et al., 2009).

In Australia, the majority of research on bird conservation is undertaken in large
reserves or planted restoration activities in production landscapes (e.g. Munro et al.,
2011; Barrett et al., 2008) despite the potential for regrowth vegetation to support
efforts in these areas (Neilan et al., 2006).To date this investigation is one of the first
exploring the value of regrowth vegetation for biodiversity in an ‘amenity’ landscape.
These regions of rapid land-use change constitute a large proportion of south-eastern
Australia’s transitioning agricultural landscapes (Argent et al., 2005; Barr, 2005).
Therefore it is important to understand the biodiversity value of regrowth in this
landscape setting, how birds are using regrowth patches, and whether a variegated
landscape with a mix of habitats can support regional species diversity. This is
particularly relevant as different landholders move into the area, and there is a shift
away from production (livestock grazing and cropping) to consumption uses (e.g.
recreation, conservation, small hobby farms and retirement), which will influence the
perceptions and the management of regrowth in the post-agricultural landscape
(Mendham et al., 2012; Sharp et al., 2012).

The objective in this chapter was to examine the contribution of regrowth vegetation to
bird conservation in a regenerating agricultural landscape (Geddes et al., 2011), where
land use is shifting away from traditional farming to more diverse land uses (Barr,
2005). In this chapter I tested the hypothesis that regrowth provides complementary
habitat and different resources to forests and pastures for the bird fauna. I did this by
comparing bird composition across a range of land uses and gradient of vegetation
cover, from cleared pasture, through regrowth sites of varying structure, to remnant
forests. Results provide valuable insights for conservation managers working in
transitioning agricultural landscapes where regrowth is increasing vegetation cover lost
from prior clearing for agriculture.
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3.2 Methods

3.2.1 Study area

The study was in central Victoria, Australia, and covered approximately 110,000 ha
between the townships of Rushworth (36o, 35’ S and 145o, 0’ E) and Heathcote (36o, 55’
S and 144o, 42’ E) (Fig. 3.1). The centre of the region supports a large Eucalypt forest
remnant on public land (43,615 ha) and the region surrounding the study area supports
intensive agriculture including grazing and irrigated cropping (Refer to Chapter 2 for a
full description of the study area). Since European settlement, the landscape within the
study area has lost about 60% of native vegetation cover, mostly dry eucalypt (BoxIronbark) forest and grassy woodland (Department of Sustainability and Environment,
2008). However the study area has seen a substantial increase in regrowth over the last
60 years, due to the decline of traditional agriculture (Barr, 2005; Race et al., 2009;
Geddes et al., 2011).

3.2.2 Site selection and classification

Thirty six landholders responded to an invitation to be involved in the study. Five of
these properties supported open pastures that were interspersed among regrowth
properties, the rest contained regrowth parcels identified by Geddes et al. (2011). To
maintain spatial independence, sites that were within 1 km from other study sites were
excluded. In addition six sites were selected in the forest block by stratified random
sampling. Three of the forest sites were randomly selected in the forest interior, and
three were randomly selected at the edge of the forest block. This resulted in 38 sites (5
pasture, 27 regrowth, 6 forest) along a gradient of tree cover from 0–65% at the site
scale and sparse (2% cover) to dense (80% cover) at the landscape scale (see Fig. 3.1).
Sites were classified based on contemporary vegetation cover, rather than age, as aerial
photos showed large variation in tree cover across regrowth sites before abandonment.
Therefore, current vegetation structure is likely due to both regrowth age and initial tree
cover (i.e. ‘legacy items’ sensu Franklin et al., 2000). Consequently, sites were
classified using habitat elements measured on site and local landscape elements
measured using aerial photos, and considered age and initial cover as contributing
influences.
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Fig. 3.1 Map of study region showing study region boundary, public reserve land, and
the location of the 38 study sites using vegetation class.
3.2.3 Vegetation

At each sample site, I measured both habitat and local landscape elements known to be
important for woodland bird species (Bennett and Ford, 1997; Ford et al., 2001; Antos
and Bennett, 2006; Bowen et al., 2009; Montague-Drake et al., 2009; Watson, 2011). To
represent habitat elements, I measured 30 vegetation variables at four equidistant points
along a 400 m sample transect. Tree density was measured in a 10 x 20 m quadrat and
other variables were measured in two nested 5 x 5 m plots at opposing corners of the
quadrat. Within each nested plot, a 50 x 50 cm subplot was used to sample ground cover
components and litter depth. Large trees, trees with hollows, dead standing trees (stags),
and large and small logs, were counted within 10 m either side of the entire 400 m
transect line. An index of stand structural complexity (SSC) was generated from 16
measured variables, and calibrated for the study area based on methods outlined in
McElhinny et al. (2006). To quantify spatial variation of vegetation along the transect
Simpson’s Index of Diversity was applied to estimates of the mean cover of vegetation
in four height classes taken in the 5 x 5 m sampling plots (Krebs, 1994). This index
(hereafter referred to as ‘Cover Diversity’) generates a number between 0 and 1, with
values approaching 0 having lower diversity than values closer to 1. This index was also
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applied to measures of microhabitat to produce an index of surface variation (‘Litter
Diversity’). For a full description of vegetation sampling methods see Table A2.1
(Appendix 2).

To represent local landscape elements, I measured the percentage cover of trees and
shrubs in a circular 19.6 ha plot at each sample site by manually digitising aerial photos
in ArcMap10 at 1:1000 scale. This sample area was within the range of patch area used
by woodland birds (Montague-Drake et al., 2009). Sites in the study region were either
dominated by trees, shrubs, pasture, or mixed (including both trees, shrubs and pasture).
Proportions of each vegetation class were used to subdivide regrowth plots into three
groups of equal sample size. Plots were classified as ‘Tree’ if they had > 56%
proportional tree class, ‘Shrub’ if they had > 56% shrub class, and ‘Mixed’ if tree or
shrub class was between 44–56%. This resulted in five vegetation classes: forest (6
plots), tree-dominated regrowth (9), mixed regrowth (9), shrub-dominated regrowth (9),
and pasture (5). The 27 regrowth plots ranged in age from 5–64 years (see Table 3.1 for
details and Fig 3.2 for examples of each vegetation class). In summary data at two
different scales, local landscape and site were used to understand bird species response.
The local landscape element was represented by the categorical variable - vegetation
class based on % tree and shrub cover within 19.6 ha area and the site element was
represented by stand structural complexity measured along the 400m transect line.

Table 3.1 Descriptors of each vegetation class including number of plots, age and age
range (regrowth based on estimates from Geddes et al. (2011), pasture and forest given
default ages of 0 and 100 years respectively) and mean (± 1 standard error) percentage
tree and shrub cover in the 19.6 ha plot.
Attribute
Pasture
Shrub
Mixed
Tree
Forest
Number of plots
5
9
9
9
6
Mean age (years) 0
25.4
23.8
37.4
100
Age range (years) 0
5-39
10-39
15-64
100
% Tree cover
10.7 (5.1) 18.3 (2.5) 46.7 (2.1) 73.0 (4.8) 80 (1.2)
% Shrub cover
9.2 (9.2) 66.4 (4.7) 34.4 (5.3) 22.8 (4.4) #
(#shrub patches in forest not large enough to be detected by aerial photos)
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Pasture

Forest

Tree
Shrub

Mixed

Tree

Fig. 3.2 Site photos showing examples of the five different vegetation classes used in
the study (photos: Lisa Smallbone 2011).
3.2.4 Bird surveys

Bird surveys were conducted during 2011, with three repeat visits to each site in autumn
(April–May) and two in spring (Sept–Oct). Surveys were conducted in the four hours
after dawn, with an additional survey in April 2011 in the three hours before sunset.
This resulted in a morning and an evening survey on the first site visit and morning
surveys on the next three visits, resulting in five sampling surveys for all study sites.
Surveys were not undertaken during periods of rain, high winds or temperatures below
zero. The order of sites was rotated during each survey period to minimise any influence
of weather or time of day on bird counts.

Bird sampling was undertaken along the same transect as vegetation sampling in each
site, using 4 point counts 130 m apart. Point counts were considered the most
appropriate method to maximise bird detectability, given high shrub cover at some sites
(see Buckland et al., 2001; Toms et al., 2006). All species seen or heard during a 5
minute period were noted, and the distance (up to 65 m) to each individual was
recorded. Abundance was calculated using birds detected within 50 m of the transect
point, but birds were recorded up to 65 m to avoid unintentional clumping of distance
data around 50 m (Buckland et al., 2001). Estimated distances were periodically
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checked using a range finder for accuracy. Surveys were carried out by one observer to
minimise flush. Any birds that flushed were recorded at the distance from the point that
the bird was first detected (Buckland et al., 2001). Bird density at each site was
estimated using Distance V6.2 (Thomas et al., 2010). Estimates accounted for a
reduction in detectability with increasing distance from the observer (Buckland et al.,
2001) by incorporating a detection parameter in the model (see further details in
Appendix 2).

The aim of this study was to ascertain which species were using sites within a given
time frame with equal sampling effort in each site. To check the level of completeness
of surveying data was first analysed using the Jacknife1 species richness estimator in
EstimateS8.2 (Colwell, 2009). No significant difference were found among sites when
observed richness/Jacknife1 estimated richness was calculated for pasture, shrub,
mixed, tree and forest bird data sets (giving 72%, 69%, 68%, 70% and 68%
respectively). It was therefore concluded that the sampling effort was sufficient for this
investigation and no bias existed in sampling effort across sites. Birds were also
categorised as ‘woodland birds’ and/or ‘species of conservation concern’. ‘Woodland
birds’ were defined as those species whose predominant habitat preference is dry
eucalypt woodland according to Bennett and Ford (1997). In addition, ‘species of
conservation concern’ were designated as those exhibiting consistent declines based on
Reid (1999) and Watson (2011)

3.2.5 Analysis

I used multivariate statistics in Primer V6 (Anderson et al., 2008) to discriminate bird
community composition between vegetation classes and highlight significant habitat
variables associated with bird community compositions. These multivariate statistical
methods have been widely used by community ecologists in marine and terrestrial
studies (for bird communities see Antos and Bennett, 2006; Haslem and Bennett, 2008;
Blackwood et al., 2010; Seymour and Dean, 2010).

To test for differences in bird community composition between regrowth, pasture, and
forest sites, I analysed bird density using permutational multivariate analysis of variance
(PERMANOVA) using vegetation class as the fixed factor (Anderson et al., 2008).
PERMANOVA is a routine for testing the simultaneous response of one or more
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variables to one or more factors in an analysis of variance (ANOVA) experimental
design on the basis of any distance measure using permutation methods (Anderson,
2001). The routine calculates a distance based pseudo-F statistic for each term in the
model based on expectation of the means squares (EMS) that is equivalent to the
construction of the F statistic for multi factorial univariate ANOVA models. P-values
can be obtained for factors used in the design and a posterior pair-wise comparisons
among levels of factors can also be tested (Anderson, 2001; Anderson et al., 2008). For
this analysis, density data were square root transformed to reduce the influence of
abundant species, and a resemblance matrix was generated using Bray-Curtis similarity
(Clark and Gorley, 2006). I analysed this matrix with PERMANOVA using unrestricted
permutation method with 9999 runs (Clark and Gorley, 2006).

To determine which species contributed to differences in community composition, I
used similarity percentages (SIMPER), with vegetation class as the factor. The analysis
calculates the average Bray-Curtis dissimilarity between all pairs of intergroup samples.
The analysis then ranks the percentage species contributions to within group similarity
and between group dissimilarity (Clarke and Gorley, 2006). Species which contribute
greatly to similarity within sites of a particular habitat are considered characteristic of
that habitat. Bray Curtis similarity was used on the square root transformed density data
with 90% cut-off for species making significant contributions.

To determine which aspects of habitat structure were associated with bird community
similarities I used the BEST routine in BIOENV analysis. This analysis finds the best
match between the multivariate among-sample patterns of an assemblage (Bray-Curtis
matrix) and that from the environmental variables associated with those samples (see
Clark and Ainsworth, 1993; Clarke and Warwick, 2001). Habitat variables were log
(y+1) or square root transformed where necessary, then normalised before analysis.
Variables used in the BEST routine were restricted to those that showed significant
differences across the five vegetation classes (P < 0.1; see Table 3.2) and incorporated
components of structure, micro-habitat, and patch variation. Variables were checked for
co-correlation; where R > 0.6, only the best performing variable was retained in the
final analysis. To test the significance of the output, I ran the global BEST match
permutation test with 999 permutations. To illustrate the relationships between bird
species, habitat variables, and vegetation classes, I ran principal components analysis
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(PCA) using the vegetation variables identified in the top ten models produced using the
BEST routine (Clarke and Gorley, 2006).

3.3 Results

3.3.1 Bird community

I recorded 82 bird species (all native) over the five surveys, and 56 were designated
woodland species (for full species list see Table A2.2 in Appendix 2). Sixty species,
including 39 woodland species, occurred in more than two sites and were used in
analyses. Species richness for all birds and woodland birds differed significantly among
vegetation classes (P < 0.01), and was highest in tree-dominated, mixed regrowth, and
forest, followed by shrub-dominated regrowth, with pasture having the lowest richness
(Table 3.2).

Bird community composition differed significantly among the vegetation classes
(PERMANOVA pseudo-F = 2.49, P(perm) = 0.0001). Pair-wise tests indicated that
pasture sites possessed a significantly different bird composition to all other classes
(Table 3.3). When the four regrowth and forest classes were arranged along a gradient
of increasing structural complexity (from shrub-dominated regrowth to forest sites), bird
composition did not differ significantly between any pair of adjacent structural classes
(e.g. shrub-dominated regrowth vs mixed regrowth, or tree-dominated regrowth vs
forest), but differed significantly between all non-adjacent classes. Thus, the bird
composition of shrub-dominated and mixed regrowth sites was significantly different to
that of forest sites. Similarly, the bird composition of mixed and tree-dominated
regrowth sites was significantly different to that of pasture sites.
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Table 3.2 Mean species richness and abundance for all birds and woodland birds
(occurring at > 2 sites, Superscripts denote significant differences between means (P <
0.05) Tuckey HSD) plus means of stand structural complexity (SSC) scores and other
major components of habitat for each vegetation class. P value is based on univariate
analysis of variance with vegetation class as the factor. Variables in bold were the best
measures linked to differences in bird community composition in BIOENV analysis.
Component

Pasture

Shrub

Mixed

13.6a

16.7ab

19.8b

21.4b

a

10.6

ab

b

b

14.3

280.8

208.6

325.3

336.8

255.5

46.5a

124.6b

201.7bc

265.1c

222.5bc

< 0.001

0.18
0.35
3.27

0.56
0.76
5.13

0.51
0.72
6.62

0.42
0.70
7.72

0.34
0.63
8.09

0.01
< 0.001
0.001

Life form score

1.39

5.96

7.60

6.80

7.60

< 0.001

Basal area score
mean size of live trees
score
0–0.5 m cover score
0.5–6 m cover score
Tree regeneration score
Hollow bearing tree
score
Large tree score
Stag score
Logs >10 cm score
Logs >40 cm score
Litter cover score
SSC score

2.24

4.25

7.54

7.98

7.63

0.001

2.04

4.16

7.47

7.91

7.72

0.001

10.00
2.29
2.58

6.85
9.13
5.29

5.77
6.71
6.90

4.60
5.69
7.87

4.50
3.92
8.75

< 0.001
< 0.001
< 0.001

0.00

2.10

4.66

4.80

6.48

0.088

1.86
1.54
1.42
1.99
4.30
24.92

3.10
3.66
3.38
1.99
4.89
45.94

5.55
2.82
6.04
1.02
5.70
57.25

8.17
2.57
8.01
5.06
7.12
65.38

7.08
7.55
8.61
3.33
8.22
70.00

ns
ns
< 0.001
ns
0.091
< 0.001

Grass (%)

76.83

17.01

10.57

5.53

0.08

< 0.001

Bare ground (%)
Rocks (%)
MC§ (%)
Litter Eucalyptus (%)
Litter fine (%)
Litter coarse (%)
Litter cover (%)
Litter depth (mm)
Trees( no.ha)
Highest strata (m)

7.70
0.55
2.68
2.33
11.20
0.18
13.70
6.53
32.50
4.82

25.14
1.65
6.44
18.18
15.26
4.63
38.08
6.25
211.11
5.23

25.76
1.77
5.12
27.37
13.92
5.03
46.32
6.92
255.56
10.66

15.11
2.85
3.58
35.83
23.12
5.86
64.80
8.70
455.56
12.54

14.56
0.94
2.04
46.06
30.27
6.00
82.33
11.68
697.92
13.19

ns
ns
ns
< 0.001
0.085
0.027
< 0.001
ns
< 0.001
< 0.001

Richness all birds
Richness woodland
birds
Abundance all birds
Abundance woodland
birds*
Cover Diversity (1-D)
Litter Diversity (1-D)
Species score

Variation
Stand
Structural
Complexity

Micro
Habitat

Tree density
§

Variable

5.8

= Mosses, Lichens, Cryptograms, *back transformed means.
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12.7

Tree

15.2

Forest

P value

18.0ab

0.01

b

0.001
ns

Table 3.3 PERMANOVA table of results and pair-wise comparisons of differences in
bird community composition among site vegetation classes.
Source
Co
Res

df
4
33

SS
19544
64769

Total

37

84313

MS
4885.9
1962.7

Pseudo-F
2.4894

P(perm)
0.001

Unique perms
996

PAIR-WISE TESTS

Groups
Mixed, Pasture
Mixed, Shrub
Mixed, Tree
Mixed, Forest
Pasture, Shrub
Pasture, Tree
Pasture, Forest
Shrub, Tree
Shrub, Forest
Tree, Forest

t

P(perm)

Unique perms

1.3708
1.1982
1.0180
1.5577
1.6962
1.9572
2.2233
1.0605
1.9636
1.1779

0.043
0.148
0.384
0.004
0.005
0.002
0.003
0.001
0.001
0.159

776
981
975
886
791
788
402
982
916
901

SIMPER analysis identified 31 bird species that contributed strongly to differences in
community composition (Table 3.4). Species highlighted in SIMPER analysis illustrate
a gradient in bird composition, from pasture, through shrub-dominated, mixed and treedominated regrowth, to forest sites (Table 3.4). Of the birds that were widely distributed
and occurred in most, or all, communities, some increased in density from pasture to
forest (e.g. Buff-rumped Thornbill Acanthiza reguloides), some decreased (e.g.
Australian Magpie Gymnorhina tibicen) and others exhibited a uni-modal association
and were most abundant in regrowth (e.g. Red Wattlebird Anthochaera carunculata;
Table 3.4).

