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ABSTRACT 
 

Riparian zones are recognised for their contributions to local and regional biodiversity 

and their importance for avian diversity has been demonstrated within a range of 

vegetation types. In semi-arid and arid environments, where there is a marked contrast 

between the riparian and the adjacent landscape matrix, riparian zones are landscape 

elements of relative resource stability. Although many studies have investigated how 

vegetation and surrounding land-use influences avian species richness, abundance, and 

assemblage composition, relatively few have assessed how avian species richness is 

affected by water and changes in its availability within arid regions. Water related 

variables (e.g. precipitation, water-energy variables) have been identified as the drivers of 

large-scale species diversity patterns and within arid environments water will especially 

gain of importance in the light of climatic changes. 

I investigated the effect of accessible surface water and precipitation, as well as 

vegetation composition on bird species richness and assemblage composition at riparian 

and adjacent habitats in north-western New South Wales, Australia. Vegetation differed 

distinctly between riparian and non-riparian sites, but not within riparian habitats. Avian 

species richness depended on the availability and size of surface water but was not 

affected by precipitation patterns. Species richness declined with distance from open 

water, not only in the desert but also within the riparian environment. Structural 

vegetation complexity of riparian woodlands was also a strong determinant of bird species 

richness. A canonical correspondence analysis confirmed that bird assemblages were 

influenced strongly by water and vegetation structure. The distribution and abundance of 

bird species changed with distance from water, such that more moisture dependent 

species were present in the vicinity of water while only a few species increased in number 

at greater distances. 

The differentiation between avian species richness and assemblages at riparian water 

sites and the surrounding arid landscape reveals the marked ecological value of these 

habitats in contributing to local and regional biodiversity. Water is a critical resource in 

determining regional avian diversity, although the compositional structure of bird 

communities has been affected by pastoral grazing regimes and water provision. 

 



Contents 
 

iv 

 

CONTENTS 
 

Declaration................................................................................................................................i 

Acknowledgement...................................................................................................................ii 

Abstract...................................................................................................................................iii 

Contents ..................................................................................................................................iv 

List of figures..........................................................................................................................vi 

List of tables...........................................................................................................................vii 

List of plates..........................................................................................................................viii 

List of abbreviations ..............................................................................................................ix 

 

1   Introduction........................................................................................................................1 

 

2   Natural properties of the investigated area....................................................................4 

2.1   Abiotic characteristics ................................................................................................4 

2.1.1   Climate ..............................................................................................................4 

2.1.2   Geology .............................................................................................................6 

2.1.3   Soil.....................................................................................................................6 

2.1.4   Hydrology..........................................................................................................7 

2.2   Biotic characteristics ..................................................................................................7 

2.2.1   Vegetation .........................................................................................................7 

2.2.2   Avifauna ..........................................................................................................10 

2.3   Land-use – rangeland pastoralism ...........................................................................11 

 

3   Material and Methods.....................................................................................................13 

3.1   Study area .................................................................................................................13 

3.2   Vegetation survey.....................................................................................................15 

3.2.1   Data collection.................................................................................................15 

3.2.2   Statistical analyses ..........................................................................................16 

3.3   Bird survey ...............................................................................................................18 

3.3.1   Data collection.................................................................................................18 

3.3.2   Statistical analyses ..........................................................................................20 

3.4   Water body size ........................................................................................................22 

 



Contents 
 

v 

 
4   Results ...............................................................................................................................23 

4.1   Vegetation.................................................................................................................23 

4.1.1   Floristic communities......................................................................................23 

4.1.2   Similarity in floristic composition ..................................................................26 

4.2   Avifauna ...................................................................................................................28 

4.2.1   Species richness of point observations ...........................................................28 

4.2.2   Species richness along transects .....................................................................33 

4.2.3   Influence of environmental variables on avian assemblages.........................38 

4.2.4   Bird distribution along transects.....................................................................42 

 

5   Discussion..........................................................................................................................48 

5.1 Bird species richness ..................................................................................................48 

5.2 Bird assemblages and species distribution ................................................................52 

 

6   Glossary.............................................................................................................................57 

 

7   References.........................................................................................................................58 

 

8   Appendix...........................................................................................................................66 

 

 



List of figures 
 

vi 

 

LIST OF FIGURES 
 

Figure 1    Location of Fowlers Gap Arid Zone Research Station..........................................4 
 
