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- Abstract This thesis investigates the availability of invertebrate and seed food resources in grasslands
used by the Plains-wanderer Pedionmus torquatus, a nationally vulnerable grassland bird
endemic to Australia. While there is good knowledge about the relationship between
vegetation structure and habitat suitability for Plains-wanderers, less is known about how
food resources vary across grasslands of different structural suitability and how stock
grazing impacts on food abundance. Also, the diet of the Plains-wanderer is relatively well
known (comprising fallen seeds and invertebrates), but there is no information about the
nutritional importance of seeds and invertebrates as sources of assimilated nutrients.
The overall aim of this thesis is to investigate the relationship between vegetation structure,
grazing and food resources and the nutritional importance of these food resources for
Plains-wanderers in semi-natural grasslands. Plains-wanderers occurred in very low
numbers throughout this study which prevented any direct work being carried out on the
interaction between Plains-wanderers and food resources. Therefore, the approach used
was to relate the projects’ research findings to current knowledge about Plains-wanderer
ecology. The study was carried out during spring in 2006, 2007 and 2008 at Oolambeyan
National Park (ONP) and surrounding pastoral properties in western NSW, Australia. In
2006, vegetation structure was measured, and seeds and invertebrates collected from three
grassland types designated as primary, secondary and unsuitable grassland, occurring
entirely within ONP. In 2007, the same information was collected from grasslands under
two contrasting management regimes, conservation grazed grasslands on ONP and
production grazed grasslands on neighbouring properties. Blood samples were collected
from 14 Plains-wanderers during the spring of 2007 and 2008 for stable isotope analysis to
determine the nutritional importance of seeds and invertebrates as sources of assimilated
stable-carbon ( δ13C) and stable-nitrogen (δ15N).
Following univariate and multivariate analyses, vegetation structure was found to be similar
between primary and secondary grasslands, whereas unsuitable grassland comprised a thick
layer of dead fallen rye grass. There was little difference in invertebrate abundance between
grassland types, although there were almost twice as many seeds in unsuitable grassland
than primary grassland. Despite substantial differences in vegetation structure between
xv

conservation and production grazed grasslands, the abundance of seeds and invertebrates
varied little between these management types.
To determine how invertebrate and seed abundance were related to vegetation structure, I
modelled relationships using hierarchical generalized linear models. Overall there was a
high level of uncertainty in predicting seed and invertebrate abundance based on vegetation
structure alone. It is likely that extremely dry climatic conditions constrained invertebrate
and seed abundance at the time of sampling, potentially reducing differences between
grassland and management types.
Finally, I examined the spatial pattern of seeds and invertebrates within each site to
determine differences in the dispersion of food items (e.g. uniform or clumped), as this
may have implications for Plains-wanderer foraging efficiency. Inverse distance weighting
interpolation was used to map the predicted dispersion of these resources within each site.
The Gini coefficient was used as a measure of evenness for each site. While some sites had
a clumped dispersion of seeds, overall, seeds and invertebrates had a fairly uniform
dispersion within sites regardless of grassland type or management regime.
There was some evidence of a dietary shift in Plains-wanderers between years based on
assimilated δ13C and δ15N ratios. A substantial shift in stable-carbon ratios suggests that
carbon was being sourced from seeds of plants with a different photosynthetic pathway (C3
and C4) in different years, while nitrogen was sourced from invertebrates in 2007 and seeds
in 2008. This indicates that Plains-wanderers may switch their diet based on food
availability at the time and are thus dietary generalists.
It is likely that the prolonged drought had a substantial impact on food resources, although
comparative data from ‘wet’ years are required to substantiate this. The main conclusion
from this study is that during drought, the abundance and dispersion of food resources did
not vary substantially between grassland types or management types. This suggests that
grassland suitability for Plains-wanderers is defined principally by vegetation structure
during drought periods. It also suggests that regardless of the grazing intensity during
drought, food resources are affected similarly owing to the over-riding influence of climate,
but production grazing creates areas of grassland that are structurally too bare for Plainswanderers.
xvi

- CHAPTER 1 Grassland management for biodiversity conservation

Chapter Overview
Although once a widespread ecosystem, evolving with natural disturbances such as fire and
grazing by native herbivores, the distribution of native grasslands in Australia has markedly
contracted since European settlement (Dorrough, et al., 2002). This contraction is largely
the result of anthropogenic disturbance including changed fire regimes, the introduction of
non-native herbivores and crop and food production to satisfy the requirements of an
increasing human population (Dorrough, et al., 2007; Herrero, et al., 2009).
Typically comprising high floristic and structural diversity, native grassland ecosystems
provide valuable habitat for many vertebrate and invertebrate fauna. Fragmentation of
native grasslands into increasingly smaller patches has resulted in significant pressure on
the resources available to grassland fauna (e.g. Joshi, et al., 2006; Zschokke, et al., 2000). In
Australia, private property contains the largest areas of native lowland grassland
(Kirkpatrick, et al., 1995), with grassland management having typically focused on
maximising financial returns to landholders. Encouragingly though, a more integrated
approach to grassland management that considers financial and biodiversity benefits is
becoming more widespread (Dorrough, et al., 2004; Firbank, 2005; Kemp & Michalk,
2007).
In this Chapter, I provide a brief introduction to grasslands and how they can be managed
for conservation. I broadly cover grassland distribution around the globe with a particular
emphasis on Australian lowland temperate grasslands, fauna associated with Australian
grasslands, threats to grassland fauna and how grasslands are managed to promote
biodiversity conservation - with a particular emphasis on livestock grazing as a
management tool. Secondly, I provide an introduction to the historical and current
management practices for Plains-wanderer Pedionomus torquatus, a threatened grassland bird
found only in Australia and the focal species for this study (detailed information about the
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biology and ecology of the species is provided in Chapter 2). Finally, I conclude with an
overview of the structure of this thesis.
1.1. Grassland classification and distribution
Natural grasslands can be characterised as biological communities that are structurally
dominated by grass plants with a ground cover of forbs (non-woody herbaceous plants).
Where trees are present, there is usually less than 10 % cover or less than one tree per
hectare (Eddy, 2002; Henwood, 1998; Lunt, 2002; Lunt, et al., 1998). At a global scale, there
are an estimated 46 million km2 of natural grasslands, covering around one quarter of the
Earth‟s terrestrial surface (Brown, 1989; Curry-Lindahl, 1981; Curtin & Western, 2008; in
Henwood, 1998). Of the world‟s grasslands, 20 % are temperate latitude grasslands,
covering 8 % of the Earth‟s surface and, they occur on all continents except Antarctica
(Henwood, 1998; Peart, 2008). Globally, only 5 % of these are in protected areas (IUCN,
2010), making them one of the most threatened ecosystems in the world (Henwood, 1998).
In Australia there are four basic types of grasslands, which combined cover a large
proportion of the Australian continent (Mott & Groves, 1994). Mott and Groves describe
these grasslands as the arid tussock grasslands which are dominated by Mitchell grasses
Astrebla spp. and these are distributed throughout inland Queensland, the Northern
Territory and northern Western Australia. The most extensive grasslands throughout arid
Australia are the arid hummock grasslands which are dominated by the genera Triodia and
Plectrachne. Coastal grasslands are confined to the tropical summer-rainfall region and are
dominated by Sporoblus and Xerochloa. Subhumid grasslands are diverse within themselves
and include several subdivisions. The main subdivisions are; the tropical grasslands of
eastern and northern Queensland dominated by Dichanthium and Eulalia genera, temperate
grasslands are dominated by the genera Themeda, Poa and Stipa with these grasslands being
irregularly distributed from north of Adelaide in South Australia across to south-eastern
Australia and into northern New South Wales, subalpine grasslands are only found in cold
and wet mountain regions in New South Wales, Victoria and Tasmania and these
grasslands are dominated by Poa and Danthonia.
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1.2. Temperate lowland grasslands in Australia
The south-eastern temperate lowland grasslands are a subset of Australia‟s temperate native
grasslands (Taylor, 1998). South-eastern Australia once had some of the largest areas of
temperate native grasslands in the world, but they are now one of Australia‟s most depleted
and endangered vegetation types (Kirkpatrick, et al., 1995; Williams & Cary, 2001). Their
original extent is estimated to be around 5.5 to 6 million ha (Gilfedder, et al., 2008), today
however, more than 99 % of these native grasslands have been lost to clearing,
modification by livestock and agricultural practices (Barlow & Thorburn, 1999; Dorrough,
et al., 2002; Kirkpatrick, et al., 1995). The south-eastern Australian grasslands that now
remain in Queensland, New South Wales, Victoria, Tasmania and the ACT are highly
fragmented, being found on travelling stock routes, cemeteries, railroad reserves and on
private land (Dorrough, et al., 2002; Eddy, 2005; Taylor, 1998). These grasslands can be
categorised into different communities based on the dominant native perennial grass
species occurring there; Kangaroo grass Themeda triandra and Tussock grass Poa spp.
communities occurring in higher rainfall areas and Spear grass Stipa spp. and Wallaby grass
Danthonia spp. communities occurring in drier areas (Kirkpatrick, et al., 1995; Taylor, 1998).
Few of the remaining temperate grasslands in Australia are protected in public reserves
(Williams & Cary, 2001). Of the estimated 100,000 – 144,000 ha of temperate native
grasslands remaining, only around 21,631 ha are protected in conservation reserves, with
just 25 % of these being lowland temperate grasslands (Gilfedder, et al., 2008). The largest
conservation reserves protecting grasslands in south-eastern Australia are Terrick Terrick
National Park in Victoria (Lunt, et al., 1998) and Oolambeyan National Park in New South
Wales.
1.3. Grassland fauna
Native grasslands are biodiverse communities and support a large variety of fauna (and
flora) species. A number of rare or threatened animals are found in lowland temperate
grasslands including the Plains-wanderer Pedionmus torquatus, Striped legless Lizard Delma
impar and Golden Sun Moth Synemon plana (Kirkpatrick, et al., 1995; Lunt, et al., 1998;
Taylor, 1998). Grassland fauna can be broadly defined as „any species that has become
adapted to and reliant on some variety of grassland for part or all of its lifecycle‟ (Vickery, et
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al., 1999). Many small mammals including bandicoots, bettongs, quolls and the Whitefooted Rabbit rat Conilurus albipes were once common in native grasslands, but are now
missing from the grasslands of south-eastern Australia (Eddy, 2002). The demise of native
grasslands has put increasing pressure on those species that remain and as such their status
is becoming an increasing concern. Table 1.1 shows the current status of some of the
native Australian bird, mammal, reptile and amphibian species that are dependent on
grasslands, and that are of particular conservation concern.
Grassland birds have been the most widely studied taxonomic group in grassland and
farmland communities around the globe (e.g. Devereux, et al., 2006; Fisher & Davis, 2010;
Jason, 2001; Roberts & Schnell, 2006; Siriwardena, et al., 2007; Whittingham & Devereux,
2008; Whittingham, et al., 2006; Wilson, et al., 1999), although they are very little studied in
Australian grasslands. Compared to other fauna, birds can be relatively easy to survey and
are often used as indicators of the suitability of grasslands as fauna habitat. In Australia,
birds such as the Plains-wanderer, Buff-breasted Button quail Turnix olivii and Australian
Bustard Ardeotis australisi are some of the threatened birds that rely on grasslands for all or
part of their life history (Table 1.1). Although there are many other birds that rely on
grasslands, the Plains-wanderers is the species that has received the most attention as being
threatened with extinction from loss of important grassland habitat. As a result, two
National Parks in south-eastern Australia (Terrick Terrick and Oolambeyan National
Parks) are managed to provide refuges for the species when the surrounding landscape
becomes largely unsuitable (Lunt, 2005; Lunt, et al., 2007).
1.4. Threatening process to grassland fauna
The decline of many grassland birds has been attributed to several threatening processes
including introduced predators, increased land use (fragmentation and agricultural
intensification), activities such as grazing, cutting and mowing, ploughing for crops, pasture
improvement and the use of fertilisers and irrigation (Lunt, 2005; McIntyre, 2005;
Plantureux, et al., 2005; Rook, et al., 2004; e.g. Shankar & Singh, 1996). The addition of
fertilizers to grasslands for example, increases nutrient availability for plants, favouring fast
growing species that out compete less competitive ones. This can limit access to food items
for some fauna species owing to the tall and dense vegetation structure, while also reducing
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plant and invertebrate density (Lunt, 2002; Plantureux, et al., 2005; Rook & Tallowin, 2003).
The use of pesticides and insecticides in grasslands can also reduce prey availability for
birds, which can negatively affect breeding success (Firbank, 2005; Hawes, et al., 2003).
Pesticides and insecticides can be toxic to birds both directly through their contact with
chemicals and indirectly through the birds‟ food supply (Story, et al., 2007).

The most widespread threat to grassland species across the globe however is agricultural
intensification, particularly livestock grazing. Livestock grazing has direct and indirect
negative impacts on grassland biodiversity, including trampling, defoliation and altered
nutrient cycles (e.g. Herrero, et al., 2009; Lunt, 2005; Rook, et al., 2004; Rook & Tallowin,
2003). Although there is a link between high intensity grazing and grassland bird decline, it
remains unclear which mechanisms related to grazing (e.g. changed vegetation structure or
food abundance) affect grassland birds (Evans, et al., 2005; Fondell & Ball, 2004; Martin &
Possingham, 2005; Vickery, et al., 2001b). A number of European studies indicate that
grazing affects birds mostly through changes in grassland habitat which can impact food
supplies, decrease predator vigilance, reduce protection from the elements and predators
and affect breeding success (e.g. Baines, 1990; Fondell & Ball, 2004; Loe, et al., 2007; Pavel,
2004; Rook & Tallowin, 2003; Sutter & Ritchison, 2005; Vandenberghe, et al., 2009;
Vickery, et al., 2001a). For example, Fondell and Ball (2004) found that nesting success of
some species was lower in grazed than ungrazed grassland and attributed this to increased
rates of predation and trampling. Pavel (2004) attributed nest loss in alpine grasslands to
trampling. By contrast Atkinson et al. (2004) reported that intensive grazing negatively
affected birds by reducing food abundance in tall grass swards.

-5-

Chapter 1

Grassland management for biodiversity conservation

Table 1.1. The status of some vertebrate fauna of conservation concern in Australian grasslands.
Birds

Mammals

Species

Common name

Habitat association

Notes

National/State status

Pedionomus torquatus

Plains-wanderer

Short sparse grasslands, have
been recorded in stubble fields
but cannot remain in these
areas long-term

Once widespread throughout
eastern Australia but now
restricted to suitable areas
particularly the Riverina of NSW

Vulnerable (EPBC Act)
Endangered (TSCA Act, NPW Act)
Threatened (FFG Act)
Vulnerable (NCA Act 1992)

Turnix olivii

Buff-breasted Buttonquail

The population size of the Buffbreasted Button-quail is suspected
to be decreasing.

Endangered (EPBC Act)
Vulnerable (NCA Act 1992)

Ardeotis australis

Australian Bustard

Short and sparse grassland as
well as a terrain of small
stones, rainforest or open
Eucalyptus woodland
Dry plains, tussock and
hummock grasslands, open
grassy woodlands, pastoral and
cropping land

Threatened by alteration and
overgrazing of grasslands

Endangered (TSCA Act)

Isoodon obesulus
obesulus

Southern Brown
Bandicoot

Once widespread throughout
eastern Australia

Perameles gunii
unnamed

Eastern Barred
Bandicoot (mainland)

Perennial tussock grassland
and grassy woodland

Formerly widespread in the Southwestern Victoria, but requires high
structural complexity and
heterogeneity not found in
agricultural areas so now isolated
to just a few sites in Vic

Endangered (EPBC Act)
Endangered (TSC Act)
Vulnerable (NPW Act)
Endangered (EPBC Act)

Delma impar

Striped Legless Lizard

Formerly distributed throughout
temperate lowland grasslands in
the ACT, NSW, VIC and SA

Vulnerable (EPBC Act)
Vulnerable (TSC Act, NCA Act 1980)
Endangered (NPW Act)
Threatened (FFG Act)

Tympanocryptis
pinguicolla

Grassland Earless
Dragon

Records of this species have been
documented for NSW, ACT, VIC,
QLD

Aprasia parapulchella

Pink-tailed Worm-lizard

Mostly on undisturbed lowland
native grasslands but has been
recorded in areas dominated
by introduced species and
those with a history of grazing
and pasture improvement
Naturally treeless native
tussock grassland, preferring
ungrazed or lightly grazed
grassland
Occur in open grassland with a
substantial cover of small
rocks

Endangered (EPBC Act)
Endangered (NCA Act 1980, TSC
Act, NCA Act 1992)
Threatend (FFG Act)
Vulnerable (EPBC Act)

Reptiles

Amphibians
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Species

Common name

Habitat association

Notes

National/State status

Litoria raniformis

Southern Bellfrog,
Growling Grass Frog,
Wart Bell Frog, Green
and Golden Frog

Inhabits emergent vegetation
found in several habitat types
including open grassland

Distributed across south-eastern
Australia

Vulnerable (EPBC Act)
Endangered (TSC Act)
Threatened (FFG Act)

Synemon plana

Golden Sun Moth

Native temperate grasslands
and
Grassy woodlands

Formerly widespread through
NSW, ACT, VIC and SA.

Critically endangered (EPBC Act),
Endangered (NCA Act 1980, TSC
Act)
Threatened (FFG Act)
Extinct (NPW Act)

Invertebrates

Source: EPBC Act, Environment Protection and Biodiversity Conservation Act 1999, Department of Sustainability Environment, Water, Population and
Communities, Australian Government. Species Profile and Threats Database. http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl Accessed August 2010.
TSCA Act: Threatened Species Act 1995, Department of Environment and Conservation, New South Wales Government
NPW Act: National Parks and Wildlife Act 1972, Attorney General’s Department, South Australian Government
FFG Act: Flora and Fauna Guarantee Act, Department of Sustainability and Environment, Victorian Government
NCA Act 1980: Nature Conservation Act 1980, Queensland Government
NCA Act 1992: Nature Conservation Act 1992, Australian Capital Territory Government

-7-

Chapter 1

Grassland management for biodiversity conservation

Much of the Australian landscape has long been grazed by soft-footed native marsupials
(Bredenkamp, et al., 2002), and it was not until European settlement that hard-hoofed domestic
animals were introduced. Consequently, much of the grassland that remains today has been
subject to domestic livestock grazing. When stocking densities are high, overgrazing can occur
which can pose a threat to grassland biodiversity (Whalley, 2000). As an example, Lunney (2001)
reviewed the causes of extinction of native mammals in western New South Wales (NSW) during
the 60 year period from first settlement in 1841. Lunney concluded that the extinction (from this
region) of 24 medium-sized ground dwelling mammals, dependant on grasses and herbs, was
primarily due to the impact of sheep and the way that land was managed for sheep, particularly
with high stocking levels during drought. Predation by foxes (Vulpes vulpes) and the impacts of
rabbits (Oryctolagus cuniculus, e.g. over-consumption of vegetation) have also been suggested as
causes of these mammal losses. Lunney (2001) refutes these explanations however, stating that
the rabbit plagues and influx of foxes occurred in the late 19th century - well after the
introduction of large numbers of sheep and the rapid decline of the ground dwelling mammals.
Thus, the impact from rabbits and foxes was probably not the main cause of these mammal
extinctions, but rather, provided the final blow to the few species that were teetering on the brink
of extinction.To my knowledge, a review has not been developed for the decline of Australian
avifauna, although no Australian bird species is believed to have become extinct from
overgrazing or from the loss of temperate grasslands, but many, including the Plains-wanderer
and Australian bustard, are now less common as a result (Lunt, et al., 1998). There has however
been very little research carried out in Australia on what effect grazing, and particularly
overgrazing, has on native grassland fauna.
1.5. Managing grasslands for biodiversity conservation
Wildlife management can be defined as being “the management of wildlife populations in the
context of the ecosystem” (Sinclair, 1975). This can include activities such as managing parks and
reserves, altering and/or rehabilitating habitat, pest management, and manipulating or protecting
threatened populations. Managing grasslands on private properties in a way that ensures viable
agricultural productivity as well as maintaining the quality of native habitat to promote native
species persistence is a challenge for the future (Dorrough, et al., 2002). Management of grassland
biodiversity has been directed predominantly at the maintenance or restoration of vegetation
components of the grassland (Attwood, et al., 2009; Plantureux, et al., 2005). Management
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directed at fauna conservation has been oriented towards target species - mostly birds, and it is
assumed that management for these species will be beneficial to a wide range of other fauna
species (Plantureux, et al., 2005).
Numerous tools are used to manage native grasslands for biodiversity conservation, for example
mowing, slashing and burning (Eddy, 2002; Lunt, 1991). Light to moderate grazing has been
found to benefit grassland biodiversity and can be a useful tool for maintaining or improving
grassland structure and composition (Herrero, et al., 2009; Whalley, 2000). Grazing management
in historically grazed grasslands can be of some benefit as these grasslands often require some
level of disturbance to control succession and maintain their biological values (Dorrough, et al.,
2007; Lunt, 1991; Rook & Tallowin, 2003; Tallowin, et al., 2005). Ecologists do however warn
against grazing in areas that have not been grazed historically as this is likely to cause declines in
grazing sensitive species that are restricted to small refugia areas (Lunt, 2005; Lunt, et al., 2007).
For example, while many inter-tussock forbs are sensitive to grazing, in many grasslands some
level of disturbance is often required to reduce biomass and increase inter-tussock space allowing
shade-intolerant and short-lived species to germinate, thus enhancing sward structural
heterogeneity and enhancing botanical and faunal diversity (Dorrough, et al., 2002).
Grazing animals can have a major influence on biodiversity in grasslands through dietary choice,
defoliation, treading, nutrient addition and seed dispersal (Dorrough, et al., 2002; Plantureux, et
al., 2005; Rook & Tallowin, 2003). Conservative livestock grazing can have some positive
conservation outcomes whilst maintaining production returns in many traditionally grazed
grasslands, but not in all situations, for example degraded areas or those areas that have had little
to no disturbance in the past (Lunt, 2002; Tallowin, et al., 2005). In some grasslands around the
world, grazing is used as a conservation management tool to maintain or enhance natural values
in a way that can achieve specific goals (Rook & Tallowin, 2003). In many instances, the primary
role of grazing animals in the management of grassland biodiversity is the maintenance and
enhancement of sward heterogeneity, which in turn influences the diversity of grassland flora and
fauna (Rook & Tallowin, 2003). In Europe for instance, light to moderate grazing has long been
recognised as a valuable tool to manage grassland habitat for threatened grassland birds. Vickery
et al. (2001a) reviewed the effects of agricultural practices on birds and their food resources and
reported that the abundance and diversity of invertebrate food items generally declines with
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reduced structural complexity and diversity of the grassland sward, but light to moderate grazing
promotes structural and species diversity and hence invertebrate abundance and diversity. They
concluded that low input livestock systems are central to the future management of maintaining
habitat for declining birds in European agricultural grasslands.
1.6. The status and conservation of the Plains-wanderer
Plains-wanderers have appeared in the scientific literature since the early 1900s. Descriptions of
the species‟ breeding habits, clutch size, plumage and chick development, as well as a perceived
population decline, were the focus of many early papers (Table 1.2). Despite earlier reports of the
species‟ contracted distribution, it wasn‟t until the 1980s that intensive research into the species
biology and ecology, including diet, distribution, preferred habitat, management and status, was
undertaken (Baker-Gabb, 1990; Baker-Gabb, et al., 1990; Harrington, et al., 1988). Since these
major works by Baker-Gabb and colleagues (1990; 1990; 1988), the focus has been on grassland
management designed to ensure the preservation of the species.
The identification and mapping of potential areas of suitable Plains-wanderer habitat across the
species‟ range was the first step in the future management of the species. The Riverina region of
New South Wales had been highlighted as an area of conservation significance for the species
and was thus the focus of extensive Plains-wanderer surveys and habitat mapping by Maher
(1997). Between 1998 and 2001 a large scale habitat mapping project was undertaken in the
Riverina that mapped all vegetation associations (grasslands including primary and secondary
Plains-wanderer habitat, woodlands, shrublands and wetlands) ensuring all Plains-wanderer
habitat had been identified in the region (Roberts & Roberts, 2001). Although some ground
checking had been carried out during this project to verify the mapping information, it was not
until 2006 that the Department of Environment, Climate Change and Water New South Wales
(DECCW NSW, then New South Wales National Parks and Wildlife Service) carried out
extensive ground-checking on private properties concluding that the mapping of primary habitat
was mostly accurate (DECC NSW, 2007). Ground checking of mapped primary and secondary
Plains-wanderer habitat is now an ongoing activity per the Plains-wanderer Recovery Program
(D.Oliver pers.com.).
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Research using Landsat imagery as a monitoring tool was carried out at Terrick Terrick National
Park in Victoria in 2002 (Bruce, 2007). This research concluded that multi-temporal Landsat
imagery can be effectively used to detect changes in grassland cover and thus reliably detect
potential Plains-wanderer habitat (i.e. patterns of plant cover, but not other important attributes
including vegetation height). Also in 2002, two major publications were developed from the
information gathered through the earlier 1980s work of Baker-Gabb and colleagues (1990; 1990;
1988) and the Roberts and Roberts (2001) habitat mapping, the Plains-wanderer Habitat Management
Guide (Parker & Oliver, 2006) and the Plains-wanderer Recovery Plan (NSW NPWS, 2002). The
majority of potential Plains-wanderer habitat occurs on private property and as a step to
encourage and assist landholders to aid in the conservation of the Plains-wanderer, the above
habitat guide provides a series of photos that show grasslands with different amounts of cover, of
varying suitability for Plains-wanderers. These photos provide a guide to assist landholders and
grassland managers to maintain suitable areas of grassland at a structure that is favourable for the
species. In the Plains-wanderer Recovery Plan six recovery objectives, six recovery criteria and seven
recovery aims were identified based on available biological, ecological and mapping information.
The Recovery Plan remained in draft form until 2008, and is now being revised to incorporate
updated information.
To date, several actions have been implemented from the draft Recovery Plan including the
purchase of a 22,000 ha property which has a significant area of suitable Plains-wanderer habitat,
and the implementation of on-ground monitoring, as well as a small number of research projects
(DECCW NSW, 2007). Since 2001, Plains-wanderer monitoring and habitat assessment have
been carried out by DECCW across several private properties and one protected area within the
NSW Riverina. Results up to 2007 have been published in a report produced by Birds Australia
(2008). DECCW is also continuing to implement several of the recovery objectives, criteria and
actions. One of these objectives is research into the effect of pesticide use for plague locust
control on Plains-wanderers and their food supply. Initial information using GIS to map Plainswanderer habitat and areas sprayed with pesticide has been published (Story, et al., 2007).
Research for the locust project is continuing.
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Table 1.2. Summary of information from studies of the Plains-wanderer (Pedionomus torquatus) based on captive and wild birds.
Information type

Notes

Period of study

Captive research

Wild research

Mating system, nest description, clutch size

1974, 1982-1986

direct

direct and
indirect

1974

direct

Direct Research
Breeding (1,2,3)
Chick development (1,2)
Diet (3)

Faecal analysis (n=80)

1984-1986

direct

Foraging behaviour (3)

Six individual birds

1984-1986

direct

Biology (2,4)

Morphometric information, sex ratio, hearing,

direct

Ecology (2,3)

Habitat use, occupancy and home range from banding recoveries, radio tracking (n=4),
nocturnal surveys

1982-1984, late
1980s

Behaviour (2,3)

Observation

1982-1986
1982-1986

direct
direct

opportunistic

Phylogeny and classification (9,10)

Early 1990s

Habitat requirements (2,3)

1982-1986

direct

Indirect Research
Habitat availability and/or
suitability (3,8,12,15)

Mapping of habitat - Broad scale across NSW Riverina using Aerial Photographic
Interpretation and local scale surveys at Terrick Terrick NP using multi-temporal Landsat
imagery

1982-1986;
1998-2004

direct and
indirect

Effects of pesticide use (6)

GIS (Geographic Information System mapping) on available data

2006

Indirect

Long term monitoring (7)

Surveys to detect population trends and differences between management regimes
(grazing, fox control)

2001-2007

Direct

1982-1984

Direct

Survey methods (2)

Management policies and conservation incentives
Habitat Management Guide (11)

Directed at landholders to monitor and manage suitable habitat for Plains-wanderers

Recovery Plan - draft (14)
NestEgg (13)

2002
2002*

A Murray Catchment Management Authority monetary incentive, aimed at protecting
suitable Plains-wanderer habitat on private land

2008- continuing

Captive research and wild research refer to research carried out on captive birds and research carried out in grasslands respectively. Direct and indirect refers to research carried
out directly using Plains-wanderers as the study species or anecdotally respectively.
Sources: 1. Crome and Rushton (1974); 2. Harrington et al. (1988); 3. Baker-Gabb et al. (1990); 4. Pettigrew and Larsen (1990); 5. Bennett (1983); 6. Story et al. (2007); 7. Birds
Australia (2008); 8. Bruce (2007); 9. Sibley (1994); 10. Olsen and Steadman (1981); 11. Parker and Oliver (2006); 12. Roberts and Roberts (2001); 13. Cordner (2008); 14. NSW
NPWS (2002); 15. Bruce (2007). * Currently under revision
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Although there has been and continues to be research surrounding Plains-wanderer biology
and ecology, there are still several areas that have yet to be investigated fully, including:


Investigating the dispersion and availability of food resources in grasslands to
determine what influence this may have on Plains-wanderer foraging and habitat
selection;



Evaluation of various management tools (e.g. grazing, fire and slashing) to
determine the best method to maintain and enhance Plains-wanderer habitat;



Investigating the effect of managing grasslands for Plains-wanderers on other
grassland fauna;



Studying the use of grassland mosaics by Plains-wanderers at small-scales (e.g.
paddock/patch size) during wet and dry years;



Investigating juvenile dispersal and what happens to Plains-wanderers during
periods of prolonged drought; and



Establishing the direct effects of grazing on Plains-wanderers (e.g. movement
patterns made by individuals at small-scales).

The dispersion and availability of food resources has been highlighted as a possible limiting
factor in Plains-wanderer habitat use (Birds Australia, 2008; Parker & Oliver, 2006). Much
of the focus on the conservation management of the Plains-wanderer has been through
maintaining suitable habitat structure. Habitat structure is generally believed to be the most
important variable in determining whether grassland is suitable for Plains-wanderers, thus
management is generally focused towards maintaining suitable habitat for the species
(NSW NPWS, 2002 and references therein). However, Plains-wanderers are not always
found in grassland that appears structurally ideal. Several reasons could account for this, for
example low population numbers could mean there is more habitat available than can be
occupied. Alternatively, there may be an unsuitable food supply because food resources are
known to be a major influence on habitat suitability for numerous bird species (e.g.
Atkinson, et al., 2004; Baines, 1990; Buckingham, et al., 2006; Vickery, et al., 2001a). This
has been little considered when managing grassland for Plains-wanderers.
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1.7. Thesis overview
With the exception of a small number of studies (e.g. McCracken & Tallowin, 2004) linking
large-scale temporal changes in invertebrate abundance and seed resources to bird
population declines, few Australian studies have looked at invertebrate and seed resources
in grasslands in relation to how these might affect habitat suitability for grassland fauna.
The overall aim of my thesis is to investigate the relationship between vegetation structure
and food resources for Plains-wanderers in semi-arid, semi-natural grasslands. This is
particularly important because current knowledge indicates that Plains-wanderers prefer a
particular grassland type, and this preference is driven primarily by differences in vegetation
structure among different grasslands. However, other factors such as food availability may
also influence grassland use by Plains-wanderers, but this idea has not been examined
previously. Examining differences in food resources is important from both an ecological
and management perspective. Ecologically, it helps tease apart the various factors (e.g.
vegetation structure, food resources, competition etc.) that may influence habitat use by
fauna, improving knowledge of fauna ecology and conservation. For management, it helps
determine how particular management strategies (e.g. livestock grazing) may impact on
both vegetation structure and food resources for grassland birds.
I specifically aim to address two main objectives;
(1) Examine the relationship between vegetation structure, grazing and food resources
(invertebrates and seeds) in semi-natural grasslands within a core area of Plains-wanderer
distribution and;
(2) Determine the proportion of seeds and invertebrates as sources of assimilated nutrients
in the diet of Plains-wanderers.
The thesis is divided into seven Chapters addressing specific questions as detailed below.
The four data Chapters have been compiled in a manner that will allow editing into four
separate papers for publication.
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In Chapter 2 I provide a detailed summary of the biology, ecology, distribution and
habitat requirements of the Plains-wanderer, as well as a description of the study
area.



I focus on the availability of seed and insect food resources in Chapter 3, and look
at how they are distributed across different grassland structures.



In Chapter 4 I examine the relationship between food resources and landscape
management, specifically livestock grazing, in grasslands managed primarily for
conservation or production outcomes.



I examine the spatial pattern of the dispersion of invertebrates and seeds in
Chapter 5 to determine if food resources exhibit different levels of aggregation
across grasslands of varying vegetation structure or management type.



In Chapter 6 I use a stable isotope approach to examine the dietary contribution of
invertebrates and seeds as sources of stable-carbon and stable-nitrogen for Plainswanderers.



Finally in Chapter 7 I provide a synthesis of the main outcomes of my research
and suggest possible implications for the management of Plains-wanderers and
their habitat, and also suggest areas for future Plains-wanderer research.

- 15 -

- 16 -

- CHAPTER 2 Target species and study area

Chapter Overview
In this Chapter I provide a detailed overview of the Plains-wanderer, including the species
status, biology and conservation, using information drawn from the published literature,
unpublished reports and personal communication with people considered experts in their
field. I describe in detail the study area where the field work for this research was
undertaken before summarising the questions that this study aims to address.

2.1. Plains-wanderer ecology, biology and habitat classification
2.1.1. Plains-wanderer status and identification
The Plains-wanderer Pedionomus torquatus is a small ground dwelling bird endemic to the
grasslands of Australia and is the sole member of the family Pedionomidae (Pettigrew &
Larsen, 1990). The species is listed as endangered under the New South Wales Threatened
Species Conservation Act 1995 and as nationally vulnerable under the Australian
Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 (NSW NPWS,
2002). It is estimated that the Plains-wanderer population Australia wide, after several good
seasons, is c. 5,000 individuals dropping to less than c. 2,000 individuals in periods of
prolonged drought (NSW NPWS, 2002). In the New South Wales (NSW) Riverina, Plainswanderer numbers are estimated to be c. 3,100 individuals and less than c. 1,000 individuals
respectively (NSW NPWS, 2002).
Despite their close physical resemblance to quail (Turnix spp.), the Plains-wanderer is more
closely related to South-American Seedsnipe (Thinocoridae); inland shorebirds and
members of the Charadriiform Order (Olson & Steadman, 1981; Pettigrew & Larsen, 1990;
Sibley, 1994). Plains-wanderers exhibit strong sexual dimorphism. Females stand 17-18 cm
tall and weigh 55-95 g. They have a black neck-collar with small white spots and a rufous
breast plate (Figure 2.1a). Males are smaller, standing 15-17 cm tall, weighing 40-80 g and
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are duller in colouration lacking the black neck-collar and rufous breast plate of the female
(Marchant & Higgins, 1993) (Figure 2.1b).

a)

Photo: Chris Tzaros

b)

Photo: Rohan Bilney

Figure 2.1. Plains-wanderer female (a) and male (at back) with chicks (b).

2.1.2. Diet
Plains-wanderers forage for fallen seeds and ground-dwelling invertebrates during the day
and at dusk (Baker-Gabb, 1988). They have a broad diet with no key food items. Most
seeds taken are between 0.5 mm and 5 mm long and invertebrates are up to 15 mm long
(Baker-Gabb, 1988). The proportion of seeds and invertebrates in their diet varies
seasonally, presumably reflecting seasonal variation in resource availability, but generally
their diet comprises around 60 % seeds and 40 % invertebrates items (n), with invertebrate
consumption increasing during spring (Baker-Gabb, 1988). Dietary analysis carried out by
Baker-Gabb (1988) revealed that of the invertebrates consumed, beetles and ants were
consumed more than other types of invertebrates (Table 2.1). Seeds from native plant
species dominated the seeds consumed, and slightly fewer grass seeds were consumed
compared to seeds from plants other than grasses.

- 18 -

Chapter 2

Target species and study area

Table 2.1. The diet of the Plains-wanderer: the number (n) of times each
item occurred in 108 faecal samples and that number expressed as a
percentage of the contribution to the occurrence of all dietary items (% n).
(Modified from Baker-Gabb (1988)

n

%n

Invertebrates

185

42.6

comprised of- Coleoptera – beetles
Hymenoptera – ants
Hemiptera – sucking bugs
Lepidoptera – caterpillars
Orthoptera – locusts
Arenae – spiders

72
70
26
12
4
1

16.6
16.1
6.0
2.8
0.9
0.2

Poaceae seeds

120

27.5

comprised of- Native
Exotic
Unknown

71
21
28

16.3
4.8
6.4

Other seeds

130

29.9

comprised of- Native
Exotic
Unkown

97
13
20

22.3
3.0
4.6

Total occurrence

435

2.1.3. Breeding
Breeding can occur throughout the year, although eggs are usually laid between late August
and early November (Harrington, et al., 1988; Marchant & Higgins, 1993). If seasonal
conditions are favourable, multiple clutches can be laid in a season (NSW NPWS, 2002).
Observations suggest that breeding is tied to rainfall and Plains-wanderers are able to
respond quickly after good rain at any time of the year (Harrington, et al., 1988). Clutch size
is usually 4 eggs laid in a small cup-shaped scraping in the ground lined with grass, often
placed next to a grass tussock (Bennett, 1983; Marchant & Higgins, 1993) (Figure 2.2).
Nests are usually located in sparse habitat with or without vegetation shielding the nest
(Bennett, 1983; Harrington, et al., 1988; Marchant & Higgins, 1993). The species is
polyandrous (one female can mate with multiple males) and the male incubates the eggs for
23 days and rears the precocial young, which are completely independent at 2 months and
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able to breed in their first year (Baker-Gabb, et al., 1990; Marchant & Higgins, 1993; Ridley
1986).

Photo: Kylie Eklom

Figure 2.2. Plains-wanderer nest with eggs.