Regrowth contained a complementary bird community, rather than a smaller number of
forest species. The three regrowth vegetation classes were characterised by 28 of the 31
species identified from the SIMPER analysis, including: (a) most (4 of 5) species that
characterised pastures but not forests; (b) most (9 of 11) species that characterised
forests but not pastures; (c) all of the widespread species that characterised both forest
and pastures, plus; (d) ten species that were not characteristic of either pastures or
forests (Table 3.4). By contrast, only two species (Brown Treecreeper Climacteris
picumnus and White-Throated Treecreeper Corombates leucophaeus) were exclusive to
the bird communities of remnant forest.
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Table 3.4 Bird species characteristic of the five vegetation classes; the average
similarity of the class is shown as well as square root mean density and (% contribution)
of each species to within class community similarity.
Species

Pasture

Shrub

Mixed

Tree

Forest

Average similarity (%)

35.0

40.5

34.3

40.8

41.0

Red-rumped Parrot
Welcome Swallow

2.7 (3.3)
4.1 (12.9)

2.1 (4.6)

-

-

-

Willie Wagtail

2.8 (14.1)

0.9 (1.6)

1.4 (1.8)

-

-

Eastern Rosella
Yellow-rumped
Thornbill
Australian Raven

4.6 (15.7)

-

2.5 (4.4)

-

-

5.8 (9.3)

3.1 (7.0)

4.0 (7.5)

2.5 (2.7)

-

-

1.0 (1.1)

-

-

-

Galah

-

-

1.0 (2.0)

-

-

1.2 (3.1)

-

-

Rufous Whistler

wc

Speckled Warbler

-

wc

-

1.2 (1.8)

-

-

-

-

4.6 (19.6)

3.0 (10.8)

1.5 (2.0)

-

-

2.1 (3.3)

1.7 (1.3)

1.9 (1.4)

-

-

2.7 (4.3)

3.3 (5.5)

2.6 (3.1)

-

-

1.6 (1.2)

4.8 (5.9)

3.8 (4.5)

-

-

-

-

2.1 (4.8)

-

-

-

-

2.2 (1.7)

-

Superb Fairy-wren

4.3 (11.9)

4.6 (13.4)

4.0 (10.2)

4.0 (7.8)

2.1 (5.1)

Australian Magpie

2.7 (5.2)

1.9 (4.8)

1.9 (4.2)

1.6 (2.1)

1.4 (1.7)

1.4 (5.3)

1.6 (3.1)

2.7 (6.6)

2.5 (7.0)

1.8 (1.9)

1.3 (3.2)

2.8 (9.1)

2.5 (5.2)

3.9 (8.9)

3.1 (7.0)

2.6 (9.5)

-

3.4 (7.2)

4.0 (5.8)

2.7 (2.7)

-

1.2 (1.4)

2.1 (3.2)

2.4 (5.0)

2.5 (6.3)

-

3.0 (10.8)

2.3 (5.9)

4.1 (8.8)

3.1 (9.6)

-

0.9 (1.3)

1.3(1.9)

-

2.7 (9.7)

-

1.7 (2.6)

-

5.1 (10.4)

5.9 (16.1)

-

-

1.4 (1.5)

1.7 (2.3)

1.3 (2.0)

-

-

1.6 (2.2)

1.6 (3.3)

2.2 (3.7)

-

-

-

1.4 (2.2)

1.5 (2.3)

-

-

-

2.5 (1.3)

2.8 (2.4)

-

-

-

2.9 (5.3)

4.0 (6.5)

-

-

-

-

2.1 (4.1)

-

-

-

-

2.6 (9.0)

w

White-eared Honeyeater
Brown-headed
Honeyeaterw
White-browed Babblerw c
Yellow-tufted
Honeyeaterw
Red-capped Robinw c
Yellow Thornbill

Red Wattlebird

w

w

Grey Fantailw
White-plumed
Honeyeaterw
Grey Shrike-thrushw
w

Weebill

w

Flame Robin

Buff-rumped Thornbill

w

Crimson Rosella
Striated Pardalote
Spotted Pardalote

w

Fuscous Honeyeater

w

White-winged Chough
Brown Treecreeperw c
White-throated
Treecreeperw

w

Association

pasture and
low complexity
regrowth
species

regrowth
species

widespread
species

Predominantly
tree-dominated
regrowth and
forest species

forest
species

Species contributing to 90% of the community similarity are shown. w Woodland birds defined by Bennet
and Ford (1997). c Species of conservation concern (Reid, 1999; Watson, 2011). ( - indicates zero square
root mean density in SIMPER analysis, but species may be present in low numbers. See Table A2.2 in
appendix for presence-absence data).
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Regrowth provided habitat for many woodland dependant birds and species of
conservation concern. Of the 20 woodland dependant birds making significant
contributions to community composition, 18 were characteristic of one of the three
regrowth classes, 12 of forests, and three of pastures (Table 3.4). Similarly, of five
species of conservation concern highlighted in the analyses, four were characteristic of
regrowth bird communities, one of forests and none of pastures.

3.3.2 Habitat variables

The habitat variables that best explained variations in bird community composition were
the quadratic mean size of standing live trees (dbhQ), ground cover attributes (0.0–0.5 m
cover score), fine litter cover, coarse woody debris (logs > 10 cm score) and Cover
Diversity (r = 0.418). The global test (at P = 0.01) indicated these five variables were
significant in explaining community similarity (see Table A2.3 in Appendix 2). Bird
composition varied along a gradient from forested sites—with high tree basal area, fine
litter cover, log density and low ground cover—to pasture sites, with low tree basal
area, fine litter cover, log density and high ground cover. Regrowth sites had
intermediate levels of the above attributes, but the highest levels of patch variation
(Cover Diversity). The combination of these variables created distinct habitat types
among all vegetation classes, as shown in the PCA analysis.

I used the above variables plus SSC score, 0.5–0.6 m cover score, age and % tree cover
(19.6 ha) in the PCA analysis to illustrate associations between vegetation and
landscape components and bird community composition. The first two principal
component axes (PC1 and PC2) explained 71.2% of the variation in the vegetation data
(Table 3.5). Negative values of PC1 indicated increasing structural complexity, tree
cover and age, while positive values of PC2 indicated increasing patch variation and
shrub cover (indicated by 0.5–6.0 cover score; Table 3.5, Fig. 3.3a). Four of the five
vegetation classes were clearly distinguished along the first PC axis. Tree-dominated
regrowth showed the greatest overlap with other vegetation classes on axes 1 and 2 (Fig.
3.3a).

The PCA plot (Fig. 3.3b) indicates that bird community composition was influenced by
both structural complexity and patch variation. Species on the left of the PCA plot (Fig.
3.3b) were associated with sites of high structural complexity (e.g. White-throated
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Treecreeper, Brown Treecreeper). By contrast, species at the top of the plot were
associated with high internal patch variation and shrub cover (e.g. White-eared
Honeyeater Lichenostomus leucotis), while species at the lower right of the plot were
associated with structurally simple pasture sites (e.g. Red-rumped Parrot Psephotus
haematonotus).

Table 3.5 Results of PCA using seven components of vegetation plus percent tree cover
(19.6 ha) and age estimate.
Eigenvalues
PC
1
2
3
4
5

Eigenvalues

%variation

Cum.%variation

4.440
1.960
0.914
0.527
0.484

49.3
21.8
10.2
5.9
5.4

49.3
71.2
81.3
87.2
92.5

Eigenvectors (Coefficients in the linear combinations of variables making up PC's)
Variable

PC1

PC2

PC3

PC4

PC5

Mean size of live trees score
0–0.5 cover score

-0.381
0.357

-0.036
0.119

-0.250
-0.089

0.071
-0.846

-0.735
-0.139

0.5–6.0 cover score
Log > 10cm score
SSC score

-0.014
-0.363
-0.427

0.676
-0.058
0.057

-0.007
-0.493
-0.233

0.306
-0.082
-0.181

0.079
0.445
-0.233

Litter fine (%)

-0.267

0.262

0.684

-0.134

-0.186

Cover Diversity
Tree cover (19.6 ha)
Age (years)

-0.099
-0.419
-0.396

0.647
-0.183
-0.035

-0.230
0.159
0.292

-0.181
-0.267
-0.154

0.110
0.200
0.309
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Fig. 3.3 PCA of the seven components of vegetation plus age and tree cover (19.6 ha)
with vegetation classes overlayed, PC1 axis = 49.3% and PC2 axis = 21.8% variance
explained. (a) includes seven vectors of major vegetation components, and (b) includes
vectors of birds strongly associated with PC1 and PC2 (dbhQ = quadratic mean size of
live standing trees).

3.4 Discussion

Key findings

My results highlighted that regrowth vegetation contributed to regional species diversity
by supporting woodland birds that were not present or abundant in the forest remnant or
pasture areas. Internal patch variation played a significant role in explaining differences
in bird community composition. Bird community composition differed significantly
among vegetation classes, with regrowth providing habitat for a complementary group
of high conservation value species, rather than simply providing extra habitat for
species that were otherwise well represented in the region.
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The presence of regrowth on abandoned farmland made a major contribution to regional
bird diversity in this study. Regrowth not only had high species richness compared to
pastures and forests, it also contained many unique bird species and therefore added to
the regional species pool. Many species in regrowth sites were woodland birds of
conservation concern (sensu Bennett and Ford, 1997; Watson, 2011). In addition to
provision of complementary resources for some species, regrowth patches were also
providing supplementary resources for others. Six species found in forest sites had
similar mean densities in tree dominated regrowth and two species indicative of open
farmland areas were also using shrub and mixed regrowth patches. In effect regrowth
was adding to both the type and amount of resources available to the bird community in
this region

3.4.1 Complementary bird fauna

Bird community composition can change significantly in response to regrowth after
farmland abandonment (e.g. Arnold et al., 1999; Parody et al., 2001; Seymour and
Dean, 2010) but the extent to which regrowth provides a complementary function
depends on whether vegetation succession adds spatial variation to the matrix or reduces
it. Similar to these findings, some studies have found that where regrowth vegetation
has increased the number of habitat types in the landscape (adding to matrix diversity),
bird species diversity is enhanced (Blake and Loiselle, 2001; Bowen et al., 2009;
Lindenmayer et al., 2012). In other situations, regrowth has increased habitat for species
already common in the landscape (Laiolo et al., 2004) or reduced open habitat for
threatened species (Rippa et al., 2011; Sirami et al., 2008). This illustrates some of the
conflicting outcomes of regrowth in transitioning agricultural landscapes. In systems
with a long history of agriculture, such as the mixed farmland systems of Europe,
regrowth can reduce habitat for farmland adapted species (Sirami et al., 2008; Brambilla
et al., 2010). However in systems with a relatively recent history of agriculture, such as
Australia, regrowth can provide important habitat for bird species that have suffered
from clearance of their preferred habitat. Of critical importance to birds is the amount
and variety of vegetation in the landscape (Bowen et al., 2009), the life history traits of
the species (Seymour and Dean, 2010), and whether vegetation change leads to
increasing or decreasing landscape diversity in vegetation patterns (Laiolo et al., 2004;
Sirami et al., 2007).
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In this study, the presence of a complementary bird fauna within regrowth was likely to
have been driven by differences in vegetation structure, which has increased the
variability of landscape patterns across the region. Regrowth had high shrub cover
(especially where trees were sparse) and high spatial heterogeneity, often forming a
mosaic of shrub and tree-dominated patches. By contrast, pastures were structurally
simple, with a low number of trees within grass and Forests typically had high density
of trees with an even age structure, low shrub cover, and very little patch variation (as
indicated by low scores for Cover Diversity). The importance of regrowth in this region
and the role it plays in provision of both complimentary and supplementary resources
can be linked to the fact that the forest remnant was in a relatively poor condition with
very few old growth elements.

Occupancy of many bird species is influenced by both structure and patch variation
(Skowno and Bond, 2003; Seymour and Dean, 2010), with patch variation supporting a
higher diversity of birds by creating more niches for species to exploit (MacArthur et
al., 1962; Roland, 1976; Baldi, 2008). In addition, some species require multiple
habitats that vary both spatially and temporally in the landscape (Bowen et al., 2007).
This is the case for some woodland bird species that require safe nesting sites and
variation in the ground layer, particularly for small, ground-foraging birds, and those
requiring both open areas for foraging and dense areas for protection (Antos and
Bennett, 2005; Antos et al., 2008; Montague-Drake et al., 2009; Watson, 2011). For
example, the species inhabiting regrowth versus forest habitats differed in their
preference for nest type and nest location. In this study, species that were characteristic
of regrowth build open nests on the ground or in shrub/mid-storey vegetation, whereas
species that were characteristic of the forest nest in cavities or locate nests in trees
(Higgins et al., 2001; Higgins and Peter, 2002). Comparing tree-dominated and shrubdominated regrowth, the characteristic bird community of the latter included more
species that nest in shrubs. In this context, regrowth created an important nesting
resource not available in the forest or pasture, thereby creating habitat for many
woodland bird species.

3.4.2 Landscape context
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Contemporary goals in biodiversity conservation have moved away from managing the
landscape as habitat and non-habitat, to supporting a variegated landscape that provides
numerous habitats for species, which vary spatially and temporally (McIntyre and
Hobbs, 1999; Lindenmayer et al., 2003; Bowen et al., 2007). Regrowth sites are
supporting this goal by providing habitat that is not available in the forest or pasture
areas, and increasing the choice of resources for birds. However, regenerating
vegetation is not static, and the structure and composition of this vegetation will change
as it matures, altering the resources available to species, and this in turn will affect
species composition. Over time, regrowth may come to resemble the older forest
vegetation (Parody et al., 2001) or it could remain in an alternative state for an extended
period (Hobbs and Cramer, 2007a). In this study, the structure of tree-dominated
regrowth sites was close to that found in the forest, indicating a transition to older forest
vegetation. However, the time for that transition to take place will depend on the extent
of tree cover at the beginning of abandonment, and sites with little tree cover may
remain in a ‘novel’ state for an extended period. These differences in transition time
will likely increase diversity in the matrix as more farmland is abandoned and regrowth
vegetation increases. As young-to-intermediate stage regrowth contains a
complementary set of species, then succession over the long-term towards a state
resembling the forest, thus reducing patch diversity, could decrease the contribution of
regrowth to habitat provision (see Fisher, 2001; Laiolo et al., 2004b; Sirami et al., 2008;
Brambilla et al., 2010).

To promote the conservation of declining bird species, regrowth vegetation may need to
be managed to maintain regional vegetation heterogeneity (DeGraaf and Yamasaki,
2003; Fink et al., 2006; Michael et al., 2011; Navarro and Pereira, 2012) including
strategic planting within regrowth patches to enhance plant species diversity (Rey
Benayas et al., 2008). This presents both opportunities and challenges for natural
resource management personnel and conservation organisations, as the types of
landholders in these areas require different methods of engagement than those used for
landholders still undertaking traditional farming (Mendham et al., 2012). In addition
there is variation in the perceptions of regrowth values and this can impact on the
management actions of both landholders and natural resource management personnel
(Sharp et al., 2012). Success relies on exploring innovative ways to engage new types of
landholders and address the range of perceptions regarding the value of regrowth
vegetation in these regions.
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3.4.3 Conclusion

Although social research identifies many areas of farmland in SE Australia transitioning
to other uses (Argent et al., 2005; Barr, 2005), published data on the extent and area of
regrowth in these regions is currently limited. This study is an attempt to quantify in
detail the extent and spatial pattern of regrowth in one of these transitioning regions.
Regrowth is likely to be found in very specific landscape contexts; that being foothills
as opposed to fertile plains systems and given this specific landscape setting, regrowth
will not occur everywhere but does form a base to build on in certain regional settings.
In Australia much of the conservation focus continues to be on public reserves or active
restoration in production landscapes, despite a growing interest in how regrowth
vegetation can contribute to landscape restoration (Hobbs and Cramer, 2007b; Dwyer et
al., 2009; Proença et al., 2012). Regrowth vegetation may be slower to proceed, but it
has the potential to complement active revegetation activities in adjacent production
areas and contribute to landscape texture (sensu Fischer et al., 2008). If land
abandonment continues in this study region at the rate observed since 1970 (see Geddes
et al., 2011) then by 2050 the proportion of regrowth vegetation will have doubled to
14% making a major contribution to recovery from previous native vegetation clearing.
This supports an additional conservation focus on regrowth, which provides
complementary habitat and contributes to a variegated landscape matrix and warrants a
higher status in terms of protection (Bowen et al., 2009; Woinarski et al., 2009; Navarro
and Pereira, 2012; Proença et al., 2012). Further research is required to investigate
contributions of regrowth to landscape recovery; specifically the rates and patterns of
succession (Bowen et al., 2007; Hobbs and Cramer, 2007a; Rey Benayas et al., 2007),
how management might be influenced by landholder and agency perceptions (Sharp et
al., 2012) and whether these patterns increase landscape functional diversity in the
region (Sekercioglu, 2012). While a large proportion of south-eastern Australian
farmlands have been identified as transitioning to post productivist landscapes (Argent
et al., 2005), these issues have relevance to any region globally that is experiencing land
use and vegetation change in woodland and forest areas that were cleared for
agriculture.
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This study has highlighted that regrowth vegetation contributes to regional species
diversity by supporting woodland birds that are not present or abundant in the forest
remnant or the pasture areas. Regrowth is providing structurally diverse habitats at the
patch scale and is increasing landscape variability and is also creating habitat for birds
that require multiple patch types. Appropriate management can maximise the benefits of
regrowth to reconnect a fragmented landscape and support conservation efforts in forest
remnants and adjacent production areas. While conservation gains are fundamentally
determined by land use history, in this study region, regrowth vegetation on abandoned
farmland is providing complementary habitat for woodland bird species.

79

80

Chapter 4

Modelling future patterns in a post-agricultural landscape: Vegetation mosaics
and bird community composition

1970

1989

2007
Aerial photo sequence of vegetation change from 1970-2007 for a 255 ha property in
the study region (map prepared by Lisa Smallbone, Aerial photo source DEPI and DSE,
Victoria).
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Chapter 4
Modelling future patterns in a post-agricultural landscape: Vegetation mosaics
and bird community composition

Abstract
Regrowth vegetation from farmland abandonment can increase vegetation cover, adding
to landscape heterogeneity and create complementary habitat for bird species. However
these landscapes are not static and provision of habitat for some species may be
temporary as areas of regrowth expand and vegetation matures. Therefore it is important
to understand the trajectory of landscape change and the potential effects of changes in
vegetation patterns on bird populations in these regions. In this chapter I investigate
these issues by constructing models of the future vegetation landscape based on historic
rates of change; key variables known to influence vegetation structure; and a range of
different vegetation change scenarios. Provision of different habitat types for bird
species was then assessed for the modelled future regrowth landscape based on
relationships between bird abundances and habitat structures developed in chapter three
and refined in this chapter by multivariate analyses that incorporated species traits, bird
species abundances, and vegetation cover composition. Results from modelling
suggested tree cover would become the dominant feature of the study landscape by
2046. Heterogeneity of cover and habitat types was about to peak and was predicted to
slowly decline after 2015. The continued expansion of regrowth under model
predictions would increase habitat for many woodland birds. However conservation
gains for a smaller group of woodland birds will depend on the rate of senescence of
trees and shrubs over time creating complexity and spatial variation. Further research is
required to investigate the effects of both natural and anthropogenic disturbances in
stand structure over time in order to understand the development of spatial
heterogeneity in regrowth stands.
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4.1 Introduction

Abandonment of farmland and resultant regrowth are changing landscape patterns and
processes across extensive areas of agricultural land (MacDonald et al., 2000; Rey
Benayas et. al., 2007; Cramer et al., 2008; Bryan et al., 2013). This often leads to a
transition in vegetation structure from farmland dominated by open pasture to areas
composed of shrubland, woodland or forest (Foster, 1992; Rey Benayas et al., 2007;
Cramer and Hobbs, 2008; Geddes et al., 2011). As many of the areas undergoing this
transition were initially forests and woodlands that were later cleared for agriculture,
abandonment represents an opportunity to restore vegetation cover and ecosystem
function for minimal effort (Freudenberger, 1999; Hobbs and Cramer, 2007a; Rey
Benayas et. al., 2007; Dwyer et al., 2009; Navarro and Pereira, 2012; Proença et al.,
2012).