Figure 2    Average rainfall and mean temperature at Fowlers Gap Station...........................5 
 
Figure 3    Location of the sites on Fowlers Gap Arid Zone Research Station. ...................14 
 
Figure 4    Location of vegetation surveys.............................................................................16 
 
Figure 5    Bird species numbers pooled over time. ..............................................................18 
 
Figure 6    Location of bird point surveys and transects........................................................20 
 
Figure 7    Dissimilarity dendrogram for the floristic composition of all sites.....................27 
 
Figure 8    Distribution of total avian species numbers between the three site  
                  categories indicating abundances of ubiquitous and site specific species. .........28 
 
Figure 9    Number of bird species at point observations for the tree types of  
                  water regime. ........................................................................................................30 
 
Figure 10  Effect of water area (m²) on avain species richness at point 
                  observations.. ........................................................................................................30 
 
Figure 11  Effect of water area (m²) on bird abundance........................................................31 
 
Figure 12  Correlation between bird species richness and abundance at point 
                  observations. .........................................................................................................31 
 
Figure 13  Changes in avian species richness for transect observations in  
                  relation to days since the last effective rainfall and the progression  
                  of the season..........................................................................................................34 
 
Figure 14  Number of bird species per transect segment according to distance 
                  from water body....................................................................................................37 
 
Figure 15  Canonical correspondence analysis ordination diagram for bird  
                  communities at point observation level. ..............................................................39 
 
Figure 16  CCA ordination diagram showing different ecological groups  
                  within the bird species assemblage recorded at point observations. ...................41 
 
Figure 17  Changes in abundance of bird species increasing with distance towards 
                  a water body at creek and desert transects. ..........................................................44 
 
Figure 18  Changes in abundance of bird species decreasing with distance towards 
                  a water body at creek an desert transects .............................................................45 

 



List of tables 
 

vii 

 

LIST OF TABLES 
 

Table 1    Distribution of vegetation survey sites within the three a priory defined  
                groups dividing locations by vegetation structure and water availability  
                for ANOSIM and SIMPER analysis. .....................................................................17 
 
Table 2    Vegetation table showing all species at all survey plots together with  
                their Braun-Blanquet cover-abundance value........................................................25 
 
Table 3    General linear model showing the effects of model terms on bird  
                species numbers at point observations. ..................................................................32 
 
Table 4    General linear model showing the effect of seasonal change on bird  
                species richness at point observations....................................................................32 
 
Table 5    General linear model showing the effects of model terms on bird  
                species numbers at transect observations...............................................................35 
 
Table 6    General linear model showing the effect of seasonal change on bird  
                species richness at transect observations. ..............................................................35 
 
Table 7    General linear model showing the effects of model terms on bird  
                species numbers per transect segment. ..................................................................37 
 
Table 8    Association between bird species abundance and distance from water  
                at creek and desert transects showing correlation coefficients and  
                significance levels...................................................................................................43 
 
Table 9   Foraging guilds of increasing and decreasing bird species at creek and 
                desert transects. .......................................................................................................46 
 
Table 10  Foraging stratum of increasing and decreasing bird species at creek and 
                desert transects. .......................................................................................................47 
 
Table 11  Composition of the four principal components out of the original 
                structural vegetation variables................................................................................66 
 
Table 12  Species list of all plants sampled at the 21 plots during vegetation surveys. .......67 
 
Table 13  Species list of all seen birds on Fowlers Gap Arid Zone Research Station..........69 
 
Table 14  Avian species means for all observations at each point survey location. .............72 

 



List of plates 
 

viii 

 

LIST OF PLATES 
 

Plate 1   Chenopod shrubs ........................................................................................................8 

Plate 2   Shrubland and woodland trees ...................................................................................9 

Plate 3   The Lake ...................................................................................................................73 

Plate 4   Lake Frieslich ...........................................................................................................73 

Plate 5   Waterhole Station after rainfall and nearly dried out ..............................................74 

Plate 6   Waterhole Conners ...................................................................................................74 

Plate 7   Desert Frieslich.........................................................................................................75 

Plate 8   Desert Lake...............................................................................................................75 

 

 



List of abbreviations 
 

ix 

 