2.1.4. Distribution, threats and habitat requirements
Although once widespread throughout much of eastern Australia’s lowland grasslands,
Plains-wanderers are now restricted to small areas in south-western Queensland, central
and northern Victoria and southern South Australia, with their stronghold being the
Riverina region of south-western New South Wales (Figure 2.3) (Baker-Gabb, et al., 1990;
Bennett, 1983). The conversion of native grassland to cultivated pastures and crops is
thought to be the biggest threat to the species, and a significant factor in the species decline
(Baker-Gabb, 1988; Bennett, 1983). Overgrazing of suitable habitat particularly during
drought and, to a lesser extent, fox predation are further threats to the species (BakerGabb, et al., 1990; Llewellyn, 1975; Marchant & Higgins, 1993).
On average, an individual’s home range is 12 ha with up to half of this being shared by a
mate (c. 18 ha per pair) (Baker-Gabb, et al., 1990). Preferred habitat is sparse grasslands
with approximately 50 % bare ground, 40 % herb and grass cover and 10 % litter (Baker- 20 -
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Gabb, 1990).Vegetation height in preferred habitat is usually under 5 cm, with a sparser
layer of vegetation up to 30 cm tall, which is important for concealment (Baker-Gabb,
1990). Plant species composition is not thought to influence habitat use by Plans-wanderers
(Harrington, et al., 1988), a feature that was also considered to be of little importance to
other grassland birds in a review of grassland habitat selection of birds by Fisher and
Davies (2010). However, suitable vegetation structure tends to occur on hard red loam soil
types so certain genera are often present (eg. Austrodanthonia, Ptilotus, Sclerolaena and Stipa)
and are potential indicators of the suitability of vegetation as Plains-wanderer habitat
(Baker-Gabb, 1988; Baker-Gabb, et al., 1990; Harrington, et al., 1988; NSW NPWS, 2002).

Figure 2.3. Records of Plains-wanderer sightings from the Birds Australia Atlas database 19702009 (map created by A. Herrod, Birds Australia, January 2010).
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2.1.5. Habitat mapping
Roberts and Roberts (2001) used aerial photographic interpretation (API) to map potential
Plains-wanderer habitat across 1.7 million ha of the NSW Riverina. From these aerial
photographs, landscape variables including underlying soil type and colour, topographic
position, grass and vegetation colour and texture and woody vegetation, were used to
include or exclude landscape as potential Plains-wanderer habitat. On-ground surveys were
used to examine the accuracy of habitat classifications obtained from photographs. Table
2.2 provides an example of the hierarchical API system used to describe Plains-wanderer
habitat classes, woody vegetation and other landscape features. Data obtained from the
Roberts and Roberts mapping were used to produce a simple map showing primary and
secondary Plains-wanderer habitat as well as unsuitable habitat (Figure 2.4).
The information gained from the extensive Roberts and Roberts habitat mapping, along
with ongoing Plains-wanderer habitat monitoring by the NSW Department of
Environment, Climate Change and Water (DECCW, formerly Department of
Environment and Conservation, [DEC]), was used to produce the Plains-wanderer Habitat
Management Guide. A photographic guide for visually assessing the grassland structure of Plains-wanderer
habitat (Parker & Oliver, 2006). This is a photographic guide that can be used for visually
assessing the structure of potential Plains-wanderer habitat. The guide covers grasslands
under a range of conditions from too sparse, to much too dense during green (wet) and
brown (dry) conditions. Categories are characterised by the amount of bare ground,
vegetation cover, grass tussock density, fallen litter and the presence/absence of lichens as
described in Table 2.3. Examples of the photographs used in the Habitat Management
Guide can be found in Figure 2.5. Only examples of dry conditions from the guide are
included as these were the conditions experienced during this study (2006-2008).
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Table 2.2. Examples of the API classification of Plains-wanderer habitat classes, woody
vegetation and other landscape features across the New South Wales Riverina region. Excerpt
adapted from Roberts and Roberts (2001).
Common Soil
Type

Interpreted
Habitat Value

Dominant Vegetation
Structure

Hard Red Loam

Primary Habitat

Grassland –Danthonia
caespitosa, Austrostipa scarba,
Ptilotus exaltatus and daisies
dominant. Vegetation
structure described as low
open grassy herbland

Primary Plains-wanderer habitat.
Bright red/orange clay/loam soils
with lichens present on bare areas.
The ground signal on aerial
photographs is very strong

Mosaic

Secondary and
Primary Habitat

Grassland – Lolium sp and
other species dominant, D.
caespitosa, A. scarba, daisies
present

Mosaic dominated by an
unsuitable landscape with patches
of primary habitat present. Dull
orange-grey soils dominate with
patches of bright red scalding
present

Mosaic

Potential
Primary Habitat

Grassland

Composite class – Potentially a
mosaic of primary habitat within a
sandier landscape theme

Clay

Unsuitable
Landscape

Shrubland – Muehlenbeckia
florulenta and Chenopodium
nitrariaceum dominate,
seasonally inundated

Depression with M. florulenta and
C. nitrariaceum. Soil colour/type
grey clay

Black/Brown

Unsuitable
Landscape

Riverine Woodland

Eucalyptus largiflorens woodland
attached to islands of Eucalyptus
camaldulensis forest

Composite

Unsuitable
Landscape

Grassland – severely
damaged, often exotic

Often road or channel easements
within the irrigation areas. Often
machine scalped
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Figure 2.4. Mapped primary (red) and secondary (blue) Plains-wanderer habitat among
unsuitable (white) areas at and around Oolambeyan National Park (solid line) (Source: New
South Wales National Parks and Wildlife Service, 2007).
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Table 2.3. Description of typical habitat attributes for each habitat category from the Plainswanderer Habitat Management Guide. A photographic guide for visually assessing the grassland
structure of Plains-wanderer habitat (Parker & Oliver, 2006).

Too sparse

Slightly sparse

Ideal

Slightly dense

Too dense

(unsuitable)

(secondary)

(primary)

(secondary)

(unsuitable)

Bare ground

100-85 %

85-70 %

50 %

40-25 %

25-0 %

Fallen litter

little to none

moderate

10 %

high

high

Vegetation cover

0-25 %

25-30 %

40 %

60-75 %

75-100 %

Lichens present

absent

present or
absent

present

present or
absent

absent
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a)

b)

d)

c)

e)

Figure 2.5. Vegetation structure of varying suitability for Plains-wanderers: a) too sparse, b)
slightly too sparse, c) ideal, d) slightly too dense, e) much too dense. Examples of photographs
during dry conditions in the Plains-wanderer Habitat Management Guide. A photographic guide for
visually assessing the grassland structure of Plains-wanderer habitat (Parker & Oliver, 2006).
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2.2. Description of study area
2.2.1. Oolambeyan National Park and neighbouring properties
This study was carried out on Oolambeyan National Park (34º40’40.02”S, 145º17’49.85”E;
[ONP]) and private neighbouring properties, located in the New South Wales Riverina 85
km south-east of Hay, Australia (Figure 2.6). The 21,851 ha park was once a pastoral and
cropping property until the former New South Wales National Parks and Wildlife Service
(now DECCW) and the Commonwealth Government purchased the property in 2001.
Although a number of cultural and heritage values are conserved within ONP, the primary
aim of its purchase was for Plains-wanderer conservation, principally through protection of
suitable habitat (NSW NPWS, 2006). Park vegetation comprises black box Eucalyptus
largiflorens, white cypress pine Callitris glaucophylla, boree Acacia pendula and rosewood-belah
Alectryon oleifolius-Casuarina cristata woodlands, cotton bush Maireana aphylla and nitre
goosefoot Chenopodium nitrariaceum shrublands and cane grass Eragrostis australasica (NSW
NPWS, 2006). Lowland temperate grasslands occur across extensive areas of the park. A
sparse cover of perennial grasses including Austrostipa spp. and Austrodanthonia spp.,
perennial herbs and shrubs including Sclerolaena spp., Maireana spp. and Ptilotus spp. and
annul forbs including Rhodanthe spp. characterise the low open grassy herblands occurring
on the red clay loam soils. While low open tussock grasslands occurring on the grey-brown
clay soils are typically characterised by native perennial grasses Austrostipa spp., the exotic
grasses Lolium spp. and forbs including Swainsona spp. and Calotis spp. (NSW NPWS, 2006).
Historically, ONP was predominantly used as a stud Marino sheep property and was
subject to sheep grazing for over 100 years (NSW NPWS, 2006; Sides, 2004). Anecdotally,
the management of stock on the former Oolambeyan Station was more conservative (i.e.
lower stocking densities) than on many other pastoral properties in the region and as such
the property has retained many areas of relatively undisturbed native grasslands (pers. com.
Michelle Bellestrin). Although there are no stock permanently run on ONP now, sheep
grazing is used as a conservation management tool to maintain grassland structure that is
suitable for Plains-wanderers. Sheep grazing is used only when grassland vegetation
becomes too dense for the bird species. Livestock are removed from ONP when not
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required for grassland management; particularly during drought periods when there is a risk
of overgrazing
Three properties neighbouring ONP were also included in this study as production grazed
sites. Like much of the Riverina, vegetation on these properties is largely degraded
grassland dominated by native Austrodanthonia caespitosa (Williams, 1961) and exotic grasses
with small stands of black-box and boree woodlands, similar to that on ONP. All
neighbouring properties are predominantly used for sheep grazing, a small number of cattle
also run.

Figure 2.6. Location of study area (star) in New South Wales, Australia.
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2.2.2. Rainfall and Climate
Oolambeyan National Park and neighbouring properties are located in the Riverina
Bioregion which has a semi-arid climate with hot summers and cool winters (Eardley,
1999). Temperatures are high in summer with a maximum temperature over 40° C and can
dip below freezing on winter nights, with heavy frosts common during winter (Australian
Bureau of Meteorology; Williams, 1961). The long term average annual rainfall for the
region is 336 mm, with daily evaporation being 5.18 mm. Typical of southern temperate
regions, rainfall is highest in winter and lowest in summer, although summer rainfall is
subject to high evaporation losses (Williams, 1961) (Table 2.4). Data were recorded at the
nearby Hay weather station, except for daily evaporation which was recorded at nearby
Coleambally Irrigation weather station (Australian Bureau of Meteorology).
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Table 2.4. Rainfall, actual evaporation and temperature data for the region around study area. *data recorded at Hay weather station 75031; **data
recorded at Coleambally Irrigation 74249. ^ data from 1877 – 2010 , # data from 1980-2007 (Australian Bureau of Meteorology).

Annual

Mean daily

rainfall

Spring

Summer

Autumn

Winter

evaporation

Mean max.

Mean min.

(mm)*

(mm)*

(mm)*

(mm)*

(mm)*

(mm)**

temp (°C)*

temp (°C)*

average^

336.9

91.5

81.3

91.6

99.0

5.2#

26.5

22

2004

281.0

73.3

84.7

16.9

106.1

7.1

2005

383.3

135.6

84.0

8.7

155.0

7.0

2006

172.7

38.3

28.6

20.0

85.8

8.0

2007

341.1

73.2

135.6

81.2

51.1

8.2

2008

246.4

63.8

95.8

39.8

47

-

long term
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Figure 2.7. Long term average and monthly rainfall for Hay, NSW, during the study period
2006-2008 (Australian Bureau of Meteorology).

Annual rainfall in the years of data collection was below the long term average in 2006 and
2008, however, was close to average in 2007 (Table 2.4). During the study, seasonal rainfall
showed no clear pattern. In 2006 rainfall was highest in winter, however in 2007 and 2008
most rain fell in summer, but mostly in December (Figure 2.7).

2.3. Survey methods
This study took place during October and November in 2006 and 2007, and November in
2008 to address three main questions;
1. What is the relationship between food resources for Plains-wanderers and
vegetation? (2006)
2. What is the relationship between food resources, vegetation and grazing? (2007)
3. What proportion of stable-carbon and stable-nitrogen do Plains-wanderers source
from seeds and invertebrates? (2007 and 2008)

- 31 -

Chapter 2

Target species and study area

Each question was addressed in different years as shown in brackets above. To address
questions one and two, sites were selected based on vegetation mapping by Roberts and
Roberts (2001) and personal observation based on vegetation characteristics outlined in
Parker and Oliver (2006). The location of all sites is shown in Figure 2.8. Surveys included
assessing vegetation structure and collecting invertebrate and seed food resources. Detailed
methodology can be found in Chapter three (2006) and Chapter four (2007). Chapter five
also addresses these questions in relation to the spatial distribution of food resources in
both 2006 and 2007.

Figure 2.8. Location of 2006 and 2007 survey sites within Oolambeyan National Park and
neighbouring properties (Prop 1-3).
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To address question three, the proportion of seeds and invertebrates in Plains-wanderer
diet was assessed using stable isotope analysis. This method is often used to look at
migratory patterns of birds through dietary analysis (e.g. Chamberlain, et al., 1997;
Mazerolle & Hobson, 2005; Norris, et al., 2005), but is being increasingly adopted in
ecological studies as a non-invasive method of examining avian diet (e.g. Barea & Herrera,
2009; Bond & Jones, 2009; Cherel, et al., 2005). Although several tissues can be used in
stable isotope analysis (claw, feather, bone, tissue and blood), blood was used in this study.
Further information on methods for stable isotope collection and analysis can be found in
Chapter six.
Spring was chosen as the most appropriate time to carry out this research as it is the time
of year when most Plains-wanderer breeding occurs. During the breeding season, food
availability is critical for birds owing to the demands of egg production and feeding and
rearing young. Therefore, it was extremely important to focus on sampling invertebrates
and seeds during Spring. Moreover, many previous bird studies have been conducted only
during Spring because this is such a critical time for birds (e.g. Fuhlendorf et al., 2006;
Jiguet et al., 2005; Sage & Roberston, 1996; Taylor, 2009).
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- CHAPTER 3 Variation in food resources among different grassland
structures

Chapter Overview and Aims
Much of the research into Plains-wanderer distribution has focused on structural vegetation
characteristics and there has been little consideration of how the distribution, abundance or
availability of food resources might influence the species’ use of grasslands. The aim of this
Chapter is to determine how the abundance and diversity of invertebrates and seeds (food
resources for Plains-wanderers) differed across grasslands of varying structure described as
being primary, secondary and unsuitable grassland for Plains-wanderers (see Chapter 2 for
descriptions of these terms). The relationships between the abundance and diversity of
invertebrate Orders, the abundance of seeds of differing size and type and the structure of
grassland vegetation was investigated to specifically answer three questions;
1.

How does vegetation structure differ among grasslands considered to be primary,
secondary or unsuitable grassland for Plains-wanderers?

2.

How does seed abundance (and size composition) vary across primary, secondary
and unsuitable grassland types?

3.

How does the abundance and diversity of invertebrate Orders vary across primary,
secondary and unsuitable grassland types?

3.1. Introduction
Vegetation composition and sward structure have a major influence on the suitability of
grasslands as grassland for fauna, including cover from the elements and predators, nest
site availability, ease of movement and the availability of suitable food items (Butler &
Gilings, 2004; Whittingham, et al., 2006; Whittingham & Evans, 2004). An abundant food
supply is important, however food items must be easy to find and easily accessible, both of
which can be impeded by unsuitable vegetation composition and structure (Devereux, et al.,
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2004; Fuller, et al., 2003; Morris & Thompson, 1998). Food supply may also provide
information about the quality of grassland for grassland fauna, for example an abundant
food supply could reveal insights for potential reproductive success (Lyons, 2005).
Food availability plays a crucial role in the geographical distribution, grassland selection,
territoriality, migration and/or reproductive success of all animals (Hutto 1990; Smith and
Rotenberry 1990; Wolda 1990; Backwell et al. 1998). The provision of a suitable food
supply for grassland birds is critical to their conservation, and targeted management of
grassland structure and floristic composition has the potential to alter perceived predation
risk, manipulate food supply and influence foraging rates, thereby influencing grassland
suitability and grassland use by grassland birds (Whittingham & Evans, 2004). Measuring
food availability, however, can be difficult (Hutto, 1990; Kaspari & Joern, 1993; Price &
Joyner, 1997; Wolda, 1990), because humans may not perceive the environment the same
way other animals do and therefore may not measure food resources representative of the
animal in question (Backwell, et al., 1998; Cooper & Whitmore, 1990; Hingrat, et al., 2007;
Hutto, 1990; Kaspari & Joern, 1993; Whittingham & Markland, 2002). Nevertheless,
measuring food availability is potentially more feasible in structurally ‘simple’ communities
such as grasslands where foraging is often restricted to a single vegetation layer.
To date, the emphasis for defining grassland for Plains-wanderers has been primarily based
on geographic distribution, soil types, vegetation structure and floristic composition (see
Chapter 2). However food availability is another critical component of grassland selection.
In this Chapter, I focus on how food availability varies among defined Plains-wanderer
grassland types and more importantly, how changes in vegetation structure influence the
diversity and abundance of seeds and invertebrates and what implications this has for the
management of Plains-wanderer grassland areas.
3.1.1. Grassland invertebrate communities
In most ecosystems, species diversity increases with environmental heterogeneity and
complexity (Krebs, 2001). Complex grasslands with a high degree of structural
heterogeneity provide a greater resource base to support a greater diversity of invertebrates
than simplified grasslands such as those created by intensive management, although the
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drivers of this relationship are complex and often community or species-specific (Curry,
1994; Devereux, et al., 2004; Fuller, et al., 2003; Krebs, 2001; Morris, 2000; Reid & Hochuli,
2007). Despite much research, the mechanisms that drive grassland invertebrate
communities are little understood (Reid & Hochuli, 2007). There is evidence to suggest
that structural heterogeneity can provide spatial refuges where predation risk is reduced
(Sih, et al., 1985). There is also evidence suggesting that invertebrates are influenced by the
microclimate within the sward and in general, a taller denser sward or the presence of a
litter mat promotes a more stable microclimate of cool humid conditions favored by many
invertebrate species (Antvogel & Bonn, 2001; Curry, 1994; Morris, 2000).
While there is some evidence that invertebrate abundance and diversity is related to plant
species diversity (e.g. Haddad, et al., 2001; Harvey, et al., 2008; Schaffers, et al., 2008;
Siemann, 1998; Siemann, et al., 1998; Thomas & Marshall, 1999; Wenninger & Inouye,
2008; Woodcock, et al., 2007), there is also evidence that plant productivity, vegetation
structure and abiotic conditions (including moisture and humidity etc.) are influential
determinants of invertebrate abundance (e.g. Ferguson, 2001; Haddad, et al., 2001; Perner,
et al., 2005; Siemann, 1998; Wenninger & Inouye, 2008). The response of invertebrates to
variation in vegetation structure are varied however, and are often species or feeding guild
dependant. For example, Perner et al. (2005), found that arthropod abundance (for some
but not all feeding groups) was positively correlated with plant productivity (but not plant
species diversity). Woodcock et al. (2007) found a negative relationship between plant
species richness and the abundance/richness of ground dwelling and sward-active spiders
but a positive relationship with predatory beetles. And Borges and Brown (2001) found
positive correlations between forb-feeding insects and the cover of perennial forbs, grassfeeding insects and the cover of total vegetation and web-building spiders and the cover of
grasses and vegetation diversity. Despite the complex relationship between invertebrate and
vegetation, some general trends can be predicted. Herbivores, carnivores and detritivores
react differently to variation in vegetation structure and composition which is consistent
with their feeding mode (Perner, et al., 2005). Increases in plant biomass, for example,
generally result in an increase in phytophagous, seed-eating and foliage dwelling
invertebrates (Curry, 1994; Fuller, et al., 2003; Rambo & Faeth, 1999; Siemann, et al., 1998),
whereas more open structures are likely to favour carnivorous species (Harvey, et al., 2008).
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Invertebrates play an important role in grassland ecosystems and are involved in almost all
ecological functions including energy and nutrient fluxes, maintaining soil structure, plant
pollination and pest control (Whiles & Charlton, 2006; Yen, 1999). They are also an
important food resource for many grassland birds. A review of the importance of
invertebrates (and seeds) as food for farmland birds in Europe, found that of the 22 species
reviewed, all but one species (a dove) consumed invertebrates at some point throughout
the year as either adults and/or nestlings (Holland, et al., 2006). Although many birds rely
on invertebrates to varying degrees throughout the year, they are an important source of
protein particularly during the breeding season for egg production and juvenile growth
(McIntyre & Thompson, 2003; Poulin, et al., 1992; Wilson, et al., 1999). In the review by
Holland et al. (2006), nearly all of the birds studied increased their consumption of
invertebrates during the breeding season, even if they were predominantly granivorous.
3.1.2. Grassland seed banks
The grassland seed bank is characterised by plant seeds present on or in the soil and
associated litter (Simpson, et al., 1989). Seeds can be dispersed both horizontally and
vertically onto and into the soil, and dispersal and burial are influenced by seed size and
shape, disturbance (e.g. animal movement, cultivation) and environmental conditions (e.g.
rain and wind) (Bekker, et al., 1998; Bertiller, 1992; Bonvissuto & Busso, 2007; Guo, et al.,
1998; Russi, et al., 1992; Simpson, et al., 1989). In temporally variable environments, soil
seed banks can be a long-term refuge for plant populations by allowing plants to exploit
favourable conditions yet still persist as dormant seeds during unfavourable conditions
(Kelrick, et al., 1986; Lunt, 1997; Olano, et al., 2005). The composition of the soil seed bank
is greatly influenced by plant species composition including life-history traits such as being
a perennial or annual species (Peco, et al., 1998).
Similarities between the composition of the seed bank and overlying vegetation have been
found in some but not all studies, and often seed species that are in the seed bank are often
not observed in the overlying vegetation (Bertiller, 1992; Edwards & Crawley, 1999;
Henderson, et al., 1988; Kinucan & Smeins, 1992; Lunt, 1997 and references therein;
Meissner & Facelli, 1999; O'Connor & Pickett, 1992; Olano, et al., 2005; Osem, et al., 2006;
Page & Harrington, 2009; Schenkeveld & Verkaar, 1984; Shaukat & Siddiqui, 2004;
Thompson, 1986). Peco et al. (1998) suggest that the perennial/annual ratio of vegetation
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that is a good predictor of the overall similarity between vegetation and the seed bank. The
seed bank is comprised of two seed types, transient seed and persistent seeds (Shaukat &
Siddiqui, 2004). Transient seeds are short-lived, persist in the seed bank for less than one
year and are adapted to seasonal mortality or disturbance of vegetation (e.g. following
drought). Seeds are typically large in size and germinate shortly or up to a year after seed
fall (Peco, et al., 1998; Thompson & Grime, 1979). Depletion of seed from transient seed
banks, through predation for example, can have significant impacts on recruitment
opportunities for these plant species (Andrew, 1986; Jenzen, 1971). Conversely, persistent
seeds can remain within the soil seed bank for more than a year and seeds that have been
present in the seed bank for many years may be represented. Persistent seeds regenerate in
circumstances of temporally or spatially unpredictable disturbance to the established
vegetation or when climatic conditions are favourable. Seeds are typically small and species
with this seed type generally produce a large seed output (Peco, et al., 1998; Thompson &
Grime, 1979). Recruitment of species with persistent seed banks is highly dependent on the
yearly output of seeds and the exploitation of opportunities (e.g. opportunistic production
responses to rain) in any particular year (Coffin & Lauenroth, 1989; Thompson & Grime,
1979).
Plant seeds have very high nutrient values per unit volume (Jenzen, 1971). Unlike grassland
mammals who can gnaw and chew seeds, birds are more likely to consume them whole
(Kerley & Erasmus, 1991). Among other factors, seed size, shape and nutritional content
can influence the selective foraging of seeds by grassland birds (Guo, et al., 1998; Kelrick, et
al., 1986). In a study that examined the influence of substrate on avian granivore foraging,
seed colour was also found to be an influential factor on foraging success (Whittingham &
Markland, 2002). These authors found that lighter seeds were more easily detected on grass
and bare ground than darker seeds, but also noted that vegetation was likely to impede
visibility of seeds (regardless of colour).
In some ecosystems, including desert and semi-arid grasslands, seed reserves can be highly
variable in space and time (Holland, et al., 2006; Kelrick, et al., 1986). Accessible seed (for
granivores) can be diminished through burial, destruction by fire, harvesting and
consumption by invertebrate and vertebrate fauna, drought-induced catastrophic weather
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events such as violent wind/dust storms, germination following rain, and decay over time
(Andrew, 1986; Louda, 1989; Price & Joyner, 1997; Thompson & Grime, 1979; Torssell &
McKeon, 1976; Woinarski & Tidemann, 1991). Significant loss of seed from the seed bank
can impact on plant abundance and species richness (Andrew, 1986; Louda, 1989)
especially when environmental conditions prohibit plants setting seed and renewing the
seed bank. However a diminishing seed supply can also affect granivorous fauna,
particularly as access to this resources becomes more difficult. In such instances granivores
must switch to less abundant or accessible food items, increase foraging time, switch to less
desirable grassland patches, or perish (Crowley & Garnett, 1999; Garnett & Crowley, 1995;
Newton, 1980).
3.1.3. Foraging behaviour of grassland birds
Grassland birds are thought to select grassland in a hierarchical manner, facing different
choices based on grassland quality and the costs and benefits of occupying grassland in
order to maximise fitness (Fisher & Davis, 2010; Jones, 2001). In a review of 57 studies on
grassland selection by (grassland) birds, Fisher and Davis (2010) identified 118 measured
vegetation variables, but considered just nine of these (all structural rather than
compositional) to be the most important and consistent predictors of grassland use by
grassland birds. These variables were (in order of importance); coverage of bare ground,
grass, dead vegetation, forbs and litter, vegetation density, vegetation volume, litter depth
and vegetation height. As such, grassland selection decisions can be based on a
combination of the availability of suitable nest sites, protection from climatic conditions,
detection of and concealment from predators and easy detection and accessibility of a
suitably abundant food supply (Cody, 1981).
Food is generally not distributed evenly throughout a given area, but is clustered and
patchy (Charnov, 1976; Orians & Wittenberger, 1991). Grassland birds therefore have to
travel between patches in order to locate suitable food items and make decisions about
which patches to visit and when to leave a patch (Charnov, 1976). In patchy environments,
more time is often spent searching for food, and species foraging in such grasslands
generally have broad dietary preferences as more effort is required to locate food items.
Conversely, in productive environments, birds can afford to be more selective in their
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dietary choices as food is in greater supply and encountered more readily (Baker, et al.,
2009; Emlen, 1966; MacArthur & Pianka, 1966). Fisher and Davis (2010) found no
evidence that vegetation patchiness had any consistent influence on grassland use by birds,
whereas others (e.g. Benton, et al., 2003; Perkins, et al., 2000; Whittingham & Evans, 2004)
suggest that a mosaic of structures likely provides grassland that has high food abundance
and good access for foraging birds.
Diversity and abundance of invertebrate food resources are often associated with taller
swards (Curry, 1994), however grassland birds often forage in shorter swards which is likely
related to increased accessibility to food items and/or a lower risk of predation in more
open areas, which is particularly beneficial to ground foraging birds (Atkinson, et al., 2004;
MacLeod & Till, 2007). The density and/or height of vegetation can also greatly impede a
bird’s foraging efficiency and ability to detect and access food items easily. Species that feed
on soil surface invertebrates and seeds generally prefer shorter swards whereas those that
feed on foliar invertebrates prefer taller swards (Atkinson, et al., 2004; Butler & Gilings,
2004). Tall or dense swards may offer a greater abundance and diversity of invertebrate
species, but accessing them may be difficult for many birds (Atkinson, et al., 2004) and can
also affect foraging behaviour by limiting movement (Butler & Gilings, 2004; Devereux, et
al., 2004), wetting plumage which increases heat loss resulting in high energetic demands
(Whittingham & Evans, 2004) and making food items inaccessible or difficult to detect
(Butler & Gilings, 2004; Whittingham & Markland, 2002). Conversely, short and less dense
swards offer increased detectability and accessibility to food items, as movement and
visibility is enhanced with such structure (Atkinson, et al., 2004; Devereux, et al., 2004;
MacLeod & Till, 2007; Perkins, et al., 2000; Wilson, et al., 2005). This has been
demonstrated with several grassland birds from the UK, including Canaries Serinus canarius
(Whittingham & Markland, 2002) and Chaffinches Fringilla coelebs (Baker, et al., 2009), where
increasing sward complexity reduced feeding efficiency (compared to bare ground) and was
attributed to visual obstructions resulting in decreased detectability of food items and
increased searching time. Although with the latter species, Butler et al. (2005) found that
while the species preferred to forage in short swards, there was a trade-off between food
availability and predator vigilance when food was more abundant in taller vegetation.
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3.1.4. Hypotheses
Based on the ecological literature, I developed hypotheses of how vegetation structure,
surface seeds and invertebrates would differ quantitatively among three grassland types
classified as primary, secondary and unsuitable grassland for Plains-wanderers (as described
in Chapter 2). These hypotheses were;
1. Vegetation structure will reflect what is described about Plains-wanderer grassland
(e.g. NSW NPWS 2002; Parker & Oliver, 2006). Primary grassland types will have
the most bare ground, least litter cover and least vegetation cover, and of the
vegetation present, be dominated by perennial grasses and forbs. Unsuitable
grasslands will have the most vegetation cover, highest litter levels and least bare
ground and, of the vegetation present, be dominated by annual grasses. Secondary
grasslands will be intermediate between primary and unsuitable grasslands.
2. Invertebrate diversity and abundance will increase with increasing levels of
structural heterogeneity and intermediate levels of vegetation biomass. Hence
diversity and abundance will be greatest in secondary grasslands which are
predicted to be the most structurally heterogeneous and having more plant biomass
than primary, but less plant biomass than unsuitable grasslands.
3. The overall abundance of seeds will increase with increasing vegetation biomass,
being highest in unsuitable grasslands and lowest in primary grasslands.
4. There will be a greater proportion of small seeds with increasing biomass of annual
plants, but a greater proportion of larger seeds with increased biomass of perennial
plants.
A visual representation of these hypotheses is shown in Figure 3.1.
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Invertebrates
Total abundance
Species diversity

Seeds
Small seeds
Grass seeds
Total abundance
Non-grass seeds
Large seeds

Vegetation
Height
Grass cover - annual
Grass cover - perennial
Forb cover
Bare ground

Primary

Secondary

Unsuitable

Figure 3.1. Hypothesised results of vegetation, seed and invertebrates for each grassland type.
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3.2. Methods
In October and November 2006 I collected epigeal (ground dwelling) invertebrates and
fallen surface seeds from 14 grassland sites of varying structural composition on
Oolambeyan National Park following methods described in Chapter 2. A visual
representation of the hierarchical sampling design is shown in Figure 3.3. Three grassland
types were selected (based on the structure of grassland vegetation); primary (P, n=6 sites),
secondary (S, n=4) and unsuitable (US, n=4) grassland as described in Chapter 2. I selected
these grassland types to best represent a gradient in presumed grassland quality that
reflected suitable to unsuitable Plains-wanderer grassland, as described in the Plains-wander
grassland management guide (Parker & Oliver, 2006). Following a reconnaissance of the study
area, there was a very limited availability of suitable sites within each grassland type. Each
site was therefore selected so that there was only one site in each paddock and sites were
located approximately in the centre of these available grassland types within a paddock.
There were insufficient areas on ONP for sufficient replication of grasslands considered
too sparse for Plains-wanderers. At each 4 ha site, ten sampling plots were set up at 50-100
m intervals (Figure 3.2). At each plot I assessed structural composition of the grassland and
collected potential Plains-wanderer food items (summarised in Table 3.1).

50m

100m
200m

200m
Figure 3.2. Layout of survey plots at each site. ‘X’ represents plots where vegetation variables
were measured and seeds and invertebrates collected.
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Grassland Type

Primary

Secondary

Unsuitable

Site

(200 x 200 m)
[within each grassland type]

Plot

(c.1 m2)
[within each site]

6 sites in primary

4 sites in secondary

4 sites in unsuitable

10 plots per site

10 plots per site

10 plots per site

(total of 60 plots in primary)

(total of 40 sites in secondary)

(total of 40 sites in unsuitable)

Vegetation measured
(50 cm2 quadrat) and

Invertebrate sample
(1 pitfall trap) and

1 sample of each per plot

1 sample of each per plot

1 sample of each per plot

(total of 10 samples per site)

(total of 10 samples per site)

(total of 10 samples per site)

Seed sample

(50 cm2 quadrat)
[in each plot]
Figure 3.3. Sampling design showing hierarchical structure: vegetation was measured and seeds and invertebrates sampled at each plot. Plots were
nested within each site and sites nested within each grassland type.
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Table 3.1. Vegetation structure, seed and invertebrate variables measured at each of 10 survey plots within a site.

Variable
Bare ground cover (BG)
Litter cover (L)

Unit of measure
%
%

Annual grass cover (AG)

%

Perennial grass cover (PG)

%

Forb cover (F)

%

Dead rye grass mat cover (RM)

%

Total vegetation cover (TVC)*

%

Basal vegetation height (VH)

Cm

Relative invertebrate Order diversity
Relative invertebrate abundance
Relative seed abundance

How measured

A visual estimate of percentage cover for each structural variable was made. One quadrat at each
plot, giving ten 50 cm2 quadrats in each site.

Basal height of vegetation measured at each of the four outer corners and centre of each quadrat.

number
Number
Number

10 pitfall traps open 14 days at each site (one trap per plot). Invertebrates manually sorted to
Order or family and size and individuals counted.
10 x 1m2 frames in each site where seeds and ground debris was vacuumed for two mins. Seeds
sorted to size class through a series of sieves by an electronic soil shaker. Manually identified as
grass or other seeds and counted.

* TVC includes cover of AG, PG and F
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3.2.1. Structural composition
At each plot, I assessed the structure of all vegetation within a 50 cm2 quadrat further
divided into 25 grids each 2 cm2. The percentage cover of bare ground, litter, perennial
grass, annual grass, forbs and the dense mat of dead rye grass (Lolium spp.) was recorded by
visual estimate in each grid cell and the mean of the 25 cells was calculated to give a
quadrat total. Basal height (the point where the bulk of the plants leaf mass occurred
excluding inflorescence stalks) of the closest grass tussock or forb to the four outer corners
and centre of each quadrat was measured to the nearest 1 cm. Botanical composition was
difficult to determine accurately given that most vegetation was extremely dry and
diagnostic floral or fruiting features were absent, so species were not identified. Site means
were calculated from the total of each variable from all 10 survey plots.

3.2.2. Invertebrate sampling
Epigeal invertebrates were collected in wet pitfall traps, a technique used extensively to
assess the abundance of ground-dwelling invertbrates (Zanette, et al., 2000). At each site, I
set ten cylindrical traps measuring 10.5 cm in length and 4.2 cm in diameter in two rows of
five (2 x 5 grid), with one trap at each plot (Figure 3.2). Traps were filled with ethylene
glycol as a killing agent. Traps were open for 14 consecutive days and were initially filled
with 100 ml of 50:50 glycol/water mixture and topped up twice throughout the trapping
period. Invertebrates were transferred to a 385 μm sieve, immersed in water for < 3 mins
while large debris were removed and then rinsed in clear water before being transferred for
storage in 70% ethanol. All invertebrates were then sorted and identified (under a
dissecting microscope at 10x magnification) to the Order level, and in the case of the Order
Hymenoptera, I out-sorted invertebrates from the Family Formicidae. I also included a
category of soft-bodied invertebrates comprising larvae and caterpillars and a group of
unknown invertebrates. Formicidae, soft bodied invertebrates and unknown invertebrates
will, for the sake of simplicity, be referred to as Orders throughout the thesis. A group of
unknown (i.e., unidentified) invertebrates was included because I considered these
invertebrates to be potential food items for Plains-wanderers based on their size. It is
important to include also unidentified invertebrates when looking at relative invertebrate
abundance overall. It was not possible to identify these invertebrates to Order. The
inclusion of groups of unknown potential food items is commonly reported in bird-food
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studies (e.g. Buchanan et al. 2006; Moreby & Stoate, 2001; Baines, 1990) including one on
the diet of the Plains-wanderer (Baker-Gabb, 1988). I considered Formicidae and Araneae
to be comprised of distinctly different sizes so I further separated these two Orders to ore
closely reflect the sizes consumed by Plains-wanderers (<5 mm up to 15 mm; (BakerGabb, 1988)) (Table 3.2). Samples from all 10 traps within a site were pooled to give total
site abundance. Given Plains-wanderers are generalist feeders, identification of
invertebrates to the Order level was considered appropriate for this study, consistent with
many other studies on food resources for vertebrate taxa (e.g. Harlen & Priddel, 1996;
Johnson, 2000; Johnson & Sherry, 2001; Poulin, et al., 1992; Scott & Dickman, 1999;
Stamps, et al., 1981; Strong & Sherry, 2000; Zanette, et al., 2000).

Table 3.2. Size categories into which invertebrates were separated.

Formicidae

< 3 mm
(small)

3-6 mm
(medium)

>6 mm
(large)

*

*

*

Araneae

<6 mm
(small)

6 - 16 mm
(medium)

> 16mm
(large)

*

*

*

Not
separated

All other Orders

*

3.2.3. Seed collection
To restrict sampling to the seed bank accessible to Plains-wanderers, I collected only fallen
surface seeds by vacuum suction after pitfall traps were removed. To ensure equal suction
at each plot, I used a portable generator to power a 1500 watt domestic vacuum. The
vacuum nozzle was run over the ground for two minutes, collecting seeds and litter within
a 50 cm x 50 cm quadrat adjacent to each pitfall trap location. For each sampling plot, a
fresh bag was used and the hose inspected for blockages. I only collected seeds in dry
weather to maximise the number of seeds collected and to avoid excessive moisture in
sample bags which would have caused rotting of the collected seeds during storage.
I took 10 samples per site, with each sample being separated into size classes using a series
of lab test sieves (8 mm, 6 mm, 3 mm and 500 µm). Sieves were stacked and placed on a
mechanical sieve shaker for two minutes. Most seeds taken by Plains-wanderers are
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between 0.5-3 mm but can be up to 5 mm being from grasses and other plant species
(Baker-Gabb, 1988). To more closely reflect Plains-wanderer diet, seeds were therefore
grouped into two size categories, small seeds 0.5-3 mm (presumed preferred size class for
Plains-wanderers) and large seeds 3-6 mm (can be taken by Plains-wanderers), while seeds
>6 mm were discarded as they were considered too large. Each size category was further
separated into two seed types, grass seeds and seeds from other species (‘non-grass’). Even
after sieving, samples contained a mix of soil, litter and seed and it would have been
inefficient to attempt to extract seeds from these complete samples. Consequently a
subsample of 1/2 to 1/12 of the complete sample was removed from each size category
(0.5-3 mm, 3-6 mm), depending on how large the entire sample was. Seeds were then
extracted from soil and litter, identified as either grass seeds or non-grass seeds and
counted by hand under a 10x magnification dissecting microscope. The numbers of seeds
from each category were then multiplied as necessary to calculate a sample total for each
plot (e.g. if the subsample was half of the total sample, the number of seeds counted was
multiplied by two). Relative abundance of grass, non-grass and total seeds for each size
category within a site was calculated by pooling totals from all 10 plots.