The arrangement of patches is important in regenerating landscapes. Regeneration could
restore landscape heterogeneity, a key element in functional landscapes if it creates
patches of a variety of age classes and structural configurations (Forman, 1995;
McIntyre and Hobbs, 1999; Rey Benayas et al., 2007; Fahrig et al., 2011). In many
cases, regrowth may never restore post-agricultural landscapes to a prior reference
condition (Doherty, 1998; Lugo and Helmer, 2004; Zimmerman et al., 2007; Cramer et
al., 2008; Kanowski et al., 2008; Navarro and Pereira, 2012). However, this does
provide an opportunity to increase fauna diversity in degraded agricultural landscapes if
the new system is building landscape heterogeneity.

Studies report both increases and decreases in landscape heterogeneity following postagricultural regrowth (Foster, 1992; Farina, 1998; MacDonald et al., 2000; RouraPascual et al., 2005; Bowen et al., 2007; Rey Benayas et al., 2007; Sirami et al., 2007).
This diversity of outcomes could be a result of different land-use histories (old world
and new world agricultural systems) or the spatial and temporal scale of the study
(Turner, 1989; Cale, 1994). Homogenisation of the landscape is likely if succession
occurs simultaneously over large areas or in areas of high initial forest cover (Chapin III
et al, 2002; Rey Benayas et al, 2007, MacDonald et al., 2000). However regrowth can
lead to an increase in landscape heterogeneity in previously cleared landscapes if
succession is dispersed across the landscape over space and time, particularly in areas of
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very low forest and woodland cover (Chapin III et al., 2002; Rey Benayas et al., 2007;
MacDonald et al., 2000).

One fauna group that could benefit from increasing woody vegetation cover in postagricultural landscapes is woodland birds. This group has declined considerably in
agricultural landscapes in south-eastern Australia (Barrett et al., 1994; Bennett and Ford
1997; Ford et al., 2001; Montague-Drake et al., 2009; Watson, 2011), and many
conservation strategies advocate increasing tree cover in cleared agricultural landscapes
to benefit woodland birds (Bennett and Ford, 1997; Freudenberger, 1999). Previous
studies indicate many woodland birds require shrubby mid-storey vegetation (Fisher,
2001; Montague-Drake, 2009; Lindenmayer et al., 2012), and it has been hypothesised
that areas of regrowth vegetation may provide important habitat for these birds by
increasing both cover and spatial heterogeneity of native woody vegetation (Reid, 1999;
Ford et al., 2001; Montague-Drake et al., 2009; Smallbone et al., 2014). However
provision of habitat for these species could potentially be reduced if vegetation becomes
less heterogeneous over time, dominated by one state or structural type. Therefore it is
important to understand the trajectory of landscape change and the potential effects of
changes in vegetation patterns on bird populations in these regions (Hobbs and Cramer,
2007b; Bowen et al., 2007; Fischer and Lindenmayer, 2007; Brambilla et al., 2010;
Lindenmayer et al., 2012).

Simulation modelling is a way to predict patterns in future landscapes (Turner, 1989,
1990; Bolliger et al., 2005; Green et al., 2005). Cellular automata (CA) models have
been applied to many issues in landscape ecology and are particularly appropriate for
dealing with spatial and temporal pattern formation (see Balzter et al., 1998; Ermentrout
and Edelstein-Keshet, 1993; Green et al., 2005). One of the advantages of CA
modelling is that is can generate complex interactions from a simple rule set when
applied iteratively to interacting cells (see Wolfram,1984; Childress et al., 1996; Green
et al., 2005). CA models are a type of dynamic model that consists of a series of cells in
a predefined number of states at each time step (Ermentrout and Edelstein-Keshet,
1993; Childress et al., 1996). Cells can change state at each time step depending on
rules for transition and the current state of the cell and neighbouring cells (Adamatzky,
1994; Childress et al., 1996). Models of a future landscape can be produced using
simple probability-based rules developed from site data, literature, and patterns
observed in other landscape studies (Pausas, 2003; Caplat et al., 2006). These future
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landscape patterns can then be assessed in terms of habitat provision for different bird
species by matching species occupancy data across different vegetation cover types
(Coppedge et al., 2004; Thompson et al., 2007; Fahrig et al., 2011).

As birds have a close relationship with the structure and pattern of vegetation in the
landscape, the large variation in species traits can also be used to model which habitat
niches will be occupied by particular species (MacArthur and MacArthur, 1961; Wiens,
1989). Certain species groups will increase, decrease or remain stable as regrowth
accumulates in a post-agricultural landscape (Coppedge et al., 2001, 2004; Laiolo et al.,
2004b; Bowen et al., 2007; Sirami et al., 2008; Kutt and Martin, 2010; Seymour and
Dean, 2010; Lindenmayer et al., 2012). Predictions of bird community composition in
future landscapes have used models based on species relationships with environmental
variables in existing landscape cover types (Boron et al., 1997; Coppedge et al., 2004)
and predictions based on species foraging traits and relationships with woody vegetation
structure (Kutt and Martin, 2010). Site environmental data matched with remote-sensed
habitat cover types is essential to improve predictive modelling, as precision relies on
the strength of the species-habitat relationship (Gottschalk et al., 2005).

In previous chapters, I identified that regrowth has changed historically cleared
landscapes and that different bird communities were associated with the variation in
structure and arrangement of tree and shrub patches in the landscape. In this chapter, I
build on these findings to assess how vegetation and the bird community will change
over time in a regenerating agricultural landscape.

The aim of this study was to model the future landscape of the study region based on
previous patterns and rates of vegetation change, assess temporal changes in the
provision of habitat types, and model changes to the future woodland bird
community.

More specifically, I ask the following questions in this chapter:


What will the vegetation spatial patterns look like in the future, under a range of
vegetation change scenarios?



How will this affect landscape heterogeneity and what will be the rate of change
in landscape heterogeneity?



How will this affect the regional bird community?
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The study involved two initial stages: (1) developing a cellular automata (CA) model to
predict future landscape patterns under different expansion and disturbance scenarios;
and (2) refining bird habitat associations to enable predictions of species occupancy in
the modelled future landscape. Once information from these first two stages was
complete, rates of landscape change could be described and predictions for bird species
occupancy could be generated. Methods addressing each of these stages follow.

4.2 Methods - cellular automata model development

4.2.1 Study area
The study area covered approximately 114 800 ha between Rushworth (36o, 35’ S and
145o, 0’ E) and Heathcote (36o, 55’ S and 144o, 42’ E) and is within the Goulburn
Broken Catchment Management Area (Refer to Chapter 2 for a full description of the
study area). Four sub-sample areas from this landscape were used to develop, test and
run the CA model (Fig. 4.1). These sub-sample areas had the longest history of
regrowth in the study area and contained good air photo coverage (1970–2006). The
area used for model calibration and validation was BUFFALO SWAMP CV (230 ha)
and areas used in final model were RUSHWORTH (1623 ha), BAILIESTON (1220 ha),
and BUFFALO SWAMP (1365 ha) (see Fig 4.1 for detail).

Fig. 4.1 Map of study area showing location of four sub-sample areas used in
calibration, validation, and modelling of the future landscape.
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4.2.2 Steps in model development

The development of the CA model required a number of steps before the final model
could be used for prediction. Broadly this required: (1) classification of current and past
vegetation layers; (2) identification of biotic and climate predictors; (3) model
initialization and description of model rules; and (4) calibration and validation to test
probabilities and model predictive performance. Once these steps had been completed
the CA model was then applied to sub-sample areas using four different land-use
scenarios. Methods for these steps are described in detail below.

4.2.3 Vegetation layer classification

Aerial photos used for vegetation classification were the same as those described in
Chapter 2 Section 2.2.4 and included a 2009 aerial photo in rectified digital format from
DSE which was used for the calibration and validation step. I used ISO cluster
unsupervised classification in ARCMAP10 to extract vegetation cover from aerial
photos in the subsample areas for calibration, validation and modelling. Images were
first classified to 20 sample categories to differentiate cover classes. The 20 classes
were then reclassed to three (pasture, shrub and tree), based on visual inspection for
accuracy of discrimination. This raster layer was then re-sampled to a 10 m cell size. A
10 m cell size was chosen as it balanced accuracy of vegetation sampling with
efficiency of model processing time (see Wu et al., 2002). The cell size also
incorporated occupancy (tree canopies can occupy single or multiple 10 m cells) and
neighbourhood processes (the bulk of tree seed dispersal occurs up to 20 m from the
tree canopy; see Fig. 4.2 below for detail). Vegetation cover was visually inspected to
check for misclassified cells and corrected where necessary. Non-vegetation cells (e.g.
buildings and ponds) were identified and allocated a ‘no data’ classification. This
enabled only cells classed as vegetation to be active in the model runs.

4.2.4 Biotic predictors used in the model

The CA model required rules to be developed for cell state change and were developed
using the following methods. In Chapter 2, the state and transition model (S&T)
predicted that the probability of a tree establishing at a sample point was influenced by
distance to mature tree seed source, number of years since abandonment of a property,
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and the presence or absence of a shrub patch in prior years. Based on these results, the
CA model used distance to tree seed source and the presence of shrub states in the
neighbouring cells to predict probability of a tree establishing. The inclusion of the
neighbourhood analysis for shrubs was important because in Chapter 2 I found that a
period of shrub occupancy delayed tree establishment by ~10–12 years in areas where
shrubs established first, despite tree seed sources being in close proximity. The
probability of tree establishment is also known to decline with increasing distance from
a tree seed source (Cremer, 1977; Dorrough and Moxham, 2005), with the majority of
seeds dispersing to 1.5 times the canopy height (Florence, 1996). Consequently, most
saplings establish less than 30 m from a mature tree seed source (Manning et al., 2006).
This was confirmed by the S&T data set: accumulation curves for sample points that
transitioned to trees showed 60% of the samples established within 30 m of a tree seed
source (Fig. 4.2). Using these results, the probability of a tree establishing in a cell was
based on declining establishment up to 30 m from a tree seed source.
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Fig. 4.2 Accumulation curves for (a) tree establishment with increasing distance from
tree canopy (n = 105samples) and (b) shrub establishment with increasing distance from
shrub seed source (n = 153 samples).
Model parameters for shrub establishment were defined by examining sites used in
chapter two in more detail. The distance to the closest shrub seed source was measured
using ARCMAP10 for points that changed state from Pasture to Shrub (same methods
used in Chapter 2). The majority of shrubs (75%) established within 100 m of a shrub
seed source (n =153; Fig. 4.2). Shrub establishment was also enhanced by the density of
shrubs within 100 m, and the time until establishment decreased (chi square test P =
0.001) as the proportion of shrubs in the local landscape increased (Table 4.1). Distance
to seed source for shrubs establishing included a larger range (20–360 m) with the
majority establishing within 100 m of a shrub seed source. I therefore used shrub
density within 100 m of a point as a better predictor for shrub establishment in the
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model. Thus rules for cell change in modelling were based on the density of shrubs
within 100 m of a cell.

Table 4.1 Number of points that transitioned to the Shrub state in time classes, by
density of shrub seed source, P = 0.001 (dense = large continuous area of shrubs (>
50%) cover within 100 m, patch = a number of smaller areas of shrubs (< 20%)
dispersed around the point, sparse = very small isolated or roadside areas of shrubs (<
5%) within 100 m).
time until shrub
establishment
(categorical)
10–15 years
16–20 years
25–30 years
35+ years

dense

patch

sparse

(n)

(n)

(n)

25a
16b
3a
8a

16b
46b
13ab
9a

4ab
3a
5b
5a

4.2.5 Climate predictors used in the model - Rainfall probability

Successful establishment of Eucalyptus species is highly dependent on winter rainfall,
to trigger seed germination, and summer rainfall, to enable seedlings to survive and
grow to the sapling stage (Curtis, 1990; Vesk and Dorrough, 2006). In modelling, I
assumed that establishment would be greater when both winter and summer rainfall are
within or above ‘normal’ levels, and below average rainfall in either winter or summer
would reduce the probability of establishment. Probabilities of trees establishing were
estimated using levels of above (‘wet’), normal, or below (‘dry’) average rainfall for the
winter and summer period. Estimates of dry, wet and normal seasons followed a
methodology outlined in Vesk and Dorrough (2006). Rainfall values up to the 25th
percentile were designated ‘dry’, and values above the 75th percentile were designated
‘wet’ (see Table 4.2). Rainfall probability was estimated using data for winter and
summer rainfall for the years 1940-2012 from the Tatura weather station (Bureau of
Meteorology, 2014).
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Table 4.2 Thresholds for dry, wet and normal rainfall periods used for calibration,
validation and modelling (see also Fig. 4.3).
Rainfall
Normal year
Dry year
Wet year

Winter Apr–Sep
(mm)

Summer Oct–Mar
(mm)

Annual
(mm)

231–327
< 230
> 328

180–329
< 180
> 330

428–587
< 427
> 588

Table 4.3 Probability of tree establishment based on dry, wet and normal rainfall used
for calibration and modelling.
Winter

Summer Annual probability

dry
dry
normal
normal
dry
normal
wet
normal
wet

dry
normal
dry
dry
normal
normal
normal
wet
wet

dry
dry
dry
normal
normal
normal
wet
wet
wet

0
0
0
0.30
0.30
0.65
0.75
0.90
1.00

4.2.6 Rainfall probability under climate change predictions

Rainfall under climate change used estimates for the central Victorian region for 2030,
2050, and 2070 (CSIRO, 2007). I developed two rainfall scenarios based on a reduction
of annual rainfall by 2070 of 7.5% and 15% which represented the minimum and
maximum for predictions by the CSIRO under climate change. Table 4.4 shows climate
change predictions of rainfall reduction for the two scenarios used. These predicted
reductions were applied to the actual rainfall for the 20 year period before 2012 using
data from 1985–2011 (rainfall data from for the years 1999, 2000, 2003, 2007 and 2008
was incomplete and therefore not used for predictions). Rainfall predictions up to 2090
used this 20 year interval in repeated segments. This simulation assumed that annual
rainfall in south-eastern Australia will follow a cyclic pattern with extended dry periods
interrupted by periodic wet seasons, which has been the historical pattern (Nicholls et
al., 1997). This 20 year rainfall period included a drought episode and an extreme
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episode of above average rainfall and I decided this was more appropriate in
representing future patterns than a random allocation of historical rainfall years (see Fig
4.3).

Table 4.4 Climate change predictions of annual, summer and winter rainfall reduction
using lower and upper rates for the central Victorian region (source CSIRO, 2007).
Year

Annual
Min
Max
-2%
-5%
-3%
-7.5%
-7.5%
-15%

2030
2050
2070

Summer Oct–Mar
Min
Max
-1.5%
-6%
-3.5%
-9.3%
-9.3%
-16.8%

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
1942
1945
1948
1951
1954
1957
1960
1963
1966
1969
1972
1975
1978
1981
1984
1987
1990
1993
1996
1999
2002
2005
2008
2011

probability

(a)

Winter Apr–Sep
Min
Max
0
-3.5%
-3.5%
-5%
-5%
-10%

year

2090
2093

2085

2080

2075

2070

2065

2060

2055

2050

2045

2040

2035

2030

2025

2020

2015

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

2007
2010

probability

(b)

year

Fig. 4.3 Probability a tree will establish in a suitable site based on winter and summer
rainfall for (a) 1940–2012, and (b) predicted probabilities of establishment under
minimum (blue) and maximum (red) rainfall decline under climate change (2007–2093)
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4.2.7 Model initialization
The starting raster for the model used vegetation cover with cells classified as tree,
Shrub or Pasture. Tree age was also estimated, as this determines when trees are mature
enough to become a reliable seed source (Florence, 1996). Trees were considered
mature enough to produce viable seed at 20 years old (Florence, 1996). The method for
estimating tree age used cell size and cell arrangement with the assumption that trees
with larger canopies, which are spread over multiple cells in the aerial photo, will be
mature trees. Each cell classified as tree was assigned an initial age between 10 and 54
according to the spatial arrangement of cells classified as tree in the neighborhood cells
(Fig. 4.4).

To check if large patches of regrowth saplings were incorrectly assigned an age > 20
years, the 2007 classified aerial photos were checked against 1989 aerial photos of each
region. If trees were present in 1989 then the corresponding trees in the same position in
the 2007 layer were determined to be at least 18 years old. In each region, no large
patches of tree regeneration where assigned an age by neighborhood method that was
inconsistent with the age confirmed by presence of trees in 1989 aerial photo layer. The
neighborhood method was therefore considered adequate for assigning age of trees in
the model.

Fig. 4.4 Initial assignment of tree ages dependent on spatial arrangement of cells
contain tree canopy. The age of trees in the central tree cell is calculated, the shaded
cells show examples of surrounding tree cells.
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4.2.8 Model description
The model updated each cell at each annual (1 year) time step based on the current
value of the focus cell (tree, shrub or pasture) and the values of cells in four different
neighbourhoods (circles of 10 m, 20 m, 30 m and 100 m radius) around the focus cell.

(a) If a cell was classified as pasture at time t, then at time t + 1 it could change
state to tree or shrub, or it could remain pasture. A pasture cell could change
to shrub if it had not been changed to tree in the same time step, and the
probability requirements were met. Otherwise the cell remained pasture.

(b) If a cell was classified as shrub at time t, then at time t + 1 it could change
state to tree, or it could remain shrub (but it could not revert to pasture). The
probability of shrub changing to tree was similar to pasture to tree, but in the
case of shrub to tree, the tree seed source must have been at least 30 years
old to account for the delay of tree establishment when a shrub state was
present (i.e. 20 years to tree maturity plus 10 year delay).
(c) If a cell was classified as tree at time t, then at time t + 1 it always remained
a tree, and its age was increased by one year at each time step.

In both (a) and (b) above, cells did not update to tree until they were 10 years on from
establishment. This was to satisfy the assumptions that until saplings were at least 10
years old they would not have sufficient canopy width to register on an aerial photo.
Thus, the critical age of tree seed source for new tree establishment (a) was (20 + 10) =
30 years and (b) was (30 + 10) = 40 years. When each new tree was added to the model
it was already 10 years old. These model updates for one time step are shown in Fig.
4.5.
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Fig. 4.5 Model updates for one time step. A, B, C and D are model parameters and r(t)
is the rainfall probability value for year = t.
The probability requirements of changes in cell state depended on the rainfall pattern in
each year and on the model parameters A, B, C and D. The parameters A, B, C and D
are probability values which were finalised in the calibration process and described in
more detail below. Rainfall probability r(t) was a value between 0 and 1 representing
how annual and seasonal rainfall influence the likelihood of trees and shrubs
establishing, given a proximate seed source (see Table 4.3). Rainfall probability values
were estimated for each year of the model run using data from 1940–2012 for the
calibration and validation process and rainfall probabilities under climate change
scenarios were used for the post 2007 models (see below). For tree establishment, the
rainfall value is used at t – 10, as establishment depends on the rainfall regime at
germination, and not at the time step when the 10-year-old tree is added.
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A*r(t) is the probability that a tree will establish within 10 m of a seed
source at time t,



B*r(t) is the probability that a tree will establish within 20 m of a seed
source at time t,



C*r(t) is the probability that a tree will establish within 30 m of a seed
source at time t.