LIST OF ABBREVIATIONS 
 

AMC  Atriplex vesicaria – Maireana sedifolia community 

ANOSIM Analysis of similarity 

ASL  above see level 

BWh  Desert climate of low latitudes 

CCA  Canonical correspondence analysis 

CMC  Casuarina paupa – Maireana georgei community 

DC  Desert Conners 

d.d.f.  Denominator degrees of freedom 

d.f.  Degrees of freedom 

DF  Desert Frieslich 

DL  Desert Lake 

EMC  Eucalyptus camaldulensis – Medicago polymorpha community 

GLM  General linear model 

GPS  Global positioning system 

LF  Lake Frieslich 

LL  The Lake 

LN  Lake Nelia 

LS  Least squares 

m.s.  Mean square 

NSW  New South Wales 

PC  principal component 

PCA  Principal component analysis 

s.e.  Standard error 

SIMPER Similarity percentage analysis 

UTM  Universal Transverse Mercator (coordinates) 

WC  Waterhole Conners 

WG  Waterhole Gap 

WS  Waterhole Station 

 

 



1   Introduction 
 

1 

 

1   INTRODUCTION 
 

Avian species richness, abundance and distributional patterns have long been linked to 

habitat characteristics, especially to structural vegetation complexity and resource 

availability (MacArthur & MacArthur 1961, MacArthur 1964, Willson 1974). 

Structurally more complex habitats are generally able to maintain larger arrays and 

abundances of species than habitats with a simple architecture because of enlarged 

microhabitat segregation, resource accessibility and predator protection (MacArthur et al. 

1966, Cody 1981, Vickery et al. 2001). Consequently, more species may coexist within a 

given area (Mac Nally et al. 2001), pointing out a positive correlation between structural 

and biological diversity.  

Especially strips of riparian vegetation and their influence on local and regional species 

richness and diversity have been the focus of many studies that document their 

contribution to bird diversity in relation to the surrounding non-riparian habitat complex 

(Knopf & Samson 1994, Sanders & Edge 1998, Saab 1999, Woinarski et al. 2000, Mac 

Nally et al. 2000, Palmer & Bennett 2006). The value of riparian zones for birds also has 

been demonstrated in semi-arid and arid landscapes (Sutcliffe 1980, Szaro & Jakle 1985). 

Riparian forests in arid landscapes display unique features with narrow, linear shapes and 

a large percentage of border zones. Woodland structure and its avian species composition 

are chiefly influenced by adjacent landscape features and their respective land-use (Saab 

1999, Martin et al. 2006, Martin & McIntyre 2007). In particular, in arid ecosystems birds 

are faced with harsh environmental conditions, with high temperatures and large 

temperature fluctuations, as well as unpredictable resource availability (Schodde 1982, 

Blendiger 2005). Climate influences the diversity and composition of the arid zone 

avifauna through both, direct effects (physiological stress due to overheating and 

dehydration) and indirect effects (plants as a resource base e.g. for feeding and nesting) 

(Hawkins et al. 2003a). Riparian zones present relative resource stability in these harsh 

environments and offer refuge during prolonged periods of drought (Woinarski et al. 

2000).  

Australia is the driest continent with a median precipitation value of 359 mm per 

annum, and so large-scale patterns in species diversity have a strong association with 

current levels of water availability and annual precipitation (Hawkins et al. 2003a, 

 



1   Introduction 
 

2 

 
Hawkins et al. 2005). Furthermore, Hawkins et al. (2003b) have identified water as the 

dominant explanatory variable constraining species richness on the southern hemisphere. 

Recent studies investigating climate change and its impact on Australian ecosystems 

showed an increase in the maximum temperature, higher annual evaporation rates and an 

associated decrease in the total annual rainfall in the eastern part of the country (Hughes 

2003, Nicholls 2006). Under these circumstances the occurrence and impacts of droughts 

are exacerbated (Nicholls 2004). 

Here, I investigate the interplay between water availability and avian species richness 

and assemblages in arid central-eastern Australia, in the north-western part of New South 

Wales. The region is characterised by chenopod shrub-steppe associations that are 

intercepted by riparian woodland formations along major drainage channels and around 

reservoir lakes established to provide water for pastoralism and its associated uses 

(Burrell 1973). Specifically, I examine the effects of vegetation composition, the size of 

accessible surface water of natural waterholes and artificial reservoirs, the progression of 

drought after precipitation, as well as the influence of distance from available surface 

water on bird species richness and associations. This allowed me not only to investigate 

the effects of vegetation composition on local bird communities, but also to directly 

integrate the influences of the resource water, which has been highlighted as a key 

component in diversity related analyses (Hawkins et al. 2003b).  