3.3. Data analyses
3.3.1. Data summary
There were 40 plots for secondary and unsuitable grassland and 59 for primary grassland
included in all analyses. One primary plot was excluded from the analyses due to continued
pitfall trap tampering presumably by a Red Fox V. vulpes. I summed measurements of
structural variables, seeds and invertebrates collected from each of the 10 plots within a site
to provide a site total. The mean for each grassland type was then calculated from the site
totals within a grassland type.
I used non-parametric Kruskal-Wallace tests to test for significant differences between
structural parameters, invertebrate abundance and seed (size and type) abundance between
grasslandtypes in the statistical program Tibco Spotfire S+ (TIBCO, 2008). Where a
significant result was identified, a post hoc test was then used to identify which
grasslandtypes (primary, secondary and/or unsuitable) were significantly different. Non-
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parametric Kruskal-Wallace tests were preferred over a parametric ANOVA as some data
could not be transformed to meet assumptions of normality.
3.3.2. Ordination of vegetation, invertebrates and seeds
Multivariate analysis were performed on vegetation communities as a whole and also on the
whole invertebrate and seed community using PRIMER (Clarke, 1993; Clarke & Gorley,
2006). Only independent categories were used for these analyses, for example I excluded
the sum of all invertebrate, seed groups and total vegetation cover as they were dependant
on the other categories.
Prior to analysis, I square root-transformed invertebrate and seed abundances, while there
was no pre-treatment of vegetation data. Invertebrate and seed data were transformed to
reduce the influence of highly abundant Orders or groups and ensure that rarer Orders and
groups contributed to the analysis. To examine between-site relationships, these data were
used to create Bray Curtis similarity matrices of vegetation, invertebrates and seeds
separately.
These Bray Curtis data matrices were then used to construct a two-dimensional non-metric
multidimensional scaling (MDS) ordination. MDS is the ordinal configuration of individual
sites in 2-dimensional space, which allows relationships between individual points to be
more easily visualised (Winkler, et al., 2005). Each data point represents one sampling site
characterised by the abundance of all vegetation variables, invertebrate Order or seed
group abundances for that site. Stress values <0.2 indicate confidence in the twodimensional MDS solution (Clarke & Gorley, 2006).
I used a one-way analysis of similarity (ANOSIM) to determine whether there were any
significant differences in invertebrate or seed communities and vegetation structure
between grasslandtypes. ANOSIM is a more robust non-parametric equivalent of a
univariate analysis of variance (ANOVA) test (Clarke & Gorley, 2006). Pairwise R values
were used to determine grasslandtype separation. The closer the R value to one is, the more
distinct the community is considered to be, conversely R values closer to zero indicate
barely separable communities (Clarke & Gorley, 2006).
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To assess the contribution of each vegetation variable, invertebrate and seed group to the
observed with-in assemblage similarity, a similarity of percentages routine (SIMPER) was
used only where there was a significant difference detected using ANOSIM. The higher the
percentage SIMPER value is, the stronger the dissimilarities and the more distinct the
group is (Clarke & Gorley, 2006).

3.3.3. Relationships between vegetation structure and food resources
To determine how invertebrate and seed abundance were related to vegetation structural
composition, I modeled relationships using a hierarchical generalized linear model
(HGLM) with ‘grassland type’ and ‘site’ included as random factors using the software
program LISREL (Jöreskog & Sörbom, 2007). This was appropriate because of the
hierarchical structure in the sampling design whereby plots were nested within sites which
were nested within grassland types. Response variables were log-transformed when
appropriate to approximate a normal distribution (Table 3.3). To identify which
combination of explanatory variables best predicted the invertebrate or seed responses, an
information theoretic approach was used to rank models based on Akaike’s information
criterion (AIC) (Burnham & Anderson, 2002). AIC was computed for each candidate
model with the best models, for the given data set, having the lowest AIC value. The
information theoretic approach does not assume that the true model is represented in the
set of candidate models, but aims at finding the best fitting model from the set of candidate
models based on the data.
When sample size (n) is low relative to the number of parameters (K) in the model, the
second-order variant of AIC is used (AICc). AICc contains a bias correction term and
Burnham and Anderson (2002) recommend it be used where the ratio of n/K is <40, as
was the case in this study. I computed AICc as follows

AICc  AIC 

2 K ( K  1)
n  K 1
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AICc differences
To determine the best model, each model’s relative distance to the ‘truth’ must first be
examined (Burnham & Anderson, 2002). I ranked candidate models using AICc differences
(Δi) where Δi is calculated as AICci (the AICc of the best fitting model being considered (i))
minus AICcmin (the AICc value of the best fitting model, which is always zero). The value
of Δi gives an indication of the empirical support of a given model, with higher Δi values
indicating less support (Burnham & Anderson, 2002). Generally Δi values of 0-2 have a
substantial level of empirical support for the model(s), 4-7 considerably less support and
values >10 essentially no support that the model being considered is the best model in the
candidate set (Burnham & Anderson, 2002).
Akaike weights
The likelihood of the model given the data is determined by Akaike model weights
(Burnham & Anderson, 2002). Akaike weights (wi) of individual models can be interpreted
as the probability or plausibility that i is the best model for the data in the candidate set of
models (Burnham & Anderson, 2002; Johnson & Omland, 2004; Peterson, 2009). Models
with similar Akaike weights have similar support, while a model with an Akaike weight
approaching one is well supported by the data (Johnson & Omland, 2004). I calculated
Akaike weights using the following equation;

wi 

exp  12  i 
R

 exp 
r 1

1
2

r 

Model-averaged parameter estimates
The relative importance of individual parameters can be examined using model-averaged
parameter estimates (MAE). Akaike weighted model averaging uses the AICc of those
models that contain the parameter of interest to weight the parameter estimates and
variance from each model, combining these to give a MAE for that parameter. This
incorporates model selection uncertainty into the parameter estimates (Anderson &
Burnham, 2002). I calculated model averaged parameter estimates for parameter g under
the model ˆ in four steps;
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1. Using the exponentiated AIC values, exp(-0.5* Δi,) from only the models containing
parameter g .
2. Adding the exp(-0.5* Δi,) values from the sub-set of models containing parameter g to
get a new sum (AICc weights need to sum to 1).
3. Dividing exp(-0.5* Δi,) by the new sum to get a new AICc for each model in the sub-set.
4. Multiplying the raw parameter estimate by the new Akaike weights and summing these
values (Peterson).
Model selection variance and confidence intervals
Model-averaged parameter estimates (MAEs) are estimated with a certain amount of error
(SE) which is used to determine the reliability of the parameter estimate. Model-averaged
parameter estimates are not reliable for predicting the outcome or interpreting the model
when there are large standard errors (ie the SE is 2x > than the MAE) (Burnham &
Anderson, 2002). These SEs are, however, conditional on the candidate model, so I
calculated weighted unconditional SE using the following steps (Peterson, 2009);
1. Conditional variance = (SE)2
2. Model selection variance = (model-averaged parameter estimate – raw parameter
estimate)2
3. Weighted unconditional SE = √(conditional variance + model selection variance) * new
AICc weight
The reliability of MAE is aided by calculating confidence intervals (CIs) using the
unconditional SE and the t-value of 1.95 for 95 % confidence intervals. I calculated CIs as;
Upper CI = MAE + (t-value*SE)
Lower CI = MAE - (t-value*SE)
Overdispersion
The variance inflation factor (ĉ) was calculated for the global model for each predictor
variable to test for over dispersion (how well the models fit the data). C-hat was calculated
by dividing the goodness-of-fit chi-square statistic by its degrees of freedom. C-hat values
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< 1 could indicate under dispersion of the data (although Burnham and Anderson (2002)
recommend just using ĉ = 1), while ĉ values > 1 and < 4 indicate over-dispersion and
QAIC should be used. Substantially large ĉ values > 6 indicate an inadequate fit of the
model to the data (Burnham & Anderson, 2002).
Parameter handling and selection
Anderson and Burnham (2002) recommend reducing the number of models to just a few. I
therefore constructed a priori candidate models based on those variables that are
considered most biologically relevant to Plains-wanderers. This was based on the current
literature detailing Plains-wanderer grassland preferences and dietary composition along
with personal communication with experts.
There were potentially eight predictor and 11 response variables to model, although only a
subset of these were chosen (Table 3.3). Several steps were involved in selecting the set of
candidate models. The response variable % dead rye mat cover was converted to
categorical data (present or absent) due to a large number zero values (particularly in
primary and secondary grassland). I then undertook exploratory data analysis to determine
the predictor and response variables to include in the model set. Normality of invertebrate
and seed predictors was examined using box plots. In all but one case normality was
improved by Log10+1 transforming the data (Table 3.3). Normality for large grass seeds
was unable to be improved and was excluded from further analysis. All other predictors
were modeled as a normal distribution using linear regression. Spearman’s rank correlation
and scatter plots were used to examine possible correlations between predictor and
response parameters. I excluded parameters where there was a functional relationship
among parameters (i.e. total vegetation cover was calculated from forbs, annual grass and
perennial grass cover), where they were highly correlated (correlation coefficient values
>0.6) or contributed little information to the candidate models (Table 3.3).
The final predictor parameters for the models were % bare ground, % litter and % total
vegetation cover with all possible combinations being modeled against each of the response
variables, resulting in a total of 90 models. Grassland type (primary, secondary and
unsuitable) and site were included in the model as random variables to take into account
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the variability in seed and invertebrate abundance between the three grassland types and
multiple sites within each grassland type. C-hat values suggested that the data were underdispersed (range ĉ = 0.07 - 1.4) but as recommended by Burnham and Anderson (2002), ĉ
= 1 was used.
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Table 3.3. Candidate response and predictor parameters to be included (I) or excluded (E) from regression models.

Parameter

Transformation
performed

Included/
excluded

None
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1
Log10+1

I
I
I
E
I
I
I
I
I
I
I

% Bare ground cover (BG)
% Total vegetation cover (TVC)
% Litter cover (L)
% Annual grass cover (AG)
% Perennial grass cover (PG)
% Forb cover (F)
% Dean rye grass mat cover (RM)

Nil
Nil
Nil
Nil
Nil
Nil
Nil

I
I
I
E
E
E
E

% Vegetation height (VH)

Nil

E

Responses

Number of invertebrate Orders
Invertebrate abundance
Small grass seed abundance
Large grass seed abundance
Small non-grass seed abundance
Large non-grass seed abundance
Sum of small seed abundance
Sum of large seed abundance
Sum of grass seed abundance
Sum of non-grass seed abundance
Sum total seed abundance

Reason for exclusion

Normality could not be improved

Predictors

Highly correlated with BG, correlation coefficient -0.6
Highly correlated with TVC, correlation coefficient 0.7
Highly correlated with TVC, correlation coefficient 0.7
Contributed little to models- weak relationship and small parameter
estimate
Contributed little to models- weak relationship and small parameter
estimate
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3.4 Results
3.4.1. Data Summary
3.4.1.1. Structural composition
As predicted, unsuitable grassland was structurally very different from primary and
secondary grassland. Primary and secondary grassland, however, showed little difference in
vegetation structure (Table 3.4). The amount of bare ground was the only variable to show
a significant difference between all three grassland types (p <0.001).
As expected, there was significantly more annual grass (p = 0.002) and significantly less
forb cover (p <0.01) in unsuitable grassland than either primary or secondary grasslands.
Contrary to predictions however, primary and secondary grasslands had significantly more
total vegetation cover than unsuitable grassland (p = 0.007). This could be explained by the
dominance of a dense mat of dead exotic fallen rye grass (72 % cover) which was present
in unsuitable grassland. Although small amounts of standing rye grass were present at both
primary and secondary grasslands, the dense mat was absent at these sites.
The biggest differences between primary and secondary grassland were that primary had
significantly more (c.20 %) bare ground than secondary grassland (p <0.001) and
significantly less (c.14 %) litter (p = 0.008). There was no significant difference in the
remaining structural variables which varied by less than 10 % each (p >0.05).
Unsuitable grassland had significantly taller vegetation (12 cm) than primary grassland (6
cm; p = 0.004) but not secondary grassland (7 cm), vegetation height in primary and
secondary grasslands was very similar and not significantly different.
3.4.1.2. Invertebrate Order diversity
Contrary to predictions, there was little difference in the number of invertebrate Orders
collected in primary (12), secondary (12) and unsuitable (10) grassland types (Table 3.5). In
total there were 12 Orders from three classes. All Orders collected were present in primary
and secondary grasslands, the Orders Chelonethida and Scorpionida were absent in
unsuitable grassland, although rarely recorded in the other grasslands.
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Table 3.4. Mean percentage cover of structural grassland characteristics measured at three
different grassland types on Oolambeyan National Park. Kruskal-Wallis non-parametric test
identified significant differences for all structural characteristics following a post hoc test
(Kruskal p = <0.05), significant differences between grassland types are indicated by different
letters.

Grassland type
Primary
(n=6)

Secondary
(n=4)

Unsuitable
(n=4)

Structural Characteristic

Mean

se

Mean

se

Mean

Se

% Bare ground cover

47.4 a

3.0

28.8 b

1.0

1.3 c

0.7

% Litter cover

30.7 a

4.1

44.5 b

2.4

14.9 a

7.3

0a

0

0a

0

72.4 b

9.5

% Perennial grass cover

9.6 a

2.6

13.2 a, b

3.1

0.6 b

0.4

% Annual grass cover

2.2 a

0.8

3.9 a

1.6

8.6 b

1.3

% Forb cover

10.7 a

0.9

9.8 a

1.4

2.4 b

1.7

% Total Vegetation cover *

22.5 a

2.7

26.9 a

2.7

11.6 b

1.9

Basal vegetation height (cm)

6.2 a

0.7

7.2 a, b

0.5

11.7 b

1.5

% Dead rye Grass mat cover

* Total vegetation cover includes perennial grass, annual grass and forb cover.

3.4.1.3. Invertebrate abundance
Formicidae was consistently the most dominant Order comprising close to 75 % of the
total invertebrate collection for all grassland types. Acarina and Araneae were the next most
abundant Orders for all grassland types, making up between 14 % and 19 % of the
invertebrates collected.
Surprisingly, there was no statistical difference in the mean number of total invertebrates
collected between any of the grassland types during this study (p = 0.24) (Table 3.5).
Despite this, a similar pattern was found to that of the structural composition of these
grassland types. As with vegetation structure, mean invertebrate abundance was very
similar between primary (1473 ± 224) and secondary grasslands (1201 ± 718), with there
being considerably fewer invertebrates in unsuitable grassland (786 ± 404). The standard
error for all grassland types was however quite large which indicates that there was a large
amount of variation in invertebrate abundance between sites within a grassland type.
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The only invertebrate Order to show any significant difference between grasslandtypes was
Orthoptera (p = 0.03). There were significantly fewer Orthoptera in unsuitable
grasslandthan in either primary or secondary grasslands (which were similar) (Table 3.5).
3.4.1.4. Seed abundance
As expected the mean total seed abundance increased with increasing density of vegetation
cover, however there was only a statistically significant difference between primary and
unsuitable grasslands (p = 0.03) with unsuitable grassland having nearly double the seeds
collected in primary grassland on average (Table 3.6).
The abundance of small seeds followed the same pattern found with the total of all seeds
increasing with vegetation density. However in this case there were significantly fewer seeds
in primary grassland compared to both secondary and unsuitable grassland (p = 0.02 ).
Contrary to predictions, there was no statistical difference in the number of large seeds
between grassland types (p = 0.86).
It is likely that the significant differences found in small grass seeds led to the significant
differences found with all small seeds, all grass seeds and the total of all seeds, as there was
no significant differences found with any other seed size and type combination.
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Table 3.5. Mean relative abundance of the 12 invertebrate Orders (including invertebrate categories not identified to Order) from pooled pitfall
captures for three grassland types on Oolambeyan National Park. Kruskal-Wallis non-parametric test with a post hoc identified the Order
Orthoptera to be the only Order where a significant difference between grassland types occurred (as indicated by different letters; Kruskal p = 0.03).

Order

Common Name

Acarina
Mites
Araneae small
Spiders
Araneae medium
Spiders
Araneae large
Spiders
Chelonethida
False scorpions
Scorpionida
Scorpions
Isopoda
Slaters
Coleoptera
Beetles
Formicidae small
Ants
Formicidae medium
Ants
Formicidae large
Ants
Hemiptera
True bugs
Isoptera
Termites
Orthoptera
Grasshoppers
Soft Bodied
Unknown
Sum of all invertebrates
Sum of all invertebrates excluding ants
Number of Orders

Primary
(n=6)
Mean
se
130
19
75
17
3
1
1
0
1
0
0
1
1
25
8
192
40
666
239
326
174
11
4
1
a
26
7
1
1
11
2
1473
224
289
36
7
0
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Mean Relative Abundance
Secondary
(n=4)
Mean
Se
141
33
80
11
4
1
2
1
1
0
1
0
1
1
18
4
203
790
262
119
392
50
16
4
6
2
a
43
15
1
1
18
1
1201
718
345
44
7
7

Unsuitable
(n=4)
Mean
se
70
22
44
11
2
1
2
1
0
0
8
7
10
2
161
63
296
260
153
84
8
3
2
1
b
6
2
1
0
25
12
786
404
177
35
6
1
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Table 3.6. Mean relative abundance of seeds categorised by seed type (grass, non-grass and the total of two)
and size class (small seeds = 0.5-3 mm, large seeds = 3-6 mm) including the mean total number of all seeds
collected from each of the three grassland types. Kruskal-Wallis non-parametric test with a post hoc detected a
significant difference in seed abundance for small grass seeds, p = 0.05; total small seeds, p = 0.02; sum of
grass seeds, p = 0.04 and the total sum of all seeds, p = 0.03, between grassland types as indicated by different
letters.

Mean Relative abundance
Primary
(n=6)

Seed Type and Size

Secondary
(n=4)

Unsuitable
(n=4)

mean

se

Mean

se

Mean

se

Grass

Small
Large

1269 a
51

233
26

2390 a, b
94

1090
41

5095 b
20

470
12

Non-grass

Small
Large

2711
1605

324
306

3939
1385

1171
419

4279
1416

916
406

Sum

Small seeds
Large seeds

3980 a
1656

192
293

6329 b
1479

1140
415

9373 b
1436

1062
407

Sum

Grass seeds
Non-grass seeds

1319 a

243

2483 a, b

1128

5115 b

477

4316

608

5324

1580

5694

1221

All seeds

5635 a

428

7807 a, b

1443

10809 b

1240
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3.4.2. Ordination of vegetation and invertebrates
3.4.2.1. Vegetation
The ordination analysis had a stress value of 0.01 which indicates that results give an
excellent representation of the data (Clarke & Warwick, 2001). Based on vegetation
structure, MDS ordination clearly separated primary grassland from unsuitable grassland as
expected. Primary and secondary grasslands were clustered closer together indicating
greater similarity in vegetation structure with each other than to unsuitable grassland
(Figure 3.4).

2D Stress: 0.01

Figure 3.4. MDS ordination of individual sites for each of the three grassland types based
on the seven structural characteristics (excluding total vegetation cover, see Table 3.1).
Open triangles () primary grassland, asterisk () secondary grassland, closed triangles
() unsuitable grassland. Sites classified as being unsuitable grassland for Plainswanderers are clearly seen as a separate cluster to those sites classified as being primary or
secondary grassland. Only a slight differentiation can be detected between primary and
secondary sites.
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A post-hoc ANOSIM revealed that there was a significant difference in vegetation
structure as a whole between all grassland types; primary and secondary sites (R = 0.61, p
=0.01), primary and unsuitable (R = 1, p = 0.005) and secondary and unsuitable (R = 1, p
= 0.03) (Table 3.7).

Table 3.7. Summary of pairwise ANOSIM results, including R-statistic (R) and significance level
(p<0.05), following MDS ordination of structural composition, invertebrate abundance and seed
abundance in primary, secondary and unsuitable grassland types.

Pairwise comparison

Structural variables

Invertebrates

Seeds

R

P

R

p

R

p

Primary vs. Secondary

0.61

0.01

-0.03

0.57

-0.01

0.49

Primary vs. Unsuitable

1

0.01

0.31

0.04

0.77

0.01

Secondary vs. Unsuitable

1

0.03

0.22

0.11

0.26

0.11

Following SIMPER analysis, primary grassland was characterised primarily by bare
ground cover, litter cover and forb cover (Table 3.8). Secondary grassland was
characterised mainly by litter cover, but also bare ground cover and perennial grass
cover. In contrast, the cover of a dense mat of dead rye grass contributed to over 70 %
of the within-group similarity in unsuitable grassland.
In pairwise comparisons between grassland types, bare ground cover was the main
contributing variable to the difference between primary and secondary grasslands (39
%), whereas forbs and the dead rye grass mat contributed similarly to the difference
between primary and unsuitable grasslands (45 % and 43 % respectively) and the dead
rye grass mat cover was the main contributing variable for the difference between
secondary and unsuitable grasslands (46 %) (Table 3.9.)
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Table 3.8. Percentage contribution to the MDS (C %) made by each structural variable for
Primary, Secondary and Unsuitable grasslands following SIMPER analysis. Values represent
the average similarity (i.e. which variables are the most important contributors to the similarity
or closeness of samples within grassland type).

Variable

Primary C %

Secondary C %

Unsuitable C %

% Bare ground cover

48.2

29.2

0.5

% Litter cover

27.7

43.6

6.9

% Forb cover

10.5

8.5

0.6

% Perennial grass cover

6.6

9.8

0.1

Vegetation height

5.8

7.0

11.6

% Annual grass cover

1.2

2.0

8.5

% Dead rye grass mat cover

0.0

0.0

71.9

Average similarity; primary 83.3%, secondary 88.3%, unsuitable 76.3%

Table 3.9. Percentage contribution to the MDS (C %) made by each structural variable for each
pairwise comparison of Primary, Secondary and Unsuitable grassland types following SIMPER
analysis. Values represent the average dissimilarity which is the contribution of individual variables
to the separation between grassland types.

Primary vs.

Primary vs.

Secondary vs.

Secondary C %*

Unsuitable C %^

Unsuitable C %#

% Bare ground cover

38.8

27.6

17.3

% Litter cover

30.7

11.4

18.6

% Perennial grass cover

15.0

5.4

7.9

% Forb cover

5.5

45.0

4.7

% Annual grass cover

6.2

3.8

3.2

Vegetation height

3.8

3.4

2.9

% Dead rye grass mat cover

0.0

43.4

45.5

Variable

Average dissimilarity; * 22.4 %, ^ 72.6 %, # 72.6 %
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3.4.2.2 Invertebrates
The ordination analysis had a stress value of 0.13 indicating that results give a good
representation of the data (Clarke & Warwick, 2001). MDS ordination of invertebrate
abundance did not show the clearly distinct clustering that was found with vegetation
between different grassland types, but rather showed considerable overlap between all
sites (Figure 3.5). Despite this ANOSIM pairwise comparisons showed that there was a
significant difference between primary and unsuitable grasslands (R = 0.31, p = 0.04;
Table 3.7).

2D Stress: 0.13

Figure 3.5. MDS ordination of individual sites for each of the three grassland types based on
invertebrate abundance (excluding total abundance). Open triangles () primary grassland,
asterisk () secondary grassland, closed triangles () unsuitable grassland. No pattern or
clustering can be clearly detected between grassland types, with sites from each category
overlapping.
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Further analysis revealed that Formicidae, Acarina and small Araneae, were the three
Orders that characterised primary and unsuitable grasslands (Table 3.10) and helped
most to discriminate between these two grassland types (Table 3.10).

Table 3.10. Percentage contribution to the MDS (C %) made by each invertebrate Order in
Primary, Secondary and Unsuitable grasslands following SIMPER analysis. * and **
represent the average similarity (i.e. which variables are the most important contributors to
the similarity or closeness of samples within grassland type). ^ represent the average
dissimilarity which is the contribution of individual variables to the separation between
grassland types.

Variable

Primary C %*

Unsuitable C %**

Acarina

14.2

14.7

Primary vs.
Unsuitable C %^
7.1

Araneae small

7.9

13.9

7.3

Araneae large

0.6

0.5

1.54

Araneae medium

1.5

0.6

2.3

Chelonethida

0.5

0.0

0.8

Coleoptera

4.7

6.8

4.1

Formicidae small

16.4

20.5

9.9

Formicidae large

15.7

15.2

16.3

Formicidae medium

22.5

10.2

31.9

Hemiptera

3.2

4.6

1.9

Isopoda

1.0

0.5

2.9

Isoptera

1.8

1.4

2.3

Orthoptera

4.8

3.7

5.4

Scorpionida

0.2

0

0.3

Soft Bodied

0.9

1.3

1.4

Unknown

3.2

6.2

4.4

Average similarity * 74.6 %, ** 62.1 %, average dissimilarity ^ 34.7 %

When Orthroptera, the only Order revealed as being significantly different between sites
in the univariate analysis performed earlier, were excluded from the analysis, ANOSIM
pairwise comparisons showed no significant differences in invertebrate abundance
between primary and unsuitable grasslands (R = 0.23, p = 0.08). This therefore suggests
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that Orthoptera was the driving Order responsible for the significant difference between
primary and unsuitable grasslands.
3.4.2.3 Seeds
A stress value of 0.07 indicates the MDS ordination of the seed community is a good
representation of the data (Clarke & Warwick, 2001). There was a clear difference in the
seed community between primary and unsuitable grasslands as these sites were spaced
further apart on the MDS (Figure 3.6), although there was some similarity between
some sites from each grassland type, particularly between primary and secondary
grasslands. ANOSIM pariwise comparisons confirmed that the only significant
difference in seed abundance was between primary and unsuitable grasslands (R = 0.77,
p = 0.01; Table 3.7). SIMPER was therefore only required for primary and unsuitable
grasslands.
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2D Stress: 0.07

Figure 3.6. MDS ordination of individual sites for each of the three grassland types based
on the abundance of small and large grass and non-grass seeds. Open triangles ()
primary grassland, asterisk () secondary grassland, closed triangles () unsuitable
grassland. Primary and unsuitable grasslands were clearly different in their seed
community and while secondary grassland was generally intermediate, there was some
similarity with primary and unsuitable grassland.

- 68 -

Chapter 3

Variation in food resources among different grassland structures

Small non-grass seeds contributed most to the within site similarity in primary grassland
(41 %), whereas small grass seeds contributed to most of the within site similarity for
unsuitable grassland (44 %; Table 3.11). Similarly small grass seeds contributed to 55 %
of the dissimilarity between primary and unsuitable grasslands.

Table 3.11. Percentage contribution to the MDS (C %) made by small and large grass and
non-grass seeds in Primary, Secondary and Unsuitable grasslands following SIMPER
analysis. * and ** represent the average similarity (i.e. which variables are the most important
contributors to the similarity or closeness of samples within grassland type). ^ represent the
average dissimilarity which is the contribution of individual variables to the separation
between grassland types.

Primary C %*

Unsuitable C %**

Small grass seeds

26.1

43.8

Primary vs.
Unsuitable C %^
55.2

Large grass seeds

3.2

0.6

7.3

Small non-grass seeds

41.2

36.6

21.4

Large non-grass seeds

29.5

19.0

16.2

Variable

Average similarity * 86.5%, ** 87.8%, average dissimilarity ^ 18.5%

3.4.3. Relationships between vegetation structure and food resources
For ease of interpretation of the relationship between vegetation and food resources,
results are presented for each response parameter separately in Table 3.12 and Table
3.13. Only the top 4 models for each response parameter are presented in Table 3.12,
however the full data set can be found in appendix 3.1. The constant only model was
not ranked as being the best model for any of the responses. However, no model from
the candidate set was any better than the constant + random effects model for five of
the 10 response parameters (Invertebrate abundance, small non-grass seeds, large nongrass seeds, sum of large seeds and total seed abundance) with AICc values ranking the
constant + random model as the best model. As such these will be discussed no further.
There was no one model that was ranked as the best model for explaining the remaining
response parameters.

- 69 -

Chapter 3

Variation in food resources among different grassland structures

Number of invertebrate Orders
The AICc criterion ranked the model with bare ground + total vegetation as the best for
the number of invertebrate Orders, an Akaike weight of 0.48 and an evidence ratio (wibest
model

/wisecond best model) of 2.18 times more likely that this model was the best explanation for

the number of invertebrate Orders compared to the next best model of bare ground +
total vegetation + litter. There was a positive relationship between increasing levels of
bare ground + total vegetation cover, which is surprising given it would be expected
that bare ground and total vegetation would be inversely related. The constant only,
litter only and bare ground + litter models had essentially no support with ∆i >10.
Small grass seeds
The litter only model was ranked as being the best model for the abundance of small
grass seeds. This model had an Akaike weight of 0.22. And an evidence ratio 1.22 times
better than the next best model which was the constant + random model (also having
substantial empirical support). As litter cover increased the number of small seeds
decreased.
Sum of grass seeds
The litter only model was also ranked as the best model for the abundance of all grass
seeds, and was 1.22 times better than next best model. Grass seed abundance had an
inverse relationship with litter, decreasing in abundance with increasing litter cover.
Sum of small seeds
The best model for the total number of small seeds was the bare ground only model,
with an inverse relationship, small seed abundance decreased with increasing bare
ground. The bare ground only model weight of 0.26 and an evidence ratio 1.42 times
better than the next best model (constant + random).
Sum of non-grass seeds
The bare ground only model was also ranked as the best model for the sum of nongrass seeds and with a model weight of 0.19. It was, however, only 1.11 times better

- 70 -

Chapter 3

Variation in food resources among different grassland structures

than the next best model which was litter. Bare ground and the abundance of non-grass
seeds also had in inverse relationship.
Model weighted coefficients
The parameter estimates for bare ground and total vegetation cover for the model
including the number of invertebrate Orders were both positive and with 95% CIs of
0.95 - 2.80 and 2.05 - 3.90 respectively, there is strong support that the number of
invertebrate Orders increased with increasing cover of bare ground and total vegetation.
However, with a summed Akaike weight (Σwi) of 0.99, total vegetation cover had
slightly more support as a potential explanation for the number of invertebrate Orders
than bare ground cover (Σwi = 0.71). There is little confidence; however, of relating
seed abundance to bare ground, litter or total vegetation cover given the 95 % CIs
mostly included zero and Σwi values were all < 0.05. The variation in vegetation cover
was therefore not good for predicting changes in seed abundance (Table 3.13).
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Table 3.12. HGLM summary of the top four models for 139 pitfall/seed samples and random
variables (grassland and site) at Oolambeyan National Park 2006. AICc = Akaike’s Information
Criterion adjusted for small sample size, K = the number of parameters, ∆i = AICc differences
and wi = the model weight. The constant only and constant plus random effects models are
included as a further measure of model fit. BG – bare ground cover, TVC – total vegetation
cover, L – litter.
Response

Model

AICc

K

∆i

wi

Number of invertebrate Orders

BG + TVC
BG + TVC + L
TVC
TVC + L

442.3
443.9
443.9
446.0

3
4
2
3

0.0
1.5
1.7
3.7

0.5
0.2
0.2
0.1

Small grass seeds

L
constant + random
BG
BG + TVC

308.8
309.1
309.2
310.3

2
2
2
3

0.0
0.3
0.4
1.5

0.2
0.2
0.2
0.1

Sum of all grass seeds

L
constant + random
BG
TVC

309.1
309.4
309.6
310.5

2
2
2
2

0.0
0.4
0.5
1.5

0.2
0.2
0.2
0.1

Sum of small seeds

BG
constant + random
L
BG + TVC

272.1
272.8
273.2
274.1

2
2
2
3

0.0
0.7
1.1
2.0

0.3
0.2
0.2
0.1

Sum of non-grass seeds

BG
L
constant + random
TVC

275.0
275.2
275.2
275.4

2
2
2
2

0.0
0.2
0.2
0.4

0.2
0.2
0.2
0.2

Invertebrate abundance

constant + random
TVC
BG
BG + TVC

279.9
281.2
281.2
281.7

2
2
2
3

0.0
1.3
1.4
1.8

0.3
0.1
0.1
0.1

Small of non-grass seeds

constant + random
constant only
BG
L

278.6
279.2
280.4
280.9

2
1
2
2

0.0
0.6
1.8
2.3

0.3
0.2
0.1
0.1

Large non-grass seeds

constant + random
BG
TVC
L

288.6
289.1
289.3
289.9

2
2
2
2

0.0
0.5
0.8
1.3

0.2
0.2
0.2
0.1

Sum of large seeds

constant + random
L
BG
TVC

285.6
285.6
286.0
286.6

2
2
2
2

0.0
0.3
0.7
1.3

0.2
0.2
0.2
0.1

Total seed abundance

constant + random
BG
constant only
L

269.2
269.4
269.9
271.4

2
2
2
2

0.0
0.1
0.7
2.1

0.2
0.2
0.2
0.1
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Table 3.13. Model average weighted coefficient (estimate), standard error and summed
Akaike weight (Σwi) of each structural parameter for each response variable with upper and
lower confidence intervals.
95 % CI
Response