D*r(t) is the probability that shrub will establish at time t and is
dependent on the proportion of shrubs in the neighbouring cells

The model parameters A, B, C and D were set in the calibration phase of the model. The
model was then executed for the required number of years following the process shown
in Fig. 4.5 for each time step. As the model is stochastic, it was run multiple times (10
for calibration and validation and 20 runs for modelling).

4.2.9 Calibration, validation and sensitivity analysis
The model was calibrated on a 250 ha property, ‘BUFFALO SWAMP CV’ (see Fig. 4.1
for location). Vegetation was classified from aerial photography for 1971 and 2009
using methods described above (Fig. 4.6). The model was then run from 1971 to 2009,
and the results compared to vegetation classified from aerial photography for 2009.
Calibration was assessed by measuring the proportional abundance of the three
vegetation types in circles with an area of 20 ha. This method is appropriate for
assessing performance in stochastic models where individual cell values can differ at
each model run (see Ménard and Marceau, 2007; Li et al., 2013). The 20 ha sample area
was chosen as it is within the range of patch area used by woodland birds (Barrett et al.,
1994; Montague-Drake et al., 2009) and captures the variation in spatial arrangement of
pasture, shrubs and trees at a scale that is relevant for woodland birds. Capturing this
variation over time is important as ground-foraging species of woodland birds require
open areas for foraging and dense areas for nesting in close proximity (Antos and
Bennett, 2005; Antos et al., 2008; Montague-Drake et al., 2009; Watson, 2011).

Seven circles were selected within the analysis area, with four of these used for
calibration (zones C1–C4) and three for validation (zones V1–V3) (Figure 4.7).
Goodness of fit for calibration and validation was measured using Root Mean Square
Error (RMSE) (Zar, 1999). Calibration was carried out by varying the values for model
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parameters A, B, C and D and minimising Root Mean Square Error (RMSE) for the
resulting proportions of tree, shrub and pasture by comparing predictions for 2009 (from
1971 aerial photographs) with actual 2009 vegetation (Fig. 4.7). The lowest average
RMSE over the seven circles was taken as the measure of best global model fit. The
best calibrated model had parameters A = 0.5, B = 0.09, C = 0.06 and D =
0.4*proportion of shrubs within 100 m. Average RMSE in the four calibration circles
over ten runs of the model was 6.8% and average RMSE in the three validation circles
is 12.1% (Fig. 4.8).

Fig. 4.6 1971 aerial photograph (left) and classified vegetation (right) for calibration
area.

Fig. 4.7 2009 classified vegetation from aerial photograph (left) and predicted
vegetation for one model run (right).
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Fig. 4.8 Proportional abundance of vegetation in calibration zones (C1–C4) and validation
zones (V1–V3) from 2009 aerial photograph (black) and for ten runs of the model (grey).

Sensitivity analysis was applied to the probabilities (parameters A, B and C), to
understand and assess model behaviour. The probability values A, B and C were
increased and decreased by 10% in turn, giving six alternative models. Change in
proportional cover of trees and shrubs was calculated for each of these over 20 models
runs and compared to the original model. The model appears to be relatively stable with
the maximum change in proportion being 3.2% for shrubs when parameter A is
increased by 10% (Fig. 4.9).
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Fig 4.9 Difference in tree and shrub proportion over 20 years for changes in parameter
values compared to calibrated parameter
The model was then run starting from the 2009 aerial photo classification (Fig. 4.7, left),
to predict vegetation to the year 2093. Two rainfall probability regimes were used – best
scenario and worst scenario with 10 model runs each. Variation over the ten model runs
was extremely low with median 95% confidence intervals over the ten model runs no
more than ± 5 cells (Table 4.5). Predicted change in vegetation cover showed very little
difference under best and worst case rainfall scenarios. The largest variation was for tree
cover at 2050 with best rainfall predicting 0.3 ha more tree cover than worst rainfall,
which equated to < 0.22% difference in area predictions for the total area modelled (Fig.
4.10).

Table 4.5. Comparison of average, median and the maximum 95% confidence interval
(CI) for number of cells designated pasture, shub and tree over 10 model runs from
2009–2093 for the calibrationand validation area BUFFALO SWAMP CV.
Pasture
(number of cells)

Shrub
(number of cells)

Tree
(number of cells)

BEST RAINFALL SCENARIO
Average CI
Median CI
Max CI

1.0
0.3
8.1

4.6
4.3
10.9

4.6
4.6
10.0

WORST RAINFALL SCENARIO
Average CI
Median CI

0.9
0.3

4.7
4.7

4.7
4.7

7.0

11.6

10.3

Max CI
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Fig. 4.10 Results of model runs for BUFFALO SWAMP CV (calibration and validation
area) showing change in proportional cover from 2009–2093 of pasture, shrub and tree
from 2009–2093 under two different rainfall scenarios best and worst (blue line =
pasture; red line = shrub; green line= tree cover; data = summed cover of seven
samples).
4.2.10 Modelling patch and landscape change

Vegetation change was then modelled into the future (2007 to 2093) for the three other
sample areas: BUFFALO SWAMP; RUSHWORTH; and BAILIESTON. As the two
rainfall scenarios showed no significant difference on predicted vegetation patterns in
the calibration area, the minimum change scenario was used for further modelling. Four
scenarios were modelled using minimum rainfall reduction under climate change, two
levels of expansion of regrowth patches and two levels of human disturbance (none and
6% area shrub removal) (Table 4.6). Expansion rates for new regrowth areas were based
on data from Geddes et al. (2011) and used 1.6% increase every 10 years and a second
scenario with a reduced rate of 0.8% increase every 10 years. Disturbance rates were
based on rates observed in sites of human disturbance in the data set used in Chapter 2.
Examination of aerial photo sequences of these properties over five time points gave a
mean area of disturbance of 118 ha (± 24.1) per year; ~ 6% of the total regrowth area
within the study region. Disturbance proportions differed slightly across sub regions
with rates for RUSHWORTH and BUFFALO SWAMP similar but BAILIESTON
slightly lower (see Table A3.1 in Appendix 3). Areas for regrowth expansion and shrub
disturbance used in the different modelling scenarios were selected by randomly
allocating land parcels in each sub-region. I used the spatial layer PARCEL_VIEW
(VICMAP PROPERTY V 5.4, DSE, 2008) to define parcel area boundaries. This
resulted in expansion and disturbance being more dispersed in the regions with low
median parcel size and less dispersed in regions with larger median parcel size.
100

Table 4.6 Scenarios: Rain = min; Expansion = normal rate (1.6% every 10 years) or
reduced rate (0.8% every 10 years); Disturbance = 6% of regrowth area removed every
5 years or no removal.
Scenario

Rainfall

Expansion

Disturbance

1

Climate change (min)

1.6% every 10 years

6% shrub removal

2

Climate change (min)

1.6% every 10 years

no shrub removal

3

Climate change (min)

0.8% every 10 years

6% shrub removal

4

Climate change (min)

0.8% every 10 years

no shrub removal

Of these four scenarios, the highest development of regrowth over time was expected
from minimal human disturbance and normal rate of expansion (scenario 2). The
slowest development of regrowth over time was expected with higher rates of human
disturbance and the reduced rate of expansion (scenario 3) (see Table 4.6). Each sample
zone (20 ha) within each sub-region was allocated to a habitat type based on the
proportion of pasture, shrubs and trees at each year of the model run, following methods
used for vegetation classification in Chapter 3. Metrics used to quantify ‘spatial
heterogeneity’ often combine the number of patch types, size, and arrangement, patch
shape and patch relationship (Li and Reynolds, 1994; others). In this chapter I do not
use this type of metric to express ‘spatial heterogeneity’ rather I use the term ‘spatial
heterogeneity’ to describe the diversity of either cover or habitat type in the landscape.
This follows on from chapter 3 of this thesis where habitat type was strongly linked to
different bird species associations. Here after the term ‘spatial heterogeneity’ refers to
diversity of cover or habitat type. Spatial heterogeneity was estimated using Shannon
diversity index (1-D) for proportions of pasture, shrub and tree cover and numbers of
different habitat types for each year of the model run (Krebs, 1994). Results across
years and under different scenarios were compared for changes in the proportion of
trees, shrubs and pasture, changes in habitat types and spatial heterogeneity using data
for each sub region and regions combined.

4.3 Methods - vegetation change and bird community

4.3.1 Predicting species response to modelled vegetation change

Results from Chapter 3 showed different bird communities occupying different habitats
in the study area. The main environmental variables that separated habitat types and bird
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communities were measures of structural complexity and spatial variation in vegetation
(see Table 3.2 Chapter 3). Measures of vegetation at the site scale (8 x 25 m2) were also
highly correlated with cover state (Pasture, Shrub, Tree) as defined by aerial photo
sampling (see Table 2.5 in Chapter 2) and the cover of these states within the 20 ha
sample area (see Table 3.5, Chapter 3). Results from Chapter 3 indicated changes in
structural complexity and spatial diversity at the site scale as regrowth vegetation
developed, however as the proportion of tree cover increased in the 20 ha area, spatial
diversity measures at the site scale began to decline despite structural complexity
increasing (see Fig. 4.11).
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Fig. 4.11 Comparisons of measures for structural complexity and cover diversity with
increasing percentage tree cover for the 38 sample sites used in chapter 3 (pasture = blue
diamonds, shrub = crimson squares, mixed = purple triangles, tree = green circles, forest = grey triangles).

The abundance of certain birds was strongly linked with the proportion of tree, shrub or
pasture cover and the associated measures of stand structural complexity (SSC) or
spatial diversity (see Fig 4.12). If proportions of these components are reduced as
regrowth develops into the future, the amount of habitat for some of these species is
assumed to decline. Species’ ability to use and persist in habitats is related to life history
traits, and the variation in spatial and structural complexity of vegetation in habitat will
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influence which bird species can occupy the habitat (MacArthur and MacArthur, 1961;
Wiens, 1989; Harrington et al., 2010).
(a)

(b)
White-eared Honeyeater
Fairy Wren
Speckled Warbler
Australian raven
Weebill
Grey Shrike Thrush
Grey Fantail
Scarlet Robin
Spotted Pardalote
Easter Yellow Robin
Buff-rumped Thornbill
Brown Treecreeper
Eastern Rosella
Willie Wagtail
White-throated Treecreeper
Brown Thornbill
Galah
Magpie
Red Rumped parrot
Welcome Swallows
Yellow-rumped Thornbill
Fuscous Honeyeater

Welcome Swallows
Galah
Yellow-rumped Thornbill
Magpie
Red Rumped parrot
Willie Wagtail
Eastern Rosella
White-eared Honeyeater
Fairy Wren
Speckled Warbler
Australian raven
Fuscous Honeyeater
Easter Yellow Robin
Scarlet Robin
Grey Shrike Thrush
Brown Thornbill
Brown Treecreeper
Weebill
Spotted Pardalote
Grey Fantail
White-throated Treecreeper
Buff-rumped Thornbill
-1

-0.5

0

0.5

1

-1
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Fig. 4.12 Birds with strong negative or positive associations (correlations ≥ 0.30) with
gradients of (a) tree cover and structural complexity or (b) shrub cover and spatial
diversity, arrows show direction of increasing values of the gradient (data =
eigenvectors for individual bird species from PCA analysis of environmental variables
Chapter 3)
Other studies of bird occupancy in post-agricultural landscapes indicate specific traits
associated with different stages of regrowth (Coppedge et al., 2001, 2004; Laiolo et al.,
2004b; Bowen et al., 2009; Kutt and Martin, 2010; Seymour and Dean, 2010). I
hypothesized that small, insectivorous, ground- and shrub-nesting birds, and birds with
trait plasticity would be accommodated in the early and intermediate development
stages of regrowth, but as vegetation develops towards a closed forest structure, canopy
foragers, cavity nesters and birds with lower habitat plasticity that prefer forest habitats
would increase. I incorporated species traits to guide predictions for occupancy in the
future landscape using RLQ analysis.

RLQ analysis allows species traits to be incorporated into the analysis of species
environment relationships (Dolédec et al., 1996; Dray and Legendre, 2008). The
analysis is a simultaneous ordination of three data sets, the R table (site environmental
variables), L table (bird species composition at each site) and Q table (traits of each
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species in L table). The analysis links the three data matrices by a principle components
analysis of the R and Q table which is then used to constrain a correspondence analysis
of the L table and identifies the strength of the link between species traits and
environmental variables (Dray et al., 2007). This analysis was used to understand the
provision of habitat by regrowth to birds based on species life history traits (see Hausner
et al., 2003; Seymour and Dean, 2010). Habitat variables included tree, shrub and
pasture cover at the 20 ha scale, habitat type, Stand Structural Complexity (SSC) index
and spatial variation (Cover diversity) from site scale data (Table 4.7). Habitat type was
determined by vegetation class classification methods described in chapter 3. The two
vegetation classes of forest and tree used in chapter 3 are renamed here as Tr for tree
dominated areas in regrowth and Tf for tree dominated areas in Forest.
Table 4.7 Environmental variables used in RLQ analysis.
Variable

Description

PATCH MEASURE (20ha)
Tree cover

% cover of trees in 20 ha sample

Shrub cover

% cover of shrub in 20 ha sample

Pasture cover

% cover of pasture in 20 ha sample
5 classes based on % cover of trees, shrubs or pasture (chapter 3
methods)

Habitat Type
SITE MEASURE (transect)
Stand structural complexity
Cover Diversity

Measure of structural complexity
which is the sum of 13 components of structure
Measure of spatial variation which applied Simpsons Index of
Diversity 1- D, to % cover of 4 vegetation height classes

The bird species matrix was the same bird abundance table analysed in Chapter 3.
Species traits were sourced, with kind permission, from a database described by Luck et
al. (2013). This database was developed using extensive literature review and primary
sources (Luck et al., 2013). Traits used were those that have shown large variation in
bird species occupying regrowth and non-regrowth areas (see Coppedge et al., 2001,
2004; Laiolo et al., 2004b; Bowen et al., 2009; Kutt and Martin, 2010; Seymour and
Dean, 2010) and included body mass, foraging, nesting and diet, and plasticity measures
of habitat, foraging, nesting and diet (see Table 4.8 for details). The RLQ analysis used
the ade4 library application (Dray et al., 2007) and was run in the R statistical package
V2.15.3 (R core team, 2013). Results from the RLQ ordination were used to predict bird
community changes in the CA modelled future landscape based on species trait
associations with environmental variables. Bird density estimates for each habitat type,
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as shown in Chapter 3, were also used to predict changes in abundances of species in
the modelled future landscape (see Table 4.9). Density estimates for each species
(no/ha) were applied to the areas of habitat type predicted by CA modelling. These were
then summed to give a total number of species across the study area used in CA
modelling. Percent differences in numbers at 2007 and 2090 indicated if species would
increase, decrease or remain stable. Predictions from both methods were compared for
consistency in describing the bird community based on changes over time in the amount
of preferred habitat predicted in the CA modelling.

Table 4.8 List of traits for species using in the RLQ analysis.
Species traits*

Description*

Body size

Average of male and female weighted by sample size

Habitat plasticity

Frequency of occurrence of species in different habitats

Nesting strategy

Solitary; grouped; flexible; parasitism

Nest type

Cup; cavity; bowl /stick; ground

Nest location

Tree; shrub; above-ground vegetation; ground; generalist

Foraging behavior

Glean; Glean–Probe; Glean–OTHER; Probe–OTHER;
Pulling/Prising/Tearing; Sallying; Hawking; Flexible

Foraging behavior plasticity

Frequency of occurrence of different foraging behaviors

Foraging location

Ground; Tree; Air; Ground–Tree; Ground–Air; Tree–Air; Ground–
Shrub; Flexible

Foraging location plasticity

Frequency of occurrence of different foraging locations

Foraging substrate

Tree–Substrate; Ground–Substrate; Flower/Fruit; Foliage; Air;
Tree–Substrate & Other; Air & Other; Foliage & Ground–
Substrate; Flexible.

Foraging substrate plasticity

Frequency of occurrence of different foraging substrates

Diet

Invertebrates; Vertebrates; Seeds; Fruit; Pollen/Nectar/SugarySecretions; Fruit Other; Plant–Matter & Other; Invertebrates &
Seeds; Invertebrates & Vertebrates; Generalist

Diet plasticity

Frequency of occurrence of different food items in diet

*Source of species trait data (Luck et al., 2013)
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Table 4.9 Density estimates for birds species for each habitat type, Pasture and three
regrowth habitat types of Shrub, Mixed and Treer (data from chapter three).
Species

Pasture

Shrub

Mixed

Tree

no/ha

no/ha

no/ha

no/ha

Red-rumped Parrot
Welcome Swallow
Willie Wagtail
Eastern Rosella

0.46
1.07
0.50
1.35

0.00
0.28
0.05
0.01

0.00
0.03
0.12
0.40

0.00
0.01
0.05
0.06

Yellow-rumped Thornbill

2.14

0.61

1.02

0.40

Australian Raven
Galah

0.00
0.32

0.06
0.06

0.01
0.06

0.02
0.01

0.00

0.01

0.09

0.02

0.00

0.09

0.00

0.00

0.15

1.35

0.57

0.14

0.00

0.28

0.18

0.23

0.11

0.46

0.69

0.43

0.00

0.16

1.47

0.92

0.00

0.08

0.00

0.28

w

0.00

0.13

0.04

0.31

Superb Fairy-wren
Australian Magpie

1.18
0.46

1.35
0.23

1.02
0.23

1.02
0.16

Red Wattlebirdw

0.12

0.16

0.46

0.40

0.11

0.50

0.40

0.97

0.43

0.06

0.74

1.02

0.01

0.09

0.28

0.37

0.01

0.57

0.34

1.07

Flame Robin

0.08

0.05

0.11

0.03

Buff-rumped Thornbillw
Crimson Rosella
Striated Pardalote

0.02
0.02
0.04

0.18
0.03
0.09

0.19
0.12
0.16

1.66
0.18
0.16

Spotted Pardalotew

0.00

0.04

0.01

0.12

0.00

0.01

0.04

0.40

0.06

0.02

0.22

0.54

0.00

0.00

0.05

0.10

0.00

0.00

0.00

0.03

Rufous Whistlerw c
Speckled Warbler

wc

White-eared Honeyeaterw
Brown-headed Honeyeater
White-browed Babbler

w

wc

Yellow-tufted Honeyeater

w

Red-capped Robinw c
Yellow Thornbill

Grey Fantail

w

White-plumed Honeyeater
Grey Shrike-thrush

w

w

w

Weebill

w

Fuscous Honeyeater

w

White-winged Chough
Brown Treecreeper

w

wc

White-throated Treecreeper
w

w

Woodland birds defined by Bennet and Ford (1997). c Species of conservation concern (Reid , 1999; Watson, 2011).