Predictor

Number of invertebrate Orders

Small grass seeds

Sum of all grass seeds

Sum small seeds

Sum of non-grass seeds

Invertebrate abundance

Small non-grass seeds

Large non-grass seeds

Sum of large seeds

Total seed abundance

Estimate

SE

Σwi

Upper

Lower

BG

1.9

0.5

0.7

2.8

1.0

TVC

3.0

0.7

1.0

3.9

2.1

L

0.7

0.5

0.3

1.6

-0.2

BG

-1.6

0.3

0.4

-0.9

-2.3

TVC

-0.5

0.7

0.3

0.5

-1.4

L

0.2

0.4

0.4

1.2

-0.7

BG

-1.6

0.3

0.4

-0.9

-2.2

TVC

-0.5

0.7

0.3

0.5

-1.4

L

0.2

0.4

0.4

1.2

-0.7

BG

-0.7

0.3

0.5

-0.1

-1.4

TVC

-0.3

0.7

0.3

0.6

-1.2

L

0.0

0.4

0.3

1.0

-0.9

BG

-1.57

0.34

0.32

-0.9

-2.2

TVC

-0.40

0.70

0.28

0.5

-1.3

L

0.23

0.43

0.31

1.2

-0.7

BG

0.5

0.4

0.4

1.2

-0.1

TVC

1.0

0.7

0.4

1.9

0.1

L

0.4

0.4

0.3

1.4

-0.5

BG

-0.3

0.3

0.2

0.4

-0.9

TVC

-0.0

0.7

0.2

0.9

1.0

L

0.1

0.4

0.2

1.0

-0.9

BG

1.7

1.4

0.3

4.3

-1.0

TVC

0.7

0.7

0.3

1.6

-0.3

L

-0.1

0.4

0.3

0.9

-1.0

BG

0.2

0.3

0.3

0.7

-0.3

TVC

0.4

0.7

0.3

1.3

-0.5

L

0.1

0.2

0.3

1.1

-0.8

BG

-0.5

0.3

0.4

0.1

-1.2

TVC

-0.2

0.7

0.2

0.8

-1.1

L

0.0

0.4

0.2

0.9

-0.9
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Discussion

3.5.1. Summary of results
There were three questions linked to four hypotheses this Chapter aimed to address
which were; i) how does vegetation structure differ among grasslands considered to be
primary, secondary or unsuitable grassland for Plains-wanderers, ii) how does seed
abundance (and size composition) vary across primary, secondary and unsuitable
grassland types, and iii) how does the abundance and diversity of invertebrate Orders
vary across primary, secondary and unsuitable grassland types?
The structure of secondary grassland was generally intermediate between primary and
unsuitable grasslands. There was however more structural similarity between primary
and secondary grasslands both being clearly defined by the cover of bare ground, litter
and total vegetation cover. Unsuitable grassland was defined mostly by total vegetation
cover and the cover of a dense (dead) mat of introduced rye grass, the cover of bare
ground barely contributed to structure at all. As expected there was more annual (exotic)
grass in unsuitable grassland and more perennial grass in primary and secondary
grasslands.
As with vegetation structure, seed abundance was similar between primary and
secondary grasslands, but there were significantly more seeds in unsuitable grassland
than primary grassland. This difference was largely due the abundance of small grass
seeds. Conversely, there was no significant difference in either invertebrate abundance
or the number of invertebrate Orders between any of the grassland types.
The amount of bare ground and litter was able to explain some of the variation in the
number of small grass seeds and total number of non-grass seeds. There was little
confidence in this however, suggesting that, based on the data, seed abundance can not
be predicted based on any of the structural variables measured.
None of the structural variables modelled was able to explain the variation in
invertebrate abundance indicating that it is not possible to predict invertarate abundance
based on vegetation structure alone. Despite there being little difference in the number
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of invertebrate Orders between grassland types, total vegetation cover and bare ground
could explain some of the variation in the number of invertebrate Orders and these two
structural variables were good predictors for an increase in invertebrate Order diversity.
Overall, there was a high level of uncertainty in predicting seed and invertebrate
abundance based on vegetation alone.
3.5.2. Vegetation between grassland types
The quantification of vegetation structure of the three grassland types confirmed visual
observations that were based on the Plains-wanderer grassland management guide
(Parker & Oliver, 2006). The amount of bare ground was the common structural
characteristic that differentiated primary, secondary and unsuitable grassland and it was
bare ground (and vegetation height) that was most consistent with the recommended
estimates in the Grassland Management Guide. The amount of bare ground is a strong
indicator of suitable Plains-wanderer grassland and has also been found to be associated
with 10 (out of 14) grassland birds in lowland agricultural grasslands in the UK (Perkins,
et al., 2000). Perkins et al. (2000), proposed that areas of bare ground offer greater
foraging opportunities to these species which all incorporate invertebrates in their diet
as they have greater access to soil surface invertebrates compared to dense swards.
The cover of litter however was much higher and total vegetation cover lower than that
recommended for primary and secondary grassland. This is likely a reflection of the lack
of green growth and the drying of vegetation which more easily became dislodged with
frequent strong winds. The affect of high litter levels on Plains-wanderers is largely
unclear, however given that the litter present was relatively small in size, it essentially
formed a thin layer on the ground surface and was unlikely to impede Plains-wanderer
mobility, but may have affected the detectablility of food items.
Unsuitable grassland contained the densest vegetation and was dominated by annual
ryegrass. Given the dry conditions in the years prior to data collection, most of the
ryegrass was dry and decaying, and this layer of ryegrass formed a very dense ‘mat’, with
very little bare ground to allow native grasses and forbs to grow. Unsurprisingly, such a
dense structure is likely to have made access and movement very difficult for Plains-
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wanderers. Fortunately, this difficulty should not be faced in primary grassland areas as
it is unlikely that ryegrass would invade primary grassland assuming appropriate soil
structure is maintained. Primary and secondary grasslands, although found to be
significantly different, were the most similar in regards to their physical structure and
were dominated by forbs and perennial grasses. This was also unsurprising given that
secondary grassland is considered to be only slightly too dense for Plains-wanderers
during years of favourable rainfall, but is considered to be potential grassland as it
becomes sparser during dry periods.
3.5.3. Invertebrate abundance and diversity between grassland types
In the present study, there was little difference detected in the abundance and diversity
of epigeal invertebrates in relation to vegetation structure, although there was substantial
variation between sites for each grassland type. Several other studies on avian food
resources have also found little difference in invertebrate abundance with varying
grassland types. McKeever (in Devereux, et al., 2004; 2003), for example, found no
notable difference in pitfall captured surface invertebrates between short and tall pasture
swards in a study on Lapwings Vanellus vanellus foraging behaviour. Similarly, Morris and
Thompson (1998) also found no difference in invertebrate abundance between short
and tall grass grasslands in a study on Cowbirds Molothrus ater. Other studies, however,
have found no clear relationship between sward structure and epigeal invertebrates, as
some species were found to increase and others decrease with increased vegetation
height and density (Fuller, et al., 2003). Clearly, there is a complex relationship between
epigeal invertebrates and grassland vegetation as there are varied responses to the
diversity of grassland structures and these responses are often dependant on grassland
preferences and feeding choices, but may also be interrelated with climatic and
environmental factors, historic events and/or biotic factors (Labaune & Magnin, 2001).
Although it was expected that the abundance and diversity of invertebrate would
increase with increased vegetation structure, this was not the case in my study. This
could be attributed to at least four possible factors: i) the diversity of microhabitats
provided by the grassland vegetation; ii) the diversity and abundance of invertebrate
trophic groups; or iii) the distribution of invertebrate food resources iv) prolonged
drought conditions (the later discussed in detail in Chapter 4).
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Grasslands provide a wide range of microhabitats for invertebrates (Wenninger &
Inouye, 2008) from those on the ground such as cracks in the soil surface and among
the bases of grass tussocks to above ground in foliage and flower heads. More
structurally complex communities would be expected to provide a greater variety of
resources and microhabitats and would thus be expected to support more invertebrates
or more invertebrates species (Wenninger & Inouye, 2008). While there was a
considerable difference found in the structure of vegetation between the three grassland
types during the current study, the range of available microhabitats to invertebrates may
have been quite varied. Primary and secondary grasslands may have benefited a wide
range of invertebrates as a wide variety of microhabitats were available due to the
mixture of open areas, grasses and forbs, grass tussocks spaced at a varying proximity to
each other and a mix of tall and short vegetation. However the denser unsuitable
grassland may have had the least available microhabitats. Unsuitable grassland was much
more homogenous in its sward structure, being comprised of essentially three structural
layers; a below canopy layer at the ground surface, a within the canopy of dense ryegrass
and above the canopy. This homogeneity may have limited the variety of microhabitats
and may have been more beneficial to foliage dwelling invertebrates. I did not sample
foliage which may in part account for the similarity in invertebrate abundance and
diversity found. The more open primary and secondary grasslands (which were also the
most structurally similar) were more likely to provide grassland for epigeal species where
mobility and foraging opportunities were enhanced by such structure. Conversely foliage
dwelling species may have been favoured in the dense grassland as positive associations
between this guild and tall, dense swards have previously been found (McCracken &
Tallowin, 2004).
In this study I did not look at trophic group structure of the invertebrate community,
but there could be differences in invertebrates with differing feeding habits between
grassland types. Based on the literature we could expect there to be more herbivores in
the denser grassland with greater feeding opportunities and potentially more carnivores
in the more open grassland where hunting could be made easier with more areas of
open ground which could aid mobility (Curry, 1994; Fuller, et al., 2003; Rambo & Faeth,
1999; Siemann, et al., 1998). Perner et al. (2005) found that up to 10 % of the variance in

- 77 -

Chapter 3

Variation in food resources among different grassland structures

the abundance of herbivorous and detritivorous invertebrates and 7 % of carnivorous
was explained by vegetation structure. Harvey et al. (2008) detected positive correlations
between carnivorous carabids and high plant biomass and open areas at ground level,
and positive correlations between phytophagous carabids and plant species diversity.
Perhaps there was little overall difference in invertebrates between grassland types in my
study because the dense grassland was comprised predominantly of rye grass and
although this resulted in a greater plant biomass, there may have been little diversity in
relation to feeding opportunities for herbivorous invertebrates i.e. the lack of diversity
of resources to attract a diverse array of invertebrates.
3.5.4. Seed abundance between grassland types
As expected there were more seeds in the unsuitable Plains-wanderer grassland type
than in primary grassland. This could be a reflection of the vegetation composition at
these sites. Unsuitable grassland was comprised predominantly by annual grasses,
specifically annual rye grass. Ryegrass is an introduced crop plant and produces vast
quantities of small seed. Conversely, primary grassland was typically comprised of a
variety of native and exotic grasses and forbs with very little ryegrass. Given that small
grass seeds were essentially responsible for the overall difference in seed abundance, we
could attribute the presence of a dense layer of ryegrass as being responsible for the
variation in seed abundance.
There were substantially fewer large seeds than small seeds in all grassland types, and
two plausible explanations could account for this. Firstly, granivores could have been
preferentially selecting large seeds (Price & Joyner, 1997), as large seeds may offer
greater energy rewards. Price and Joyner (1997), found that 69 – 95 % of seed rain did
not remain in the seed bank and attributed this ‘loss’ to granivorous fauna. Secondly,
large seeds are often transient and persist for shorter periods in the seed bank (Price &
Joyner, 1997; Thompson & Grime, 1979). Much of the vegetation present at the time of
sampling was dry and had not set seed since the previous year (M. Ballestrin pers. com.).
The results from my study are a snapshot in time and the seeds present are likely those
that had persisted from previous seeding events.
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3.5.5. Implications for Plains-wanderers
Food abundance was unlikely to be the driving influence behind Plains-wanderer habitat
selection during drought on Oolambeyan National Park because food is likely to be
limiting across the landscape. However when food, for example invertebrate abundance
and richness, increases following rain (e.g. Southgate & Masters 1996; Suttle, et al. 2007)
it might then play a greater role in habitat selection in wetter years. Being in a semi-arid
zone, it is likely that Plains-wanderers, like many other arid and semi-arid native
Australian fauna, are adapted to food pulses and the unpredictable distribution of food
items. It is more likely that grassland structure is the most important factor influencing
habitat selection during drought, as has been suggested for many other grassland birds
(e.g. Fuller, et al., 2003; Whittingham, et al., 2006) or there are factors other than, or in
addition to, food abundance and vegetation structure that are driving the suitability of
grasslands as habitat for the species.
Although not assessed during this study, predation risk during foraging in different
grassland structures could influence where Plains-wanderers forage, as there are tradeoffs between food abundance, food accessibility and predation risk when selecting
foraging habitat (Baker, et al., 2010; Brown, et al., 1999; Fuller, et al., 2003; Whittingham
& Evans, 2004). In a study on how food density in sparse and dense grassland
influenced foraging and predator vigilance behaviour of Chaffinches F. coelebs (Butler, et
al., 2005), it was found that short stubble was the preferred foraging substrate, however
when seeds were 2 – 4 times greater in the tall stubble, more chaffinches foraged there
compared to sparse areas. Butler et al. (2005) concluded that the increased seed density
in long stubble offered a greater energy gain which outweighed the increased risk of
predation and reduced mobility. Plains-wanderers are a ground foraging bird and it is
possible that predation risk could be perceived to be higher in (unsuitable) taller and
denser swards where more time would be spent watching for predators rather than
feeding, and to make foraging in this grassland beneficial there would need to be to be a
greater energy reward (e.g. through increased food abundance) to outweigh the
increased predation risk (Butler, et al., 2005; Whittingham, et al., 2006). During the
present study, dense grassland only contained more seeds but not invertebrates
compared to sparse grassland. This might suggest that the increased seed abundance in
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grassland considered structurally too dense was not enough to outweigh a potentially
increased predation risk from predators including Brown Falcons Falco berigora, Black
Falcons Falco subniger and Spotted Harriers Circus assimilis (Maher, 1997), as Plainswanderers prefer short, sparse areas to forage in, but will seek concealment at the
fringes of denser vegetation cover and grass tussocks for when under threat (see chapter
2 and Baker-Gabb, 1988). As a further example of the perceived risk of predation when
foraging in different grassland structures, Chaffinches F. coelebs responded 24% faster
when foraging in short (3 cm) than long (13 cm) stubble fields with equal food densities
and when given a choice between the stubble heights they preferred to forage in shorter
stubble. This suggests that the level of protection taller and denser vegetation offers (i.e.
unsuitable grassland) may be offset by the visual obstruction created for early detection
of potential predators (Whittingham, et al., 2006; Whittingham & Evans, 2004).
The feeding habit of Plains-wanderers also suggests that the ability to detect and access
food items may be more important than actual food abundance. Even though there was
more seed food in unsuitable grassland, the density of vegetation in this grassland type
would likely reduce the ability to detect food items and impede access to them. If this is
the case, then more effort would be required to meet energetic demands compared to
foraging in the more open areas of primary grassland where food items are more easily
detected and accessed. Some studies have found that grassland use by birds was more
related to vegetation structure and food availability (e.g. access) rather than actual food
abundance and that while food is critical, it is probably mediated by sward structure (e.g.
Fuller, et al., 2003). Vegetation structure can directly influence foraging behaviour, with
foraging efficiency declining with vegetation height, as locating prey becomes more
difficult and forager mobility impeded (Butler & Gilings, 2004). Atkinson et al. (2004)
reviewed the factors that affect foraging birds and found that vegetation structure and
access to the soil surface rather than food abundance was the overriding factor in
grassland selection for several grassland birds that feed on soil invertebrates. Access to
seeds was also found to be more influential than seed abundance for tropical Australian
granivores, who preferred to forage in more open burnt areas than more vegetated
unburnt areas (Crowley & Garnett, 1999). Conversely, Devereux et al. (2006) found that
sward density did not affect foraging success of European starlings Sturnus vulgaris. The
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preference of shorter more open swards by Plains-wanderers could be related to the
increased ability to detect and access food items, improved mobility and/or increased
allocation of time to foraging than predator vigilance. (Devereux, et al., 2004).
3.5.6. Effectiveness of sampling methods and study design.
There were some limitations in the sampling approach I used that may have influenced
my results. Firstly, the level of replication of sites for each grassland type may have been
insufficient to detect any significant difference in food availability. However, even if
increasing the number of sites had been possible, potential differences may not have
been detected. As Lyons (2005) points out, often the variation in the mean estimate of
prey samples is so great that statistical significance will not be detected even when it
would be biologically expected.
Secondly, pitfall capture rates may have been affected by vegetation structure or density.
Melbourne (1999; 1997) suggests that vegetation structure can bias pitfall captures and
experimentally manipulated grassland vegetation to represent a gradient of vegetation
densities. These studies found that the capture rate of some cricket (Order Orthoptera)
and spider species was lower in dense than sparse grassland, suggesting that trappability
was higher in open grasslands for these invertebrate groups. I also found a reduction in
Orthoptera in dense (unsuitable) grassland compared to sparse (primary) grassland, but
found no difference in Araneae captures. Pitfall captures are however a function of
population density and trappability and this can change with grassland structure, a
dilution effect or animal behaviour (Melbourne, 1999). A dilution effect could be
particularly apparent in denser grasslands, where a greater surface area is available for
invertebrates to move around on (i.e. the ground surface and on vegetation) which
could reduce pitfall capture rates (Melbourne, 1999).
Thirdly, grassland structure can also affect seed collection. For example, Evans et al.
(2009) tested a vacuum device for estimating soil-surface seeds in various grasslands and
found that overall seed recovery was greater in sparse grasslands than in grasslands with
more vegetation cover, and consistently in all grasslands (including dense pasture, cereal
fields and course ground) seed recovery was higher and large seeds (~7.8 mm) were
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recovered more than small seed or medium seeds (~1.4-6.7 mm). My research found the
opposite to Evans et al. (2009), where significantly more seeds were collected in the
denser grassland, finding no difference in large seeds and significantly more small seeds
in dense than sparse grasslands, but this is likely a reflection of a high abundance of rye
grass in the denser grassland. Pitfall traps and vacuum suction are both considered
appropriate collection methods for sampling epigeal invertebrates and surface seeds
(Evans, et al., 2009; Harlen & Priddel, 1996; Melbourne, 1999; Melbourne, et al., 1997;
e.g. Tscharntke & Greiler, 1995), but without manipulative experiments it is unknown
whether there was an affect of grassland structure on the trappability of invertebrates
and seeds during my study. Nevertheless, it is unlikely that the trends I observed were
due to sampling bias given that i) the sampling protocol was kept constant across sites
and ii) results from vacuum and pitfall collections were consistent across sites.
3.5.7. Conclusions
The three grassland types measured during the present study were quite different in
their vegetation structure although this did not translate to the abundance of food items
available to Plains-wanderers. This suggests that during a prolonged drought food
resources may be equally limiting regardless of vegetation structure. Therefore under
such conditions, Plains-wanders may be more influenced by grassland structure than
food abundance or by factors such as access to food items and perceived predation risk
that were not assessed during my study. During dry conditions, managing grasslands in a
way that maintains a mosaic of vegetation structures may be particularly important for
Plains-wanderers if birds are required to forage over a larger area to meet their dietary
requirements, as this may involve foraging in areas with a sub-optimal grassland
structure. Alternatively, if conditions are completely unsuitable (e.g. grasslands have
been substantially overgrazed), Plains-wanderers may be forced to leave the area
entirely, an observation recorded previously with this species (Baker-Gabb 1988).
Managing grasslands to create a mosaic of sward structures is also likely to benefit a
wide variety of grassland birds and other wildlife (Perkins, et al., 2000), as a variety of
grasslands provides both foraging sites and areas for protection from predators.
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- CHAPTER 4 The influence of conservation and production grazing on
food resources in grasslands
Chapter Overview and Aims
Building on Chapter three, which examined the relationship between grassland (vegetation)
structure and food resources, in this Chapter I determine what effect (sheep) grazing has
on the structure of vegetation and food resources in grasslands mapped as primary habitat
for Plains-wanderers in production grazed grasslands (i.e. pastoral properties primarily
managed for economic return) and conservation grazed grasslands (i.e. properties managed
primarily for biodiversity conservation). The term ‘grazing’ will be used to refer to grazing
by introduced domestic ungulate grazers including sheep and cattle, although it is
acknowledged that grazing by other invertebrate and vertebrate animals’ also occurs in all
grassland ecosystems to some degree. In this Chapter I addressed the following questions;
1.

Does conservation grazing promote a more suitable vegetation structure for Plainswanderers in mapped primary habitat than production grazing?

2.

How do seed abundance and size composition vary across mapped primary habitat
between conservation and production grazing areas?

3.

How does the abundance and richness of invertebrate orders vary across mapped
primary habitat between conservation and production grazing areas?

4.1. Introduction
The negative impacts of livestock grazing on grassland flora have been well documented in
grasslands across the globe (e.g. reviews by Lunt, 2005; Rook, et al., 2004). However, we
have less knowledge of how grazing impacts grassland fauna. This is true also in Australia,
where studies have been predominantly confined to the impact of grazing on flora in arid
zones, temperate grasslands and remnant grassy woodlands (e.g. Bridle, et al., 2009) and far
less is known about the impact grazing has on native grassland fauna (Dorrough, Yen, et al.,
2004). Grazing (especially over-grazing) impacts flora directly through trampling and
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defoliation of vegetation, which can lead to changes in vegetation structure and
composition and in some cases a severe decrease in heterogeneity of the grassland (e.g.
Lunt, 2005; McIntyre, 2005; Rook, et al., 2004; Shankar & Singh, 1996). Conversely, grazing
impacts on native birds are more often indirect resulting from changes in vegetation cover
which can reduce protection from weather and predators and also affect food supply (Loe,
et al., 2007; Vandenberghe, et al., 2009). Direct impacts are mostly related to reduced
nesting and breeding success as a result of nest destruction caused by trampling (Baines,
1990; Pavel, 2004; Sutter & Ritchison, 2005). These negative grazing effects are usually
more pronounced when excessive grazing occurs (Jacobo, et al., 2006) and during drought
conditions when overgrazing can occur (Dorrough, Ash, et al., 2004; Julander, 1945;
Loeser, et al., 2007).
Historically, there has been little regard for native flora and fauna when managing
Australian pastoral land, and intensive grazing has occurred across vast areas (Dorrough,
Yen, et al., 2004). Production is usually regarded as the primary objective of grazing
management, although it is becoming more widely recognised that management (e.g.
conservation grazing) that combines both biodiversity outcomes with agricultural outcomes
is becoming increasingly important in agricultural areas (Attwood, et al., 2009; Dorrough,
Yen, et al., 2004; Kemp & Michalk, 2007; Watkinson & Ormerod, 2001). While grazing for
conservation outcomes is common in parts or Europe (Attwood, et al., 2009), there are just
a small handful of cases in Australia where grazing is being used as a conservation tool to
promote biodiversity. These are public reserves such as Terrick Terrick and Oolambeyan
National Parks and the Gungahlin and Dunlop Grassland Reserves in Australia’s south east
(Lunt, 2005; Lunt, et al., 2007) as well as some private properties. In some cases (e.g.
Terrick Terrick and Oolambeyan) frequent monitoring takes place to assess the impact of
grazing on native vegetation, although there is little ongoing and consistent monitoring of
grazing impacts on native vertebrate fauna and no monitoring of invertebrate fauna.
There is an increasing need to better assess the conservation implications of different
grazing regimes (including conservation and production grazing) on native fauna
(Dorrough, Yen, et al., 2004). Although the impacts of grazing on grassland birds vary
between species, there are three key factors that are likely to have a broad impact on
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multiple species; i) changes in grassland structure ii) changes in food resources and iii)
changes in predation pressure (Vickery, et al., 2001). This Chapter focuses on the inter
relationships among grazing, vegetation structure and food resources, and does not address
changes in predation pressure, although information about predation is included in Chapter
three.
4.1.1. Grazing effects on grassland structure
4.1.1.1 Negative impacts of grazing on flora
The negative impacts of grazing on the structure and composition of grasslands have long
been documented in the literature, including the direct removal of biomass (vegetation and
litter), destruction of cryptogrammic soil crust and soil compaction (which can lead to
erosion and altered hydrology), trampling of vegetation, reduced seed output from plants
and eutrophication which can alter soil nutrient composition (Dorrough, Yen, et al., 2004;
Li, et al., 2007; Lunt, 2005; Lunt, et al., 2007; Page & Harrington, 2009; Rook, et al., 2004;
Shankar & Singh, 1996; Yoshihara, et al., 2010). Altered species diversity and botanical
composition can also occur through selective grazing and varied grazing intensity (Jacobo,
et al., 2006; Williams, 1969). For example, prolonged and heavy livestock grazing has been
associated with a decline in native perennial species and an increase in exotic annual
species, which respond more positively to disturbance, while increased species richness has
been recorded following light intermittent grazing (Dorrough, Ash, et al., 2004; Lunt, 2002;
Yates, 2000; Belsky, 1992). The majority of the literature highlights the negative impacts of
livestock grazing, although these impacts can be attributed mainly to overgrazing. While
domestic livestock cause the most severe damage, some Australian grasslands are also
grazed by native marsupials (e.g. Kangaroos Macropus spp.) (Dorrough, Ash, et al., 2004;
Lunt, 1991) and introduced herbivores (e.g. European Rabbits Lepus europeus) which can
also contribute to and/or lead to ‘overgrazed’ landscapes (Leigh, et al., 1989).
4.1.1.2. Conservation grazing aims to limit negative impacts on flora
Many of the processes that lead to a loss of biodiversity also contribute to a decline in
productivity (Dorrough, Yen, et al., 2004), thus the benefits of reducing grazing pressure
are twofold and can be related to conservative grazing and conservation grazing. Both can
be considered ‘wildlife-friendly’ although they do often have contrasting intentions
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(Fischer, et al., 2008). Conservative grazing aims to limit the negative impacts of grazing
whilst still retaining production as its major focus rather than having a biodiversity
conservation focus. Although there are biodiversity benefits these are secondary to
production. In contrast, conservation grazing also aims to reduce the negative impacts
caused by livestock, but the focus here is on biodiversity conservation, using grazing as a
tool to change vegetation structure to suit biodiversity. Conservation grazing aims to
maintain and/or enhance structural and species diversity which is important also for fauna
diversity (Rook & Tallowin, 2003). An advantage of conservation grazing it the ability to
manipulate stocking density, duration of grazing and grazing animal to alter the competitive
advantage of some plant species by selective defoliation to create a heterogeneous sward at
spatial and temporal scales (Laca, 2009; Rook & Tallowin, 2003). McIntyre (2005),
suggested that selective grazing can be used to create a variety of structural types; areas of
bare ground, tall tussocks and shorter forb layers, that would be optimal for a wide variety
of organisms. Typically reducing grazing pressure results in an increase in structural
complexity, a decrease in bare ground and usually an increase in plant species (Gibson &
Kirkpatrick, 1989; McCracken & Tallowin, 2004).
When implementing a conservation management regime that uses livestock as a
management tool, it is important to be clear on what the management objectives are. For
example, if the aim is to maintain an open sward with many inter-tussock gaps and a sward
height within certain boundaries, then the species composition of vegetation and timing of
grazing need to be considered. The selection of an appropriate grazer is also important.
Sheep for example are more selective in their forage choice than cattle with the ability to
select the high quality parts of a plant such as shoots and flowers, but cattle, unlike sheep,
are unable to graze as close to the ground and will avoid grazing around fresh dung
(Hutchings, 2002; Rook, et al., 2004; Rook & Tallowin, 2003; Vickery, et al., 2001). Grazing
animals will also preferentially select more palatable plant species and those that are more
easily accessible (Curry, 1994; Dumont, et al., 2002; Rook, et al., 2004). Grazer feeding
patterns can therefore create patches of ungrazed areas among grazed areas creating a
structurally heterogeneous sward of varying vegetation heights and densities (Curry, 1994;
Laca, 2009; Rook, et al., 2004; Vickery, et al., 2001). Such a mosaic within the grassland can
be maintained with strategic management that includes light intermittent grazing to create
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important microhabitats for both plant and animal species (Fuhlendorf, et al., 2006;
McIntyre, 2005; Söderström, et al., 2001).
Livestock can be used to achieve positive outcomes, although these are often related in
particular types of grassland and are not necessarily suitable to all grassland systems. Long
grazed sites are likely to be relatively stable in their floristic and soil structure under
continuous grazing (Lunt, et al., 2007). Rare or threatened species are likely to have already
been lost or are being maintained with current management practices (Kemp & Michalk,
2007). The complete exclusion of grazing previously grazed productive grasslands can alter
persisting vegetation with the invasion of less desirable species, providing a competitive
advantage for others and can ultimately lead to a decrease in plant species richness (Gibson
& Kirkpatrick, 1989; Kemp & Michalk, 2007; Rook & Tallowin, 2003). For example
productive sites such as the Themeda grasslands of south-eastern Australia have been
maintained by native mammals, fire and drought and since European settlement have been
subject to disturbance including ungulate grazing (Wong & Morgan, 2007). Without
continued disturbance, these grasslands become dominated by Kangaroo grass (Themeda
triandra), which outcompetes other species creating tall, dense swards that outcompete
other native species and reduces overall species diversity and creates a tall, dense sward.
(Lunt, 2003; Wong & Morgan, 2007). Light intermittent grazing in such areas is likely to
benefit plant diversity (Lunt, et al., 2007). Conversely, the introduction of heavy grazing
into areas that have had historically low levels of grazing, such as travelling stock reserves
and country cemeteries, could be less beneficial and may have negative outcomes including
substantial changes in vegetation composition (Lunt, et al., 2007).
In many cases where a new conservation reserve is proclaimed, grazing is removed,
however livestock grazing can play a vital role in the preservation of biodiversity in those
areas with a grazing history (Lunt, et al., 2007). Two examples where conservation grazing is
currently being used to manage grassland for conservation values in south-eastern Australia
are at Terrick Terrick and Oolambeyan National Parks. Both of these parks have a long
history of sheep grazing and the use of livestock has been retained as a management tool to
maintain suitable grassland structure for biodiversity, but particularly for Plains-wanderers
(Lunt, et al., 2007). Terrick Terrick was declared a National Park in 1998 and has used the
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grazing status quo as a conservation tool to maintain grassland structure (Lunt, et al., 1999).
Following several years of monitoring, sward density was found to increase and the amount
of bare ground decrease in grazing exclosures, which supports the idea that light,
intermittent grazing can play an important role in maintaining sward structure in productive
grassland communities (Conway, 2000; Dorrough, Yen, et al., 2004; Forman & Hocking,
1999). Similarly, ongoing management at Oolambeyan suggests that the current
management of light, intermittent grazing when required is maintaining a suitable structure
vegetation structure for Plains-wanderers (M. Ballestrin pers. com).
4.1.2. Grazing effects on birds and their food resources
4.1.2.1. Negative impacts of grazing on avifauna
Despite the extensive research on the effects of grazing on vegetation, there have been few
studies from Australia that have directly focused on how grazing affects grassland bird
communities (Martin & Possingham, 2005) and fewer on the impact on avian food
resources. Much of the information on grazing-bird interactions comes from Europe and
North America (e.g. Bock & Matteson, 2002; Fuhlendorf, et al., 2006; Perkins, et al., 2000;
Söderström, et al., 2001; Vickery, et al., 2001). Livestock grazing can affect grassland bird
communities both indirectly by altering vegetation structure, food supply, the availability of
nesting and feeding sites and increasing predation pressure for some species, and directly
by trampling or damaging nests and disturbing breeding birds (Baines, 1990; Loe, et al.,
2007; Pavel, 2004; Sutter & Ritchison, 2005; Vandenberghe, et al., 2009; Vickery, et al.,
2001). Grazing management can influence the availability and abundance of insect prey
(Vickery, et al., 2001). Generally grazing is believed to have negative impacts on
invertebrate prey primarily through changes in vegetation structure (Buckingham, et al.,
2004). Although this is not always the case, for example dung dwelling invertebrates are
likely to benefit from intensive grazing and are an important food source for lapwing
chicks (Vickery, et al., 2001). Seed abundance is also likely to be negatively affected by
intensive grazing as plants are often defoliated by livestock and are prevented from setting
seed (Austin, et al., 1981; Buckingham, et al., 2004; Williams, 1970).
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4.1.2.2. Conservation grazing aims to limit negative impacts on avifauna
Conservation grazing aims to reduce the negative effects of livestock grazing by reducing
the incidence of nest trampling (e.g. removing grazing animals during the breeding season),
but mostly by maintaining a suitable vegetation structure for grassland birds (Fuhlendorf, et
al., 2006; Hobbs & Huenneke, 1992). However, there are often trade-offs associated with
conservation grazing, for instance maintaining a dense sward structure will benefit species
that prefer dense habitat, but make it unsuitable for species requiring sparse habitat. Also,
although denser vegetation may reduce predation pressure for some species that prefer this
habitat, it may also impede mobility and prey detection for other species (Atkinson, et al.,
2004; Butler & Gilings, 2004; Devereux, et al., 2004). Therefore, management that creates a
mosaic of varying sward structures within the grassland is likely to support a wider variety
of avian species (McIntyre, 2005; Perkins, et al., 2000; Söderström, et al., 2001).
Management practices that produce swards of different densities and heights can also
influence prey abundance and prey accessibility (Devereux, et al., 2006).
The mosaic created by light grazing creates inter-tussock spaces with little or no vegetation
allowing improved detection and access to prey items can be of particular benefit to bird
species that require a sparse grassland structure to breed or forage in (e.g. Plainswanderers). Low grass height can allow greater foraging efficiency by providing greater
mobility, improved prey detectability and increased accessibility (Haysom, et al., 2004; Loe,
et al., 2007; Tyre, 1992; Vickery, et al., 2001). Conversely visual detection of food items can
be impeded by dense vegetation and in such cases grazing can be beneficial by reducing
plant biomass (Atkinson, et al., 2004).
The quality and quantity of food can be a driving factor behind the patchy distribution of
bird species (Robinson & Sutherland, 1999). Declining food resources have been found to
be a key factor for the decline in farmland birds in intensively and extensively grazed
grasslands in Europe (Benton, et al., 2002; Vickery, et al., 1999). Some studies have found
that low intensity grazing can be beneficial to avian communities and have attributed this to
the heterogeneous sward structure and subsequent availability of invertebrate prey items
that light grazing can create (eg. Evans, et al., 2006; Martin & Possingham, 2005;
McCracken & Tallowin, 2004). For example, Söderström et al. (2001) found that large
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ground foraging insectivores (> 30 g) preferred moderately grazed pastures than those with
light or high grazing levels. Conversely, small ground foraging insectivores (< 30 g)
preferred more intensively grazed pastures. They suggested that these contrasting
preferences were related to the variation in abundance and availability of invertebrates
associated with intermittent grazing and increase mobility and foraging efficiency under
high grazing. McCracken and Tallowin (2004) suggested that moderate grazing is likely to
provide both increased invertebrate abundance and optimal foraging opportunities due to
the diversity of structures that grazing provides.
4.1.3. Hypotheses
Based on evidence from the literature, I developed three hypotheses about how production
grazing (by pastoral properties primarily for economic return) would influence vegetation
and food resources in Plains-wanderer habitat compared to conservation grazing (primarily
aimed at biodiversity conservation);
1. There will be more bare ground and less vegetation cover in production grazed sites
than conservation grazed sites.
2. Of the vegetation present, there will be more annual grasses and fewer perennial grasses
in production grazed grasslands than in conservation grazed grasslands.
3. There will be more insects and seeds present in conservation grazed than production
grazed sites reflecting higher vegetation cover at these sites.

4.2. Methods
In October 2007, I collected data to examine the relationship between food resources,
vegetation structure and grazing regime. Vegetation, invertebrates and seeds were surveyed
on Oolambeyan National Park (ONP) and three neighbouring properties. ONP had been
historically grazed up until its purchase as a National Park in 2001, after which
conservation focused management approach of light, intermittent grazing had been
implemented until 2006. The three neighbouring properties were grazing properties with
management regimes predominantly focused on wool and meat production. Grazing
intensity on these properties was typical of the Riverina region. These two management
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types will be referred to as conservation grazed (ONP) and production grazed (neighbours)
grasslands. The difference in vegetation of the study area can be clearly seen with satellite
imagery (Figure 4.1).

Figure 4.1. Clear difference in vegetation cover on Oolambeyan National Park
(within white lines) and surrounding landscape. Darker areas possess greater
vegetation cover. Image taken May 2010, source: Google Earth.

All survey sites were located approximately in the centre of various sized patches of
mapped sparse grassland on red soil classified as being potential primary Plains-wanderer
habitat (NSW NPWS, 2007) and verified by visual assessment. Nine sites were located
throughout ONP, while three sites were located on each of the three neighbouring
properties to total nine conservation grazed and nine production grazed sites (Figure 2.8
Chapter 2). At each site, nine survey plots were spaced at 5 m intervals in a 3 x 3 grid
(Figure 4.2). I collected invertebrates and seeds at each of the nine plots to maximise
capture rate, while vegetation assessment occurred at only five plots as sites were selected
to be relatively homogeneous in their vegetation structure.
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5m
10m

10m
Figure 4.2. Site layout. ‘X’ represents plots at which vegetation
was measured, seeds and invertebrates collected, ‘O’
represents plots where only seeds and invertebrates were
collected.

4.2.1. Structural composition
Vegetation was assessed using the methods described in Chapter three. The percentage
cover of bare ground, litter, perennial grass, annual grass and forbs was recorded by visual
estimate at five 50 cm2 quadrats, and a mean of these values was calculated for each site.
4.2.2. Invertebrate sampling and identification
Ground active (epigeal) invertebrates were captured in nine pitfall traps at each site. Pitfall
traps were the same as those described in Chapter three, with the addition of a small wire
cage to prevent livestock disturbing trap contents. Cages were made of wire mesh and
measured 10 cm x 10 cm x 5 cm (W, L, H) and were placed over the top of each trap in
production grazed and conservation grazed sites and secured by two metal wire pins
(Figure 4.3). Traps were filled with a 70 % ethylene glycol:water mixture which reduced
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evaporation, allowing traps to be topped up just once, thus reducing site disturbance. Traps
were opened for eight consecutive days in the last two weeks of October 2007. Trap
contents were transferred into 70 % ethanol, sorted (into Order or Family and size
categories that best represented the size ranges consumed by Plains-wanderers) and
counted using the methods described in Chapter three.

Figure 4.3. Invertebrate pitfall trap and cage.

4.2.3. Seed collection
Seed samples were collected by vacuum suction from each of the nine plots at each site
within a 50 cm2 quadrat. Seeds were extracted from litter and soil and separated into the
appropriate size groups according to seed type (non-grass seeds and grass seeds) using
methods described in Chapter three. As with invertebrates, seeds were categorised
according to the seed types and sizes consumed by Plains-wanderers (see Chapter two).

4.3. Data Analyses
4.3.1. Data summary
Vegetation, invertebrate and seed data were included in summary analyses for the 81
conservation grazed and 81 production grazed grassland plots. I calculated a site average
for structural variables, seeds and invertebrates across the nine plots within a site. A mean
value for conservation grazed and production grazed grasslands was then calculated from
the site averages within each management type.
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As the distribution of the data did not approximate normality, I used the non-parametric
Kruskal-Wallace test to determine significant differences between structural parameters,
invertebrate abundance and seed (size and type) abundance between management types in
the statistical program Tibco Spotfire S+(TIBCO, 2008). Further details on these nonparametric tests are covered in Chapter three.
4.3.2. Similarity of structural complexity and food resources within and
between management types using multivariate analysis
To examine between-site relationships, multivariate analysis was performed on the entire
vegetation, seed and invertebrate communities from all nine conservation and nine
production grazed sites using PRIMER (Clarke, 1993; Clarke & Gorley, 2006).
To reduce the influence of highly abundant invertebrate orders or seed groups, invertebrate
and seed data were square root-transformed prior to analysis (Clarke & Gorley, 2006). I
applied an MDS ordination to plot each site individually in 2-dimensional space for
vegetation, seeds and invertebrates separately, allowing a visual representation of site
similarities. ANOSIM was used to determine whether there were any significant differences
in invertebrate or seed communities and vegetation structure between conservation grazed
and production grazed sites and SIMPER was used to assess the contribution of each
invertebrate, seed or vegetation group to the observed with-in assemblage similarity (Clarke
& Gorley, 2006). SIMPER analysis was only performed where a significant difference was
detected between management types following ANOSIM (Clarke & Warwick, 2001). These
analyses are covered in detail in Chapter three.
4.3.3. Relationships between vegetation structure, invertebrates and seeds
To determine how invertebrates and seed abundances were related to vegetation structural
composition, I modeled relationships using a hierarchical generalized linear model
(HGLM) to account for the spatial structure in the data with ‘management type’ and ‘site’
(site nested within management type) included as random factors using the software
program LISREL (Jöreskog & Sörbom, 2007). To identify which combination of
explanatory variables best predicted invertebrate or seed responses, an information
theoretic approach was used to rank models based on Akaike’s Information Criterion
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(AIC) and associated information (Burnham & Anderson, 2002) as described in Chapter
three.
Of the 162 plots, I included the 45 conservation grazed and 45 production grazed plots
where seeds and invertebrates were collected and vegetation was measured, i.e. I excluded
plots where vegetation was not measured. All response variables were square-root
transformed to improve normality and all models regressed using linear regression.
Response variables were excluded when normality could not be improved (small and large
grass seeds). HGLM was first performed on conservation and production grazed data
combined and then the two management types were analysed separately to explore results
further.

4.4. Results
4.4.1. Data summary
4.4.1.1. Structural composition
There were significant differences between production and conservation grazed grasslands
for three of the five structural characteristics measured (p <0.05; Table 4.1). As expected,
there was significantly more perennial grass (+6.5 %) and forb (+10 %) cover and less bare
ground (-17.6 %) at conservation sites resulting in there being significantly more total
vegetation cover (+16.9 %) overall compared to production sites.
4.4.1.2. Seed abundance
For all seed types and sizes, including the total number of seeds, there were slightly more
seeds in conservation sites than production sites except for large non-grass seeds and all
large seeds (Table 4.2). At conservation grazed sites, there were 28 % more small seeds
than large seeds and 63 % more non-grass seeds than grass seeds collected. This pattern
was also present at production sites where small seeds and grass seeds were 10 % and 70 %
more abundant compared to large seeds and non-grass seeds respectively. Although it was
expected that production sites would have a lower abundance of seeds, the small
differences found were not significant.
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Table 4.1. Mean percentage cover and standard error (se) of structural habitat characteristics
measured at mapped primary Plains-wanderer habitat on conservation and production grazed
grasslands. Kruskal-Wallace non-parametric tests identified significant differences for four
characteristics as indicated by bold font (Kruskal p <0.05).

Management Type
Conservation Grazed
(n = 9)
Structural Characteristic

Production Grazed
(n = 9)

Mean

Se

Mean

se

% Bare ground cover

43.3

2.1

60.9

3.0

% Litter cover

32.1

1.8

31.0

2.5

% Perennial grass cover

7.8

0.9

1.3

0.3

% Annual grass cover

1.8

0.4

1.5

0.3

% Forb cover

14.9

1.1

4.9

0.7

%Total vegetation cover

24.6

1.2

7.7

1.0

*Total vegetation cover includes cover of perennial grass, annual grass and forbs.

Table 4.2. Mean relative abundance and standard error (se) of seeds categorised by seed type
(grass, non-grass and the total of two) and size class (small seeds = 0.5-3 mm, large seeds = 3-6
mm) including the mean total number of all seeds collected from conservation and production
grazed grasslands. Kruskal-Wallis non parametric test with a post hoc test detected no
significant difference in seed abundance for any seed type or size.

Conservation Grazed
(n = 9)
Mean

Se

Mean

se

Small

47

4.9

31

4.5

Large

10

2.1

7

1.6

Small

147

15.5

114

12.0

Large

101

9.4

112

10.7

Small

194

16.8

145

13.2

Large

111

9.4

119

11.1

Grass

57

6.2

39

5.4

Non-grass

248

18.9

225

20.4

All seeds

305

20.2

264

21.9

Seed Type and Size
Grass
Non-grass
Sum*
Sum**

Production Grazed
(n = 9)

*includes grass and non grass seeds **includes small and large seeds
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Table 4.3. Mean relative abundance of the six invertebrate orders (including two invertebrate
categories not identified to order) from pooled pitfall captures across nine sites for conservation
grazed and nine sites for production grazed grasslands. Kruskal-Wallis non parametric test
with a post hoc identified no significant differences between grassland types (Kruskal p >0.05).

Conservation Grazed
(n = 9)

Production Grazed
(n = 9)

Mean

se

Mean

se

Mites

11

0.9

10

1.0

Araneae small

Spiders

5

0.3

4

0.3

Araneae medium

Spiders

<1

0.1

<1

0.0

Araneae large

Spiders

1

0.0

<1

0.1

Blattodea

Cockroaches

<1

0.0

<1

0.0

Chelonethida

False scorpions

<1

0.0

<1

0.0

Chilopoda

Centipedes

<1

0.0

<1

0.0

Coleoptera

Beetles

1

0.1

1

0.2

Diplopoda

Millilpedes

<1

0.0

0

0.0

Formicidae small

Ants

10

1.7

8

1.3

Formicidae medium

Ants

11

6.5

11

2.5

Formicidae large

Ants

13

2.4

13

3.2

Hemiptera

True bugs

1

0.1

2

0.2

Isopoda

Slaters

<1

0.1

1

0.2

Isoptera

Termites

<1

0.1

<1

0.1

Orthoptera

Grasshoppers

4

0.3

3

0.2

Scorpionida

Scorpions

<1

0.0

<1

0.0

<1

0.0

<1

0.0

Unknown

1

0.2

2

0.4

Sum of all invertebrates

58

7.0

55

4.8

Sum of all invertebrates (minus ants)

24

1.1

23

1.7

Number of Orders

6

0.1

6

0.2

Order

Common Name

Acarina

Soft Bodied

<1 indicates individuals of the particular order were present but in extremely small numbers

4.4.1.3. Invertebrate abundance and richness
Very few invertebrates were collected in pitfall traps from production (mean = 55
invertebrates per site) and conservation (mean = 58 invertebrates per site) grazed
grasslands. Formicidae (ants) comprised approximately half of the invertebrate sample
collected from both conservation grazed (mean = 34 per site) and production grazed (mean
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= 32 per site) grasslands. Omitting Formicidae from the total abundance of invertebrates
still resulted in there being no significant difference in invertebrate abundance between
production and conservation grazed sites. Apart from Formicidae, Acarina was the second
most abundant order collected from both management types. There were six invertebrate
orders collected in total, all of which were present in conservation and production
collections.

4.4.2. Similarity of structural complexity and food resources within and
between management types using multivariate analysis
4.4.2.1. Vegetation
A stress value of 0.05 indicates that the ordination results give an excellent representation
of the data (Clarke & Warwick, 2001). Based on vegetation structure there was a clear
separation in the MDS ordination of conservation and production sites (Figure 4.4),
although some sites from each management type were similar.

2D Stress: 0.05

Figure 4.4. MDS ordination of individual sites for conservation and
production grazed grasslands based on the five structural characteristics
measured (bare ground, litter, perennial grass, annual grass, forbs). Closed
triangles () represent conservation grazed sites, open triangles ()
represent production grazed sites.
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The visual separation of sites seen in the MDS was supported by analysis using a post-hoc
ANOSIM which showed a significant difference in vegetation structure between
conservation and production sites (R = 0.36, p <0.001).
For both management types, SIMPER analysis found the amount of bare ground
contributed to the majority of the within group similarity (45 % for conservation and 64 %
for production) (Table 4.4). The percentage cover of litter also contributed 31-34 % of the
similarity for both management types. No other structural variable contributed to more
than 3 % of the similarity within production grazed sites.
Conversely, the amount of bare ground and cover of litter contributed to 42 % and 24 %
of the dissimilarity between conservation and production sites (Table 4.4). Forb and
perennial grass cover contributed similarly while annual grass contributed very little. Thus,
the primary characteristic that distinguished conservation and production grazed grasslands
was the percentage cover of bare ground and percentage cover of litter.
4.4.2.2. Seeds
A stress value of 0.08 indicates that the MDS ordination is an excellent representation of
the data (Clarke & Warwick, 2001). There was no clear separation of conservation and
production grazed sites shown in the MDS plot indicating a similar seed composition
between the two management types (Figure 4.5). ANOSIM revealed no significant
difference in the seed community between conservation and production focused
management types (R = -0.01, p = 0.5), SIMPER analysis was therefore not performed
(Clarke & Warwick, 2001).
4.4.2.3. Invertebrates
A stress value of 0.18 indicates that the MDS ordination is a good representation of the
data (Clarke & Warwick, 2001). The MDS plot shows no clear separation of management
type, indicating that the invertebrate community was similar for both conservation and
production grazed grasslands (Figure 4.6). The invertebrate community within conservation
sites was less heterogeneous than that within production sites with individual sites being
placed closer together on the MDS ordination. A post hoc test using ANOSIM revealed no
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significant difference in the invertebrate community between conservation and production
sites (R = 0.01, p = 0.4) so it was not necessary to perform a SIMPER analysis (Clarke &
Warwick, 2001).

Table 4.4. Percentage contribution to the MDS (C %) made by each structural variable for
conservation and production grazed grasslands following SIMPER analysis. * and ^
represents average similarity (i.e. which variables are the most important contributors to the
similarity or closeness of samples within a management type). # represents average
dissimilarity which is the contribution of individual variables to the separation between
conservation and production sites.

Conservation C% *

Production C% ^

Conservation and
Production
dissimilarity #

% Bare ground cover

45.2

64.0

41.6

% Litter cover

34.3

31.4

23.9

% Forb cover

13.5

3.1

16.0

% Perennial grass cover

6.0

0.8

14.5

% Annual grass cover

1.0

0.7

4.0

Variable

*Average similarity 82.4 %, ^ average similarity 88.3 %, # average dissimilarity 21.4 %
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2D Stress: 0.08

Figure 4.5. MDS ordination of individual sites for conservation and
production grazed grasslands based on all seed sizes and types. Closed
triangles () represent conservation sites, open triangles () represent
production sites.

2D Stress: 0.18

Figure 4.6. MDS ordination of individual sites for conservation and
production grazed grasslands based on insect Order and abundances
collected in pitfall traps. Closed triangles () represent conservation sites,
open triangles () represent production sites.
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4.4.3. Relationships between vegetation structure, invertebrates and seeds
To try to predict the abundance of seeds and invertebrates in relation to vegetation
characteristics, generalized linear modelling was a two stage process. Results are first
presented with conservation and production data combined (4.4.3.1.) followed by
conservation grazed (4.4.3.2.) and production grazed (4.4.3.3.) results separately. Only the
top four models for each response are presented, however the full set of models can be
found in appendices 4.1-4.3.
4.4.3.1. Conservation and production grazed sites combined
Seeds
The model containing cover of perennial grass + forbs was ranked as the best model for
the number of small non-grass seeds, although it was only marginally better than the model
containing annual grass + perennial grass + forbs (Table 4.5). The Akaike weight (wi) for
the former model (0.6) was slightly larger than for the latter (0.4), suggesting some support
for this as the best model in the set considered. Both models were substantial
improvements over the constant only and constant + random effects models. The full
model containing annual grass + perennial grass + forbs was clearly the best model
explaining the number of large non-grass and the total abundance of non-grass seeds (wi =
0.9, 0.8 respectively).
The models annual grass + perennial grass + forbs and perennial grass + forbs were
ranked the same for the total number of large seeds as they were for small seeds, although
both models had similar support (wi = 0.4 – 0.5). For all seeds combined, the model
containing perennial grass + forbs was the only one with substantial support (wi = 0.7).
Invertebrates
None of the variables in the models was related to variation in the number of invertebrate
orders, as no explanatory model was any better than a constant only model (Table 4.5). The
models, annual grass + forbs, and annual grass + perennial grass + forbs, were the highest
ranked models for total invertebrate abundance. Both had substantial support, although the
model, annual grass + forbs, was most likely the best model in the set considered (wi =
0.7). For invertebrate abundance minus ants, only one model (annual grass) was a minor
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improvement over the constant + random effects model, suggesting that there is little
confidence in identifying vegetation characteristics that may influence variation in
invertebrate numbers when ants are excluded.
Model weighted coefficients
Perennial grass and forbs were both positively related to seed abundance in all categories,
and had low standard errors and confidence intervals not encompassing zero (Table 4.6).
In all but one instance (sum of all seeds), the summed Akaike weight for each predictor
was ≥0.9, suggesting that variation in perennial grass and forbs was more strongly related
to variation in seed abundance generally than the cover of annual grass. The cover of
annual grass was negatively related to large non-grass seeds and all non-grass seeds with
summed Akaike weights ≥0.9 in each case. This suggests that an increasing cover of annual
grass can lead to a reduction in forb cover and reduce the abundance of these seeds.
The cover of annual grassland perennial grass was positively related, and the cover of forbs
negatively related, to total invertebrate abundance, as the CIs of the coefficients for these
variables did not encompass zero. However, each of these variables were equally supported
as potential explanations for variation in total invertebrate abundance, with summed
Akaike weights = 0.3 for each of them. For the other invertebrate categories, there was
little confidence in any vegetation variable being a good explanation for variation in
invertebrate abundance.
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Table 4.5. HGLM regression model selection summary for the top four models for 90 seed and
invertebrate samples and random variables (habitat and site) for conservation and production
grazed grasslands combined. AICc = Akaike’s Information Criterion adjusted for small sample
size, K = the number of parameters, ∆i = AICc differences and wi = the model weight. The
constant only and constant plus random effects models are included as a further measure of
model fit. PG = perennial grass, AG = annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

PG + F
AG + PG + F
PG
AG + PG

994.8
995.3
1005.7
1006.8

3
4
2
3

0.0
0.5
10.9
12.1

0.6
0.4
0.0
0.0

Large non-grass seeds

AG + PG + F
PG + F
AG + F
F

912.5
918.0
921.7
926.9

4
3
3
2

0.0
5.5
9.3
14.5

0.9
0.1
0.0
0.0

Sum of non-grass seeds

AG + PG + F
AG + F
PG + F
F

904.5
908.2
910.9
917.5

4
3
3
2

0.0
3.8
6.5
13.1

0.8
0.1
0.0
0.0

Sum of small seeds

AG + PG + F
PG + F
AG + PG
PG

1086.4
1087.8
1095.1
1095.7

4
3
3
2

0.0
1.5
8.7
9.3

0.7
0.3
0.0
0.0

Sum of large seeds

AG + PG + F
PG + F
AG + F
AG + PG

928.1
928.6
933.9
935.7

4
3
3
3

0.0
0.5
5.8
7.6

0.5
0.4
0.0
0.0

Sum of all seeds

PG + F
AG + PG + F
PG
AG + PG

1589.7
1591.8
1608.7
1610.9

3
4
2
3

0.0
2.0
19.0
21.2

0.7
0.3
0.0
0.0

Number of invertebrate orders

AG
PG
F
Constant + random

177.2
177.3
177.3
177.3

2
2
2
2

0.0
0.0
0.0
0.0

0.2
0.2
0.2
0.2

Total invertebrate abundance

AG + F
AG + PG + F
AG + PG
AG

621.2
622.9
634.0
635.8

3
4
3
2

0.0
1.7
12.8
14.6

0.7
0.3
0.0
0.0

Invertebrate abundance (minus ants)

AG
Constant + random
PG
F

228.0
228.3
228.3
229.6

2
2
2
2

0.0
0.3
0.3
1.6

0.3
0.2
0.2
0.1
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Table 4.6. Model average weighted coefficient (estimate), standard error and summed Akaike
weight (Σwi) of each structural parameter for each response variable with 95% upper and lower
confidence intervals. Conservation and production grazed grasslands combined (n = 90). PG =
perennial grass, AG = annual grass, F = forb cover.
95% CI
Response

Predictor

Estimate

se

Small non-grass seeds

AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F
AG
PG
F

8.8
15.6
8.6
-15.7
7.3
11.0
-17.1
9.1
11.0
12.9
24.9
7.6
-8.1
11.4
9.2
4.2
26.5
12.0
-1.1
-0.1
0.0
27.9
4.3
-7.6
2.7
-1.0
1.8

4.8
2.1
1.4
4.8
2.1
1.4
4.9
2.1
1.5
4.8
2.1
1.4
4.9
2.1
1.4
4.2
2.1
1.3
4.7
2.0
1.3
4.8
2.1
1.4
4.7
2.0
1.3

Large non-grass seeds

Sum of non-grass seeds

Sum of small seeds

Sum of large seeds

Sum of all seeds

Number of invertebrate orders

Total invertebrate abundance

Invertebrate abundance (minus ants)
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Σwi
0.4
1.0
1.0
0.9
1.0
1.0
1.0
0.9
1.0
0.7
1.0
1.0
0.6
1.0
1.0
0.3
0.3
1.0
1.0
0.3
1.0
0.3
0.3
0.3
0.4
0.4
0.2

upper

lower

18.2
19.6
11.2
-6.2
11.3
13.6
-7.5
13.1
13.9
22.3
29.0
10.2
1.4
15.5
11.9
12.4
30.5
14.7
8.1
3.8
2.6
37.2
8.3
-5.0
11.9
2.9
4.4

-0.7
11.6
6.0
-25.1
3.2
8.3
-26.6
5.0
8.0
3.5
20.7
4.9
-17.6
7.3
6.4
-4.0
22.5
9.4
-10.4
-3.9
-2.5
18.6
0.3
-10.3
-6.6
-4.8
-0.8
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4.4.3.2. Conservation grazed sites Seeds
The model containing forbs only was a minor improvement over the constant + random
model (wi = 0.3, 0.2 respectively), thus models containing predictors were no better at
explaining the number of small non-grass seeds (Table 4.7). The model containing annual
grass + forbs was clearly the best model for the number of large non-grass seeds and the
sum of non-grass seeds. In both cases, this model had substantial support with wi values of
0.8.
Two models had ∆i values <2 for the sum of large seeds; annual grass + forbs and annual
grass only, both models had similar support with wi values of 0.5 and 0.3 (Table 4.7).
Conversely, for small seeds the model with perennial grass only had the most support (wi =
0.5). Six of the nine models were ranked similarly for the sum of all seeds, these models
had ∆i values <2 and wi values of 0.1-0.2, suggesting substantial uncertainly in identifying
the best model among the set considered.
Invertebrates
As with the conservation and production data combined, models containing predictor
variables were no better at explaining the number of invertebrate orders than a constant
model containing site and habitat type as random effects (Table 4.7). For the total number
of invertebrates (minus ants), the model containing annual grass + forbs was the only
model with any support (wi = 0.6). The model annual grass + forbs was also the model
with the strongest support (wi = 0.6) for total invertebrate abundance, but was only slightly
better than the full model containing annual grass + perennial grass + forbs (wi = 0.4)
Model weighted coefficients
There was a positive relationship between forb cover and two non-grass seeds responses
(large and sum), with the summed Akaike weight for forbs (Σwi = 1) suggesting that an
increase in forb cover can lead to an increase in the abundance of large-non grass seeds and
the total abundance of non-grass seeds (Table 4.8). The sum of small seeds was positively
related to the cover of perennial grass and the sum of large seeds positively related to forb
cover, these had summed Akaike weights of 0.9 and 0.7 respectively. No predictor variable
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was related to the abundance of small non-grass seeds or the sum of all seeds, having
confidence intervals encompassing zero and generally large standard errors.
As with the combined data, the cover of annual grass and perennial grass was positively
related, and the cover of forbs negatively related to total invertebrate abundance. Annual
grass cover and forb cover were equally well supported as potential explanations for
variation in total invertebrate abundance, with summed Akaike weights = 1 for both, while
there was little support for ford cover (Σwi = 0.4) (Table 4.8). This suggests that, an
increase in the cover of annual grasses and forbs can lead to an increase in total
invertebrate abundance. There was little confidence in any vegetation variable being a good
explanation for the other invertebrate categories (order richness and total abundance minus
ants) as these had large standard errors and confidence intervals that encompassed zero.
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Table 4.7. HGLM regression model selection summary for the top four models for 45 seed and
invertebrate samples and random variables (habitat and site) for conservation grazed grasslands
only. AICc = Akaike’s Information Criterion adjusted for small sample size, K = the number of
parameters, ∆i = AICc differences and wi = the model weight. The constant only and constant
plus random effects models are included as a further measure of model fit. PG = perennial
grass, AG = annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

F
AG
PG
Constant + random

466.1
467.1
467.2
467.2

2
2
2
2

0.0
1.1
1.1
1.1

0.3
0.2
0.2
0.2

Large non-grass seeds

AG + F
AG + PG + F
AG + PG
F

378.4
380.6
390.7
391.6

3
4
3
2

0.0
2.2
12.3
13.2

0.8
0.2
0.0
0.0

Sum of non-grass seeds

AG + F
AG + PG + F
AG + PG
AG

371.8
374.2
385.1
385.5

3
4
3
2

0.0
2.4
13.4
13.7

0.8
0.2
0.0
0.0

Sum of small seeds

PG
AG + PG
PG + F
F

524.8
527.0
527.2
529.3

2
3
3
2

0.0
2.1
2.4
4.4

0.5
0.2
0.1
0.1

Sum of large seeds

AG + F
AG
AG + PG + F
F

381.3
382.5
383.7
386.3

3
2
4
2

0.0
1.2
2.4
5.0

0.5
0.3
0.1
0.0

Sum of all seeds

AG
PG + F
AG + PG + F
AG + F

688.9
689.3
690.0
690.0

2
3
4
3

0.0
0.4
1.1
1.1

0.2
0.2
0.1
0.1

Number of invertebrate orders

F
AG
PG
Constant + random

89.4
89.4
89.4
89.4

2
2
2
2

0.0
0.1
0.1
0.1

0.2
0.2
0.2
0.2

Total invertebrate abundance

AG + F
AG + PG + F
AG + PG
AG

360.7
361.4
371.9
379.3

3
4
3
2

0.0
0.7
11.2
18.6

0.6
0.4
0.0
0.0

Total invertebrate abundance (minus ants)

AG + F
AG
Constant + random
F

113.7
116.8
117.2
117.9

3
2
2
2

0.0
3.1
3.5
4.2

0.6
0.1
0.1
0.1
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Table 4.8. Model average weighted coefficient (estimate), standard error and summed Akaike
weight (Σwi) of each structural parameter for each response variable with 95 % upper and lower
confidence intervals. Conservation grazed grasslands only (n = 45). PG = perennial grass, AG =
annual grass, F = forb cover.
95% CI
Response

Predictor

Estimate

se

Σwi

upper

lower

Small non-grass seeds

AG

-1.1

5.8

0.3

10.1

-12.3

PG

0.6

1.8

0.3

4.0

-2.9

F

2.5

1.9

0.4

6.2

-1.2

AG

-27.1

5.8

1.0

-15.9

-38.4

PG

-2.5

2.8

0.3

3.1

-8.0

F

10.8

1.9

1.0

14.5

7.0

AG

-29.0

5.8

1.0

-17.8

-40.3

PG

-0.4

2.8

0.2

5.1

-5.9

F

10.7

1.9

1.0

14.4

7.0

AG

3.1

6.2

0.3

15.2

-9.0

PG

7.9

2.6

0.9

12.9

2.9

F

-1.3

2.1

0.3

2.7

-5.4

AG

-14.9

6.9

0.9

-1.4

-28.4

PG

-0.1

3.2

0.2

6.1

-6.3

F

6.9

1.9

0.7

10.7

3.2

AG

-11.4

6.0

0.6

0.4

-23.1

PG

5.3

3.0

0.5

11.2

-0.5

F

3.8

2.1

0.5

8.0

-0.3

AG

1.3

5.7

0.3

12.5

-9.9

PG

-0.5

2.6

0.3

4.5

-5.4

F

-0.6

1.9

1.0

3.0

-4.3

AG

41.5

6.0

1.0

53.3

29.7

PG

6.0

2.8

0.4

11.5

0.5

F

-10.3

1.9

1.0

-6.6

-14.0

AG

4.2

5.6

0.7

15.2

-6.8

PG

-1.9

2.6

0.7

3.1

-6.9

F

0.8

1.9

0.7

4.5

-2.8

Large non-grass seeds

Sum of non-grass seeds

Sum of small seeds

Sum of large seeds

Sum of all seeds

Number of invertebrate orders

Total invertebrate abundance

Total invertebrate abundance (minus ants)
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4.4.3.3. Production grazed sites
Seeds
Two models had ∆i values <2 for the number of small non-grass seeds; perennial grass +
forbs and perennial grass only, these models had similar, but little support as being the
best model with wi values being 0.4 and 0.3. A similar result was found for the models
explaining large and sum of non-grass seeds (Table 4.9). For the sum of small seeds and the
sum of all seeds, the model containing perennial grass + forbs clearly had the most support
with wi values of 0.7 and 1.0. This model was also ranked as being the second best model
for the sum of large seeds, however the model containing perennial grass only had slightly
more support (wi = 0.5 compared to 0.2), although both models had ∆i values <2 (Table
4.9).
Invertebrates
No explanatory model was any better than a constant + random effects model for
explaining variation in the number of invertebrate orders or invertebrate abundance with or
without ants (Table 4.9).
Model weighted coefficients
Perennial grass cover was a positively related to seed abundance in all categories and had
low standard errors and confidence intervals not encompassing zero (Table 4.10). Forb
cover was also positively related to the sum of small seeds and the sum of all seeds, but
only for the former case was forb cover and perennial grass cover equally supported as
potential explanations for the variation in small seed abundance, with summed Akaike
weights ≥ 0.9 for each of them. In the case of the abundance of all seeds, perennial grass
cover was a better explanation than forbs (Σwi = 1 and 0.4 respectively). This suggests that
an increase in the cover of perennial grasses can lead to an increase in the abundance of
grass and non-grass seeds.
No vegetation variable was related to invertebrate richness or abundance as they had large
standard errors, confidence intervals encompassing zero and summed Akaike weights ≤
0.4. This indicated that variation in vegetation cover was not good for predicting changes in
invertebrate richness or abundance.
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Table 4.9. HGLM regression model selection summary for the top four models for 45 seed and
invertebrate samples and random variables (habitat and site) for production grazed grasslands
only. AICc = Akaike’s Information Criterion adjusted for small sample size, K = the number of
parameters, ∆i = AICc differences and wi = the model weight. The constant only and constant
plus random effects models are included as a further measure of model fit. PG = perennial
grass, AG = annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

PG + F
PG
AG + PG + F
AG + PG

480.1
480.6
482.5
482.9

3
2
4
3

0.0
0.5
2.4
2.7

0.4
0.3
0.1
0.1

Large non-grass seeds

PG
PG + F
AG + PG
AG + PG + F

499.0
500.3
501.3
502.8

2
3
3
4

0.0
1.3
2.3
3.8

0.5
0.3
0.2
0.1

Sum of non-grass seeds

PG
PG + F
AG + PG
AG + PG + F

779.7
781.7
782.0
784.1

2
3
3
4

0.0
2.0
2.3
4.5

0.6
0.2
0.2
0.1

Sum of small seeds

PG + F
AG + PG + F
PG
AG + PG

492.5
495.0
496.6
498.9

3
4
2
3

0.0
2.4
4.1
6.4

0.7
0.2
0.1
0.0

Sum of large seeds

PG
PG + F
AG + PG
AG + PG + F

514.8
516.2
517.0
518.6

2
3
3
4

0.0
1.4
2.2
3.8

0.5
0.2
0.2
0.1

Sum of all seeds

PG + F
AG + PG + F
PG
AG + PG

710.9
805.3
809.9
812.2

3
4
2
3

0.0
94.4
99.1
101.3

1.0
0.0
0.0
0.0

Number of invertebrate orders

AG
F
Constant + random
PG

91.6
91.9
92.0
92.3

2
2
2
2

0.0
0.3
0.4
0.7

0.2
0.2
0.2
0.1

Total invertebrate abundance

AG
PG
F
Constant + random

245.5
246.3
246.9
246.9

2
2
2
2

0.0
0.8
1.4
1.4

0.3
0.2
0.1
0.1

Total invertebrate abundance (minus ants)

PG
AG
Constant + random
F

115.0
115.4
115.4
116.0

2
2
2
2

0.0
0.5
0.5
1.0

0.2
0.2
0.2
0.1
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Table 4.10. Model average weighted coefficient (estimate), standard error and summed Akaike
weight (Σwi) of each structural parameter for each response variable with 95 % upper and lower
confidence intervals. Production grazed grasslands only (n = 45). PG = perennial grass, AG =
annual grass, F = forb cover.
95% CI
Response

Predictor

Estimate

Se

Σwi

upper

lower

Small non-grass seeds

AG

0.7

9.1

0.2

18.4

-17.0

PG

75.0

7.9

1.0

90.3

59.7

F

10.0

3.7

0.6

17.1

2.8

AG

2.4

9.0

0.2

20.0

-15.1

PG

51.2

7.6

1.0

65.9

36.4

F

-4.4

3.7

0.3

2.7

-11.6

AG

1.7

9.0

0.24

19.2

-15.8

PG

92.5

7.5

1.0

107.1

77.9

F

3.7

3.7

0.26

10.8

-3.5

AG

-2.6

9.1

0.2

15.2

-20.4

PG

90.7

8.1

1.0

106.5

74.9

F

14.6

3.7

0.9

21.8

7.5

AG

-1.5

9.0

0.2

16.1

-19.0

PG

56.0

7.2

1.0

70.0

42.0

F

-3.7

3.7

0.3

3.4

-10.9

AG

-1.9

9.1

1.0

15.9

-19.7

PG

105.4

8.0

1.0

121.0

89.7

F

7.5

3.7

0.4

14.6

0.4

AG

-8.1

8.9

0.4

9.2

-25.4

PG

0.7

7.5

0.3

15.3

-14.0

F

1.3

3.4

0.3

8.0

-5.4

AG

-16.6

8.9

0.4

0.7

-33.9

PG

-4.0

7.5

0.3

10.7

-18.7

F

3.3

3.3

0.3

9.7

-3.0

AG

-2.8

9.0

0.3

14.7

-20.3

PG

-2.2

7.5

0.4

12.4

-16.7

F

7.2

3.5

0.3

14.0

0.4

Large non-grass seeds

Sum of non-grass seeds

Sum of small seeds

Sum of large seeds

Sum of all seeds

Number of invertebrate orders

Total invertebrate abundance

Total invertebrate abundance (minus ants)
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4.5. Discussion
4.5.1. Summary of results
There were three main questions that this Chapter aimed to address; i) does conservation
grazing promote a more suitable vegetation structure for Plains-wanderers in primary
grassland than production grazing, ii) how does seed abundance and size composition vary
across primary grassland between conservation and production grazing, and iii) how does
the abundance and richness of invertebrate orders vary across primary grassland between
conservation and production grazing?
As expected there was a significant difference in grassland structure between conservation
grazed and production grazed management types. Despite this and the prediction that
conservation sites would have more seeds and invertebrates than production sites, there
was no difference found in seed abundance and size composition or invertebrate
abundance or richness between the two management types. This suggests that conservation
grazing can be used to promote a suitable habitat structure for Plains-wanderers, but that
conservation grazing does not provide greater food supplies than production grazing.
The regression modelling produced varied results. Generally, vegetation cover could
explain some of the variation in seed abundance, but did not provide a good explanation
for the variation in invertebrate diversity or abundance. There was no one model that was
best able to explain the variation in seed abundance across all seed categories for
combined, conservation or production data. Perennial grass cover appeared to be the best
vegetation variable for predicting seed abundance in many, but not all cases, which suggests
that an increase in perennial grass cover could lead to an increase in the abundance of some
seed types and sizes. The model containing annual grass and forbs was the best model for
explaining total invertebrate abundance for both combined data and conservation data.
While these two vegetation variables appeared to be good predictors of invertebrate
abundance at the conservation sites, they may not be suitable for predicting invertebrate
abundance in production areas.
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There was some evidence of substantial over dispersion for most of the global models as ĉ
values for these were ≥6, suggesting that there was an inadequate fit of the models to the
data for these response parameters. Overall, predicting seed and invertebrate abundance
based on vegetation cover was highly uncertain. And the modelling results generally
indicate that the models were a poor fit for the data which suggests that some other factor
apart from vegetation was affecting invertebrate and seed abundance at this time.
4.5.2. Why was there no difference in food availability despite differences in
vegetation structure?
The species composition and structure of grassland vegetation on Oolambeyan National
Park and neighbouring properties has evolved under the influence of grazing for over 100
years. The difference between Oolambeyan and its neighbours is that Oolambeyan has
been largely ungrazed (or at most very lightly grazed in some areas) with no permanent
stock present for at least four years before this study commenced. There is much evidence
that when grazing pressure is removed, over time, vegetation has the capacity to recover
from the negative impacts sustained (e.g. Belsky, 1992; Gibson & Kirkpatrick, 1989).
Although sheep had been largely absent from Oolambeyan for a relatively short time, the
park had significantly more vegetation cover and species composition than neighbouring
properties. Despite this obvious differences in vegetation structure however, there was little
difference found in the abundance and composition of seeds and invertebrates (i.e. food
abundance) between production and conservation grazed grasslands during this study.
There are four possible explanations for this: i) grazing had little impact on surface seeds
and invertebrates; ii) a strong influence of an ongoing drought on the grasslands across the
region overshadowed any grazing or management influence; iii) there were underlying
factors that were not measured that could have influenced food abundance or iv) sampling
techniques did not detect real differences.
4.5.2.1. No impact of grazing on resource abundance?
Invertebrates
Livestock grazing intensity may not have any effect on invertebrate and seed abundance,
which could explain the similarity in resource abundance found in this study. The response
of invertebrates to grazing is varied, some species show a decline, others increase while
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others show no change (Cagnolo, et al., 2002; Curry, 1994). In the production grazed
grasslands during the current study, some invertebrate groups may have increased, while
others decreased which would have essentially balanced total invertebrate numbers. Even if
this was the case however, we would still expect a greater invertebrate abundance in the
conservation grazed sites where there was greater vegetation structure. It is also possible
that only invertebrate species resilient to grazing are left in both the production and
conservation grazed sites surveyed. If this was the case, it could imply that even low
intensity grazing has had a major impact on invertebrate abundance and species richness.
Over a two year period in temperate grasslands (ACT Australia), Reid (2004) found that
grazing had little impact on the abundance, species richness or composition of epigeal
invertebrates, but reduced invertebrate abundance and species richness of foliar dwelling
species. Mysterud et al. (2005) also found no short-term affect of grazing on predatory,
detrivore or folivorous invertebrates between alpine grasslands in Switzerland following
three different grazing intensities (no grazing, low and high grazing pressure). They did
however find that plant richness was the main determinant for invertebrate richness and
because they found a reduction in plant richness and cover with increased grazing intensity,
they suggest floristic composition is more important than grazing for some species, but
that if there are grazing effects on invertebrates they are more likely occur in the long term.
Evidence from other studies however, suggests that in heavily grazed grasslands, there was
a reduction in foliar and surface invertebrates (Curry, 1994). For example, overall
invertebrate abundance decreased with increasing grazing pressure from no grazing to high
grazing in mountain grasslands of central Argentina and there was a shift in guild structure
from a dominance of scavengers and suckers in ungrazed and low grazed sites to
scavengers and chewers in high grazed sites (Cagnolo, et al., 2002).
The effect of grazing on food resources and more specifically invertebrates, may be indirect
rather than direct (Curry, 1994). Several studies have examined the interaction between
invertebrates, grassland vegetation and grazing, and attribute the changes in the
invertebrate community to changes in vegetation structure. In Arizona meadows, Hutchins
and King (1980) for example, found a reduction in the overall abundance and biomass of
foliar, epigeal and soil invertebrates following grazing at high stocking rates. The only
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exception was ants (Formicidae) which they attributed to the preference of some species
for placing nests in open, clear areas. They also found that some invertebrate groups
(primarily larvae of various species) were most abundant under moderate stocking levels.
Rambo and Faeth (1999) compared foliar invertebrates from grazed and un-grazed aridzone grasslands in Arizona and also found that invertebrate abundance, but not species
richness, decreased following grazing. Because grazing reduced plant biomass and
vegetation complexity, all of these studies attributed a decrease in foliar invertebrates to
reduced plant biomass and structural complexity.
Seeds
As with invertebrate abundance, seed abundance was expected to be greater in
conservation than production grazed grasslands. This however was not the case and
supports findings of some studies that seed density was found to be no different between
areas with no or light grazing than those with moderate or heavy grazing (Edwards &
Crawley, 1999; Kinucan & Smeins, 1992; Meissner & Facelli, 1999). But these results are
also in contrast to further studies that have found a greater density of seeds in ungrazed or
lightly grazed areas compared with grazed or heavily grazed areas (O'Connor & Pickett,
1992). The composition of the seed banks may also show variations under different grazing
management which may contrast seed density. For example, while Meissner and Facelli
(1999) found no difference in seed density, they did find that seed diversity was greater in
the absence of grazing, especially perennial grasses which accounted for up to 40 % of
seeds collected at some sites. The contribution of grass seeds during my study was similar
for production and conservation grazed grasslands but contributed to less than 20 % of the
seeds collected in each case with non-grass seeds being more abundant. Perhaps during this
study, only the more resilient seeds to grazing and climatic variation were collected, but
also only surface seeds were collected and the more sensitive seeds may occur in the soil
seed bank.
Sternberg (2003) and Meissner and Facelli (1999) suggest that variation in seed density is
likely to be a reflection of differences in vegetation characteristics, climatic conditions and
grazing management. Continuous overgrazing and lower rainfall have been found to
negatively influence seed density in Montane Deserts in Argentina (Blendinger & Ojeda,
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2001). There were vast differences between the two management types during the present
study in terms of their vegetation and grazing systems, so these are less likely to account for
the lack of variation detected. Climatic conditions, particularly rainfall, is therefore the
more likely factor, and under different conditions, for example increased precipitation,
management and vegetation may have a stronger influence on seed density and thus
differences between the two management types may then become apparent. This remains
unclear however as there has been little work on the effects of changes in climate on seed
banks (Olatunde, et al., 1998).
It is possible that production grazing had little effect on grassland food resources during
this study, as my data suggests that production grazing had a contrasting effect on food
abundance and vegetation. Given that other studies have found that intensive grazing can
have a negative impact on vegetation which can lead to reduced food resources, it is more
likely that there were other factors apart from grazing that influenced the abundance of
seeds and invertebrates in these grasslands.
4.5.2.2. A strong influence of an ongoing drought?
Given that there was clearly a difference in sward structure, a more reasonable explanation
for the similarity in food resources between conservation and production managed
grasslands could be related to rainfall. Native Australian grasslands are drought tolerant and
those in the NSW Riverina (including Oolambeyan NP and surrounds) are located in a
semi-arid climate where vegetation productivity is correlated with highly variable rainfall
events (Eardley, 1999; Rowe, 2002; Williams, 1961, 1968, 1970; Zimmer, et al., 2010) and
temporal and spatial variation in rainfall is a characteristic of semi-arid and arid regions
(Augustine, 2010). This study was carried out during a period of prolonged drought in the
NSW Riverina. In the year prior to and the three years of data collection (2004-2007)
average annual rainfall was 281 mm, 383 mm, 172 mm and 341 mm, which was between
51-114 % of the long term average of 337 mm (detailed in Chapter two), highlighting the
substantial between year variation in rainfall for this region. Considerable within year
variation in rainfall also occurs, for example in a 114 day period from September 2006,
there were just six rain days contributing to 23 % of the years rainfall, with two of the
longest dry spells of 58 and 36 days occurring during this period. And c.49 % of 2007
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rainfall in the region occurred between the months of November and December (M.
Ballestrin pers. com.).
Grassland productivity in arid and semi-arid regions is climatically driven and can be
severely limited by drought (Bredenkamp, et al., 2002; Curry, 1994; Lenz & Facelli, 2005;
Schwinning, et al., 2004; Weltzin & Tissue, 2003). Although plant species in Australian
grasslands have adapted to unpredictable rainfall cycles, during periods of extended
drought, and particularly when vegetation is subjected to heavy grazing, some sensitive
plant species can disappear, especially if there are few seeds in the soil to enable
regeneration (Lunt, 2002; O'Connor & Pickett, 1992). Unpredictable rainfall also creates
spatially and temporally distributed resources which can affect food supply for birds
(Blendinger & Ojeda, 2001; Weltzin & Tissue, 2003). Lack of plant production can have a
great influence on the available food resources throughout the food chain. If plants fail to
seed for an extended period, the seed bank available to granivores diminishes, leaving only
seed from previous seeding events. This available seed continues to diminish as it is
consumed, buried, or decays, which has a cascading effect on multiple trophic levels from
granivorous invertebrates to vertebrate granivores and insectivores. Temperature has also
been found to have a major influence on invertebrate densities directly by affecting
metabolic processes and growth rates and indirectly by affecting food supply and habitat
conditions. These impacts are particularly apparent under extreme climatic conditions and
where there is strong seasonal variation (Curry, 1994). There was little evidence of green
growth or recent plant production during the spring of 2007 during the present study. The
only growth for the year occurred at the beginning of 2007 following heavy summer rain
(M. Bellestrin pers. com.), but with little significant follow up rain these plants did not
flower or set seed, which was reflected in the low abundance of seeds collected from both
grassland management types.
There have been very few detailed studies on the impact of rainfall and climatic variation
on Australian avifauna and their food resources in semi-arid or arid areas, and none
specifically targeted at grassland communities (Burbidge & Fuller, 2007). Delayed response
of fauna communities to resource fluctuations following rainfall is common in arid and
semi-arid regions (Ostfeld & Keesing, 2000). This has been found for many native
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Australian small mammals whose abundance is strongly linked with rainfall events
(Dickman, et al., 1999; Ferriera & van Aarde, 1999; Letnic, et al., 2004; Masters, 1993;
Southgate & Masters, 1996; Yarnell, et al., 2007). The effect of climate and rainfall on food
resources and grassland birds was not directly assessed during this study, nevertheless
though inferences can be drawn from the literature. It is known that in Australian arid
zones, there is a strong link between rainfall and bird breeding, with many species declining
in numbers during drought before irrupting following significant rainfall events; typical of
the ‘boom-and-bust’ cycle of inland Australia (Burbidge & Fuller, 2007). These boom-andbust cycles are typically correlated with the cycles of long periods of low resource
availability with shorter periods of high resource availability which are usually triggered by
rain (Schwinning & Sala, 2004). Given that the study region for this research was in
drought, and with evidence from other studies that intensive grazing can reduce food
availability, the lack of variation in the abundance of food items collected during this period
between production and conservation grazed sites could reflect the fact that seed and
invertebrate numbers were primarily constrained by drought, not grazing. However in
‘good’ years of high rainfall or non drought periods, we might expect a greater impact of
grazing on food resources. During these periods Oolambeyan might have a greater capacity
to recover from drought periods with increased primary production and a subsequent
increase in the abundance of seed and invertebrate food resources.
4.5.2.3. Underlying factors?
There may be factors that were not measured during this study that could have influenced
the invertebrate community in the grasslands studied including, plant defenses against
herbivory and predation pressure on invertebrates and seeds.
Curry (Curry, 1994) suggests that food quality rather than quantity could be a constraining
factor on invertebrate communities. The plant species present at the sites surveyed in this
study could be those that have physical (spines, hairs, tough fibrous tissues etc.) or
chemical (toxic such as alkaloids or non toxic such as tannins) defenses against insects as
well as large herbivores or are nutritionally poor and therefore unattractive as a primary
food source (Curry, 1994). But is unlikely to be a key reason as other studies have found
many invertebrates
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There could have been a particularly high level of predation pressure on the food items
available from both invertebrate and vertebrate fauna. Conservation grazed sites had a
higher level of vegetation cover than production grazed sites and it could therefore be
assumed that these sites would have been more attractive to fauna by providing a wider
variety of microhabitats. If this was the case, there may have been a high demand on the
food items present in conservation sites and less so in production sites, which could have
counteracted any grazing affects.
4.5.2.4. Sampling techniques did not detect real differences
Results from my study reflect the relative abundance of food items in one period of time.
However food resources can vary both in space and in time. The collection of food items
was carried out during what is considered to be a critical time for Plains-wanderer breeding.
As previously discussed, seeding is tied to rainfall and no significant seeding event had
occurred since the event. Nevertheless, food abundance is critical during this period, and it
is important to understand variation in food resources during both favourable and
unfavourable conditions.
It is possible that sampling techniques were unable to detect possible differences between
management types for the same reasons as those discussed in Chapter three, including the
level of replication, the effects of pitfall traps on target invertebrate taxa and the effects of
habitat structure. Replication was maximised as much as was possible during this study, and
although there appears to be little variation in seed and invertebrate abundance between
sites within each management type, more sites may still have been required. Any effect of
pitfall trap design is likely to have been similar between sites as the design of pitfall traps
was also consistent between sites. The effect of vegetation structure may have influenced
epigeal invertebrate mobility, however this is likely to be minimal as there was still
significant inter-tussock spaces and vegetation was quite short even in conservation grazed
sites.
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4.5.3. How important is food availability compared to vegetation structure for
Plains-wanderers?
Extensive Plains-wanderer surveys were carried out during this study, however very few
birds were encountered to draw any meaningful correlations between grazing, food
availability and the presence or abundance of plains-wanderers. Nine adult and
independent juvenile Plains-wanderers were located during the 226 km of surveys, resulting
in an encounter rate of 0.04 Plains-wanderers per 1km. This encounter rate was similar to
an overlapping study which found 0.03 Plains-wanderers per km, more than three times
fewer than surveys from 1984-1986 (0.13/km) (appendix 4.4). Because of the small number
of birds located it was not possible to relate grazing affects directly to Plains-wanderers,
and we can only speculate from other grassland fauna studies, that any affects of grazing on
Plains-wanders are indirect relating to vegetation cover and its associated influence on
breeding, foraging and predator detection.
It is generally presumed that Plains-wanderers select habitat based on vegetation structure,
but it is unknown whether food availability plays any role. Atkinson (2004) suggests that
food availability is the main driver in determining bird usage of arable grasslands. Some
studies suggest that habitat structure is more important than food availability however, for
example in Europe, Vandenberghe et al. (2009) carried out an experimental study looking at
grazing, vegetation structure and foraging behaviour of Meadow Pipits Anthus pratensis and
found that these birds foraged more in areas with preferred vegetation rather that in areas
of high food density but unsuitable vegetation structure. Similarly, Jamison et al. (2002)
compared invertebrate biomass in areas used and not used by Lesser Prairie-chickens
Tympanuchus pallidicinctus and found a strong correlation between forbs and invertebrate
biomass and suggest that Lesser Prairie-chickens were selecting areas with high forb cover
based on vegetation structure, but could not separate such selection from selection of areas
with greater invertebrate biomass that is associated with forb cover.
In a review on invertebrate-feeding birds foraging in agricultural grasslands, Atkinson
(2004) found that birds that forage on soil invertebrates were generally more tolerant of
agricultural management such as grazing where a short sward is maintained and attribute
this to increased accessibility to the soil surface, providing there is no dramatic reduction in
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the abundance of food items. Whereas birds that forage on foliar invertebrates or forb
seeds, are generally negatively affected because there is a general reduction in vegetation
cover and height. In a large scale survey of arid and semi-arid birds occupying different
habitat niches, Pavey and Nano (2009), found that avian assemblages were more related to
the interaction between bird foraging behaviour, breeding requirements and vegetation
than resource availability and grazing disturbance. They did acknowledge however that the
study was carried out during a period of significant rainfall and that the effects of grazing
(by macropods and introduced cattle) on avian food resources may become more apparent
during drought periods when resources are more limited. During a drought period where
food appears to be a limiting resource (as indicated in my study), Plains-wanderers may also
select habitat based on its structure rather than abundance of food, although in periods
where food abundance might vary between habitats’ it is still unclear what role food
resources play in their selection of habitat.
4.5.4. Conclusion
A key outcome from this study was that while vegetation differed substantially between
conservation and production grazed sites, seed and invertebrate abundance did not. This
suggests that under some circumstances, for example prolonged drought, food resources
are in limited supply regardless of grazing pressure. Where this is the case, conservation
grazing can be used to maintain a suitable vegetation structure that is preferred by Plainswanderers for breeding, foraging and protection from predators. Maintaining such
structure may also be beneficial when conditions become more favourable as conservation
grazed grassland are likely to recover at a faster rate than the production grazed grasslands.
This is because there is a greater vegetation base present in conservation grazed areas
which will be able to flower and set seed without disturbance from livestock. This will then
provide a greater food supply for invertebrate and vertebrate granivores. Conversely, in
production grazed grasslands, vegetation is likely to continue to have a high degree of
disturbance and such defoliation would reduce flowering and seed set and hence food
availability to granivorous species (Vickery, et al., 2001).
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Chapter Overview and Aims
In the previous two Chapters, I examined how food abundance varied between different
grassland structures (Chapter three) and between conservation and production focused
management regimes (Chapter four). While a comparison of total resource abundance in
grasslands across different vegetation and land-use types is important, so is a comparison
of the dispersion (i.e. spatial pattern) of resources within these grassland types. Fine scale
(within a site) spatial dispersion of resources can have important implications for animal
foraging efficiency. The aim of this Chapter is to examine the fine-scale spatial dispersion
of invertebrate and seed food resources within vegetation and land-use types, compare this
dispersion across types, and discuss the implications for the foraging efficiency of Plainswanderers.