4.4 Results – CA predictive model

4.4.1 Change in vegetation cover over time - region and sub-regions

Results are presented for (1) percent cover and (2) habitat type, as both attributes show
different aspects of landscape change over time. The % cover indicates vegetation
change over the whole study area, while changes in the number of habitat types
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indicates the shift in relative abundance and amount of specific habitat types, at the
scale of the 20ha samples. The major change predicted by modelling was a transition of
the landscape from predominantly pastures in 2007 to trees in 2090 (Fig. 4.13). By 2090
the three regions combined had over 68% tree and shrub cover under all expansion and
disturbance scenarios. Modelling under full expansion and no disturbance produced the
largest increase in regrowth vegetation (72% by 2090) and half expansion plus
disturbance scenario the lowest (69% by 2090), which supported the prediction that the
‘normal’ (i.e. past) rate of expansion with no human disturbance would produce the
fastest development of new vegetation cover (see Figures A3.1, A3.2 A3.3 in Appendix
3 for mapped comparison).

Model projections differed between sub-regions with outcomes shaped by initial tree
cover in each of the three sub-regions (Fig. 4.13). Tree cover increased at a faster rate in
regions with higher initial tree cover. The sub-regions with higher initial tree cover
(RUSHWORTH and BAILIESTON) had more tree than pasture cover at the end of the
modelling period. By contrast, the sub region with low initial tree cover (BUFFALO
SWAMP) had equal proportions of tree cover and pasture cover in 2090. The opposite
pattern was observed for shrub cover, with faster rates of decline in regions with high
initial tree cover and a slower rate of decline in the region with low tree cover. The main
effect of manipulating the rate of tree expansion was a slight difference in subsequent
cover of pasture and trees with the full rate increasing tree cover and reducing pasture
cover more rapidly than the half rate (Fig. 4.13). This effect of expansion rate appeared
to be greater in regions of higher initial tree cover (see Figures A3.1, A3.2 A3.3 in
Appendix 3).

Spatial heterogeneity was calculated for the data presented in Fig. 4.13 by applying
Simpsons Index of Diversity (1- D) to the proportional cover of trees, shrubs and
pasture at each time step. This resulted in a range of values with values closer to 0 more
homogenous, and values closer to 1 indicating higher spatial heterogeneity.
Heterogeneity measures declined over time for all regions combined under all scenarios
up to 0.14 by 2090 (Fig. 4.15a). When each region was considered individually,
heterogeneity declined in the two regions with high initial tree cover (BAILIESTON
and RUSHWORTH) but increased in the region with low initial tree cover (BUFFALO
SWAMP) until 2030 (Fig. 4.15a).
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Fig. 4.13 Change in % cover over time of pasture, shrub and tree under four different
scenarios for each sub region and all regions combined, blue line = pasture; red line =
shrub; green line = tree cover (data = sum of 20 ha samples in each region at each time
step).

4.4.2 Habitat types change over time - region and sub-regions

The results described above compare the summed cover of all 20 ha samples in each sub
region. In this section I compare changes in habitat at the 20 ha scale, based on the
frequency of each habitat type in each sub region at each time step. In 2007, most 20ha
samples supported Pasture, followed by Mixed, Tree and a small number of Shrub and
Pasture/Tree (PT) types (Fig. 4.14). The number of 20 ha samples classed as Tree
habitat increased over time while most other habitat types declined in number. By 2090,
Tree habitat was most numerous, followed by Pasture, Mixed and a very small number
of Shrub and PT samples.

Each sub region had different numbers of habitat types initially. The region with high
initial tree cover (BAILIESTON) was dominated by Tree, the region with moderate tree
cover (RUSHWORTH) was dominated by Mixed, and the region with low tree cover
(BUFFALO SWAMP) by Pasture habitat (Fig. 4.14). Despite these initial differences,
Tree habitats dominated in 2090, and increased under all scenarios in all three regions.
In BUFFALO SWAMP Mixed habitats increased until 2010 and then declined (Fig.
4.13). In BAILIESTON, PT habitats repeatedly increased and decreased over time
under the two disturbance scenarios (Fig. 4.14).

In the two disturbance scenarios, repeated removal of shrubs led to an increase in
pasture cover, and allowed trees to establish in pasture with no competition from shrubs.
Disturbance (repeated removal of shrubs) led to some differences in the proportion of
habitat type over time. The Mixed habitat type was maintained for longer under the nodisturbance scenarios compared to the disturbed scenarios (Fig. 4.14). By contrast, in
the undisturbed scenarios, trees took longer to establish in shrub patches, presumably
due to competition from shrubs allowing Mixed habitats to be maintained for longer.

Spatial heterogeneity was also calculated for habitat type by applying Simpsons Index
of Diversity (1- D) to the numbers of different habitats types at each time step. Habitat
type heterogeneity increased for about 23 years then declined in the region with the
lowest initial tree cover (BUFFALO SWAMP; Fig. 4.15b). By contrast, in regions with
higher initial tree cover (RUSHWORTH & BAILIESTON), habitat type heterogeneity
had already peaked (in or before 2007) and progressively declined as the proportion of
tree cover increased (Fig. 4.15b).
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Fig. 4.14 Change in numbers of habitat type over time under four scenarios in each sub
region and all regions combined. data = frequency of each habitat type in each region at
each time step; blue line = Pasture; red line = Shrub; green line = Tree; purple line =
Mixed; black dashed line = Pasture & Tree.
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Fig. 4.15 (a) Change in spatial heterogeneity (Simpsons diversity index 1-D) of % cover
over time under four different scenarios for each sub region and all regions and (b)
change in spatial heterogeneity (Simpsons diversity index 1-D) of numbers of habitat
type over time under four different scenarios for each sub region and all regions
combined (expansion + disturbance = purple line, expansion + no disturbance = green
line, half expansion + disturbance = red line, half expansion + no disturbance = blue
line; note different axis for BAILIESTON). Range of possible values for cover (min 0;
max 0.67, 0 = all cover in one state, 0.67 = cover evenly distributed across all three
states; range of possible values for habitat class (min 0; max 0.8, 0 = all habitats are one
type only, 0.8 = habitat evenly distributed across five types).
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4.4.3 Time until change across habitat types – region

To examine changes in habitat types in more detail, changes in the mean cover of
pasture, shrubs and trees were summarised for samples that were classified as Shrub,
Mixed or Tree habitat in 2007 (Fig 4.16). On average, samples initially classified as
Shrub habitat changed to Mixed after ~ 43 years (range 16–86 years) and Tree habitat
after 65 years (range 25–78 years) (Fig 4.16). Samples classed as Mixed habitat
changed to Tree habitat after 20 years (range 1–62 years), while Tree habitats had
almost complete tree cover (94%) at the end of the modelling period (Fig. 4.16).
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Fig. 4.16 Change over time in percent cover of trees (green line), shrubs (red line) and pasture
(blue line) under normal expansion and no disturbance scenario for sites that were classed as (a)
Shrub, (b) Mixed or (c) Tree habitats initially. Mean is displayed as a solid line and 95% CI as a
dashed line (n = 6 for Shrub sites, n = 37 for Mixed sites and n = 30 for Tree sites; arrows
indicate where habitat type changes to Mixed (M) or Tree (T) based on mean percent cover.

4.5 Results - vegetation change and bird community

4.5.1 Habitat and bird trait associations

RLQ analysis showed a significant relationship between environmental variables and
bird species traits (p < 0.0001, permutation test with 99 999 reps). RLQ axis 1
accounted for 74.6% of the total co-inertia between environmental (R table) and species
traits (Q table) and axis 2 accounted for a further 15.7% (Table 4.10).
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Table 4.10 Summary of results from RLQ analysis (a) results from initial ordinations of
the R, L and Q tables (PCA = principles components analysis, CA = correspondence
analysis) showing eigenvalues and percent of total co-inertia for axis one and two (b)
the eigenvalues covariance, and correlation along axis one and two of the CA analysis
of the L table and the percent of total correlation explained, and the projected inertia of
the R and Q tables and percent of total inertia explained.
Axis 1 (%)

Axis 2 (%)

Habitat (R table PCA)
Species (L table CA)
Trait (Q table PCA)

4.30 (43.0)
0.47 (13.5)
6.62 (5.9)

2.67 (26.8)
0.38 (11.1)
5.84 (5.2)

RLQ eigen values
covariance
correlation
R inertia
Q inertia

5.04 (74.6)
2.24
0.53 (78.3)
4.25 (98.8)
4.14 (62.6)

1.06 (15.7)
1.03
0.37 (59.4)
2.61 (98.3)
3.01 (57.4)

(a)

(b)

Eigenvalues for environmental variables and bird species traits were plotted to identify
trait environment relationships (Fig. 4.17). Axis 1 can be considered a gradient of tree
cover and stand structural complexity (SSC) with tree cover and structural complexity
increasing to the right of the graph. Axis 2 can be considered a gradient of shrub cover
and spatial heterogeneity (CovDiv1) with values increasing to the top of the graph.
Habitat types were located in different quadrants of the plot with Treer and Treef
habitats located in the bottom right quarter of the plot, Pasture habitat in the bottom left
quarter, Mixed habitat in the top right and Shrub habitat in the top left quarter. Position
on both axes indicated Treer and Treef habitat having higher SSC and % tree cover,
Pasture habitat having low % tree cover and SSC, and Mixed and Shrub habitats having
higher % shrub cover and spatial heterogeneity (Fig. 4.17a).

Bird traits were plotted if eigenvalues within the trait group were > 0.3. The main
differences in environment and trait associations were those involving nesting location,
foraging substrate and diet. The results supported predictions that ground nesters would
be more abundant in early and intermediate stages of regrowth (Shrub and Mixed
Habitat), while canopy foragers would be more abundant in areas of greater tree cover
(Fig. 4.17b). Near-ground nesters (NLng) were associated with increased shrub cover,
higher cover diversity and Shrub and Mixed habitats, and tree nesters (NLtree) were
associated with increased tree cover and Tree habitats (Fig. 4.17b). Above-ground
nesters (NLag) were associated with areas of intermediate tree and pasture cover and
generalists with areas of greater shrub cover. There was also support for smaller birds
113

being more abundant in early and intermediate stages of regrowth, with eigenvalues
indicating larger body size associated with decreasing cover diversity on Axis2 (Fig.
4.17b). However, other predictions were equivocal, and insectivores and cavity nesters
did not show any strong associations with shrub or tree cover. Habitat plasticity went
counter to predictions with low eigenvalues across both Axis 1 and 2 and no clear trend
for birds with lower habitat plasticity being grouped in habitat types with a homogenous
cover (Fig. 4.17b).

When foraging substrate was considered, ground foragers (FSg) and species with
invertebrate diets had lower eigenvalues across both Axis 1 and 2 and were associated
with shrub cover, cover diversity and intermediate tree cover (Fig. 4.17b). As expected,
open-area granivorous species were more abundant in Pasture habitat types while
canopy foragers and nectivorous species were more abundant in areas of greater tree
cover. Species that forage mainly in tree substrates (tree and tree.other) and species with
diets of vertebrates, fruit and fruit plus varied items (fruit.other) were associated with
greater shrub cover, cover diversity and Mixed habitat types (Fig. 4.17b).
4.5.2 Vegetation modelling and bird community – increases, decreases, time line

Cellular Automata modelling indicated that over time the number of Tree habitat types
will increase and the number of Pasture, Shrub and Mixed habitat will decline across the
region. These predictions combined with results from the RLQ analysis would indicate
increasing provision of habitat over time for birds with traits associated with greater tree
cover (Tree habitat) and decreasing provision of habitat for birds with traits associated
with Pasture, Shrub and Mixed habitat types (see Fig. 4.18). At the start of vegetation
modelling the majority of habitat in the region suited birds that nest, forage or have diets
associated with Pasture and Mixed habitats. After 23 years this was predicted to change
to Tree and Pasture and at the end of modelling in 2090 the vast majority of habitat was
predicted to suit canopy foragers, tree nesters, nectivorous species, and birds that prefer
higher proportions of tree cover in habitats. By contrast, modelling indicated decreasing
provision over time for birds that prefer habitats composed of both tree and shrub
vegetation (Mixed Habitat).

These projections suggest there will be a reduction in habitat for birds that nest in or
near ground vegetation, or require mid-storey cover for nesting and open areas for
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foraging, and also a reduction in habitat for open-area granivorous species (FSa, FSag,
seed diet) that prefer larger proportions of pasture cover (see Fig. 4.18). Birds species
with a diet that includes invertebrates or vertebrates, and that nest in above-ground
vegetation and forage on the ground (trait eigenvalues closer to zero on both RLQ axes,
Fig. 4.18) may remain stable as vegetation and habitat types change over time,
particularly if these species are more flexible in habitat preferences i.e. higher values for
habitat plasticity (see Table 4.11 for individual species predictions). RLQ analysis
suggested 55% of species would increase, 19% would remain stable and 26% would
decrease. Of the five species listed as conservation concern, predictions indicated
Brown Treecreeper (Climacteris picumnus) and Red-capped Robin (Petroica
goodenovii) would increase, Speckled Warbler (Chthonicola sagittata) and Rufous
Whistler (Pachycephala rufiventris) would decrease, and White-browed Babbler
(Pomatostomus superciliosus) would remain stable.

Predictions based on density estimates and change in vegetation cover were compared
to predictions based on species traits (see Table 4.12). The majority of predictions
(84%) based on density estimates agreed qualitatively with predictions based on species
traits. Only four predictions from density estimates differed from predictions based on
traits. Three of the four inconsistencies were for species predicted by RLQ analysis to
have stable abundances with changes in vegetation cover. The other inconsistency was a
decrease predicted by density estimates when traits predicted an increase (Table 4.12).
Predictions for these species may be difficult to quantify and could require more refined
trait information and/or abundance sampling in the field to control for any variation.
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Fig. 4.17 Plot of RLQ eigenvalues for (a) environmental variables and (b) BIRD habitat plasticity, body size, nest type, nest location, foraging substrate and diet.
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Table 4.11 Predictions of provision of habitat based on CA modelling and species
preferred nesting location, foraging substrate and diet. Species numbers are predicted to
increase, decrease or remain stable in response to changing habitat provision predicted
by CA modelling.
Species

Habitat
plasticity

Nesting
location

Foraging
substrate

Diet

CA
habitat
predict

11

near ground veg

ground

invert

decrease

18

near ground veg

ground

invert

decrease

Yellow-rumped Thornbill

45

above ground veg

foliage&ground

invert

decrease

Welcome Swallow

55

generalist

air

invert

decrease

Willie Wagtail

35

tree

air

invert

decrease

Eastern Rosella

33

generalist

ground

seeds

decrease

Galah

35

tree

foliage&ground

seeds

decrease

Red-rumped Parrot

36

tree

ground

plant/other

decrease

Superb Fairy-wren

44

generalist

ground

invert

stable

w

45

near ground veg

foliage

invert

stable

Australian Magpie

50

tree

ground

invert/vert

stable

45

above ground veg

air

invert

stable

34

above ground veg

flexible

invert

stable

32

above ground veg

ground

invert

stable

36

tree

tree&other

fruit/other

increase

34

above ground veg

tree

invert

increase

36

tree

ground

invert

increase

Red-capped Robin

38

tree

ground

invert

increase

Buff-rumped Thornbillw

26

tree

foliage

invert

increase

30

tree

foliage

invert

increase

39

tree

foliage

invert

increase

28

tree

tree

invert

increase

44

tree

ground

invert/seeds

increase

45

tree

tree&other

invert/vert

increase

37

above ground veg

flexible

nectar

increase

21

above ground veg

foliage

nectar

increase

29

tree

flexible

nectar

increase

Striated Pardalote

41

tree

foliage

nectar

increase

Crimson Rosella

35

tree

flower.fruit

seeds

increase

48

tree

ground

vert

increase

34

above ground veg

flower.fruit

generalist

increase

Rufous Whistlerw c
Speckled Warbler

Spotted Pardalote

Grey Fantail

wc

w

Flame Robinw
White-browed Babbler

wc

Yellow-tufted Honeyeaterw
White-eared Honeyeater

w

Brown Treecreeperw c
wc

Weebill

w

Yellow Thornbillw
White-throated
Treecreeperw
White-winged Chough w
w

Grey Shrike-thrush
Red Wattlebirdw

Brown-headed Honeyeater
Fuscous Honeyeater

w

w

Australian Raven
White-plumed Honeyeater

w
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Table 4.12 Comparisons of predictions for individual species based on RLQ trait habitat
relationships and density estimates of species occupying different habitat types (Pasture, Shrub,
Mixed and Tree). Percent change is based on increases or decreases in numbers of birds
occurring in the amount of habitat predicted in CA modelling and uses bird species density
estimates from chapter three to calculate numbers. Predictions highlighted in bold differ
between trait habitat and density estimate habitat predictions.
Species

Habitat
Plasticity

Density estimate habitat

predict

% change

predict

Rufous Whistlerw c

11

decrease

30

decrease

Speckled Warblerw c

18

decrease

50

decrease

Yellow-rumped Thornbill

45

decrease

33

decrease

Welcome Swallow

55

decrease

41

decrease

Willie Wagtail

35

decrease

36

decrease

Eastern Rosella

33

decrease

42

decrease

Galah

35

decrease

40

decrease

Red-rumped Parrot

36

decrease

41

decrease

Superb Fairy-wren

44

stable

3

w

45

stable

142

increase

Australian Magpie

50

stable

22

decrease

45

stable

72

increase

34

stable

31

decrease

32

stable

2

36

increase

13

increase

34

increase

36

decrease

36

increase

91

increase

38

increase

171

increase

26

increase

144

increase

30

increase

99

increase

39

increase

137

increase

28

increase

137

increase

44

increase

81

increase

45

increase

54

increase

37

increase

16

increase

21

increase

44

increase

29

increase

155

increase

Striated Pardalote

41

increase

23

increase

Crimson Rosella

35

increase

52

increase

48

increase

68

increase

increase

31

increase

Spotted Pardalote

Grey Fantail

w
w

Flame Robin

White-browed Babbler

wc

Yellow-tufted Honeyeater
White-eared Honeyeater
Brown Treecreeper

w

w

wc

Red-capped Robinw c
Buff-rumped Thornbill

w

Weebillw
Yellow Thornbill

w

White-throated Treecreeperw
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Woodland birds defined by Bennet and Ford (1997). Species of conservation concern (Watson, 2011).
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4.6 Discussion

Key findings

Results from modelling suggested tree cover would become the dominant feature of the
study landscape by 2046 with landscape heterogeneity about to peak and beginning to
decline after 2015. Patterns of landscape heterogeneity were influenced by the rate of
abandonment and the size and location of abandoned farmland parcels, suggesting that
subdivision size plays a significant role in shaping spatial variation in this region. The
continued expansion of regrowth is generally positive for many bird species; however
there will be a time lag in development of old growth elements and spatial variation in
regrowth stand structure. This will depend on the rate, type and extent of natural and
anthropogenic disturbances in the region. The rate of development of the elements
within regrowth stands beyond 2015 is not known. Future modeling of these elements
will need to include the effects of both natural and anthropogenic disturbances on stand
structure.