5.1. Introduction
Central to animal foraging is a trade-off between acquiring energy from food and
expending energy finding food (Kohlmann & Risenhoover, 1997; Santos, et al., 2009). The
selective exploitation of resource patches requires foragers to recognise patches and their
boundaries, estimate patch quality and rewards and decide when to leave a patch
(Kohlmann & Risenhoover, 1997; Stephens & Krebs, 1986). Knowing the spatial pattern
of resources (e.g. patchy or uniform dispersion), is important in understanding optimal
foraging behaviour and space use (Pleasants & Zimmerman, 1979; Roth II & Vetter, 2008).
While food abundance is frequently measured in food-bird studies, the actual dispersion of
food resources is seldom explored. In this section I look at the dispersion of resources and
what effect this can have on an animal’s optimal allocation of time and energy expenditure
for the biggest energy return (MacArthur & Pianka, 1966). I use the term dispersion to
describe the spatial pattern of seeds and invertebrates within a site.
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5.1.1. Resource dispersion
Food resources (seeds and invertebrates) can occur in a relatively uniform or patchy
dispersion pattern (Figure 5.1). Such dispersion can often be associated with underlying
vegetation, environmental conditions and dispersal mechanisms (Curry, 1994; Fenner,
1985). For example seeds can be widely dispersed with strong winds or flooding or be
clustered around the parent plant, whereas the dispersion pattern of invertebrates may
reflect their level of mobility (Bonvissuto & Busso, 2007; Curry, 1994; Fenner, 1985;
Hendry & Grime, 1993).

a)

b)

Figure 5.1. Uniform (a) and patchy (b) spatial patterns of resource dispersion.

Food resources are generally not randomly distributed but are often distributed in a patchy
or clustered manner (Charnov, 1976; Lancaster, 2006; Orians & Wittenberger, 1991). The
pattern of dispersion can change across different spatial and temporal scales in response to
changing abiotic and biotic conditions (Li & Reynolds, 1995; Orians & Wittenberger,
1991). Where dispersal opportunities are limited, aggregation of resources into patches can
occur (Mokany, et al., 2008; Stoll & Prati, 2001). For example, seeds from some plant
species (for example large seeds that rely on animal dispersal and are not consumed) can
settle close to the parent plant resulting in a large degree of spatial clustering (Garwood,
1989; Hopfensperger, 2007; Shaukat & Siddiqui, 2004). This type of patchiness has been
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found in several grassland studies including Shaukat and Siddiqui (2004) and Henderson et
al. (1988). However, the spatial pattern of seed dispersion will depend partly on seed
dispersal mechanisms including wind, water and animals (Fenner, 1985). Seeds that are
dispersed by wind for example, may be less clustered because they are able to disperse
further (Garwood, 1989).
Conversely, invertebrates are physically mobile, and with the ability to more easily disperse
can be more clustered in to patches in areas that offer suitable resources and environmental
conditions, for example in or around grass tussocks, under dung patches etc. (Mokany, et
al., 2008). Different invertebrate species respond differently to changes in vegetation and
habitat structure and this is largely influenced by dispersal ability. Dennis et al. (1998) for
example, found that mobile invertebrates were less sensitive to grazing intensity and habitat
change than sedentary invertebrates, which probably related to the ability of mobile species
to seek more favourable habitat patches. Woodcock and Pywell (2010), similarly found that
invertebrates with low dispersal ability were more negatively affected following heavy
disturbance by vehicle activity.
5.1.2. Optimal foraging
Optimal foraging theory focuses on the behavioural foraging ecology of animals and
explores how animals exploit patchily distributed food whilst maximising the rate of energy
gain (Klaassen, et al., 2006; MacArthur & Pianka, 1966; Stephens & Krebs, 1986). In an
environment where resources are patchy, a decision must be made by the forager as to how
long to stay at a patch (of food resources) and if it is to leave a patch, where to continue
searching (Charnov, 1976; Naef-Daenzer, 2000). A forager’s decisions are likely based on a
hierarchical process involving the quality and dispersion of various resources (Kaspari &
Joern, 1993; Nahum & Kerr, 2008). For example, when a patch offers energy rewards that
exceed the loss associated with foraging then foraging activity should continue, but when a
greater energy loss than gain occurs it is no longer profitable to remain in a patch
(MacArthur & Pianka, 1966).
Resources clustered into smaller patches, enable foragers to use their prior knowledge of
the dispersion of these food patches to optimise their energy gain. Where resources are
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more uniformly dispersed they can be more predictable if they are abundant, but less
predictable than clustered resources if they are limited or widely dispersed making patch
assessment difficult (Kohlmann & Risenhoover, 1997). Ylönen and Viitala (1991) found
that the spatial dispersion of food affected vole Clethrionomys glareolus population dispersion,
with voles being distributed over a wider area when there was even food dispersion, but
clustered around food patches when food was patchily distributed as they did not have to
forage over a large area to meet their energy requirements. Nonaka and Holme (2007)
modelled animal foraging behaviour based on the level of patchiness of food resources and
found that when resources were patchy, foraging efficiency was greatest in highly
productive landscapes where there was a rapid replenishment of food, but lowest in less
productive landscapes. This was because foragers are likely to forage less efficiently in less
productive landscapes because food distribution is more random (Nonaka & Holme,
2007).
As discussed in previous Chapters, my research was carried out during a drought and it is
reasonable to suggest that the landscapes at this time were not highly productive. It could
therefore be expected, based on the findings of Nonaka and Holme (2007), that foraging
efficiency would be lower for Plains-wanderers if resources are patchy and patches are
randomly distributed. If resources are patchy, then this pattern of resource dispersion may
be a further possible stress on Plain-wanderer persistence. However if resources show a
more uniform dispersion then maybe the stress is not so great.
Central place foraging theory is related to optimal foraging theory. Central place foraging is
particularly relevant to nesting birds, as the aim is to maximise prey delivery rate while
minimising travelling distance, selecting patches that offer a high food return for the cost
of locating such a patch (Naef-Daenzer, 2000). As prey items are depleted close to the
central place (e.g. nest site), areas further away that offer higher prey densities become
better foraging sites, off-setting the greater travel time required (Naef-Daenzer, 2000). The
dispersion of food may be important to incubating birds such as Plains-wanderers who are
required to forage around a central place (i.e. the nest) for short periods and thus may not
be able to forage as widely as non-nesting birds. In this case, the patchy dispersion of food
resources may be more beneficial to Plains-wanderers, because they could stay in one or
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two food patches to feed before returning to the nest. By contrast, if birds foraged where
resources had a uniform distribution, the distance between each food item and the energy
required to locate them would be greater.
5.1.3. Hypotheses
I was interested in examining the spatial dispersion of food resources within each site and
whether dispersion patterns were consistent i) between grassland types (primary, secondary
and unsuitable grasslands) and ii) between management types (production and conservation
grazed). In order to explore these questions I used a novel approach to look at the spatial
dispersion of food resources within each site with the expectation that;
1. Grasslands with an unsuitable vegetation structure will have a more even dispersion
of food resources as there was a fairly homogenous thick layer of (dead) fallen rye
grass across most of these sites. By contrast primary and secondary grassland types
will have a greater level of resource patchiness within each site as there was a more
heterogeneous vegetation structure.
2. In production grazed grasslands, vegetation and grass tussocks were much more
sparsely distributed compared to conservation grazed grasslands. I therefore
predicted that food resources would be more patchily distributed in production
grazed than conservation grazed grasslands as resources would be more
concentrated around sparsely distributed grass tussocks.
As discussed previously, the spatial dispersion of food resources can have important
implications for Plains-wanderer foraging efficiency and may have some influence as to the
suitability of grassland areas as preferred habitat for the species.

5.2. Methods
Data used in this Chapter are the same as those used in Chapters three and four. In 2006,
food abundance was measured in three grassland types based on their structural suitability
as potential Plains-wanderer habitat; primary (n = 6), secondary (n = 4) and unsuitable (n =
4) grassland types. Each site had 10 sampling plots (two rows 100 m apart with 5 plots in
each row at 50 m intervals) where seeds and invertebrates were collected (see Fig. 3.2.
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Chapter three). One site from primary grasslands was removed from analyses for
invertebrate abundance with and without ants because of trap interference during sampling.
The physical structure of plots within these sites at the time of sampling can be seen in the
examples in Figure 5.2 a-c. In 2007, food abundance was measured in grasslands mapped
as primary Plains-wanderer habitat under production grazed (n = 9) and conservation
grazed (n = 9) management regimes. Each site had 9 sampling plots in a 3 x 3 grid of 5 m
intervals (see Fig. 4.2. Chapter four). Examples of the physical structure of plots within
these sites under the dry conditions during sampling are shown in Figure 5.2 d and e.
Invertebrates were collected in pitfall traps and sorted to the Order or Family level. Seeds
were collected using a vacuum and separated into grass seeds and non-grass seeds, each
being further separated into small seeds (<3 mm) and large seeds (3-6 mm). Detailed
descriptions of these methodologies can be found in Chapters three and four.

a)

b)

d)

c)

e)

Figure 5.2. Examples of the physical structure of plots under drought conditions during 2006
within a) primary grassland, b) secondary grassland and c) unsuitable grassland and during
2007 within d) conservation grazed and e) production grazed grasslands mapped as potential
primary Plains-wander habitat.
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5.3. Data analyses
I used inverse distance weighting (IDW) interpolation to predict the spatial dispersion of
food resources within each site. I first converted abundance values to proportional values
for every plot to ensure that comparisons among plots reflected differences in dispersion
patterns rather than differences in total abundance of food resources. Raster maps were
then produced using ArcMap v. 9.3.1 in ArcGIS 9. IDW interpolation is a technique used
to estimate values at unsampled points based on known values at sampled points (Becker,
et al., 2004; Dille, et al., 2002; Li & Heap, 2008). In estimating any particular point, the
method weights those points closer to the predicted location higher than those points
farther away, thus the method assumes points close to one another are more similar than
those farther apart (Dille, et al., 2002; Li & Heap, 2008; Tillman, et al., 2009). This
technique has been used previously in ecological studies to map the dispersion patterns and
abundance of invertebrates (Becker, et al., 2004; French, et al., 2004; Tillman, et al., 2009)
and birds (e.g. Walker, et al., 2008) and was used here to represent the dispersion of seeds
and invertebrates across each site based on measured abundances.
I used Gini coefficient ratios (GC) to describe the degree of evenness (equality) in the
dispersion of resources among plots within each site (Hart & Marshall, 2009; Poulin &
Latham, 2002; Wittebolle, et al., 2009). The GC originates from the field of economics
where it has been used as a measure of inequality of income dispersion, and is now being
applied in ecological studies (Ozcelik, 2009). For example the GC has been used to look at
the change in wader numbers in wet grasslands (Wilson, et al., 2010), to look at community
evenness in microbial microcosms (Wittebolle, et al., 2009), to measure the population size
structure of fish under different feeding conditions (Geffen, 1996), and to quantify
differences in the spatial and temporal variation in fish distribution (Myers, et al., 1995).
Detailed descriptions on the methodology used for calculating the Gini coefficient are
described in, for example, Weiner and Solbrig (1984). Briefly, for my data, the Gini
coefficient is a single value between zero and one, where zero represents perfect equality
where every plot has the same abundance of the resource (i.e. highly even dispersion), and
one represents perfect inequality where one plot contains all of the resource while the
others contain none (i.e. highly aggregated dispersion of invertebrates or seeds) (Bendel, et
al., 1989; Geffen, 1996; Wittebolle, et al., 2009). Site GC’s are presented with the site
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interpolation maps and summarised according to the level of evenness; high evenness GC
= 0 - 0.29, moderate evenness GC = 0.30 - 0.69 and low evenness GC = 0.70 - 1. High
evenness represents evenly distributed resources while low evenness represents aggregated
resource dispersion. In this Chapter I used GC as an indicator of the level of evenness in
the dispersion of seeds and invertebrates within each site, which enabled statistical
comparisons between sites, grassland types and management types.
I used a two sample t-test with unequal variances to test whether there was a significant
difference in the mean GC ratio of sites between conservation grazed and production
grazed and among primary, secondary and unsuitable grassland types. This did not test
whether the actual dispersion pattern of resources was the same between grassland types,
but rather tested whether the level of evenness was similar between grassland types. This is
because GC ratios that are identical may not equate to the same spatial pattern of the
resource within any particular site. Difference in the spatial pattern among sites is
represented by the IDW analysis.

5.4. Results
5.4.1. All sites
Overall, no site showed complete evenness (GC = 0) or complete unevenness (GC = 1).
With all sites combined, only two sites (a secondary and production grazed site) had a low
level of evenness with GC ratios of 0.76 – 0.79 for total invertebrate abundance and grass
seed abundance respectively (Figure 5.3). This high degree of patchiness (i.e. uneven
dispersion) between plots within these sites can be seen spatially in the example raster maps
in Figure 5.4. These examples show that at one secondary site (Figure 5.4 a), 82 % of all
invertebrates collected from this site came from just one of 10 plots and in one production
grazed site (Figure 5.4 b), 100 % of grass seeds came from just two of the nine plots.
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Figure 5.3. Number of sites for each food group with high, moderate and low levels of evenness
based on Gini coefficient ratios. Level of evenness (GC): high = 0 - 0.29, moderate = 0.30 - 0.69,
low = 0.70 – 1. From left to right in each evenness category; black bars are for all sites combined,
spotted bars are for conservation and production grazed sites and shaded bars are for primary,
secondary and unsuitable sites.
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Ninety and 69 % of all sites had a highly even dispersion of invertebrates (without ants)
and (total) seeds respectively (Figure 5.3), whereas 81 % of all sites had a moderate level of
evenness in the dispersion of grass seeds between plots. Thus, seeds were more spatially
clumped than invertebrates probably reflecting mobility differences between these groups.
All other resource variables had a similar number of sites with a moderate to high
dispersion of those resources. Examples of the spatial dispersion of resources with
moderate and high GC’s can be seen in Figure 5.5 and Figure 5.6.
5.4.2. Differences among primary, secondary and unsuitable grasslands
Grass seeds had a moderate level of evenness for most sites, except in unsuitable grassland
where 80 % of sites had a high level of evenness (Figure 5.3). Small seeds were evenly
distributed in unsuitable grassland with all sites having a high level of evenness, whereas
these seeds showed some, albeit a small, degree of uneven dispersion in primary grassland
with all sites having a moderate level of evenness (Figure 5.3). In all other instances there
were a similar number of sites that had moderate to high levels of evenness. This was also
the case for non-grass seeds and large seeds, thus suggesting that there was no real
aggregation of these seed types, but some level of uneven dispersion.
T-tests revealed that there were significant differences in the mean GCs of all seeds, grass
seeds and small seeds between primary and unsuitable grasslands, with primary grassland
having higher mean GCs and thus a more uneven dispersion of these food items (p <0.01).
Invertebrates (without ants) had a higher mean GC in secondary grassland than in
unsuitable grassland (p = 0.05), while grass seeds had a higher mean GC in secondary than
in unsuitable grassland (p = 0.02). In all other cases there was no statistical difference in
mean Gini coefficient ratios between primary, secondary and unsuitable grasslands (p
>0.05).
5.4.3. Differences among conservation and production grazed grasslands
Invertebrates were fairly evenly distributed within production and conservation grazed
sites. Figure 5.3 illustrates that ants were the contributing invertebrate group to some of the
unevenness, with nearly all sites having a high level of evenness when ants were removed.
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Following a t-test, there was no statistical difference in the mean GC ratio for invertebrate
abundance between conservation and production grazed sites (p >0.05).
Total seed abundance was fairly evenly distributed in both conservation and production
grazed sites. There was some uneven dispersion of grass seeds between sites for both
management types, although this was more so in conservation than in production grazed
areas (Figure 5.3). Non-grass seeds and small and large seeds had a similar number of sites
with low and moderate levels of evenness in both management types. There were no
statistical differences in GCs between conservation and production grazed sites (p >0.17).
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Figure 5.4. Examples of raster maps showing interpolated values of proportional resource
abundance generated by inverse distance weighting. Maps illustrate the predicted spatial
dispersion of resources in sites with low levels of recourse evenness (Gini coefficient ratios (GC)
between 0.70 and 1. Dots represent individual plots within a site and the corresponding
abundance of the resource at that plot. Colour shading is the predicted interpolation range,
green being low abundance and red high abundance of the resource across a site. a) Secondary
grassland (site one) and total invertebrate abundance b) Production grazed (site two) and grass
seed abundance.
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Figure 5.5. Examples of proportional resource abundance maps generated by inverse distance
weighting to show the spatial dispersion of resources in sites with moderate levels of recourse
evenness (Gini coefficient ratios (GC) between 0.30 and 0.69). Dots represent individual plots
within a site and the corresponding abundance of the resource at that plot. Colour shading is
the predicted interpolation range, green being low abundance and red high abundance of the
resource across a site. a) Unsuitable (site four) and total invertebrate abundance b) Conservation
grazed (site seven) and small seed abundance.

- 135 -

Chapter 5

Spatial dispersion of food resources in grasslands

Figure 5.6. Examples of proportional resource abundance maps generated by inverse distance
weighting to show the spatial dispersion of resources in sites with high levels of recourse
evenness (Gini coefficient ratios (GC) between 0 and 0.29). Dots represent individual plots
within a site and the corresponding proportional abundance of the resource at that plot. Colour
shading is the predicted interpolation range, green being low abundance and red high
abundance of the resource across a site. a) Primary (site six) and sum of non-grass seeds b)
Conservation grazed (site one) and total invertebrate abundance.
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5.5. Discussion
In this Chapter, my aim was to determine the fine scale spatial pattern of food resources
within vegetation and land-use types and to compare this dispersion pattern across types.
This information can be used to better understand the influence food dispersion may have
on Plains-wanderer foraging efficiency and whether the dispersion of food plays a role in
the preferential use of certain grassland types by this species. My hypotheses were that food
resources would be more evenly dispersed within conservation grazed grasslands than in
production grazed grasslands and show a patchier or more clumped dispersion in primary
and secondary grasslands than in unsuitable grassland.
5.5.1. Summary of results
Hypothesis one was only partially supported as there were some differences in the
dispersion patterns for some food items between primary and unsuitable grasslands (all
seeds, grass and small seeds) and secondary and unsuitable grasslands (invertebrates
without ants and grass seeds). Contrary to hypothesis two, there was little difference in the
level of evenness of food items between production and conservation grazed grasslands.
However, overall, there was generally little difference in the spatial pattern of food
resources between land use and grassland types. While there was some aggregation of some
food resources at a few sites, overall, invertebrates were fairly evenly distributed at most
sites. Seeds were fairly evenly distributed at some sites, but showed an uneven distribution
at others. There was however no site that had a completely even or aggregated dispersion
of any food type. In only two instances where food items highly aggregated. One of these
was the abundance of all invertebrates, and this could be attributed to a large number of
ants in one pitfall trap. The other was the presence of grass seeds in only two sample plots
in one site. This site was a production grazed site, and had no standing grass present.
5.5.2. Factors that may have influenced resource dispersion
The spatial scales used in my research may have had some influence on the results I found.
Seeds showed a greater, albeit small, degree of spatial clumping than invertebrates which
could be related to differences in the dispersal mechanisms and mobility of seeds and
invertebrates. As discussed in the introduction, invertebrates are able to physically move
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within and between suitable habitats at any given time, whereas seeds are reliant on abiotic
and biotic influences such as wind, rain and animals for dispersal throughout the landscape
(Bonvissuto & Busso, 2007). My sampling points were spaced at 50 – 100 m intervals in
2006 which may have been too coarse to detect any clustering of either seeds or
invertebrates within sites. More sampling points spaced closer together may have been
better able to detect clustering if it was present. However, I did not detect a greater degree
of aggregation of resources in 2007 when sampling locations were spaced just 5 m apart
(although the total area covered by each site was smaller than in 2006).
I also used different sampling scales for seeds and invertebrates. Seeds were sucked up
from the whole sampling plot, which therefore averaged out variation within 50 cm2
sample area. By contrast invertebrates were sampled at a single point. Thus less variation
between samples may be expected for seeds than for invertebrates, although invertebrates
can overcome this issue to a degree by being able to walk into the pitfall traps. The issue of
sampling scale is important, but often an over-looked aspect of food aggregation studies
and further work is required that systematically varies the number and spacing of sample
plots while controlling for total sample area (or systematically varies total sample area as
part of the experimental design).
5.5.3. The affect of resource dispersion on Plains-wanderer foraging
Little is known about the spatial foraging behaviour of Plains-wanderers and I was unable
to gather direct information on this aspect of their ecology during my research. As such it
is difficult to make conclusions about how the dispersion of resources during the study
period is likely to have affected Plains-wanderer foraging efficiency in these grasslands.
However, the results of Nonaka and Holme (2007) may provide some clue as to how the
dispersion of food resources might influence Plains-wanderers. Given the low productivity
of the study area, an even dispersion of food items may not have been so bad for Plainswanderers, because under less productive conditions clumped resources are likely to be
perceived by birds as being more random. If this was the case, then Plains-wanderers may
have had to travel large distances to find resource patches without any food return between
patches, opposed to gaining food rewards whilst travelling in an area of more uniformly
dispersed food items.
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Owing to the prolonged drought conditions it is reasonable to suggest that food was sparse
compared to high rainfall years. This is supported by surveys reporting low Plains-wanderer
densities during this period (see Appendix 6.1 and 6.2 and Birds Australia, 2008). When
food is limited and sparsely distributed, animals are required to forage over a larger area
compared to when resources are abundant (Mitchell & Powell, 2004; Roth II & Vetter,
2008). For example, Roth and Vetter (2008) found in an experimental study on Juncos
(Junco hyemalis), that home range was smaller when feeders (i.e. food resources) were more
spatially and temporally predictable than those without feeders and thus food hotspots.
Plains-wanders may also have smaller home range sizes when food resources are more
clustered into small areas, so long as these food patches are not so far apart that more time
is required to find them. When food resources are more uniformly distributed, but they are
in low abundance and more time is required to search for individual food items the Homerange size may need to be increased. This could be one explanation as to why so few birds
were encountered during nocturnal surveys (see Chapter six).
Alternatively, a uniform and sparse dispersion of resources may have had a significant
impact on the species breeding success during 2006-2007. If central place foraging is
important to Plains-wanderers, male Plains-wanderers are likely to have been restricted in
the distances over which they could forage during this period had they been constrained
with egg incubation. Central place foraging is favoured by food aggregations that are close
to the nest and can be easily accessed, rather than a sparse, uniform food distribution. To
overcome this constraint, Plains-wanderers may have not bred or delayed breeding if the
dispersion of resources was not favourable to successfully hatch chicks. This theory has
some support as there was no evidence of breeding activity during the spring of 2006 and
2007 in the study area (pers. obs.).
5.5.4. Conclusion
Overall these results indicate that although there was some evidence of an uneven
dispersion of food items in the areas studied, resources were essentially uniformly dispersed
at the scales investigated. Given that the dispersion of food resources varied little between
production and conservation grazed areas, there is further support that management
regime is likely to be less influential than rainfall during drought years. During drought it is
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likely that food resources are limited and more sparsely dispersed, requiring Plainswanderers to forage over a larger area than when there is an abundance of food. Higher
food abundance (likely in wetter years) may also result in greater aggregation of food
resources and the presence of resource ‘hotspots’ which could be conducive to central
place foraging that is likely to occur during nesting. There is still however a lack of
information about how the dispersion of resources directly affects Plains-wanderer
foraging and this requires further direct investigation (see Chapter seven).
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Chapter Overview and Aims
In the mid-1980s Baker-Gabb (1988) carried out an extensive study on the biology and
ecology of Plains-wanderers. The findings from this work provided important information
about the type of food Plains-wanderers consume, revealing that Plains-wanderers
consumed c.40 % invertebrate and c.60 % seed items year round, except in spring when
invertebrate consumption increased (Baker-Gabb, 1988). This has been the only work
carried out on the diet of Plains-wanderers and while it is important to know what types of
food Plains-wanderers consume, it is also important to know the nutritional value of these
food items in relation to assimilated nutrients (Herrera, et al., 2006). The aim of this
Chapter is to use stable isotope analysis to determine the importance of seeds and
invertebrates to Plains-wanderers as sources of assimilated carbon and nitrogen.

6.1. Introduction
Stable isotope approaches have commonly been used in the earth sciences including
geological and archaeological studies, for example determining the age of rock and
archaeological objects and the prehistoric analysis of human diet (e.g. Allégre, 2008; Koch
& Phillips, 2002; Müldner & Richards, 2007; Newsome, et al., 2004; Tykot, 2004). Its
application in ecological studies is becoming increasingly more widespread (Crawford, et al.,
2008; Gannes, et al., 1997) including; examining freshwater and marine food webs and
trophic interactions, exploring animal habitat preferences and habitat quality, and tracing
migratory bird origins and tracking migratory paths (e.g. Bode, et al., 2006; Chamberlain, et
al., 1997; Cherel, et al., 2007; Gratton & Denno, 2006; Mazerolle & Hobson, 2005; Norris,
et al., 2005; Quillfeldt, et al., 2008; Rubenstein & Hobson, 2004). Stable isotope analyses are
also being increasingly applied to dietary studies for mammals and birds from terrestrial
and marine environments (e.g. Barea & Herrera, 2009; Bond & Jones, 2009; Chambers &
Doucett, 2008; Herrera, et al., 2001; Hornung & Foote, 2008; Klaassen, et al., 2004; Thums,
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et al., 2005). The use of stable isotopes is particularly applicable for delineating the relative
contribution of different food items to a species’ diet, especially when two or more dietary
items are isotopically distinct (Hobson & Clark, 1992a, 1992b).
6.1.1. What are stable isotopes?
In this section, I will provide only a brief summary of what stable isotopes are. Detailed
descriptions about the chemical and physical properties of stable isotopes can be found in,
for example, Sulzman (2007), Fry (2006) and Hood-Nowotny and Knols (2007). Stable
isotopes are chemical elements that naturally occur in a number of forms that vary in mass
and do not decay over time (Crawford, et al., 2008; Hood-Nowotny & Knols, 2007; Inger
& Bearhop, 2008; Sulzman, 2007). The most common biologically important elements
include Carbon (C), Nitrogen (N), Oxygen (O), Hydrogen (H) and Sulphur (S), with each
element having a heavy and light form (isotope) (Bearhop, et al., 2002; Crawford, et al.,
2008; Fry, 2006; Inger & Bearhop, 2008; Sulzman, 2007). Dietary studies commonly
examine the naturally occurring variation in ratios of carbon (13C and 12C, expressed as
δ13C) and nitrogen (15N and 14N, expressed as δ15N (Bond & Jones, 2009; Inger & Bearhop,
2008; Layman, et al., 2007; Tykot, 2004). Mass spectrometry is used to detect the difference
in the relative abundance of each isotope and this is expressed as the ratio of the heavy to
light form and reported in the delta (δ) notation as parts per thousand (‰) (Crawford, et
al., 2008; Hood-Nowotny & Knols, 2007; Inger & Bearhop, 2008; O'Leary, 1988; Tykot,
2004). Negative delta values occur when the heavier isotope is more depleted than the
lighter isotope and positive δ values occur when the lighter isotope is more depleted than
the heavier isotope (Hood-Nowotny & Knols, 2007). Because consumer tissues are
synthesised from dietary nutrients, the isotopic composition of consumer tissues reflect
their food origins in a predictable manner (Chambers & Doucett, 2008; Crawford, et al.,
2008; Herrera & Reyna, 2007; Hobson & Clark, 1992b; Hood-Nowotny & Knols, 2007).
6.1.2. The isotopic composition of plant and animal tissue
Different dietary items have different isotopic signatures which are reflected in the tissues
of consumers (Inger & Bearhop, 2008). The isotopic composition of the food source and
consumer are not however identical, as isotopic ratios change as foods are digested and
incorporated (referred to as assimilation) into consumer tissue (Bond & Jones, 2009). The
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isotopic difference, or the change in concentration of an isotope between source and
consumer, is referred to as isotopic discrimination and can vary between species and
different ecological systems, e.g. marine compared to terrestrial (Bond & Jones, 2009;
Klaassen, et al., 2004; Pearson, et al., 2003; Sulzman, 2007). The magnitude of isotopic
discrimination from the source to assimilated tissue is an important consideration for
dietary studies, but it is poorly understood for many species (Hobson & Clark, 1992a,
1992b; Inger & Bearhop, 2008).
Most plant and animal tissues have negative δ13C and a positive δ15N values (Kelly, 2000).
δ15N is particularly useful as a tracer of trophic level as the lighter 14N is lost during the
assimilation process, so consumer tissues are enriched in the retained 15N in respect to the
food items from which they were synthesised (Inger & Bearhop, 2008; Marshall, et al.,
2007; Turner, et al., 2010). Typically δ15N values of consumer tissues are enriched by
between 2 ‰ and 5 ‰ relative to that of food items from which they were synthesised
(Cherel, et al., 2005; DeNiro & Epstein, 1981; Herrera & Reyna, 2007; Hobson & Clark,
1992b; Kelly, 2000; Layman, et al., 2007). Nitrogen stable isotope ratios are mainly used to
assess the importance of plant versus animal protein in dietary studies (Hobson, 1999b;
Müldner & Richards, 2007). Conversely, the ratio of δ13C changes little as carbon moves
through trophic levels, but typically δ13C is enriched in consumer tissue relative to dietary
carbon by 0-2 ‰ (DeNiro & Epstein, 1978; Hobson, 2005; Hobson & Clark, 1992b;
Layman, et al., 2007). Stable-carbon ratios are particularly useful for tracing different
terrestrial carbon sources within a food web, as δ13C varies according to the photosynthetic
pathways of plants (Crawford, et al., 2008; Gerardo, et al., 2003; Hobson, 1999b; Kelly,
2000; Marra, et al., 1998; Müldner & Richards, 2007; Wang, et al., 2004). Briefly, plants can
be described as C4 plants which, during photosynthesis, convert Carbon into a compound
with four Carbon atoms. These plants absorb 13C faster than 12C. C3 plants convert carbon
to a compound containing three carbon atoms and absorb 13C slower than C4 plants, while
CAM plants can use photosynthetic pathways of both C4 and C3 plants (further
information on the different photosynthetic pathways can be found in plant physiology
text books, e.g. Lawlor, 2000). Terrestrial C3 and C4 plants differ substantially in their δ13C
values, whereas C4 and CAM plants have very similar δ13C values. Lower δ13C values are
found in C3 plants which average around -28 ‰, whereas C4/CAM plants typically have
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higher values closer to -13 ‰ (Fry, 2006; Hobson, 2005; Marshall, et al., 2007; O'Leary,
1988; Wang, et al., 2004).
6.1.3. Methods used to study animal diet
Conventional methods for studying the diet of vertebrates include analysis of faeces,
stomach contents and direct observations (Crawford, et al., 2008; Harveson, et al., 2004;
Kaspari & Joern, 1993; Kok & Kok, 2002; McIntyre & Thompson, 2003; Pearce-Higgins &
Yalden, 2004; Wang, et al., 2004). Although these methods are appropriate under certain
circumstances, they also have limitations and biases. Many of these approaches often
provide a ‘snapshot’ of an individual’s diet rather than longer-term dietary information,
unless studies are conducted over lengthy periods (Bearhop, et al., 2004; Herrera, et al.,
2006; Hornung & Foote, 2008; Inger & Bearhop, 2008; Pearson, et al., 2003; Roussel, et al.,
2010). Analyses of faeces, pellets and regurgitates are commonly used to assess what an
individual has consumed recently with relatively little effort required to collect a large
amount of data. However, the identification of dietary fragments is time-consuming and
often subject to substantial uncertainty owing to underestimation of dietary items that are
highly digestible (Bearhop, et al., 2004; Hobson & Wassenaar, 1999; Kelly, 2000; Roussel, et
al., 2010). Examination of stomach or crop contents on live or dead birds are alternative
methods that can detect more dietary items, but these methods are very intrusive (Bearhop,
et al., 2004) and can cause excessive stress and sometimes death of the animal even when
performed correctly. Such risks may be unacceptable for studies conducted on endangered
species with small population sizes. Observational studies are often biased, especially when
vision is obscured, and can be particularly challenging for rare, cryptic, nocturnal or small
species (Caut, et al., 2008; Kelly, 2000; Kohn & Wayne, 1997; McFadden, et al., 2006;
Pearson, et al., 2003; Stillman & Simmons, 2006). Moreover, while all these methods can be
used to determine what food items are ingested, they provide little information about the
nutritional importance and assimilation (i.e. the incorporation into tissues) of food items
for an individual (Bearhop, et al., 2004; Caner, et al., 2004; Herrera, et al., 2005; Herrera, et
al., 2001; Inger & Bearhop, 2008).
The use of stable isotopes offers a rapid and often complementary method of investigating
animal diet (Bearhop, et al., 2004; Crawford, et al., 2008; Flaherty, et al., 2010; Inger &
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Bearhop, 2008; Pearson, et al., 2003; Roussel, et al., 2010; Thums, et al., 2005). Stable
isotopes are a useful tool for determining what was assimilated, rather than just providing
information about what food is being ingested (Bakhurin, et al., 2008; Hobson & Clark,
1992a; Hobson, et al., 1997). Collection procedures are simple, convenient and nondestructive so cause minimal stress to the animal, and laboratory procedures to analyse
samples are now efficient and inexpensive (Bearhop, et al., 2002; Bond & Jones, 2009;
Hobson, 1999b; Hood-Nowotny & Knols, 2007; Klaassen, et al., 2004).
A distinct advantage of stable isotopes over conventional methods of dietary analyses is the
ability to assess diet over multiple temporal and spatial scales from a single sampling event
(Bearhop, et al., 2002; Crawford, et al., 2008; Hobson & Clark, 1992a; Klaassen, et al., 2010).
Animal tissues are synthesised and replaced at different rates and their isotopic
compositions reflect what the animal has consumed at the time of tissue synthesis
(Hobson, 2005; Inger & Bearhop, 2008). Stable isotopes can be measured from almost all
tissues including bone and teeth (e.g. Tykot, 2004), blood (e.g. Mazerolle & Hobson, 2005),
feathers (e.g. Mazerolle & Hobson, 2005), hair (e.g. Chambers & Doucett, 2008), and claws
(e.g. Bearhop, et al., 2003; Mazerolle & Hobson, 2005). Metabolically inert tissues, such as
feather, claw and bill, remain unchanged in their isotopic signatures so signatures are
preserved indefinitely after growth, whereas the isotopic composition of metabolically
active tissues, such as blood and muscle, will change over time as these tissues turnover
(Hobson & Clark, 1992a; Klaassen, et al., 2010; Robertson, 2004; Yohannes, et al., 2007).
This variation in elemental turnover rates makes it possible to infer an animal’s dietary or
habitat preferences over temporal scales; e.g. tissues with rapid turnover reflecting recent
diet and those with slow turnover reflecting diet over a longer-term, and different spatial
scales; e.g. species that migrate long distances for breeding and thus assimilate nutrients
from various environments (Hobson & Clark, 1992a; Hood-Nowotny & Knols, 2007;
Inger & Bearhop, 2008; Klaassen, et al., 2010; Mazerolle & Hobson, 2005; Roussel, et al.,
2010; Salamon, et al., 2004). For example, avian blood plasma has a rapid turnover and can
yield information on diet over just a few days, whereas whole blood provides information
over a longer period of days to weeks (Hobson & Clark, 1992a; Klaassen, et al., 2010;
Pearson, et al., 2003). Conversely, the much slower turnover of feathers and claws can
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provide information about diet at the time of their growth which could vary from weeks to
months (Bearhop, et al., 2003; Hobson, 1999a; Pearson, et al., 2003).
The stable isotope approach is not without its limitations. For example, stable isotope
analysis suffers from poor taxonomic resolution of food items so this approach cannot
provide the taxonomic detail that more conventional approaches can (Hobson & Clark,
1992a; Hobson & Wassenaar, 1999; Layman & Post, 2008). Two of the major limitations
of stable isotope analysis for birds in particular are, i) there is little information about
discrimination of stable isotopes from the source (food item) to incorporation into
consumer tissues and ii) the rates of isotopic turnover for different consumer tissues are
poorly known (Hobson & Clark, 1992a; Kurle, 2009; Phillips & Koch, 2002). The
implications of these limitations are that there is misrepresentation and misinterpretation of
assimilated stable-carbon and stable-nitrogen from source food items.
Early work on identifying what Plains-wanderers eat was achieved using a traditional
dietary analysis technique of faecal analysis (Baker-Gabb, 1988). As described earlier, this
technique is beneficial for determining consumption but is not suitable for determining
assimilation of nutrients. Stable isotope analysis offers a novel approach for assessing the
diet of Plains-wanderers. This technique offers a valuable contribution to our knowledge of
Plains-wanderer nutritional requirements because there has been no other research carried
out on the nutritional importance of dietary items for this species. This relatively
unobtrusive technique is especially appropriate because the Plains-wanderer is a threatened
bird species and other more intrusive methods that may result in injury or death may not
be acceptable. When a species’ population size is small, the risk of fatally injuring birds
outweighs any additional results obtained by other more intrusive methods. In this
Chapter, I use stable-carbon (δ13C) and stable-nitrogen (δ15N) isotopes to determine Plainswanderer diet, and assuming that seeds and invertebrates are isotopically distinct, to
quantify the relative importance of seeds and invertebrates as sources of assimilated carbon
and nitrogen in whole-blood over a short period of time
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6.1.4. Hypothesis
Based on previous work on the (consumed) diet of Plains-wanderers, and information
from the literature that invertebrates are more enriched in nitrogen than seeds and seeds
more enriched in carbon than invertebrates, I hypothesised that Plains-wanderers would
assimilate more nitrogen from invertebrates, while carbon would be assimilated mostly
from seeds.

6.2. Methods
For dietary analysis using stable isotopes, blood was collected from Plains-wanderers and
potential food items collected from suitable areas of grassland during a four week period in
November/December 2007 and October/November 2008.
6.2.1. Collection of blood samples
6.2.1.1. Nocturnal surveys
Plains-wanderers are extremely difficult to locate during the day (Harrington, et al., 1988).
Several attempts were made during a radio-tracking trial (as part of a DECCW project
carried out by D. Parker and D. Oliver) in the first year of the study but birds that had
transmitters attached proved elusive, and once found they were difficult to see among
vegetation. The best method for surveying this species is by spotlight at night (Bennett,
1983; Harrington, et al., 1988). This is the current method used by the DECCW for long
term Plains-wanderer monitoring (Birds Australia, 2008, D. Parker and D. Oliver pers.
com.) and was the method I used to locate Plains-wanderers. Spotlighting commenced
approximately 30 mins after dusk, driving a vehicle at less than 5 km/hr through suitable
grassland structure. Plains-wanderers have been recorded using sub-optimal grassland
structure during periods of drought (Harrington, et al., 1988). Therefore, because of the
prolonged drought prior to and during this study, areas of grassland that would normally be
unsuitable for Plains-wanderers had become quite sparse, so on occasion these areas were
also searched. I used a 35-watt hand held spotlight to scan an area up to 10 m from the
vehicle, while headlights were set to high beam to more easily detect birds in front of the
vehicle. Once a bird was located, I approached the bird on foot and used a hand net to
catch it while it was still on the ground. During these spotlighting searches I also recorded
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other fauna species, along with total kilometres travelled and the number of hours spent
spotlighting (Appendices 6.1 and 6.2).
6.2.1.2. Bird processing and blood collection
A GPS location was recorded for every Plains-wanderer caught as well as for those that
were seen but not caught (e.g. I did not capture males with young). I took the following
standard morphological measurements: sex; weight (using a Pesola spring balance to the
nearest gram): head/bill length, tarsus length and wing length (measured using vernier
callipers). A uniquely numbered metal leg band supplied by the Australian Bird and Bat
Banding Scheme (ABBBS) was attached to the leg of each individual caught in 2007 (n=7)
to facilitate future identification and to avoid re-sampling of individuals. In 2008, seven
birds were caught, however these birds were not banded as I considered permanent marks
to be unnecessary for the remainder of the project and because there is a very low rate of
resighting banded birds (Baker-Gabb, et al., 1990). These birds did however have a small
portion of a single wing feather clipped off as a temporary marking to avoid re-sampling
individuals in that season, a method which I have used previously in a study on Rainbow
Bee-eaters Merops ornatus without causing problems to the birds’ flight (Eklom & Lill, 2006).
All morphological, banding and location data recorded for the Plains-wanderers were
submitted to the ABBBS and Birds Australia Atlas of Australian Birds.
From each bird, I collected a small blood sample of up to 60 μl for isotopic analysis (n =
14 different individuals). I only collected blood samples as I was only interested in the
importance of food over a short period of time (i.e. during the breeding season). Prior to
taking blood, the collection area under the wing was sterilised using an isopropyl alcohol
swap. A 27.5-gauge syringe needle was then used to prick the antebrachial vein of one wing
and blood was drawn into 0.2 mm heparinized microhematocrit capillary tubes. After
blood collection, I gently pressed a cotton swab against the wound to stop bleeding and
prevent a haematoma forming. Once bleeding had stopped, I released the bird at the site of
capture. Processing each bird took c.20 mins and no bird exhibited any sign of the extreme
stress response of feather moulting that has been recorded with this species (D. Oliver and
D. Parker pers. com.). Blood samples were transferred to eppindorf tubes with 70 %
ethanol and stored at < 5ºC until processing in the laboratory. Samples of whole blood
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were dried in an oven at 80ºC for 48 hours before being sent to the Australian National
University (ANU) isotope laboratories for analysis of isotopic composition.
6.2.2. Sources of carbon and nitrogen
Potential food sources (i.e. invertebrates and seeds) were sampled in order to determine the
relative contribution of these food items as sources of assimilated δ13C and δ15N into
Plains-wanderer blood. I collected epigeal invertebrates that were potential prey items from
areas where Plains-wanderers were caught during the same period as blood collection.
Pitfall traps (as described in Chapters 3) filled with plain water and checked daily were used
to catch invertebrates over a three day period in 2007 and 2008. I also collected
invertebrates opportunistically by hand. In 2007, 40 individual invertebrates were collected
for isotopic analysis comprising of Coleoptera (1), Hemiptera (3), Araneae (10), Formicidae
(18), Orthoptera (5), Acarina (2) and Isopoda (1). In 2008, 78 individuals were collected
comprising of Coleoptera (5), Areneae (21), Formicidae (33), Orthoptera (7), Isopoda (2)
and Isoptera (10). Invertebrates were stored in 70 % ethanol until I could randomly allocate
each individual to one of four pooled samples in 2007 or nine pooled samples in 2008. I
chose to pool invertebrates into several separate samples to reflect a single isotopic source,
to reduce the variation that can be found between individuals and to improve the level of
precision. I collected seeds directly off plants where possible and off the ground by hand in
2007 and 2008. I sorted seeds into either grass seeds (2007, n = 397 and 2008, n = 585) or
non-grass seeds (2007, n = 98 and 2008, n = 541) and then randomly allocated each seed to
one of five (2007) or eight (2008) pooled samples to represent a single isotopic source.
Invertebrate samples and seed samples were oven dried at 85°C for 16 hours.
6.2.3. Stable isotope analysis
Isotopic composition of dried whole-blood and food items was analysed at the Australian
National University (ANU) Stable Isotope facility, Canberra. Prior to isotopic analysis,
samples were first ground into a fine powder using an analytical mill and weighed into tin
cups of c. 1.5 mg per sample.
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A continuous-flow isotope ratio mass spectrometer was used to combust and separate the
isotopes of carbon and nitrogen. Isotope ratios were determined by ANU according to the
following equation:

δX = ((Rsample/Rstandard)-1) x 1000
where δX represents the isotope ratio of the element of 13C or 15N, Rsample is the ratio of
heavy to light isotopes (i.e. 13C/12C or 15N/14N) and Rstandard is the international standard
isotope ratio of the element (Sulzman, 2007). Based on several duplicate samples, I
estimated laboratory measurement standard error to be 0.1 ‰ for both δ13C and δ15N
values.
6.2.4. Statistical analyses
Although it is ideal to determine discrimination factors for each individual sampled (Cherel,
et al., 2005; Pearson, et al., 2003; Phillips, 2001; Phillips & Gregg, 2001), it was beyond the
scope of my study to obtain these values experimentally from captive Plains-wanderers as
there were no Plains-wanderer in captivity at the time of my research. Discrimination
factors account for the change in isotope ratios from source to consumer tissue and if not
applied underestimate assimilated δ13C and δ15N. Rarely in isotope studies are
discrimination factors determined for the species, individuals or the system in question.
Rather, most studies correct source isotope values from those discrimination factors
available for just a small number of species (Cherel, et al., 2005; Hobson & Bairlein, 2003;
Phillips, 2001). To my knowledge, there are no studies that have calculated discrimination
factors of birds with an omnivorous diet of insects and seeds (opposed to fruits). I used the
mean discrimination factors for blood-diet δ13C and δ15N determined for captive Yellowrumped warblers Dendroica coronata (Pearson, et al., 2003) and Garden warblers Sylvia borin
(Hobson & Bairlein, 2003), following the approach used by Herrera et al. (2006), Barea and
Herrera (2009) and Herrera et al. (2009). These two species are omnivorous, and although
they feed on insects and fleshy fruits, their diets most closely reflect that of Plainswanderers (compared to that of other birds, mostly migratory and sea birds, for which
other discrimination factors have been determined (Bond & Jones, 2009; Cherel, et al.,
2005; Herrera & Reyna, 2007). The discrimination factors I used to correct source seeds
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and invertebrates were 1.9 ‰ for seeds (taken from fruit) and 2.5 ‰ for invertebrates
(Barea, 2008; Herrera, et al., 2006). Results are therefore relative estimates rather than
absolute measurements and an appropriate level of caution should be used when
interpreting my results. I assumed that δ13C and δ15N values of seeds would reflect that of
the parent plant. Herrera et al. (2006) determined that the pulp and seeds of Ficus fruits had
similar δ15N values, so assumed a similar isotopic composition between different plant
parts.
6.2.4.1. Isotopic composition of seeds, invertebrates and whole blood from
Plains-wanderers
I tested whether seeds and invertebrates were isotopically distinct in their carbon and
nitrogen composition using a one-way ANOVA with a post hoc Tukey test. Using ANOVA,
I also tested for between year variation in carbon and nitrogen of whole blood for Plainswanderers, invertebrates and seeds.
6.2.4.2. Proportional contribution of seeds and invertebrates to assimilated δ15N
I used ISOERROR 1.04 (available at http://www.epa.gov/wed/pages/models.htm) to
determine the proportional contribution of δ15N assimilated from invertebrates and seeds
into Plains-wanderer blood. ISOERROR is a linear mixing model developed by Phillips
and Gregg (2001), used to estimate the proportional contribution of two sources for a
single isotope into a mixture (i.e. tissue). This approach takes into consideration the
variability in both the source and the mixture isotopic signatures by incorporating their
means, sample sizes and standard deviations (Phillips & Gregg, 2001).
In order to determine the contribution of dietary items to assimilated isotopes, food
sources should be isotopically distinct (Crawford, et al., 2008; Phillips & Gregg, 2001;
Wang, et al., 2004). Phillips and Gregg (2001) determined that even for small sample sizes,
it was possible to determine, with 95 % confidence, the source proportion when the
isotopic difference between sources was >1 %. Initial analyses revealed that my seeds and
invertebrates were only distinct in their nitrogen content but not distinct in their carbon
content (varying by <0.9 % see results section), consequently I only applied ISOERROR to
δ15N and not to δ13C.
- 151 -

Chapter 6

Stable isotope analysis of Plains-wanderer diet

The discrimination factors I used to correct source values were not specific to Plainswanderers. I therefore performed a simple sensitivity analysis to test the robustness of the
results. I varied source δ15N values by up to ±2.5 ‰ above and below the corrected source
values in 0.5 ‰ increments. This therefore encompassed the range of discrimination
factors (2 - 5 ‰) reported in other avian studies as described in the introduction.

6.3. Results
6.3.1. Isotopic composition of seeds, invertebrates and whole-blood of Plainswanderers
6.3.1.1. Isotopic differences between food resources
Seeds and invertebrates were significantly different and thus isotopically distinct in their
δ15N content but not δ13C content (Table 6.1, Table 6.2). Combining samples from both
years, invertebrate δ15N values averaged 10.0 ‰ ±0.4, n = 13 and seed δ15N values
averaged 6.6 ‰ ± 0.2, n = 13. Thus, invertebrate were 3.4 ‰ higher in δ15N than seeds
(p<0.001). Similarly, δ15N values of invertebrates were 4.1 ‰ higher in 2007 (10.1 ‰ ±0.3,
n = 4) and 3.0 ‰ higher in 2008 (6.0 ‰ ± 0.1, n = 5) compared to seeds (9.9 ‰ ± 0.2, n
= 9 and 6.9 ‰ ± 0.1, n = 8; p <0.001 respectively).
There was no significant difference in δ13C between seeds and invertebrates between years,
with δ13C values varying by less than 0.9 ‰ for 2007 (seeds -20.2 ‰ ± 0.6, n = 5;
invertebrates -21.1 ‰ ± 0.0 n = 4), 2008 (-21.0 ‰ ± 0.2, n = 8; -21.8 ‰ ± 0.1, n = 9) and
combined samples (-20.7 ‰ ± 0.3, n = 13; -21.6 ‰ ± 0.1, n = 13).
There was some variation in δ15N and δ13C within and between years for both invertebrate
and seed samples (Figure 6.1). This variation was greatest for invertebrates for both stablecarbon and stable-nitrogen.
6.3.1.2. Isotopic composition of Plains-wanderer blood
Whole-blood of Plains-wanders had an average δ15N content of 8.1 ‰ ± 0.2 and δ13C
content of -20.9 ‰ ± 0.6; Table 6.1). Separating samples by year revealed whole-blood
δ13C was 3.9 ‰ higher for birds sampled in 2008 (-22.9 ‰ ± 0.2, n = 7) than for birds
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sampled in 2007 (-19.0 ‰ ± 0.6, p <0.001, n = 7). There was however very little difference
in whole-blood δ15N between 2007 (8.6 ‰ ± 0.1) and 2008 (7.7 ‰ ± 0.2; Table 6.1).
No analysis was performed for differences between genders due to the low sample size of
females. There is, however, some indication of a gender difference, but only in δ13C (Figure
6.1). In 2007, there was little difference in δ13C between males and females. In 2008, the
one female had a δ13C more comparable with 2007 birds which was lower than that found
in males from 2008. Males in 2007 had higher δ13C values than males from 2008, however
there was little difference in δ15N values between 2007 and 2008 males.

- 153 -

Chapter 6

Stable isotope analysis of Plains-wanderer diet

Table 6.1. Stable-nitrogen (δ15N) composition (‰, mean ± s.d., elemental concentration N% and sample size) of whole blood for male and
female Plains-wanderers and for their food sources, invertebrates and seeds, collected in spring 2007 and 2008 and for the whole sample
population (combined). Invertebrate and seed values have been corrected with a discrimination factor of +2.5 ‰ and +1.9 ‰ respectively.
Different letters indicate a significant difference (p <0.05) within a column. No analysis was performed between males and females due to the
low sample size of females compared to males.
Combined
Mean δ15N
Plains-wanderers

8.1 ± 0.6

a

2007

N%

N

Mean δ15N

15.6

14

8.6 ± 0.3

a

2008

N%

n

Mean δ15N

15.9

7

7.7 ± 0.5

a

N%

n

15.2

7

Males

7.9 ± 0.6

15.4

11

8.4 ± 0.3

15.4

5

7.5 ± 0.4

15.0

6

Females

8.8 ± 0.3

16.0

3

8.8 ± 0.4

16.3

2

8.7

15.5

1

11.7

13

10.1 ± 0.6

10.8

4

9.9 ± 1.5

b

12.1

9

3.1

13

6.0 ± 0.2

3.2

5

6.9 ± 0.4

a

3.0

8

Invertebrates

10.0 ± 1.3

Seeds

6.6 ± 0.6

c

b

a

b
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Table 6.2. Stable-carbon (δ13C) composition (mean ‰ ± s.d., elemental concentration C % and sample size) of whole blood for male and female
Plains-wanderers and for their food sources, invertebrates and seeds, collected in spring 2007 and 2008 and for the whole sample population
(combined). Invertebrate and seed values have been corrected with a discrimination factor of +2.5 ‰ and +1.9 ‰ respectively. Different letters
indicate a significant difference (p <0.05) within a column. Bold type indicates a significant difference between years. No analysis was
performed between males and females due to the low sample size of females compared to females.
Combined
Mean δ13C
Plains-wanderers

-20.9 ± 2.3

a

2007

C%

N

Mean δ13C

49.2

14

-22.9 ± 0.5

a

2008

C%

n

Mean δ13C

48.9

7

-19.0 ± 1.6

a

C%

n

49.6

7

males

-20.5 ± 2.5

49.1

11

-23.0 ± 0.4

48.6

5

-18.5 ± 1.0

49.9

6

females

-22.5 ± 0.8

49.8

3

-22.7 ± 0.9

49.6

2

-22.0

50.3

1

-

Invertebrates

-20.7 ± 1.1

a

49.6

13

-20.2 ± 1.3

b

46.9

4

-21.0 ± 1.0

b

46.3

9

Seeds

-21.6 ± 0.5

a

44.3

13

-21.1 ± 0.1

b

43.8

5

-21.8 ± 0.4

b

44.6

8
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14.0
12.0
10.0

δ15N

8.0
6.0
4.0
2.0
0.0
-15.0

-17.0

-19.0

-21.0

-23.0

-25.0

δ13C

Figure 6.1. Bi-plot of stable-carbon (δ13C) and nitrogen (δ15N) isotopic values for whole blood of
male and female Plains-wanderers and for their food sources, invertebrates and seeds, collected
in spring 2007 and 2008. Invertebrate and seed values have been corrected with a discrimination
factor of +2.5 ‰ and +1.9 ‰ respectively (following Barea & Herrera, 2009; Herrera, et al.,
2006). Figure symbols represent the following: light shading 2007 samples, dark shading 2008
samples:  = female Plains-wanderers; ▲ = male Plains-wanderers; ─ = invertebrates; X =
seeds;  = the sample population mean of Plain-wanderers;  = the sample population mean of
invertebrates; and ◊ = the sample population mean of seeds from both years combined.
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6.2.2. Contribution of seeds and invertebrates to assimilated δ15N
For the sample population of 14 birds, Plains-wanderers assimilated 54 ‰ ± 0.07 of
nitrogen from seeds and 46 ‰ ± 0.07 from invertebrates (Table 6.3). Separating this
sample population by year produced contrasting results. In 2007, 62 ‰ ± 0.05 of
assimilated nitrogen was sourced from invertebrates, whereas in 2008 the majority of
assimilated nitrogen (73 ‰ ± 0.09) was sourced from seeds.

Table 6.3. Mean proportion of nitrogen assimilated from invertebrates and seeds into whole-blood of
Plains-wanderers for 2007, 2008 and the whole sample population from both years combined.

Combined

2007

2008

Mean

s.e.

95 % CI

Mean

s.e.

95 % CI

Mean

s.e.

95 % CI

Invertebrates

0.46

0.07

0.31 - 0.61

0.62

0.05

0.49 – 0.75

0.27

0.09

0.08 – 0.46

Seeds

0.54

0.07

0.39 – 0.69

0.38

0.05

0.25 – 0.51

0.73

0.09

0.54 – 0.92

The sensitivity analysis highlighted that the discrimination factor used can have a dramatic
influence on calculating the assimilated proportion of δ15N sourced from seeds and
invertebrates (Figure 6.2 a,b,c). Results varied dramatically dependant on the data set. For
example, reducing the discrimination factor to 2 ‰ or less resulted in a much higher
contribution of invertebrates to assimilated δ15N in 2007 and 2008 data sets but not to the
combined data set. Conversely, increasing the discrimination factor by 3 ‰ or more
resulted in a much higher contribution of seeds to assimilated δ15N for all three data sets.
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1
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0
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Discrimination factor (‰)

Proportion of δ15N (‰)

a)
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6

+0 +0.5 +1 +1.5 +2 +2.5 +3 +3.5 +4 +4.5 +5
Discrimination factor (‰)

b)

Proportion of δ15N (‰)

2
1.5
1

0.5
0

-0.5
-1
+0 +0.5 +1 +1.5 +2 +2.5 +3 +3.5 +4 +4.5 +5

c)

Discrimination factor (‰)

Figure 6.2. Sensitivity analysis of the discrimination factors of δ15N values of seeds (light
shading) and invertebrates (dark shading). The uncorrected δ15N value for each source was
altered in 0.5 increments up to +5 ‰ to provide an indication of the reliability of the
discrimination factor applied to source values (+2.5 ‰, open bars). a) combined years, b) 2007,
c) 2008.
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6.4. Discussion
6.4.1. Summary of results
Seeds and invertebrates were isotopically distinct in their δ15N content but not δ13C
content, with invertebrates having more stable-nitrogen than seeds. While there was little
difference in δ15N between Plains-wanderers sampled in 2007 and 2008, there was a
significant increase in δ13C in 2008 which suggests a potential dietary shift for Plainswanderers. Sources of assimilated nitrogen varied between years, in 2007 most nitrogen
was sourced from invertebrates, whereas in 2008 most nitrogen was sourced from seeds.
The contribution of seeds and invertebrates as source of assimilated δ15N was however
substantially influenced by the discrimination factor used.
6.4.2. Isotopic differences between food resources
As expected, seeds and invertebrates showed isotopic differences, with invertebrates being
more enriched in δ15N by between 3 and 4 ‰. My results are in agreement with the
published literature where it is widely accepted that there is a predictable increase in
nitrogen of 2-5 ‰ with increasing trophic level (DeNiro & Epstein, 1981; Kelly, 2000;
Layman, et al., 2007; Post, 2002). The range of nitrogen values recorded for invertebrates
was much wider than that for seeds. This is likely related to the differences in diet between
the invertebrates within each sample. I used pooled samples of randomly allocated
invertebrates to represent invertebrates as a food source for Plains-wanderers, regardless of
their trophic position. Separating invertebrates into trophic groupings, e.g. granivores,
herbivores or predators, would likely have reduced this variation and may have resulted in
distinct stable-nitrogen groups accordingly. For example, predatory species have been
found to have higher δ15N values than detritivores (Caner, et al., 2004). Conversely there
was little variation in the δ15N between seed samples. This is to be expected to a certain
extent given that seeds are essentially a primary producer, although nitrogen pathways in
plants are generally more complex and less well understood than those for animals
(Sulzman, 2007).
There was little difference in stable-carbon values between invertebrates and seeds. This
was not surprising given that, unlike nitrogen, there is often little variation between trophic

- 159 -

Chapter 6

Stable isotope analysis of Plains-wanderer diet

levels in carbon (DeNiro & Epstein, 1978; Hobson, 2005; Hobson & Clark, 1992b;
Layman, et al., 2007). In this respect carbon is not such a good measure for trophic
interactions, but is better used for tracing sources of carbon (e.g. δ13C derived from C3 or
C4 pathways or terrestrial versus marine sources) (Crawford, et al., 2008; Gerardo, et al.,
2003). The carbon values of invertebrates were less varied than for nitrogen, except for two
samples. These two samples had ‰ 13C values comparable to C4 plants, this suggests that
these samples may have contained more invertebrates sourcing ‰13C from C4 plants. Seed
‰ 13C values however indicate that seed samples were dominated by C3 plants. My seed
samples were comprised of a pooled random set of grass and non-grass seeds, so had they
been separated according to the parent plants photosynthetic pathway, it may have been
easier to detect any differences in ‰ 13C values and thus draw more meaningful
interpretations about where ‰ 13C was being sourced.
6.4.3. Evidence of a between year dietary shift in assimilated ‰ 13C and ‰ 15N
Considering only the data from the whole sample population of Plains-wanderers from
2007 and 2008 combined (n = 14), it could be concluded that my results support BakerGabb’s work (1988), that even under drought conditions, seeds are slightly more important
than invertebrates for consumption and the assimilation of nutrients. However, my results
also suggest a potential dietary shift between years. There was c.4 ‰ more δ13C in 2007
than in 2008 birds. As described earlier, δ13C values can indicate sources of carbon as being
from C3 or C4 plants, with the latter having higher δ13C values (Kosciuch, et al., 2008; Voigt,
et al., 2008; Yohannes, et al., 2007). Isotope values that are variable indicate that individuals
are feeding at different trophic levels or have a diverse range of food sources, while values
closer together suggest that individuals are eating the same range of prey items (Barnes, et
al., 2008; Sasakawa, et al., 2010). My results suggest that there was a greater dependence on
C3 plant seeds in 2007 and a greater dependence on C4 plant seeds in 2008. An explanation
for this could relate to the seasonality and annual variability of rainfall during 2006-2008.
Most rain occurred during the months of June to August (c.50 %) in 2006, in November
and December (c.49%) in 2007 and in January, November and December (c.51 %) in 2008.
Timing of rainfall can often favour C3 or C4 plants in semi-arid areas. Winter rainfall
generally favours cool season and annual C3 species (e.g. grass genera; Austrodanthonia spp.
and Austrostipa spp. and introduced Lolium spp. and Hordeum spp.), whereas unreliable or
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summer dominant rainfall favours warm season C4 species (e.g. grass genera; Eragrostis spp.,
Chloris spp., Aristida spp. and Sporobolus spp. and non-grass genera Atriplex spp.) (Jacobs &
Chapman, 1984; Johnston, 1996, 1999; Murphy & Bowman, 2009; Rogers, 1993).
The substantial shift in δ13C from 2007 to 2008 may indicate that there was some variation
in the availability of different seed types between the two years. The δ13C values of seeds
were indicative of C3 origin and while there was little variation in δ13C values between years,
there was a wider range of values in 2008. It is possible that seed samples comprised both
C3 and C4 plants, and had seeds been separated to reflect photosynthetic pathway, it may
have allowed a more accurate reflection of sources of assimilated carbon. Alternatively, it is
possible that the food sources collected did not encompass the whole range of Plainswanderer dietary items. Plains-wanderers may forage over a wider scale than that used for
the collection of source samples, and while I sampled as broadly as possible, some seed
types may have been missed.
There was also a substantial shift between years in sources of assimilated ‰ 15N. In 2007,
Plains-wanderers assimilated most of their nitrogen from invertebrates (62 %) but in 2008
most nitrogen was sourced predominantly from seeds (73 %). This suggests that Plainswanderer diet can vary substantially and this could be related to environmental conditions
and food availability. I carried out this research during a period of prolonged drought in the
NSW Riverina (see above) and although there was average rainfall in 2007, a large portion
of this occurred after sampling. Rainfall in 2008 was well below average. This suggests that
drought may have a major impact on Plains-wanderer diet. In ‘good’ years when food is
plentiful, it is possible that Plains-wanderers may be able to select food items that offer the
greatest energy reward (invertebrates) however in dry periods, they may be far more limited
in their choice of dietary items and either adjust to eating more locally abundant food
(seeds) or perish. During the drier period of 2008, invertebrates were in much lower
abundance (Chapters 3 and 4) so it is unsurprising that Plains-wanderers were sourcing
most of their assimilated ‰ 15N from seeds. Evidence of a dietary shift in response to
changes in food abundance has been recorded in many arid and semi-arid animals, (Dean &
Williams, 2004; Noy-Meir, 1974), and also tropical birds (Herrera, et al., 2005) with seeds or
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fruits being consumed more when they are in abundance, but when invertebrates are highly
available they are consumed more.
Dietary flexibility and opportunism is a trait of many arid and semi-arid animals to an
uncertain food or water supply (Noy-Meir, 1974). Animals are often more selective in their
food choices when preferred food items are abundant but become more selective when
food is scarce or the animal is starved (Emlen, 1966). Although such an adaptation to
locally abundant food resources could be expected for a generalist omnivore (McFadden, et
al., 2006), it is still surprising that Plains-wanderers were sourcing such a large amount of
nitrogen from seeds. This could indicate that Plains-wanderers were limited in their food
choice and may have been under food stress which could have negative impact on their
condition, fecundity and breeding success. Invertebrates are generally regarded as being
rich sources of nitrogen (and thus protein) and fats, whereas seeds and fruits are generally
low in nitrogen/protein, but rich sources of carbohydrates (Barea & Herrera, 2009;
McIntyre & Thompson, 2003; Müldner & Richards, 2007; Voigt, et al., 2008). Other studies
have also found a high dependence on seeds or fruits as sources of assimilated ‰ 15N in
omnivorous birds. For example, Herrera et al. (2009) found that Yellow-throated
Euphonias Euphonia hirundinacea sourced most of their assimilated nitrogen from plants
whereas Barea and Herrera (2009) found that Painted honey-eaters Grantiella picta and
Mistletoebirds Dicaeum hirundinaceum sourced half of their assimilated nitrogen from fruits
and half from invertebrates. Similarly, Herrera (2005) found that Red-throated Ant tanagers
Habia fuscicauda and Ochre-bellied flycatches Mionectes oleagineus sourced nitrogen from both
fruit and invertebrates, but Herrera noted that the contribution of these food items varied
in response to the available biomass of each of the sources.
6.4.4. Confounding issues
Two of the major limitations of stable isotope methods are the discrimination factor used
and the rate of turnover of selected tissues (Hobson & Clark, 1992a; Kurle, 2009; Phillips
& Koch, 2002). These two issues are likely to have had some impact on my results. It is
evident from the sensitivity analysis that the discrimination factor used can have a
substantial influence on the overall results for the proportion of stable isotopes assimilated
from two different sources. Barea (2008; 2009) and Herrera et al. (2009) both used the same
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fruit- and insect-based diet discrimination factors as I did, and also reported variation in the
mean contribution values from different sources when the discrimination factor was
changed. This problem was difficult to overcome as there are currently no captive Plainswanderers that I am aware of, and it was not possible to carry out extensive experimental
research on captive Plains-wanderers to determine the most appropriate discrimination
factor to use.
Estimates of blood turnover rates have mostly been made on captive birds, and range from
3.9 days to 26.3 days (Bearhop, et al., 2002; Hobson & Clark, 1992a; Mazerolle & Hobson,
2005). However some authors suggest that wild birds are likely to have higher metabolic
rates than captive birds so blood turnover may be higher (Mazerolle & Hobson, 2005). The
rate of turnover of Plains-wanderer blood was also unknown and may have been much
longer than one or two weeks. Food samples and blood samples were essentially collected
simultaneously so if this was the case, the isotopic signature of seeds and invertebrates at
the time of sampling may have been different to when Plains-wanderers assimilated δ13C
and δ15N. Given these two likely drawbacks, my results should be interpreted with a level
of caution and considered as approximate estimates rather than absolute estimates. These
two issues could however be addressed in the future with extensive experimental work on
captive Plains-wanderers.
6.4.5. Conclusion
My results show the potential utility of stable isotope analysis for examining the dietary
composition and nutritional importance of food items in Plains-wanderer diet. Further
work is required to refine the application of stable isotopes for Plains-wanderers
(discrimination factors and tissue turnover rates). Nevertheless, my results suggest that
Plains-wanderers are opportunistic to some degree and may respond to shortages of
particular food groups by consuming and assimilating nutrients from what is available or
locally abundant at a given time. Even though this indicates that, providing there is some
food available, Plains-wanderers are likely to persist, there may be wider implications that
were not measured during my study. For example, if invertebrates are in fact the preferred
source of nitrogen by Plains-wanderers and a low abundance of invertebrates essentially
forces Plains-wanderers to obtain nitrogen from alternative sources, then their overall

- 163 -

Chapter 6

Stable isotope analysis of Plains-wanderer diet

fitness and fecundity may be compromised. In this instance breeding may not occur or
breeding success may be reduced if adults and chicks are under nutritional stress.
Experimental studies that manipulate the amounts of seeds and invertebrates would allow
for a more thorough insight into food preferences, assimilation of nutrients as well as
fitness and breeding success.
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7.1. Thesis overview
Previous research has established that Plains-wanderers have specific requirements in
regards to their preferred habitat structure (Baker-Gabb, 1988, 1990; Harrington, et al.,
1988). Even when grasslands are structurally ideal however, Plains-wanderers are not
always found in these areas. This may result from various factors including predation
pressure, seasonality, climatic variability, population fluctuations or migration. Variability in
food resources can also influence habitat use (Roth II & Vetter, 2008) and the aim of my
thesis was to determine whether food abundance and dispersion varied among grasslands
with different vegetation structure or under different management regimes. I aimed also to
examine the relative contribution of seeds and invertebrates as sources of assimilated
carbon and nitrogen in the diet of Plains-wanderers.
I initially investigated whether there was a difference in the abundance of food items
among primary, secondary and unsuitable Plains-wanderer grassland classes (Chapter
three). As expected, the vegetation structure of these grasslands types varied most between
primary and unsuitable grassland types, and was most similar between primary and
secondary grasslands. Seed abundance (of grass and non-grass seeds combined) was also
most different between primary and unsuitable grasslands, with the latter having nearly
double the number of seeds as primary grassland. There was little difference in invertebrate
abundance between grassland types. Similar results were found when I compared
production and conservation grazed grasslands (Chapter four). While the structure of
vegetation was quite different, there was little difference in the abundance of invertebrates
or seeds. Food items were also fairly evenly dispersed within sites for both grassland and
management types (Chapter five). In Chapter six, I carried out stable isotope analysis of
Plains-wanderer blood to explore the dietary contribution of seeds and invertebrates as
sources of assimilated carbon and nitrogen. There was evidence that Plains-wanderers may
have had a dietary shift between years, with most nitrogen being
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sourced from invertebrates in 2007 and seeds in 2008. Carbon also appeared to have been
sourced from seeds originating from plants with different photosynthetic pathways (C4 and
C3) between years.