The aim of this chapter was to model future vegetation patterns based on results from
the S&T model developed in Chapter 2 and bird community results from Chapter 3.
Chapter 3 highlighted that the present landscape provides important habitat for
woodland bird species but the vegetation mosaic that supports these species may not be
stable as present vegetation matures and regrowth continues to expand over time. The
model developed in this chapter suggested a substantial increase in habitat for birds
strongly linked to larger proportions of tree cover in habitat types, but a reduction in
habitat types for a group of bird species characteristic of shrub and mixed habitat. The
continued expansion of regrowth under model predictions is very positive for many
woodland birds in terms of conservation. However conservation gains for a smaller
group of woodland birds will depend on the rate of senescence of trees and shrubs over
time creating complexity and spatial variation.

4.6.1 Vegetation change over time

The model indicates that a landscape dominated by open pasture will be dominated by
tree cover in less than 100 years (1940–2050). This represents restoration of 42% of the
native vegetation cover that was removed by clearing for agriculture in this study
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region. The predictions from the CA model are similar to patterns observed in other
regions of former forest and woodland that were cleared for agriculture and then
abandoned. One of the earliest examples of landscape recovery in North America has
seen progressive farmland abandonment lead to almost complete restoration of forest
cover by 1985 from the cleared landscape of 1850 which was composed of 85% pasture
cover (Foster, 1992). More recent examples have documented a progressive increase in
forest cover and reduction in open pasture after farmland abandonment in the
Mediterranean region. In the eastern Pyrenees, dense forest has doubled from 15 to 31%
cover and grassland has reduced from 38 to 10% cover in 50 years (Roura-Pascual et
al., 2005). In southern France, 67% of shrubland changed to open or closed woodland
and 33% of open woodland shifted to closed woodland over 20 years (Sirami et al.,
2007). The model in this Australian study is largely predicting the same type of
vegetation change that has been observed in other post-agricultural landscapes of former
forest and woodland systems in Europe and North America. Despite differences in
expansion rate scenarios and initial tree cover in sub-regions, modelling across all
regions indicated a progressive move to majority (> 56%) tree cover within 43–53 years
after 2007. Although this indicates a substantial contribution to landscape reforestation,
there will be a time lag in the development of certain keystone structures such as
hollows and large logs from fallen tree limbs. These important features may take a
further 40–60 years to develop depending on specific site conditions that determine
rates of tree hollow development (Florence, 1996; Vesk and Mac Nally, 2006; Vesk et
al, 2008

4.6.2 Landscape heterogeneity

Across the entire study region, landscape heterogeneity rose initially then declined over
time as tree cover increased. Changes in landscape heterogeneity showed different
patterns in each sub region, depending on initial tree cover at the start of modelling.
Where the proportion of tree cover was initially low (< 21% in BUFFALO SWAMP),
heterogeneity increased for a period of 23 years, but where tree cover was higher (>
47% in BAILIESTON), heterogeneity progressively declined over time. It was
hypothesised that regrowth expansion could add to landscape heterogeneity if regrowth
was dispersed over space and time, but that landscape heterogeneity would decline if
regrowth occurred simultaneously over large areas. In addition to this spatial and
temporal aspect, changes in heterogeneity would also depend on the starting condition
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of the landscape assessed. Over time as a cleared landscape moves from one dominant
cover to another (e.g. from pasture domination to tree domination), heterogeneity
should follow a unimodel pattern with the greatest landscape heterogeneity at the
intermediate stage of this transition. Increases or decreases in heterogeneity would
depend on where the landscape sits along this continuum. There was support for both
hypothesis in modelling, with the largest increase in heterogeneity occurring in the
region with the lowest initial tree cover (< 21%) under a scenario in which regrowth
expansion was more dispersed over time. The largest reduction in heterogeneity
occurred in the region with higher initial tree cover (> 47%) under a scenario in which
regrowth expansion was less dispersed over time.

Differences in mean parcel (or property) size between regions may have influenced
changes in heterogeneity by determining how regrowth was dispersed over space during
modelling. This effect of parcel size is illustrated by the differences in outcomes in
RUSHWORTH and BAILIESTON. Heterogeneity measures were the same in both
subregions initially, but these measures declined more slowly in RUSHWORTH.
BAILIESTON had a mean parcel size of 51 ha so regrowth expansion occurred over a
larger area at each time of abandonment, whereas mean parcel size in RUSHWORTH
was smaller (16 ha), resulting in the random selection of properties for regrowth
expansion being more dispersed over space.

Similar patterns have been observed in regrowth landscapes in Europe with
heterogeneity initially rising with farmland abandonment, especially where forest cover
is low in comparison to pasture cover (Roura-Pascual et al., 2005; Sirami et al., 2007).
However, continuation of observed rates of abandonment was predicted to lead to
homogenisation of both landscapes with an increase in contiguous forest cover (RouraPascual et al., 2005; Sirami et al., 2007). In other regions where forest cover was
initially high in proportion to pasture or open habitat types, landscape heterogeneity
declined with progressive farm abandonment (MacDonald et al., 2000). The
contribution of regrowth to landscape heterogeneity is probably greater in regions with
lower proportions of tree cover at the time of farmland abandonment compared to
regions with higher proportions of tree cover. In this Australian study, modelling
showed an initial increase in landscape heterogeneity but then a decline over time.
Patterns of landscape heterogeneity were influenced by the rate of abandonment and the
size and location of abandoned farmland parcels as illustrated in different results for
122

each sub region. Despite these different patterns, the period of increased landscape
heterogeneity appears limited and eventually heterogeneity will decline as the cover of
trees increases and the number of different habitat types reduces across the landscape.
This decline may not be negative for all species and may lead to increased areas for
specialist bird species as is the case in European mixed farm landscapes (see Batáry et
al., 2011).

4.6.3 Vegetation change and bird community

Modelling of vegetation patterns over time indicated significant changes in numbers of
habitat types across the region and subregions. Over time there was a substantial
increase in habitat for woodland bird species that prefer Forest and Tree habitats and a
reduction in habitat for species preferring Pasture, Shrub and Mixed habitats. Modelling
indicated a tripling of the area of Tree habitat from 2007 to 2090 which is positive for
bird species that prefer habitats with greater tree cover. The reduction over time in the
area of Shrub and Mixed habitats will impact on species in different ways depending on
each species’ ability to use other habitat types (habitat plasticity). Widespread species
that used Shrub and Mixed habitats (e.g. Superb Fairywren Malurus cyaneus and
Australian Magpie Gymnorhina tibicen) may not be adversely affected by reductions in
the area of these habitats as both species have high habitat plasticity (> 43 based on
index developed in Luck et al, 2013) and should be able to persist in other habitat types.
However, species that were exclusive to Shrub and Mixed habitats will be more
impacted by the decline of these habitat types and may not be able to survive in other
areas, particularly species with low habitat plasticity scores (< 19 Luck et al, 2013) such
as the Speckled Warbler and Rufous Whistler, both of which are listed as species of
conservation concern (Watson, 2011). Results from Chapter 3 indicated current levels
of regrowth provide important habitat for these two species. Continued provision of
habitat for this particular group of species is not guaranteed, as modelling in this chapter
indicated a 42% reduction in Shrub and Mixed habitats by 2030 rising to a 65%
reduction by 2070.

Other species that are likely to experience a decline in habitat type are those that prefer
Pasture habitats, with modelling indicating a 50% decline in Pasture over the study
region. While the reduction of open pasture areas may lead to declines of birds
preferring this habitat within the study area, most of these bird species are common and
123

widespread and generally have higher values for habitat plasticity (> 32, Luck et al,
2013). Large agricultural regions adjacent to the study area provide habitat for these
species. However, the quality of the pasture habitat in adjacent areas may be lower if the
intensity of agriculture is higher in these regions. This raises an interesting issue for
future investigation (see Haslem and Bennett, 2008).

Composition of the bird community is expected to change over time because of changes
in habitat types and resource availability. The modelled changes in habitat provision in
this study reflect similar patterns in other regrowth landscapes in forest regions. In
many instances there is increasing provision of habitat for forest, closed woodland and
core habitat bird species (Roura-Pascual et al., 2005; Sirami et al., 2007). The initial
stages of regrowth also provide habitat for birds species of forest origin that can exploit
regrowth shrub and woodland (Laiolo et al., 2004b) and create complimentary habitat
by providing resources not available in mature forest (Blake and Loiselle, 2001).
However as regrowth increases in area and matures there is often a reduction of habitat
for open area and ecotonal species (Roura-Pascual et al., 2005; Sirami et al., 2007). This
often occurs in mixed farm landscapes in Europe where diverse pastures provide
important habitat for threatened species (Brambilla et al., 2007; Sirami et al., 2008).

In Chapter 3 it was determined that regrowth provided important habitat for a distinct
bird community by providing resources not available in adjacent forest reserve and
pasture area. In this chapter, modelling indicated most of these woodland birds will be
accommodated as regrowth expands and matures into the future. Although pasture
habitat is reducing, there will be reasonable amounts available in the study area and
adjacent agricultural areas in the future. Computer modelling also showed a decline in
Shrub and Mixed habitat spatially, but after a time lag, second and third stage tree
regeneration and natural senescence within stands may produce shrubby micro sites in
the future. Which suggests the impact on the small group of species that prefer these
habitats exclusively, may not be so large. Intermediate or patchy mosaic habitat is
probably the most ephemeral in dynamic landscapes, and periodic disturbance (natural
or anthropogenic) may be required to maintain mosaics (Macdonald et al., 2000; Chapin
III et al., 2002; Franklin and Van Pelt, 2004). Some species are highly dependent on this
type of habitat, for example the Red-backed Shrike (Lanius collurio) persists in lowintensity mixed farm landscapes in Europe, and requires open areas for foraging and
shrub and hedges for nesting (Brambilla et al., 2007). The European landscape where
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this species occurs is a mosaic of natural and managed vegetation which has developed
from hundreds of years of farming practice and maintenance of this mosaic requires
these practices continuing into the future. Other examples include bird species that
specialise in early successional vegetation in North American forest systems, such as
Olive-sided Flycatcher (Contopus cooperi), Eastern Bluebird (Sialia sialis) and
Mourning Warbler (Oporornis philadelphia) (Degraff and Yamasaki, 2003). Changes
in historic disturbance regimes since European settlement now require active
disturbance of forest patches to provide adequate habitat for these threatened species to
persist (Degraff and Yamasaki, 2003). In my study region, regrowth Shrub and Mixed
habitat provided important resources for birds that require different vegetation cover for
foraging and nesting sites (such as Superb Fairy-wren, White-browed Babbler, Rufous
Whistler and Speckled Warbler. Continued provision of this habitat type in the future
may rely on natural disturbance (such as wind damage or periodic fire) or active
management to keep some parts of maturing regrowth stands open and spatially
heterogeneous. The most ecological effective ways to do this will require further
targeted investigation.

4.6.4 Performance of CA model

The CA model provided a broad outline of predicted vegetation patterns in the future
landscape and largely follows the patterns observed in other post-agricultural landscapes
of formerly forested and wooded regions. However the model could be improved in a
number of ways.

(1) Prediction probabilities. The extremely low variance generated over the 20
models runs might indicate the model is more deterministic than stochastic. This
could be improved by using confidence intervals around probabilities to
generate more variation in the model and reflect stochastic and episodic events,
such as bushfire, extreme drought and fluctuating populations of herbivorous
mammals impacting on tree and shrub establishment. This will be refined in
future work.

(2) Topographic effects. Some topographic variations observed in the field, such as
the effect of natural drainage lines were not factored into the model. These
natural drainage lines often lead to small open (shrub-free) areas in linear strips
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within regrowth patches and should contribute to patch heterogeneity. This
parameter was not significant in S&T modelling in chapter two, due to
insufficient sampling points located near drainage lines. Although it is only a
small proportion of the landscape, these natural drainage lines may constitute the
more productive sites in this dry landscape and could provide important
resources for birds (Watson, 2011; Bennett et al., 2014). A more targeted
investigation looking at this landscape variation is worth investigating.
(3) Climate change effects. The model tested two scenarios for rainfall under
climate change in the calibration and validation process and found no significant
differences between the best and worst case. However the effects of climate
change on establishment of vegetation in the model did not take into
consideration effective rainfall which is a factor of both rainfall and evaporation.
Climate change is predicted to increase temperatures across regions and increase
evaporation thus reducing effective rainfall (moisture available in the soil for
plants to establish). In this situation probability of establishment of trees and
shrubs would be reduced and vegetation may develop at a slower rate. This
factor could be explored in regard to establishment probabilities and
incorporated into future models.

(4) Possible bias to trees. The model may be slightly over predicting tree
establishment, and under predicting shrubs. As the model did not evaluate
transitions away from the Tree state, such as tree death, this would have
contributed to a bias towards predicting increased tree cover. Future work will
use age structure to model tree decline and include transitions away from a Tree
state. Also expansion of regrowth created very low numbers of new Shrub or
Mixed habitat types, which was unexpected. The reasons why are unknown.
Also the removal of shrubs in the model appears to be accelerating the
establishment of trees, which was counter to expectations. This resulted in a
faster transition to trees in disturbed than undisturbed scenarios, apparently due
to the removal of competition from shrubs. The shrub removal scenario was
based on an aggressive continued removal strategy which is only possible in
contiguous areas of a shrub patch and is less likely in areas where older trees are
interspersed in shrub patches as mechanical slashing would be difficult.
Mechanical slashing would also take out tree saplings although trees would
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resprout and could eventually establish. Refining this parameter could be
explored in future models.

(5) Keystone structures. The model did not evaluate structural development over
time. It is possible to factor in both tree senescence and time at which hollows
should develop in mature trees, as tree ages are used in the base model. Future
work on this modelling will include age structure to improve predictions of
hollow development and tree decline.

Projections of vegetation change in the CA model in this chapter are based on the
assumption that observed past land use practices will continue. These could alter
significantly if economic conditions and incentives for use of land change within the
study region. For example, there may be technical advances that raise the productivity
of land leading to conversion of properties back into production agriculture or price
incentives for extraction of mineral resources leading to large-scale vegetation clearing
in the area. In addition demographic change may continue with the area attracting more
landholders interested in recreation and conservation values of property which could
lead to further subdivision of land.

4.6.5 Conclusions and ecological implications

The model suggests that over the next 80 years there would be increasing cover of trees
for this post-agricultural landscape. This would make a major contribution to
reforestation of the landscape and increase the area of habitat for the majority of
woodland bird species in this region, making a significant contribution to conservation
for this vulnerable group of birds in south-eastern Australia. The model also suggests
declining spatial heterogeneity as tree cover increases in this landscape. It is therefore
worth investigating methods to develop internal stand structural variation and promote
the next wave of spatial heterogeneity in patches of regrowth vegetation. Further
research is required to investigate changes in the stand structure over time by both
natural processes and anthropogenic disturbances. This requires engagement with
landholders to undertake repeat site visits and construct long-term experiments. The
information gained could help to develop appropriate management actions to enhance
composition, structure and function in the regrowth patches.
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Chapter 5

Synthesis

(source: a compilation of photos by Lisa Smallbone, Ian Lunt and Birds Australia)
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Chapter 5

5.1 Synthesis

This thesis considered three main questions:
(1) How has regrowth changed the landscape from 1940 to 2007, and what are the
key drivers of states and transitions?
(2) What kind of habitat has regrowth vegetation created and what is the value to
woodland bird species now?
(3) How will regrowth develop into the future and how will this influence landscape
heterogeneity and the regional bird community?

In this chapter I summarise the findings of the three data chapters, discuss the
implications of these results and suggest directions for further research.

5.2 Chapter 2. Vegetation change after farmland abandonment: Using a state and
transition model to predict vegetation patterns in a future landscape

Farmland abandonment plays a significant role in shifting vegetation patterns in
agricultural landscapes and often leads to large increases in vegetation cover (Rey
Benayas et. al., 2007, Hobbs and Cramer 2007a). Succession may not lead to a prior
undisturbed state as key processes may have been lost from the system and new
dynamics may be shaping succession patterns (Cramer et al., 2008; Navarro and Pereira,
2012). This could result in a post-agricultural landscape that is ecologically very
different from the landscape that existed prior to clearing for agriculture (Doherty,
1998; Hobbs et al., 2006). Therefore it is important to know how vegetation
components will develop in the post agricultural landscape as the system changes, how
stable different states will be and what factors will influence transitions.

In this chapter I developed a state and transition model describing post-agricultural
succession patterns in the study region. I compared changes in the major vegetation
states using spatial analysis from a time series of aerial photos from 1940 to 2007. I
tested hypotheses for state transitions based on parameters using seed dispersal
distances, competition, time since abandonment and distance to natural drainage lines. I
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then used field data that matched aerial photo classification of states to describe cover
and microhabitat qualities of major vegetation classifications identified in the study.

My results indicated that prior to abandonment regrowth areas were in the same
condition as the 2007 cleared farmland. Regrowth has resulted in a substantial increase
in native woody vegetation cover of both trees and shrubs on private land. Regrowth on
private land in 2007 represents a more heterogeneous mix of the trees, shrubs and
pasture cover than tree dominated forests and pasture dominated farmland. One of the
major benefits of this vegetation change in the study region is the contribution to
landscape heterogeneity. The expansion of regrowth in this region has effectively
changed the highly fragmented agricultural landscape in 1940 to a more variegated
classification today (sensu McIntyre and Hobbs, 1999). This is particularly important in
a modified landscape as increased amounts of native vegetation can make an important
contribution to the diversity and abundance of fauna (Fischer and Lindenmayer, 2007;
Bowen et al., 2009).

5.2.1 Transitions and stability of states

The major drivers of transitions were proximity to tree seed sources and competition
between trees and shrubs. Time was also a factor, but only in models that excluded sites
with evidence of human disturbance from the analysis, suggesting that human
interventions affected transition pathways. Trees were the most stable state, with the
Shrub state more stable at greater distances from tree seed sources. Pasture was the least
stable state and quickly moved to a Shrub or Tree state after abandonment. Human
interventions had a strong influence on stability and in some cases reversed state
transitions; however complete eradication of shrubs was limited with only a handful of
sites returning to Pasture states after disturbance to a Shrub state. Unless human
intervention was repeated, disturbance to shrub areas potentially maintained Shrub
states and delayed any transition to a Tree state expanding into these shrub patches.

5.2.2 Internal stand structure

Internal stand structure differed significantly between states most notably in terms of
ground cover and microhabitat components. The presence of large remnant trees and
grass cover beneath shrubs in regrowth sites made a significant contribution to the
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quality of habitat provided by regrowth, particularly if these cover types are in close
proximity. Large trees accumulated high litter loads and grass cover beneath shrubs
provided a food resource that was otherwise lacking (grass cover was absent on bare
ground, gaps and under dense tree regeneration in regrowth sites). The density of
remnant trees in an area had a strong influence on the pattern of development and how
quickly an area became dominated by trees. The clear differences in internal structure of
each state have implications for the shaping of habitat by influencing soil processes,
spatial variation, structural development and food resources. The size and spatial
arrangement of these distinct states then creates a diversity of resources available for
organisms in the landscape.

In chapter 2 a State and Transition model framework was used to describe regrowth
vegetation dynamics. Based on the results from this study, it may appear that regrowth
follows a conventional old field succession pattern when considering the structure of
each state (pasture–shrub–trees). However, succession after abandonment may result in
large variations among states depending on site history, soil condition and availability
of propagules, when the composition of each state is assessed. In addition resource
provision is not a linear process particularly when bird community composition is
assessed. The bird community in regrowth was not a nested subset of the forest
community (which would have supported the classical succession concept) but
contained a number of unique species. Thus, when viewed in terms of species
composition, the modern state and transition framework appears more appropriate than
traditional succession concepts

This study showed that areas of regrowth (total = 2322 ha) went from pasture
dominated in 1940 to tree dominated by 2007, with proportions of shrubs peaking in the
1989. Regrowth increased native vegetation cover by ~1300 ha in an area that has lost a
significant amount of forest cover since settlement. Internal stand structure in regrowth
sites was achieving some habitat quality benchmarks for box-ironbark forest but
measures for species and life form diversity and large log density were well below
reference condition benchmarks indicating stands may take many more decades to
achieve similar conditions present prior to clearing. However, regrowth is making a
valuable contribution to habitat restoration in this post-agricultural landscape and
warrants further investigation in terms of the species supported. This formed the subject
of investigation in Chapter 3 of this thesis, where I investigated the habitat value of
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different structures of regrowth vegetation for woodland birds compared to pasture and
forest remnants.

5.3 Chapter 3. Regrowth provides complementary habitat for woodland birds of
conservation concern in a regenerating agricultural landscape

Woodland birds have declined in many agricultural landscapes due to large-scale
clearance of their preferred habitat (Ford et al., 2001; Murphy, 2003; Gregory et al.,
2007). Consequently, there has been much focus on restoration, primarily through
revegetation, to halt species declines and restore ecosystem functions. Abandonment of
farmlands in post-agricultural landscapes leads to large areas of regrowth, which has the
potential to restore habitat and ecological functions over large areas (Hobbs and
Cramer, 2007a; Dwyer et al., 2009; Navarro and Pereira, 2012). The addition of
structural and spatial complexity from regrowth in the landscape may provide adequate
habitat to help conserve woodland birds.

In this chapter I examined the contribution of regrowth vegetation to bird conservation
in the study region. I compared bird composition across a range of land uses and
gradient of vegetation cover, from cleared pasture, through regrowth sites of varying
structure, to remnant forests. I investigated whether regrowth provided supplementary
or complementary habitat to forests and pastures for the bird fauna and if regrowth
provided different resources to forest and pasture habitats.

Key results indicated that bird community composition differed significantly among
vegetation classes, with regrowth providing habitat for a complementary group of high
conservation value species, rather than simply providing extra habitat for species that
were otherwise well represented in the region. Variations in the bird community
composition were best explained by site variables that contributed to vegetation
structure and internal patch variation.

Regrowth had a higher diversity of cover types than forest or pasture, and often
contained a mosaic of tree and shrub cover. Bird species occupancy is driven by
structural complexity and spatial variation of vegetation with some species requiring
multiple patch types in close proximity, such as open areas for foraging and dense
shrubby areas for protection (Antos and Bennett, 2005; Antos et al., 2008; Montague134

Drake et al., 2009). Many birds that occupied regrowth prefer to build open nests on the
ground or shrub/mid storey vegetation (Higgins et al., 2001; Higgins and Peter, 2002). I
surmised that in this study region, regrowth had created an important nesting resource
not available in the forest or pasture, thereby creating habitat for many woodland bird
species.

This study highlighted that regrowth vegetation contributed to regional species diversity
by supporting woodland birds that were not present or abundant in the forest remnant or
the pasture areas. The provision of habitat for birds that require multiple patch types
was particularly notable. Bird community composition can change significantly in
response to regrowth after farmland abandonment but the extent to which regrowth
provides a complementary function depends on whether vegetation succession adds
habitat to the region or reduces it. This illustrates some of the conflicting outcomes of
regrowth in transitioning agricultural landscapes between systems with a long history of
agriculture, such as the mixed farmland systems of Europe and systems with a relatively
recent history of agriculture, such as Australia, where regrowth can provide important
habitat for bird species that have suffered from clearance of their preferred habitat. In
this study regrowth provided structurally diverse habitats at the patch scale and
contributed to diversity of habitat types at the landscape scale. However, regenerating
vegetation is not static and as it matures the structure and composition will change,
altering the resources available to species, and this in turn will affect species
composition. In this study, the structure of tree-dominated regrowth sites was close to
that found in the forest, indicating an eventual transition to older forest vegetation. Over
time regrowth may lose the spatial heterogeneity provided by the mosaic of tree and
shrub patches reducing the provision of habitat for the group of bird species that use this
important resource. Intermediate patch types may only last for a limited time as tree
cover continues to increase in the region potentially forming a contiguous forest cover.
As tree dominated patches mature, death and canopy damage may increase spatial
variation within the stand. How quickly these changes will occur in regrowth stands is
unknown at this time. The temporal and spatial characteristics of this transformation
form the basis of a predictive modelling investigation in chapter four of this thesis.
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5.4 Chapter 4. Modelling future vegetation patterns in a post agricultural
landscape: Vegetation mosaics and bird community composition
Landscape heterogeneity can either increase or decrease following regrowth in postagricultural landscapes (Roura-Pascual et al., 2005; Rey Benayas et al., 2007; Sirami et
al., 2007). This could be a result of different land use histories (old world and new
world agricultural systems) or the spatial and temporal scale of the study (Turner, 1989;
Cale, 1994). Homogenization of the landscape is likely if succession occurs
simultaneously over large areas or in areas of high initial forest cover (Chapin III et al.,
2002; MacDonald et al., 2000). However regrowth can lead to an increase in landscape
heterogeneity in previously cleared landscapes if succession is dispersed across the
landscape over space and time, particularly in areas of very low forest and woodland
cover (Chapin III et al., 2002; MacDonald et al., 2000).

As regrowth increases in a post-agricultural landscape, this can result in increases and
decreases of certain bird species groups (Bowen et al., 2007; Sirami et al., 2008).
Results from previous studies indicate benefits for woodland birds that require shrubby
mid storey vegetation (Fisher, 2001; Montague-Drake et al., 2009; Smallbone et al.,
2014), and it is hypothesised that areas of regrowth vegetation may provide important
habitat for these birds by increasing both cover and spatial heterogeneity of native
woody vegetation (Ford et al., 2001). However if vegetation becomes less spatially
heterogeneous over time, proportionally dominated by one state, provision of habitat for
these species could be altered.

In this chapter I produced models for the future landscape based on parameters tested in
Chapter 2 and hypothesized land use using four different scenarios. I then assessed the
provision of different habitat types for bird species for the modelled future regrowth
landscape based on the relationship between bird abundances and habitat structures
developed in Chapter 3 and refined in this chapter by RLQ analysis that incorporated
species traits with bird species abundances and vegetation cover composition at the 20
ha scale.

The model developed in this chapter confirmed trees will be the dominant vegetation
type by 2046 and landscape heterogeneity was about to peak and will begin to decline
by 2015. This represents 42% restoration of the native vegetation cover that was
136

removed by clearing for agriculture in this north-eastern section of the study region.
This indicates even at half the rate of expansion, regrowth will make a substantial
contribution to landscape reforestation. Patterns of landscape heterogeneity were
influenced by the rate of abandonment and the size and location of abandoned farmland
parcels as illustrated in the different results for each sub region. Despite these different
patterns the period of increased landscape heterogeneity appeared limited and
eventually heterogeneity was predicted to decline as the cover of trees increased and the
number of different habitat types reduced across the landscape.

Modelling indicated a substantial increase in habitat for birds strongly linked to larger
proportions of tree cover in habitat types, but a reduction in habitat types for a group of
bird species characteristic of Shrub and Mixed habitat. The continued expansion of
regrowth under model predictions is very positive for many woodland birds in terms of
conservation. However conservation gains for a smaller group of these woodland birds
appears to be confined to a set development phase of regrowth in this particular
landscape. Continued provision of this habitat type in this landscape in the future may
rely on natural disturbance or active management to keep some parts of maturing
regrowth stands open and spatially diverse.

5.5 Contribution to disciplinary area

In this thesis I investigated one region that exhibited an extensive process of natural
regeneration that is occurring in post-agricultural landscapes across south-eastern
Australia (Argent et al., 2005; Barr, 2005). Regrowth created valuable habitat for many
woodland bird species and was complementary to habitat provided by the forest
reserves and the agricultural areas. If this pattern is exhibited in other post-agricultural
landscape this suggests an opportunity to restore large amounts of native vegetation lost
from clearing forest and woodland for agriculture. Two important points remain for
further clarification – (1) development of old growth elements and spatial variation in
regrowth stand structure will take time. How much time depends, in part, on the rate,
type and extent of natural and anthropogenic disturbances in the region. (2) The
majority of regrowth occurred in a specific topographic zone, predominantly foothills
between remnants on higher ground and production areas on the fertile plains. While
regrowth can revegetate large areas in specific regions it has less potential to achieve
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substantial revegetation in the most productive agricultural areas, and fencing and
planting will continue to be necessary in these landscapes.

Regrowth is creating valuable habitat for many woodland bird species and is
complementary to habitat provided by forest reserves and agricultural areas. This holds
great promise to restore large amounts of native vegetation lost from clearing forest and
woodland for agriculture. In this study region, the forest remnant was located on the
higher ground above 160 m elevation and most production areas located below 130 m
elevation. The majority of regrowth occurred on the foothills between these two
elevations. If regrowth continues to occur in this zone, the gradual expansion could
reconnect forest reserves on the higher ground via regrowth on foothills to lower lying
riparian zones (Fig. 5.1). This pattern may also be exhibited in other regions cleared for
agriculture but now transitioning to amenity landscapes.

Fig. 5.1 Example of how regrowth vegetation can connect forest reserve to riparian zones.
Regrowth vegetation highlighted in red is area identified in Geddes et al. (2011) (source: map
prepared by Lisa Smallbone using photo mosaic image from Google Earth)

In this thesis I investigated one region which is part of a larger process occurring in
post-agricultural landscape around south-eastern Australia (Argent et al., 2005; Barr,
2005). My study region of 110,000 ha straddled three local government zones identified
by Barr (2005) as transitioning away from tradition agriculture. Thus my study
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investigated just 18% of a much larger post-agricultural landscape. In Victoria alone
there are more than 40 other local government areas (LGA’s) identified as transitional
or rural amenity landscapes, which is equivalent to nearly half the state of Victoria
(Barr, 2005). In NSW and QLD many other regions have been identified as high
amenity landscapes (Argent et al., 2007) and these regions also hold potential to
accommodate large areas of regrowth vegetation. Some of these areas include marginal
agricultural land on foothills which can be difficult to farm economically. However
these topographic qualities also make these areas attractive to non-farmers, due to
elevation, proximity to remnant bush, favourable land prices and proximity to larger
towns (Argent et al., 2007). These are dynamic human landscapes with farmland
abandonment, property subdivision, human perceptions and management practices all
influencing vegetation patterns (Barr, 2003; Argent et al., 2007; Mendham et al., 2012;
Sharp et al., 2012). This creates potential for restoration and reforestation of cleared
landscapes and warrants further research into how this effects provision of habitat for
different species and the ecological function of the regions affected. A large amount of a
restoration is needed in fragmented agricultural areas to improve landscape function.
Extensive investment in fencing for passive regeneration and planting for active
regeneration is being undertaken to achieve this. While regrowth can revegetate large
areas in specific regions it has less potential to achieve substantial revegetation in the
most productive agricultural areas and fencing and planting will continue to be
necessary in these landscapes.

5.6 Directions for further research

One of the topics that requires further investigation is research into the succession
process of regrowth vegetation at the stand scale over time. Stands may take decades to
hundreds of years to naturally thin, open up and develop a more heterogeneous spatial
arrangement within the stand. Experiments investigating thinning in dense regrowth
stand and supplementary planting in suitable sites to boost plant species diversity may
provide ways to accelerate development of spatial, structural and compositional
diversity in regrowth. This warrants increased research focus as regrowth continues to
expand in many post-agricultural regions around Australia.

There are also numerous opportunities for social research involving scientists, land
management and conservation agencies and the landholders of regrowth properties.
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Many of these landholders have different perceptions, knowledge and priorities to broad
scale production farmers (Mendham et al., 2012; Sharp et al., 2012). Understanding the
human perceptions of regrowth vegetation in the landscape and developing ways to
engage with landholders could provide effective strategies to manage regrowth.

Future research could include the following investigations;


Document the amount of regrowth occurring in amenity and transitional
landscapes identified by social researchers in south-eastern Australia.



Make direct comparison of the biodiversity benefits between active regeneration
(plantings on farms), regrowth and remnant vegetation. If enough data sets are
available a meta analysis could also be undertaken, although this appears
premature based on currently available Australian studies.



Investigate a predictive model of where regrowth is occurring (demographic,
topographic and landscape predictors) and ground truth how much vegetation is
increasing compared to production landscapes.

The effects of regrowth vegetation in post-agricultural landscapes, particularly those
located in amenity zones, is an emerging topic for investigation in Australia. This
creates the opportunity to use the Australian experience of this phenomenon to build on
the global literature of patterns and processes occurring in post-agricultural landscapes.
Regrowth provides great potential to restore structure, composition and function in
cleared agricultural landscapes, although there needs to be continued investigation to
understand patterns and processes to maximise the ecological benefits within a dynamic
socio-ecological system. This process is not likely to occur across all agricultural areas
as the landscape context of this phenomenon is quite specific. However it is this very
context that creates a fascinating area for further investigation as it requires researching
both people and nature together.
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Appendix 1

Table A1.1 Summary of variables collected at eight data points along the 400 meter
quadrat in each sampling location.
Component

sampling
plot

Measure

Variable

Description

Cover

5x5m

%cover
%cover
%cover
%cover
Number

Vegetation 0-0.5m
Vegetation 0.5-2m
Vegetation 2-4m
Vegetation >4m
Life forms

Number

Species (including
exotics)
Grass
Bare Ground
Rocks (>3cm)
Cladia
Mosses, Lichens,
Cryptograms
Litter Eucalyptus leaves
Litter fine
Litter coarse
Litter (total)

% cover of ground vegetation
% cover of shrub vegetation
% cover of mid storey vegetation
% cover of canopy vegetation
Maximum number of life forms
observed
Maximum number of species
observed
% cover of grass
% cover of bare ground
% cover of rocks
% cover of Cladia
% cover of Mosses, Lichens,
Cryptograms
% cover of Eucalypt leaves
% cover of fine litter <6mm circ
% cover of coarse litter >6mm circ
Sum of above three variables

Microhabitat

50x50cm

%cover
%cover
%cover
%cover
%cover
%cover
%cover
%cover
%cover

Stand
structure
Basal Area

10x10m

Tree density
Tree height

Number
Number
Number
Number
Number
Number

<10cm
11-20cm
21-30cm
31-40cm
41-50cm
>50cm (used exact
diameter)

Stand basal area of live trees,
calculated as ∑(number of trees in
each DBH class x basal area for
each class) expressed as m2/ha

no/100m2
Height
(m)

Sum of trees in plot
Highest tree (m)

Sum of trees in plot
Tallest tree in sampling plot

Fig. A1.1 Vegetation sampling layout

0 5m 10m

20m
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270m

163

400m

Table A1.2 Preliminary main effects models including -2 log likelihood, significance
values and Nagelkerke r-squared (r2) for single variable logistic regressions with human
disturbance sites (sample size = 280) (75% of shrub states at time0 where pasture in
prior time period).
Variable

Mean (±SE)

t-test
t

END STATE TREE
Continuous
distanceM (m)

yes =115

Preliminary main effects

p
(2-tailed)

-2 Log
likelihood

r2

sig

(Ng)

no =165

33.3
(2.1)

61.7
(3.1)

-7.55

< 0.01

329.0

0.00

0.221

34.4
(0.9)

33.8
(0.7)

0.46

0.59

378.9

0.59

0.001

drainDist (m)

174.3
(11.1)

174.2
(10.0)

0.01

0.99

379.2

0.99

0.000

Categorical data

n

n

Shrub phase (y)

82

151

-

-

359.5

0.00

0.09

Human disturb(y)

10

45

-

-

363.1

0.00

0.08

END STATE SHRUB

yes =133

timeMin (years)

no =147

Continuous
distanceM (m)

62.6
(3.4)

38.6
(2.4)

5.69

< 0.01

355.1

0.00

0.146

timeMin (years)

33.5
(0.8)

34.6
(0.8)

-0.96

0.34

386.5

0.34

0.004

drainDist (m)

188.7
(11.3)

167.6
(9.8)

0.95

0.35

386.6

0.35

0.004

Categorical data

n

n

Shrub phase (Y)

na

na

-

-

-

-

-

Human disturb (Y)

30

25

-

-

386.1

0.22

0.006

END STATE PASTURE

yes =32

no =248

Continuous
distanceM (m)

57.9
(7.1)

49.0
(2.3)

1.30

0.19

197.4

0.19

0.011

timeMin (years)

35.1
(1.8)

33.9
(0.6)

0.66

0.51

198.6

0.51

0.003

drainDist (m)

143.3
(20.5)

178.3
(7.9)

-1.50

0.14

196.6

0.14

0.017

Categorical data

n

n

Shrub phase (Y)

18

215

-

-

184.0

0.00

0.103

Human disturb (Y)

15

40

-

-

184.9

0.00

0.096
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Table A1.3 Preliminary main effects models including -2 log likelihood, significance
values and Nagelkerke r-squared (r2) for single variable logistic regressions without
human disturbance sites (sample size = 255).
Variable

Mean (±SE)

t-test
t

END STATE TREE
Continuous
distanceM (m)
timeMin (years)

drainDist (m)
Categorical data
Shrub phase (y)
END STATE SHRUB
Continuous
distanceM (m)

yes = 105

Preliminary main effects

p
(2-tailed)

-2 Log
likelihood

sig

r2
(Ng)

no = 120

32.1
(2.2)

56.0
(3.0)

-6.42

<0.01

272.7

0.00

0.209

34.6
(1.0)

31.9
(0.7)

2.23

0.03

305.9

0.03

0.029

172.1
(11.7)

183.7
(12.1)

-0.68

0.50

310.4

0.50

0.003

n

n

Chi2

p
(2-tailed)

74

107

12.4

0.00

298.3

0.001

0.073

yes = 103

no = 122

56.8
(3.3)

34.8
(2.2)

5.54

<0.01

279.9

0.00

0.169

31.7
(0.6)

34.4
(0.9)

-2.34

0.02

305.1

0.03

0.031

drainDist (m)

193.2
(13.0)

165.8
(11.0)

1.62

0.12

307.7

0.11

0.015

Categorical data
Shrub phase (Y)

n
na

n
na

-

-

-

-

-

Time min (years)

END STATE
PASTURE
Continuous
distanceM (m)
Time min (years)
drainDist (m)
Categorical data
Shrub phase (Y)

yes = 17

no = 208

51.3
(7.3)

44.4
(2.1)

0.89

0.37

119.8

0.37

0.008

33.2
(3.3)

33.2
(0.6)

0.03

0.97

120.5

0.97

0.000

126.6
(29.9)

182.5
(8.8)

-1.76

0.10

117.0

0.09

0.037

p
(2-tailed)
0.00

91.8

0.00

0.289

n

n

Chi2

4

177

37.8
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Table A1.4 Comparison of seed source arrangement (Clump, Edge or Paddock), distance to
mature tree seed source and effect on cell transition to a tree state. Effect is mainly driven by
distance as Paddock trees tend to be more distant as a seed source.