7.2. What makes primary grassland preferred Plains-wanderer habitat?
Overall, my research suggests that there was little difference in food abundance or
distribution between grassland management types or between grassland structural types.
This indicates that, during drought, vegetation structure is probably the key factor
influencing habitat use by Plains-wanderers because food abundance is similar across
production and conservation grazed grasslands and could have been limited across the
landscape. Suitable vegetation structure is important for allowing birds to detect food items
easily, for predator surveillance, the provision of cover from the elements and predators
and ease of movement (Butler & Gilings, 2004; Whittingham, et al., 2006; Whittingham &
Evans, 2004). Too much vegetation cover, which can occur following the complete
removal of grazing from historically grazed areas or after years of very high rainfall (BakerGabb, 1998; Lunt, 2005; Lunt, et al., 2007; Tremont & Mcintyre, 1994), can make the area
unsuitable for Plains-wanderers. This has been noted on ONP, where some areas had been
mapped as primary or secondary Plains-wanderer habitat following habitat mapping by
Roberts and Roberts (2001). However, by 2006, some of these areas had become
encroached by ryegrass, which is evident from the results of this current research where
unsuitable grassland was noted to have the soil type of suitable grassland, yet had a dense
cover of ryegrass. For many grassland birds, tall or dense swards can obstruct a bird’s
ability to detect predators, impede movement and make food items inaccessible or difficult
to detect (Atkinson, et al., 2004; Butler & Gilings, 2004; Devereux, et al., 2004; PearceHiggins & Yalden, 2004; Whittingham & Evans, 2004; Whittingham & Markland, 2002).
Conversely, very short and less dense swards, which can occur because of overgrazing,
have been shown to improve aerial predator surveillance and increase accessibility to food
items, but this vegetation structure offers little cover from the elements and ground
predators and may reduce the area suitable for nesting (Atkinson, et al., 2004; MacLeod &
Till, 2007). These issues are likely to be key factors rendering very dense and very sparse
vegetation as unsuitable for Plains-wanderers, but more research is needed on specific
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relationships. This needs to be tested in non-drought conditions when the impacts of
grazing are likely to become more apparent.

7.3. Predicting food resources during periods of drought and during
average rainfall
This study was carried out during a prolonged drought and thus provides information on
the abundance and dispersion of food during extremely dry conditions. Although there
may have been low food abundance throughout the study area during this time, definitive
conclusions are not possible without data on food abundance during a ‘wet’ year (i.e. a
period of average or above average rainfall) for comparison. There may be a more
pronounced difference in food abundance between, for example, conservation grazed and
production grazed grasslands in wet years owing to the capacity of conserved areas to
produce more food through greater plant growth and conservation of invertebrate microhabitats. Further to this, I would expect that less degraded areas (such as the
conservatively grazed or ungrazed areas on Oolambeyan National Park) would show a
faster rate of re-vegetation, and subsequently invertebrate population recovery following
rainfall than pastoral areas (such as overgrazed production areas). In production
landscapes, stock that are still present in these areas would consume new plant growth,
thus reducing the rate of biomass accumulation of plants.
As discussed in previous Chapters, increased rainfall is expected to result in increased
vegetation productivity leading to a greater abundance of seeds and also a greater
abundance of invertebrates. During wet periods, the distribution and accessibility of food
resources may also vary. Given that the stronghold for Plains-wanderers is in the semi-arid
Western Riverina region of NSW (Baker-Gabb, 1990; Bennett, 1983) which experiences
wet and dry cycles with a high level of unpredictability in rainfall, it is important to
understand how food availability changes in response to climatic variation and how these
changes affect the Plains-wanderer population in order to alter management prescriptions
to most benefit the species.
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I have developed two conceptual models of the proposed interactions among climate,
livestock grazing, food abundance and the suitability of grasslands as habitat for Plainswanderers during dry (based on my results) and wet (based on predictions) periods (Figure
7.1). My model proposes that during dry periods or periods of drought, the timing and
amount of rain is likely to have a more pronounced impact on the structure of vegetation
than either production or conservation grazing approaches. Although grazing at any
stocking density is likely to still have some impact, for example defoliation of palatable
plant species, lack of rain during drought periods can result in reduced plant reproduction
and increased plant desiccation. A lack of flowering has a direct influence on seed
abundance, as seeds in the seed bank become unviable or consumed by animals and are not
replenished with new seed. Reduced vegetation cover can also have an impact on
invertebrate populations by reducing available micro-habitats and food resources. Rainfall
can also affect Plains-wanderers directly, as there is some evidence of a link between
breeding and rainfall, with Plains-wanderers breeding best in years of average rainfall rather
than excessively wet or dry years (Maher, 1997). Harrington et al. (1988) and Baker-Gabb et
al. (Baker-Gabb, 1990) observed very little breeding activity during drought, but breeding
records increased substantially following significant rain events. Similarly, during the three
years of my research, I found very little evidence of breeding activity (nests, eggs or young),
however since the increased rainfall beginning in late 2009, there have been many records
of Plains-wanderers breeding across their range (pers. comm. A. Herrod, Birds Australia).
These observations are consistent with many other Australian arid zone birds, where there
is a strong correlation between breeding and rainfall (Burbidge & Fuller, 2007).
Conversely, during wet periods, or periods with average or above average rainfall, the
interaction between grazing and climate may both influence vegetation structure and
diversity similarly (Figure 7.1.). Rain is likely to promote vegetation growth and flowering,
but if stocking density remains high (i.e. with a production grazing approach) following rain
events, flowering is prevented because of continued defoliation of new. Although
continued defoliation would also occur with a conservation management approach,
defoliation would be reduced because of lower stocking levels allowing some increase in
plant biomass. Increased vegetation biomass and seed production is likely to
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increase invertebrate populations owing to the increased availability of micro-habitats and
food. The influence of plant productivity on the seed bank would also be greater as seed
abundance is directly related to plant productivity. Climate may have less of a direct impact
on Plains-wanderers during wet years, except in excessively wet years where nests and eggs
can be damaged following heavy rain (Baker-Gabb, et al., 1990).

DRY
Climate (rain)

Conservation Grazing

Production Grazing

Vegetation

Invertebrates

Seeds

Plains-wanderers

WET
Climate (rain)

Conservation Grazing

Production Grazing

Vegetation

Invertebrates

Seeds

Plains-wanderers

Figure 7.1. Conceptual models of the hypothesised influence of climate, conservation
grazing and production grazing on, vegetation, invertebrate, seeds and Plainswanderers during dry (top) and wet (bottom) periods. Thicker lines suggest a greater
influence.
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Overall, the main differences between wet and dry periods are likely to be that in dry
periods’ climate over-rides any impact that either production or conservation grazing has
on vegetation because the whole grassland system is under water stress with little plant
productivity. This is likely to have been the case in 2006/2007 which might account for the
lack of difference found between grassland types in this study. In wet periods, vegetation
biomass increases following rain, but continued grazing at high stocking density (i.e.
production grazing) may prevent an increase in plant biomass. Thus the influence of
(production) grazing on vegetation structure is (or can be) much greater, although the
magnitude of this impact can be reduced with a conservation grazing approach. During wet
years difference in food availability may be more of an influence on the way Plainswanderers use grasslands, and it is during these wet years that grazing (i.e. conservation
grazing) can be used as a tool to maintain suitable structure, although we need to test how
grazing might impact on food resources during wet years.

7.4. Management implications
The ability for Plains-wanderers to recover following drought (Baker-Gabb, et al., 1990;
Harrington, et al., 1988) indicates that they are likely to be a ‘boom-and-bust’ species,
similar to many bird species inhabiting semi-arid and arid regions of Australia (Burbidge &
Fuller, 2007; Letnic & Dickman, 2006; Oliver, et al., 1998; Olsen & Doran, 2002; Robin &
Joseph, 2009). This is supported by the results of stable isotope analysis of Plains-wanderer
blood, which suggest that during drought the species has the capacity to switch from a diet
predominantly of seeds or invertebrates to take advantage of what is available at the time.
This suggests that Plains-wanderers are somewhat constrained by climatic conditions, and
periods of prolonged drought may be a threatening process to the species’ persistence in
the future. While further research is required to determine food abundance and dispersion
patterns between different grassland structures and land-use types during wet years, my
research indicates that food resources are affected similarly regardless of grazing intensity.
Therefore, it is important that the management of grasslands for Plains-wanderers during
drought is focused on maintaining vegetation structure that is favoured by Plainswanderers. This is the current approach used by NSW NPWS, and from observations of
grassland structure and the results from my study, it appears to be achieving the goal of
maintaining a suitable grassland structure for Plains-wanderers during drought.
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The structural and compositional diversity of grasslands is driven by both climate and
management (Delgado & Moreira, 2010), and species-specific responses to grazing and
variations in climate need to be considered when developing appropriate management
plans. It is important to also consider that while low-level grazing can help maintain
vegetation structure and faunal communities, high grazing pressure, particularly during
drought conditions, can expose locations to more detrimental impacts of climate because
leaving areas ungrazed helps to maintain a more complex vegetation structure which is
important for many fauna species (Voigt, et al., 2007; Yarnell, et al., 2007). There is evidence
that Plains-wanderers can be permanently displaced from grasslands that are overgrazed
during drought periods (Baker-Gabb, 1990; Harrington, et al., 1988). Therefore, it is
important that grasslands suitable for the species are grazed conservatively (or not grazed at
all) during drought to maintain suitable vegetation structure to avoid displacement and
‘spelled’ (rested) from grazing during improved climatic conditions to allow recovery of
suitable habitat.
Intermittent livestock grazing is the current tool used to manage Plains-wanderer habitat
on ONP. A precautionary adaptive approach is employed whereby stock are removed as
soon as the structure reaches a threshold following regular habitat monitoring. This
capacity to graze when vegetation becomes too dense and to remove stock before habitat
reaches and ideal structure is an approach that enables managers to maintain a preferred
structure for Plains-wanderers even during drought. This is particularly important when
pastoral properties in the region continue to graze during drought periods and the structure
of the grasslands in these areas becomes much too sparse for Plains-wanderers.
The future management of grasslands as habitat for Plains-wanderers may require
managers to consider future climate conditions, at least in the short term. For example, the
La Niña and El Niño systems generally yield particular climatic patterns and, although
weather cannot always be predicted from forecasts of La Niña and El Niño systems, using
these long range weather patterns may help guide grazing management
strategies. Climatic forecast of El Niño and La Niña oscillation patterns have been
highlighted as useful predictors of rainfall in central Australia. This has allowed managers
to, for example, forecast the impacts of fire and predator management strategies on the
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Desert Mouse (Pseudomys desertor), and to reduce the negative impacts of fire and predators
on species persistence during years of high production associated with La Niña systems
(Letnic, et al., 2005). A similar approach may be suitable for managing Plains-wander
habitat. For example, livestock grazing might be more appropriate during a La Niña
weather system when grasslands become highly productive, but less desirable during El
Niño systems which generally bring hot and dry conditions.

7.5. Future research for the effective management of Plains-wanderers
My research has provided some understanding about the abundance of resources in
grasslands under different management conditions during drought. There are still many
aspects of Plains-wanderer ecology that require further research in regards to the
interactions with habitat structure and use, for example predator vigilance and avoidance,
how predators affect habitat use and breeding, determining the fate (dispersion and
mortality) of Plains-wanderers when grassland structure becomes unsuitable, and how birds
move between suitable patches of habitat. If food resources are in limited supply during
prolonged drought, another possible management approach to consider is implementing
feed supplementation trials. Feed supplementation has been used previously for threatened
species such as the frugivorous Southern Cassowary (Casuarius casuarius) in northern
Queensland, Australia (DERM, 2011; Crome & Moore, 1990). In this example,
supplementary feeding may occur after frequent cyclones, which can damage fruit-bearing
trees and reduce food supply for the cassowary for many months. Supplementary food is
usually provided at designated feed stations within known cassowary territories.
However, supplementary feeding is only viable in the short-term, as it is costly and labour
intensive. Moreover, the success of supplementary feeding relies very much on the ecology
of the target bird species. While it is possible that supplementary feeding could be used for
the Plains-wanderer, it would be extremely difficult and prohibitively expensive. Little is
known about the territorial behaviour of the bird species, how long these territories are
maintained, and whether they overlap among neighbours. There is also little knowledge
about the dispersal behaviour and day-to-day movement of the species. As the Plainswanderer exists in such low densities in ONP, successful supplementary feeding is likely
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not possible over such a large area with a sparsely distributed and unpredictable target
species.
The next steps to further our understanding of the influence of food resources on Plainswanderers are to examine how resource abundance and distribution: a) vary during periods
of average and above average rainfall; b) vary seasonally; and c) influence Plains-wanderer
foraging efficiency and habitat use during dry and wet periods. Radio telemetry would be
the ideal way to follow fine-scale Plains-wanderer movement within and between suitable
habitat patches. This technique has been used successfully in the past to determine Plainswanderer home range size (Baker-Gabb, 1990), however, in 2006 significant technical
difficulties were encountered during telemetry trials (a collaboration between DECCW
staff, contractors and myself) which rendered the technique unsuitable for answering
questions about fine-scale habitat use. These difficulties including a low number of Plainswanderers in the study area making locating a sufficient number of birds difficult, the
inability to get a signal strength more than 500 m when transmitters were close to the
ground, attachment difficulties including transmitters falling off and vegetation becoming
lodged between the transmitter harness and the underwing and birds disappearing from the
study area in just a few days of tracking. These difficulties were unresolvable at the time,
however further work to improve the telemetry technique including trialling various brands
of transmitters and receivers and transmitter attachment options could prove beneficial to
the success of this method. Direct observation may be possible, however this would likely
require an experimental study in a more controlled environment as Plains-wanderers are
very cryptic and will seek cover when threatened (pers. obs.). A further option might be to
look at adult body condition or breeding success to compare habitat quality in areas with
different resource abundances. These techniques have been used in many avian studies to
relate nutritional stress to food availability (e.g. Acquarone, et al., 2002; Brown & Sherry,
2006; Carbonell & Telleria, 1999; Carrascal, et al., 1998; Cucco, et al., 2002; Kitaysky, et al.,
2010). Commonly, these studies report that birds exhibit signs of nutritional stress
including reduced body mass, fat and muscle, impaired feather growth and reduced
breeding success when food is limiting.
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7.6. Conclusion
As with many arid and semi-arid species, Plains-wanderers have evolved various life history
strategies to cope with irregular rainfall events in semi-arid regions, including adopting an
omnivorous diet and the ability to switch their diet to take advantage of the resources
available to them at any given time, which enables them to persist during drought
conditions. Despite these adaptations, most semi-arid and arid zone fauna species
experience significant population fluctuations. Specifically, Baker-Gabb (1998) observed as
much as a 80 % decline in the population of the Plains-wanderer during drought years. The
species shows an ability to recover when climatic conditions improve, however the most
recent prolonged drought has seen a reduction in the Plains-wanderer population of
approximately 70 % with some evidence of recovery by Plains-wanderers with increased
sightings by mid 2010 (Parker unpub. data). Results from my study suggest that even where
optimal sward structure can be created with a conservative management regime, it does not
necessarily result in more abundant food resources in primary habitat compared to
production grazed areas during drought. An adaptive approach to managing grasslands to
maintain vegetation structure at a level favoured by Plains-wanderers is most important for
the species persistence during drought periods.
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Appendix 3.1. Full set of results from Chapter 3, Table 3.12. HGLM selection summary for 139
pitfall/seed samples and random variables (grassland and site) at Oolambeyan National
Park 2006. AICc = Akaike’s Information Criterion adjusted for small sample size, K = the
number of parameters, ∆i = AICc differences and wi = the model weight. The constant only
and constant plus random effects models are included as a further measure of model fit. BG
– bare ground cover, TVC – total vegetation cover, L – litter.
AICc

K

∆i

wi

BG + TVC
BG + TVC + L
TVC
TVC + L
constant + random
BG
L
BG + L
constant only

442.34
443.86
443.99
446.03
450.99
451.69
453.89
454.39
537.22

3
4
2
3
2
2
2
3
1

0.00
1.52
1.65
3.69
8.65
9.35
11.55
12.05
94.88

0.48
0.22
0.21
0.08
0.01
0.00
0.00
0.00
0.00

Small grass seeds

L
constant + random
BG
BG + TVC
TVC
BG + L
TVC + L
BG + TVC + L
constant only

308.79
309.11
309.19
310.29
310.29
310.88
311.04
312.13
330.38

2
2
2
3
2
3
3
4
1

0.00
0.32
0.40
1.50
1.50
2.09
2.25
3.34
21.59

0.22
0.19
0.18
0.11
0.11
0.08
0.07
0.04
0.00

Sum of all grass seeds

L
constant + random
BG
TVC
BG + TVC
TVC + L
BG + L
BG +TVC + L
constant only

309.05
309.43
309.57
310.52
310.67
311.27
311.30
312.55
329.55

2
2
2
2
3
3
3
4
1

0.00
0.38
0.52
1.47
1.62
2.22
2.25
3.50
19.98

0.23
0.19
0.18
0.11
0.10
0.08
0.07
0.04
0.00

Sum of small seeds

BG
constant + random
L
BG + TVC
TVC
BG + L
constant only
TVC + L
BG + TVC + L

272.09
272.78
273.18
274.09
274.14
274.16
274.74
275.96
276.19

2
2
2
3
2
3
1
3
4

0.00
0.69
1.09
2.00
2.05
2.07
2.65
3.87
4.10

0.26
0.18
0.15
0.09
0.09
0.09
0.07
0.04
0.03

Response

Model

Number of invertebrate orders

- 205 -

Appendices

AICc

K

∆i

wi

BG
L
constant + random
TVC
constant only
BG + L
TVC + L
BG + TVC
BG + TVC + L

275.00
275.17
275.18
275.43
275.85
277.32
277.53
277.60
279.39

2
2
2
2
1
3
3
3
4

0.00
0.17
0.18
0.43
0.85
2.32
2.53
2.60
4.39

0.19
0.17
0.17
0.15
0.12
0.06
0.05
0.05
0.02

Invertebrate abundance

constant + random
TVC
BG
BG + TVC
BG + L
BG + TVC + L
TVC + L
constant only
L

279.88
281.19
281.23
281.66
281.78
282.40
282.52
282.72
288.21

2
2
2
3
3
4
3
1
2

0.00
1.31
1.35
1.78
1.90
2.52
2.64
2.84
8.33

0.28
0.14
0.14
0.11
0.11
0.08
0.07
0.07
0.00

Small non-grass seeds

constant + random
constant only
BG
L
TVC
BG + L
BG + TVC
TVC + L
BG + TVC + L

278.59
279.20
280.35
280.85
280.89
282.43
282.44
282.93
284.54

2
1
2
2
2
3
3
3
4

0.00
0.61
1.76
2.26
2.30
3.84
3.85
4.34
5.95

0.31
0.23
0.13
0.10
0.10
0.05
0.04
0.04
0.02

Large non-grass seeds

constant + random
BG
TVC
L
constant only
BG + TVC
TVC + L
BG + L
BG + TVC + L

288.58
289.06
289.25
289.90
290.29
290.73
290.99
291.48
292.69

2
2
2
2
2
3
3
3
4

0.00
0.48
0.67
1.32
1.71
2.15
2.41
2.90
4.11

0.22
0.18
0.16
0.12
0.10
0.08
0.07
0.05
0.03

Sum of large seeds

constant + random
L
BG
TVC
constant only
BG + TVC
TVC + L
BG + L
BG + TVC + L

285.25
285.55
285.95
286.56
286.75
287.17
287.51
288.21
289.29

2
2
2
2
2
3
3
3
4

0.00
0.30
0.70
1.31
1.50
1.92
2.26
2.96
3.34

0.21
0.18
0.15
0.11
0.10
0.08
0.07
0.05
0.04

Response

Model

Sum of non-grass seeds
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Response

Model

Total seed abundance

constant + random
BG
constant only
L
TVC
BG + TVC
BG + L
TVC + L
BG + TVC + L
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AICc

K

∆i

wi

269.24
269.36
269.89
271.35
271.39
271.44
271.44
273.47
273.55

2
2
2
2
2
3
3
3
4

0.00
0.12
0.65
2.11
2.15
2.20
2.20
4.23
4.31

0.24
0.22
0.17
0.08
0.08
0.08
0.08
0.03
0.03
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Appendix 4.1. Full set of results from Chapter 4, Table 4.5. HGLM regression model
selection summary for 90 seed and invertebrate samples and random variables (grassland
and site) for conservation and production grazed grasslands combined. AICc = Akaike’s
Information Criterion adjusted for small sample size, K = the number of parameters, ∆i =
AICc differences and wi = the model weight. The constant only and constant plus random
effects models are included as a further measure of model fit. PG = perennial grass, AG =
annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

PG + F
AG + PG + F
PG
AG + PG
F
AG + F
AG
Constant + random
Constant only

994.8
995.3
1005.7
1006.8
1012.7
1014.5
1018.4
1018.7
2112.1

3
4
2
3
2
3
2
2
2

0.0
0.5
10.9
12.1
17.9
19.8
23.6
23.9
1117.3

0.6
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Large non-grass seeds

AG + PG + F
PG + F
AG + F
F
AG + PG
AG
Constant + random
PG
Constant only

912.5
918.0
921.7
926.9
928.4
931.8
937.5
941.0
1521.8

4
3
3
2
3
2
2
2
2

0.0
5.5
9.3
14.5
15.9
19.3
25.0
28.5
609.3

0.9
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sum of non-grass seeds

AG + PG + F
AG + F
PG + F
F
AG
AG + PG
PG
Constant + random
Constant only

904.5
908.2
910.9
917.5
920.2
920.9
929.6
932.5
1540.9

4
3
3
2
2
3
2
2
2

0.0
3.8
6.5
13.1
15.7
16.4
25.2
28.1
636.4

0.8
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sum of small seeds

AG + PG + F
PG + F
AG + PG
PG
F
AG
Constant + random
AG + F
Constant only

1086.4
1087.8
1095.1
1095.7
1134.4
1135.4
1135.9
1136.0
2215.7

4
3
3
2
2
2
2
3
2

0.0
1.5
8.7
9.3
48.1
49.1
49.6
49.6
1129.3

0.7
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Response

Model

AICc

K

∆i

wi

Sum of large seeds

AG + PG + F
PG + F
AG + F
AG + PG
F
PG
AG
Constant + random
Constant only

928.1
928.6
933.9
935.7
936.3
937.4
937.6
942.6
1519.8

4
3
3
3
2
2
2
2
2

0.0
0.5
5.8
7.6
8.2
9.3
9.5
14.5
591.7

0.5
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sum of all seeds

PG + F
AG + PG + F
PG
AG + PG
F
AG + F
AG
Constant + random
Constant only

1589.7
1591.8
1608.7
1610.9
1639.2
1640.9
1645.5
1646.2
2890.9

3
4
2
3
2
3
2
2
2

0.0
2.0
19.0
21.2
49.5
51.1
55.8
56.4
1301.2

0.7
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Number of invertebrate orders

AG
PG
F
Constant + random
Constant only
AG + PG
AG + F
PG + F
AG + PG + F

177.2
177.3
177.3
177.3
177.5
179.4
179.4
179.4
181.6

2
2
2
2
2
3
3
3
4

0.0
0.0
0.0
0.0
0.3
2.1
2.1
2.2
4.3

0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.0

Total invertebrate abundance

AG + F
AG + PG + F
AG + PG
AG
F
PG + F
PG
Constant + random
Constant only

621.2
622.9
634.0
635.8
638.9
641.3
655.2
656.8
905.7

3
4
3
2
2
3
2
2
2

0.0
1.7
12.8
14.6
17.7
20.0
33.9
35.6
284.4

0.7
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Invertebrate abundance (minus ants)

AG
Constant + random
PG
F
AG + PG
AG + F
PG + F
AG + PG + F
Constant only

228.0
228.3
228.3
229.6
230.2
231.4
232.3
234.1
268.9

2
2
2
2
3
3
3
4
2

0.0
0.3
0.3
1.6
2.2
3.4
4.3
6.1
40.9

0.3
0.2
0.2
0.1
0.1
0.0
0.0
0.0
0.0
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Appendix 4.2. Full set of results from Chapter 4. Table 4.7. HGLM regression model
selection summary for 45 seed and invertebrate samples and random variables (grassland
and site) for conservation grazed grasslands only. AICc = Akaike’s Information Criterion
adjusted for small sample size, K = the number of parameters, ∆i = AICc differences and wi =
the model weight. The constant only and constant plus random effects models are included
as a further measure of model fit. PG = perennial grass, AG = annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

F
AG
PG
Constant + random
PG + F
AG + F
AG + PG
AG + PG + F
Constant only

466.1
467.1
467.2
467.2
468.0
468.3
469.4
470.5
966.1

2
2
2
2
3
3
3
4
2

0.0
1.1
1.1
1.1
2.0
2.2
3.4
4.4
500.0

0.3
0.2
0.2
0.2
0.1
0.1
0.0
0.0
0.0

Large non-grass seeds

AG + F
AG + PG + F
AG + PG
F
AG
PG + F
PG
Constant + random
Constant only

378.4
380.6
390.7
391.6
392.8
393.5
409.3
410.6
727.1

3
4
3
2
2
3
2
2
2

0.0
2.2
12.3
13.2
14.4
15.1
30.9
32.2
348.7

0.8
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sum of non-grass seeds

AG + F
AG + PG + F
AG + PG
AG
F
PG + F
PG
Constant + random
Constant only

371.8
374.2
385.1
385.5
387.3
388.3
405.3
405.6
746.8

3
4
3
2
2
3
2
2
2

0.0
2.4
13.4
13.7
15.5
16.5
33.5
33.8
375.0

0.8
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sum of small seeds

PG
AG + PG
PG + F
F
AG + PG + F
Constant + random
AG
AG + F
Constant only

524.8
527.0
527.2
529.3
529.5
530.0
530.0
531.6
1021.3

2
3
3
2
4
2
2
3
2

0.0
2.1
2.4
4.4
4.6
5.2
5.2
6.7
496.5

0.5
0.2
0.1
0.1
0.0
0.0
0.0
0.0
0.0
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Response

Model

AICc

K

∆i

wi

Sum of large seeds

AG + F
AG
AG + PG + F
F
AG + PG
PG + F
PG
Constant + random
Constant only

381.3
382.5
383.7
386.3
387.1
387.8
393.8
393.8
663.9

3
2
4
2
3
3
2
2
2

0.0
1.2
2.4
5.0
5.7
6.5
12.5
12.5
282.6

0.5
0.3
0.1
0.0
0.0
0.0
0.0
0.0
0.0

Sum of all seeds

AG
PG + F
AG + PG + F
AG + F
AG + PG
PG
F
Constant + random
Constant only

688.9
689.3
690.0
690.0
690.3
690.6
691.0
692.4
1167.6

2
3
4
3
3
2
2
2
2

0.0
0.4
1.1
1.1
1.4
1.7
2.0
3.5
478.7

0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.0
0.0

Number of invertebrate orders

F
AG
PG
Constant + random
Constant only
PG + F
AG + F
AG + PG
AG + PG + F

89.4
89.4
89.4
89.4
89.5
91.6
91.6
91.7
94.0

2
2
2
2
2
3
3
3
4

0.0
0.1
0.1
0.1
0.2
2.2
2.3
2.4
4.7

0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.0

Total invertebrate abundance

AG + F
AG + PG + F
AG + PG
AG
F
PG + F
PG
Constant + random
Constant only

360.7
361.4
371.9
379.3
389.8
392.1
411.3
414.3
514.5

3
4
3
2
2
3
2
2
2

0.0
0.7
11.2
18.6
29.1
31.4
50.6
53.6
153.8

0.6
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Total invertebrate abundance (minus ants)

AG + F
AG
Constant + random
F
PG
AG + PG
PG + F
AG + PG + F
Constant only

113.7
116.8
117.2
117.9
118.1
119.8
120.8
122.6
130.1

3
2
2
2
2
3
3
4
2

0.0
3.1
3.5
4.2
4.4
6.1
7.1
8.9
16.4

0.6
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
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Appendix 4.3. Full set of results from Chapter 4, Table 4.9. HGLM regression model
selection summary for 45 seed and invertebrate samples and random variables (grassland
and site) for production grazed grasslands only. AICc = Akaike’s Information Criterion
adjusted for small sample size, K = the number of parameters, ∆i = AICc differences and wi =
the model weight. The constant only and constant plus random effects models are included
as a further measure of model fit. PG = perennial grass, AG = annual grass, F = forb cover.
Response

Model

AICc

K

∆i

wi

Small non-grass seeds

PG + F
PG
AG + PG + F
AG + PG
AG
F
AG + F
Constant + random
Constant only

480.1
480.6
482.5
482.9
533.5
545.0
545.6
555.9
1107.6

3
2
4
3
2
2
3
2
2

0.0
0.5
2.4
2.7
53.4
64.9
65.5
75.8
627.5

0.4
0.3
0.1
0.1
0.0
0.0
0.0
0.0
0.0

Large non-grass seeds

PG
PG + F
AG + PG
AG + PG + F
AG
Constant + random
F
AG + F
Constant only

499.0
500.3
501.3
502.8
530.7
531.3
531.4
533.1
796.9

2
3
3
4
2
2
2
3
2

0.0
1.3
2.3
3.8
31.8
32.4
32.4
34.1
297.9

0.5
0.3
0.2
0.1
0.0
0.0
0.0
0.0
0.0

Sum of non-grass seeds

PG
PG + F
AG + PG
AG + PG + F
AG + F
F
AG
Constant + random
Const only

779.7
781.7
782.0
784.1
883.9
884.0
887.3
890.4
1551.8

2
3
3
4
3
2
2
2
2

0.0
2.0
2.3
4.5
104.2
104.3
107.7
110.7
772.2

0.6
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.0

Sum of small seeds

PG + F
AG + PG + F
PG
AG + PG
F
AG + F
AG
Constant + random
Constant only

492.5
495.0
496.6
498.9
589.9
590.5
607.7
610.3
1134.4

3
4
2
3
2
3
2
2
2

0.0
2.4
4.1
6.4
97.3
98.0
115.1
117.8
641.9

0.7
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.0
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Response

Model

AICc

K

∆i

wi

Sum of large seeds

PG
PG + F
AG + PG
AG + PG + F
AG
Constant + random
F
AG + F
Constant only

514.8
516.2
517.0
518.6
553.0
553.2
553.2
555.4
860.1

2
3
3
4
2
2
2
3
2

0.0
1.4
2.2
3.8
38.2
38.4
38.5
40.6
345.3

0.5
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.0

Sum of all seeds

PG + F
AG + PG + F
PG
AG + PG
F
AG + F
AG
Constant + random
Constant only

710.9
805.3
809.9
812.2
946.0
946.2
955.2
958.1
1686.7

3
4
2
3
2
3
2
2
2

0.0
94.4
99.1
101.3
235.1
235.3
244.4
247.3
975.9

1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Number of invertebrate orders

AG
F
Constant + random
PG
Constant only
AG + F
AG + PG
PG + F
AG + PG + F

91.6
91.9
92.0
92.3
92.4
93.6
93.8
94.5
96.0

2
2
2
2
2
3
3
3
4

0.0
0.3
0.4
0.7
0.8
2.0
2.2
2.9
4.4

0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.0
0.0

Total invertebrate abundance

AG
PG
F
Constant + random
AG + PG
AG + F
PG + F
AG + PG + F
Constant only

245.5
246.3
246.9
246.9
247.5
247.8
248.4
249.7
393.2

2
2
2
2
3
3
3
4
2

0.0
0.8
1.4
1.4
2.0
2.3
3.0
4.2
147.7

0.3
0.2
0.1
0.1
0.1
0.1
0.1
0.0
0.0

Total invertebrate abundance (minus ants)

PG
AG
Constant + random
F
PG + F
AG + PG
AG + F
AG + PG + F
Constant only

115.0
115.4
115.4
116.0
117.1
117.4
118.5
119.9
142.8

2
2
2
2
3
3
3
4
2

0.0
0.5
0.5
1.0
2.1
2.4
3.5
4.9
27.8

0.2
0.2
0.2
0.1
0.1
0.1
0.0
0.0
0.0
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Appendix 4.4. Encounter rate of Plains-wanderers for the present study in 2007, 2008 and for
other published surveys carried out in structurally suitable Plains-wanderer grassland.
Km
travelled

No. of
hours

No. of
PWs ^

No. PWs
per km

Location/Year

Source

172

38

7*

0.04

Riverina
2008

This study

226

58

9*

0.04

Riverina
2007

This study

4286

740

134 *

0.03

Riverina
2001-2007

Birds Australia (2008)

1636

533

209

0.13

Riverina
1984-1986

Baker-Gabb et al. (1990)

70

-

1.00

0.01

South Australia
2006

(Bellchambers & BakerGabb, 2006)

311

-

-

0.01

Queensland

(Bellchambers & BakerGabb, 2006)

PW = Plains-wanderer, ^ number of sightings, * does not include dependant
chicks/juveniles, -no information provided.
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Appendix 6.1. Fauna species detected during nocturnal spotlight surveys on Oolambeyan National Park and surrounding private properties during NovemberDecember 2007. All surveys were carried out in mapped primary and secondary Plains-wanderer grassland either on foot or driving a vehicle at <5 km/hr and using a
handheld spotlight.
Common Name

Survey number

Latin Name
1

2

3

4

5

Australian kestrel

Falco cenchroides

Australian magpie

Gymnorhina tibicen

Australian pipit

Anthus novaeseelandiae

Australian pratincole

Stiltia Isabella

Banded lapwing

Vanellus tricolor

Banded lapwing chicks

Vanellus tricolor

Brown songlark

Cincloramphus cruralis

Curl snake

Suta suta

Eastern bearded dragon

Pogona barbata

Eastern brown snake
Eastern hooded scalyfoot
Fat-tailed dunnart

Pseudnaja textilis

1

Pygopus schraderi

3

6

7

8

9

10

13

Total

11
1

12
1

14

9

1

3

1

1

4

1

15

16

17

18

19

20

21

22

23
2

1
1

10

4

3

2

10

4

6
2

1
2

2
6

4
2

2

11

15

9

3

69

18

4

98

4
5

2

24
2

2

1

1

3

6

1

Sminthopsis crassicaudata

4

1

1

1

3

1

2

1

1

1

1

2

7

3
1

2

1

1

1
2

3

3
2
Mus musculus
Charadrius (Peltohyas) australis

Plains-wanderer

Pedinomus torquatus

Plains-wanderer chicks

Pedinomous torquatus

Tessellated gecko

Diplodactylus tessellates

1

Km travelled

14

14

1.5

2

3

4

9

6

10

15

Time (mins)

165

150

60

40

120

50

120

145

185

195

5

16

Gecko spp.
Inland dotterel

2
1

Frog spp.
House mouse

3

11
1

3

12

10

11

35

6

57

10
3

13
3

1
3

2

3

9

4
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8
1

2
3

33

4
1

1

1

4

21

7

20

18

8

8

17

3

14

10

10

17

12

244 km

265

90

285

270

90

120

310

10

165

160

120

240

310

61 hrs

Appendices

Appendix 6.2. Fauna species detected during nocturnal spotlight surveys on Oolambeyan National Park and surrounding private properties
during October-November 2008. All surveys were carried out in mapped primary and secondary Plains-wanderer grassland either on foot or
driving a vehicle at <5 km/hr and using a handheld spotlight.
Common Name

Survey number

Latin Name
1

Australian pipit

Anthus novaeseelandiae

Banded lapwing

Vanellus tricolor

Banded lapwing chicks

Vanellus tricolor

Brown falcon

Falco berigora

Curl snake

Suta suta

Eastern hooded scaly-foot

Pygopus schraderi

Fat-tailed dunnart

Sminthopsis crassicaudata

Inland dotterel

Charadrius (Peltohyas) australis

Little button-quail

Turnix velox

Plains-wanderer

Pedinomous torquatus

3

Plains-wanderer chicks

Pedinomus torquatus

3

Red fox

Vulpes vulpes

Stubble quail

Coturnix pectoralis

Tessellated gecko

Diplodactylus tessellatus

Wedge-tailed eagle

Aquila audax
Km travelled
Time (mins)

2

17

3

4

5

6

7

2

2

10

10

6

2

8

3

Total

9

10

11

12

13

14

15

5

3

12

6

2

3

2

80

17

23

1
2

2
1

1

1

2

4

11

3

3

1
4
1

4

3

5

3

9

3

1

2

7

2

14

4

50

1

1

2

1

10

1

2

3

3

1

7

1

4

1

1

1

1

2

2

2
1

11
230

17
175

16
300

18
240
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1
9
120

7
85

6
135

8
60

28
305

9
95

15
150

2
7
90

4
50

5
135

12
100

172 km
38 hrs