Type (seed source)

Clump

Edge

Paddock

Total

Transition to Tree state

Distance to mature tree (m)

N

(0 = no, 1 = yes)

Mean

SD

0

50.97

39.921

65

1

29.05

18.040

65

Total

40.01

32.760

130

0

56.95

38.456

21

1

42.86

29.105

22

Total

49.74

34.330

43

0

71.68

37.875

79

1

35.46

25.851

28

Total

62.21

38.492

107

0

61.65

39.763
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1

33.25

22.938

115

Total

49.99

36.609

280
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FigA1.2a Illustration of scenario (b) Regrowth patch showing shrubs removed and pasture
re-established 1982-2007.

Fig A1.2b Regrowth patch showing human disturbance trees are removed between 1982
and 1989 then shrubs establish by 2007.
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Appendix 2

Calibration of structural complexity index

We used the same vegetation measurements to generate a Stand Structural Complexity
(SSC) index as McElhinny et al. (2006) with some modifications more suited to our
sampling strategy. We used litter cover instead of litter dry weight mass and due to the
density of shrub cover in some sites, sampling for cover and richness was undertaken in 5 x
5 m nested plots, as opposed to 20 x 20 m quadrats used in McElhinnys et al. (2006)
methodology. Consequently, the mean for species and life forms would likely
underestimate numbers for the site, so the maximum recorded in any of the eight subplots
was used. As the range of vegetation structures among our sites was broader than that used
to develop the SSC index, we used a process of calibrating measurements to generate an
index appropriate to our study area (McElhinny et al., 2005). That process is described as
follows. The mean of the four quadrats measured at each site was calculated for the 13 SSC
score attributes (Table A1) (except for number of species and life-forms which used
maximum number) and then used to calibrate the SSC index for the vegetation of the study
area as per the methods outlined in McElhinny et al. (2006). (1) Means for 13 attributes
from the 38 sites were tested for normality using Shapiro-Wilks test and kurtosis tests in
SPSS 17.1. Transformations to improve normality were made were necessary and rechecked to ensure kurtosis was adequate (low or negative) with kurtosis >2 being unable to
distinguish between sites (McElhinny et al., 2005). (2) Raw data was rescaled to a 0-10
point score by fitting linear regressions to the quartile midpoints (12.5, 37.5, 62.5, 87.5) of
the attribute distribution of study sites. Scores of 2.5, 5, 7.5 and 10 were given to the
appropriate quartile midpoint. (3) The equations were then constrained so the rescaled score
was always between 0 and 10. (4) Constrained equations were checked for any loss of
accuracy by linear regression, scores were still highly correlated R2 = 0.9843, P < 01. (5)
Using McElhinnys SSC excel calculator we replaced regression equations with the new
equations calibrated for the Box-iron Bark study area, entered the raw data for the 13
attributes and generated a final SSC index for each site here after referred to as SSC score.
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Bird density and distance sampling

Bird density estimates were modelled using Distance software (version 6.2 Thomas et al.,
2009). The program estimates density of species based on numbers of birds recorded and
the distance from the observer, with the underlying premise that the probability of detection
reduces with increasing distance from the observer. This parameter was then used to adjust
abundance measures to account for differences in detection of bird species. Models with
detection parameters were produced for each bird species with more than 30 records.
Where less than 30 records existed birds were grouped together based on similarity of
behaviour, foraging strata and body size to generate a detection parameter. Preliminary
assessment of each model began with untruncated data and generation of automatic cut
points. Any obvious pooling of distance measures was discovered at this point and
appropriate truncation applied. Where possible all distances out to 65 metres where used
with four to eight cut points, either automatically or manually generated to achieve best fit.
When pooling compromised fit, truncation at 35, 44, 48, and 54m were used. Eight
candidate models where then tested (uniform with cosine expansion, simple polynomial
expansion or hermite polynomial expansion, half-normal with simple polynomial
expansion or hermite polynomial expansion and hazard-rate with cosine expansion, simple
polynomial expansion or hermite polynomial expansion) and the model, with the lowest
Akaikes Information Criterion (AIC) value was accepted. Adjustment terms for models
used automated selection method sequential 1 and selection criteria AIC. Final selection of
models was based on goodness of fit Chi2 and CV of parameter estimate. Models that had
both low CV and good fit were accepted over all other candidate models (Buckland et al.,
2001). To determine if detectability was affected by differences in vegetation cover, density
estimates for bird groups were analysed using the multiple covariate distance sampling
engine (MCDS), to see if the inclusion of the covariate tree or shrub cover substantially
improved the model.
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Table A2.1 Summary of variables collected to describe structural components at each site.
sampling
plot

Measure

Variable

Description

0-0.5m cover
0.5-6m cover

5x5m
5x5m

%cover
%cover

Vegetation 0-0.5m
Vegetation 0.5-6m

Life forms

5x5m

Number

Life forms

Species

5x5m

Number

Species (including exotics)

Litter

50x50cm

%cover

Litter

Basal Area

10x20m

Number
Number
Number
Number
Number
Number

<10cm
11-20cm
21-30cm
31-40cm
41-50cm
>50cm (used exact
diameter)

% cover of ground vegetation
% cover of shrub and mid storey
vegetation
Maximum number of life forms
observed
Maximum number of species
observed
Sum of eucalypt leaves, fine and
coarse litter (>6mm)
Stand basal area of live trees,
calculated as ∑(number of trees
in each DBH class x basal area
for each class) expressed as
m2.ha

Represents

Variable in SSC score

Mean size of live trees
(dbhQ)

Quadratic mean diameter of live
trees (cm), calculated as
dbhQ =

Tree regeneration

10x20m

Number

Trees <10cm dbh
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dbh 2
 N

Calculated as the number of
stems <10cm dbh and express as
stems.ha

Plant Functional
diversity
Flora diversity
Resource potential
Surrogate measure for
crown canopy cover

Quantifies both
number and size
(DBH) of live trees

Measure

Variable

Description

Logs >10cm

sampling
plot
400x20m

m/ha

Logs >10cm

Logs >30cm

400x20m

m/ha

Logs >30cm

Large trees

400x20m

no/ha

Large trees >40cm dbh

Trees with hollows

400x20)

no/ha

Trees with hollows

Stags

400x20m

no/ha

Standing dead trees

Total length of logs in transect
with diameter >10cm expressed
as m.ha
Total length of logs in transect
with diameter >30cm expressed
as m.ha
Number of large trees >40cm
DBH in transect expressed as
no.ha
Number of hollow bearing trees
in transect expressed as no/ha
Number of dead trees in transect
expressed as no.ha

Additional variables
Ground
Shrub
Mid storey
Canopy
Cover Diversity

5x5m
5x5m
5x5m
5x5m

%cover
%cover
%cover
%cover
index

Vegetation 0-0.5m
Vegetation 0.5-2m
Vegetation 2-4m
Vegetation >4m
Cover diversity

% cover of ground vegetation
% cover of shrub vegetation
% cover of mid storey vegetation
% cover of canopy vegetation
applied Simpsons Index of
Diversity 1- D, to the above four
covers classes

Microhabitat components

50x50cm

%cover
%cover
%cover
%cover

Grass
Bare Ground
Rocks (>3cm)
Mosses, Lichens,
Cryptograms

% cover of grass
% cover of bare ground
% cover of rocks
% cover of Mosses, Lichens,
Cryptograms
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Represents

Measure of spatial
variation
n
where D =  2
N

sampling
plot

Measure

Variable

Description

%cover
%cover
%cover

Litter Eucalyptus leaves
Litter fine
Litter coarse

index

Litter diversity

% cover of Eucalypt leaves
% cover of fine litter <6mm circ
% cover of coarse litter >6mm
circ
applied Simpsons Index of
Diversity 1- D, to the above
eight classes to generate index

50x50cm

(mm)

Litter depth

400x20m
10x20m

m
no/ha

Litter Diversity

Litter depth

Depth of non living ground
material

Larger components
Highest tree
Tree density

Mean of 8 plots
Sum of trees in 8 plots

Sum of trees
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Represents

Measure of
microhabitat variation
n
where D =  2
N

Table A2.2 Presence/absence across site classes of all species recorded during the
survey period and the number of sites each species was recorded in (P = pasture, S =
shrub, M = mixed, T = tree, F = forest, R = all regrowth sites and Y = species occurred
only in regrowth sites). Nomenclature follows Christidis and Boles, 1994.
Common name
Australian magpie
Australian raven
Black-faced cuckoo-shrikew
Brown thornbillw
Brown treecreeperw
Brown-headed honeyeaterw
Brush bronzewing
Buff-rumped thornbillw
Common bronzewingw
Crested pigeon
Crimson rosella
Diamond firetailwc
Dusky woodswallowwc
Eastern rosella
Eastern yellow robinwc
Fan-tailed cuckoow
Flame robinw
Fuscous honeyeaterw
Galah
Gilbert's whistlerw
Golden whistlerw
Grey butcherbird
Grey currawong
Grey fantailw
Grey shrike-thrushw
Horsfield's bronze-cuckoow
Jacky winterwc
Laughing kookaburra
Mistletoebirdw
Musk lorrikeetw
Noisy miner
Painted button-quailwc
Pallid cuckoo
Red wattlebirdw
Red-capped robinwc
Red-rumped parrot
Restless flycatcherwc
Rufous songlark

Scientific name
Gymnorhina tibicen
Corvus coronoides
Coracina novaehollandiae
Acanthiza pusilla
Climacteris picumnus
Melithreptus brevirostris
Phaps elegans
Acanthiza reguloides
Phaps chalcoptera
Ocyphaps lophotes
Platycercus elegans
Stagonopleura guttata
Artamus cyanopterus
Platycercus eximius
Eopsaltria australis
Cacomantis flabelliformis
Petroica phoenicea
Lichenostomus fuscus
Cacatua roseicapilla
Pachycephala inornata
Pachycephala pectoralis
Cracticus torquatus
Strepera versicolor
Rhipidura fuliginosa
Colluricincla harmonica
Chrysococcyx basalis
Microeca fascinans
Dacelo novaeguineae
Dicaeum hirundinaceum
Glossopsitta concinna
Manorina melanocephala
Turnix varia
Cuculus pallidus
Anthochaera carunculata
Petroica goodenovii
Psephotus haematonotus
Myiagra inquieta
Cincloramphus mathewsi
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P
1
0
1
0
0
0
1
1
1
0
1
1
0
1
0
0
1
0
1
0
0
1
0
1
1
1
1
1
0
0
1
0
1
1
0
1
0
1

S
1
1
1
0
0
1
1
1
1
1
1
0
0
1
1
1
1
1
1
1
1
1
0
1
1
1
1
0
1
1
1
0
1
1
1
0
0
0

M
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
0
1
1

T
1
1
1
1
1
1
1
1
1
0
1
0
1
1
1
0
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

F
1
1
1
1
1
1
0
1
1
0
1
1
0
0
1
0
1
1
0
0
0
0
1
1
1
1
0
0
1
1
1
1
1
1
1
0
1
0

Sites
24
10
13
3
11
14
7
20
7
3
15
4
6
13
8
3
19
9
12
4
4
5
5
30
22
11
8
4
7
9
9
4
8
28
12
3
4
6

R

Y

Y

Y

Y
Y

Common name
Rufous whistlerwc
Scarlet robinw
Silvereye
Speckled warblerwc
Spotted pardalotew
Striated pardalote
Striated thornbillw
Sulphur-crested cockatoo
Superb fairy-wren
Varied sittellawc
Weebillw
Welcome swallow
White-browed babblerwc
White-browed woodswallowwc
White-eared honeyeaterw
White-plumed honeyeaterw
White-throated treecreeperw
White-winged choughw
Willie wagtail
Yellow thornbillw
Yellow-rumped thornbill
Yellow-tufted honeyeaterw

Scientific name
Pachycephala rufiventris
Petroica multicolor
Zosterops lateralis
Chthonicola sagittata
Pardalotus punctatus
Pardalotus striatus
Acanthiza lineata
Cacatua galerita
Malurus cyaneus
Daphoenositta chrysoptera
Smicrornis brevirostris
Hirundo neoxena
Pomatostomus superciliosus
Artamus superciliosus
Lichenostomus leucotis
Lichenostomus penicillatus
Corombates leucophaeus
Corcorax melanorhamphos
Rhipidura leucophrys
Acanthiza nana
Acanthiza chrysorrhoa
Lichenostomus melanops

P
0
0
0
0
0
1
0
1
1
0
1
1
1
0
1
1
0
1
1
0
1
0

S
1
1
1
1
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
1

M
1
1
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

T
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

F
1
1
0
0
1
1
0
0
1
1
1
0
0
1
1
1
1
1
1
1
0
1

Sites
14
7
4
4
13
20
3
5
31
4
30
13
16
8
26
21
11
16
19
11
18
15

R

Entomyzon cyanotis
Hylacola pyrrhopygia
Acanthiza uropygialis
Oreoica gutturalis
Falcunculus frontatus
Acanthorhynchus tenuirostris
Pomatostomus temporalis
Melanodryas cucullata
Anthochaera chrysoptera
Grallina cyanoleuca
Vanellus miles
Phylidonyris novaehollandiae
Philemon corniculatus
Grantiella picta
Todiramphus sanctus
Aphelocephala leucopsis
Hirundo nigricans
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0
0
0
0
0
0
1
0
0
1
1
0
0
0
0
1
1

1
0
1
0
0
0
0
1
0
0
0
1
0
0
0
0
0

0
0
0
1
1
1
0
1
0
1
0
0
1
0
0
0
0

0
1
1
0
1
0
0
0
1
0
0
0
0
0
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
0

1
1
2
1
2
1
1
2
1
2
2
1
2
1
2
2
1

Y
Y
Y
Y
Y
Y

Y
Y

Y

SPECIES NOT INCLUDED IN
ANALYSIS
Blue-faced honeyeaterw
Chestnut-rumped heathwrenw
Chestnut-rumped thornbillwc
Crested bellbirdwc
Crested shrike-titwc
Eastern spinebillw
Grey-crowned babblerwc
Hooded robinwc
Little wattlebird
Magpie-lark
Masked lapwing
New holland honeyeater
Noisy friarbirdw
Painted honeyeater
Sacred kingfisherw
Southern whitefacewc
Tree martin

Y
Y

Y

Common name
Scientific name
P S M T F
w
Western gerygone
Gerygone fusca
0 0 0 1 0
w
White-bellied cuckoo-shrike
Coracina papuensis
0 1 0 0 0
w
White-browed scrubwren
Sericornis frontalis
0 1 0 0 0
w
White-winged triller
Lalage sueurii
0 0 1 0 0
w
Yellow-faced honeyeater
Lichenostomus chrysops
0 0 1 1 0
w
Woodland birds defined by Bennet and Ford (1997). c Species of conservation concern
(Watson, 2011)
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Sites
1
1
1
1
2

R
Y
Y
Y
Y
Y

Table A2.3 Results of BEST analysis of environmental variables that contributed to
bird community composition. Variables highlighted in bold appear in more than two
models.
Global Test
Sample statistic (Rho): 0.418
Significance level of sample statistic: 1%
Number of permutations: 999 (Random sample)
Number of permuted statistics greater than or equal to Rho: 0
Best results
No. of variables

Correlation

Selections

5

0.418

mean size live trees score, 0-0.5 cover score, Log >10cm
score, Litter fine (%), Cover Diversity

5

0.414

mean size live trees score, Log >10cm score, Grass
(%),Cover Diversity

4

0.413

mean size live trees score, Log >10cm score, Grass
(%),Cover Diversity

5

0.413

mean size live trees score, 0-0.5 cover score, Log >10cm
score, Litter cover (%), Cover Diversity

4

0.412

mean size live trees score, 0-0.5 cover score, Log >10cm
score, Cover Diversity

4

0.411

Mean size live trees score, Log >10cm score, Litter cover
(%), Cover Diversity

4

0.410

0-0.5 cover score, Log >10cm score, Litter fine (%),Cover
Diversity

5

0.410

0-0.5 cover score, Log >10cm score, SSC final score, Litter
fine (%),Cover Diversity

5

0.408

mean size live trees score, 0-0.5 cover score, tree
regeneration score, Log >10cm score , Cover Diversity

5

0.408

mean size live trees score, 0-0.5 cover score, Log >10cm
score, Litter cover score, Cover Diversity
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Appendix 3

Table A3.1 Summary of areas (ha) cleared of shrubs using human disturbance sites
identified in chapter two dataset. Average removal in a year 118 ha (±24.1) (min 60,
max 200), using regrowth areas totaling 2033 ha.
1970
ha (se)

1982
ha (se)

1989
ha (se)

1999
ha (se)

2007
ha (se)

All years
ha (se)

mean

12(2.2)

15(2.2)

16.7(4.4)

17.1(7.6)

27.9(13.9)

16.9(2.8) per site

median
min
max
N (sites)
sum

10
6.5
24
7
84

17
8.6
17.6
4
60.2

11.5
1.4
39
12
200.1

7.9
1.5
65
8
136.4

19
5.2
68.5
4
111.7

12
1.4
68.5
35
mean=118(24.1) per year

Break down by sub region

mean
median
min
max
n
sum

RUSHWORTH
(620ha)
10(1.7)
8.6
1.4
24
17
170

BUFFALO SWAMP
(896ha)
24(6.5)
19
1.5
68.5
13
311

BAILIESTON
(517ha)
22(3.5)
17.6
17
35
5
112

Disturb proportions

27%

30%

22%

1970 sum
1982 sum
1989 sum
1999 sum
2007 sum
Average in any one year

84.0
8.6
45.3
32.3
42.6(14.1)

120.0
79.1
111.7
103.6(9.7)

51.6
34.8
25.0
37.1(6.0)

All years
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half expansion + disturbance

2090

2050

2010

expansion + no disturbance

Fig. A3.1 Modelled vegetation change at three time points under two different scenarios
for RUSHWORTH sub region (Grey lines indicate property boundaries, RED: pasture:
GREEN: shrubs; BLUE: trees).
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half expansion + disturbance

2090

2050

2010

expansion + no disturbance

Fig. A3.2 Modelled vegetation change at three time points under two different scenarios
for BUFFALO SWAMP sub region (Grey lines indicate property boundaries, RED:
pasture: GREEN: shrubs; BLUE: trees).
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half expansion + disturbance

2090

2050

2010

expansion + no disturbance

Fig. A3.3 Modelled vegetation change at three time points under two different scenarios
for BAILIESTON sub region (Grey lines indicate property boundaries, RED: pasture:
GREEN: shrubs; BLUE: trees).
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