In particular I sought to answer the following four questions: 

(1) What is the influence of water, as surface water and in the form of precipitation, on 

bird species richness? Differs avian species richness at the investigated natural and 

artificial water bodies? I hypothesise that species richness will decline with reduced 

water availability and the progression of drought, as this implies a decrease of 

directly (water) and indirectly related resources (plant growth, food availability). 

(2) Which environmental variables best determine the occurrence of birds at species 

and/or assemblage level? I thereby aim to identify which groups of species are more 

closely associated with measures of differences in structural vegetation, and which 

ones correspond to water availability per se. 

(3) Is there a distance related influence of water and/or riparian vegetation on avian 

species richness? I hypothesise that species richness is highest in the vicinity of water 
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sources, shows a gradual decrease with increased distance to water in the riparian 

environment, and a sharper decrease away from water within the desert. 

(4) Does avian species distribution change with distance from water? Do individual 

species increase or decrease in their abundances in the proximity to water bodies 

within creek and desert habitats? 
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2   NATURAL PROPERTIES OF THE INVESTIGATED AREA 
 

The study was conducted at the University of New South Wales Arid Zone Research 

Station at Fowlers Gap in south-eastern central Australia, approximately 110 km north of 

Broken Hill, New South Wales (31° 05’ S, 142° 43’ E) (Fig. 1). The research station 

extends from the northern margins of the Barrier Ranges towards the Bancannia Basin in 

the east and the Lake Eyre Basin in the northwest. The entire Fowlers Gap homestead 

property extends over an area of 39,200 ha (Macdonald 2000). 

 

Figure 1. Location of Fowlers Gap Arid Zone Research Station within New South Wales 

and in relation to the Australian context (boundary shapes ©Commonwealth of Australia, 

Geoscience Australia, 2002). 

 

2.1   Abiotic characteristics 
2.1.1   Climate 

Fowlers Gap presents the characteristic continental climate of Australia’s interior with 

large ranges of daily and seasonal temperatures. According to the Köppen scheme of 

climatic classification (Bell 1973) the climate is warm arid (BWh) with hot summers and 
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mild winters (Fig. 2). During summer, daytime temperatures regularly surpass 30 °C and 

during winter may fall below -3 °C. The diurnal temperature range may come up to        

20 °C. Mean annual rainfalls averaged 235 mm in the period from 1966 – 2006 

(Australian Bureau of Meteorology 2006), with a high degree of yearly variability. 

Precipitation is sparse and unpredictable as Fowlers Gap is situated in the transitional 

zone between summer and winter rainfall dominance. Macdonald (2000) nonetheless 

outlines the tendency of higher, unpredictable rainfalls during summer and more reliable 

yet lesser winter rains. 

Throughout the year low cloud cover may be observed (< 25 %), resulting in a total 

amount of 3270 sunshine-hours per year coupled with a high mean solar radiation (Bell 

1973). According to Wakelin-King & Webb (2007) the regions average potential annual 

evaporation is about 2800 mm. Potential annual evaporation outtakes therefore exceed 

more than ten times the precipitation income, resulting in an overall negative water 

budget. 
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Figure 2. Average rainfall (1966-2006) and mean temperature (1968-1973) at Fowlers 

Gap Station (Australian Bureau of Meteorology 2006, Macdonald 2000). 
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2.1.2   Geology 

The geomorphologic conditions of the region distinguish themselves by a perpetuated 

crustal stability since the upper Tertiary period, so that the current landforms according to 

Akpokodje (1984, in Macdonald 2000) are derived from both, erosive and depositional 

processes. 

When looking at Fowlers Gap Stations’ geologic and physiographic features three 

predominant sections may be distinguished: 

(1) The western parts are dominated by low quartzite ridges and rounded hills of 

Precambrian origin ranging from 180-240 m height above see level (ASL) (Macdonald 

2000). 

(2) The central parts rise up to 244 m ASL and are characterised by Devonian and 

Precambrian ranges belonging to the south-north striking Barrier Range. The major 

ranges are composed of resistant quartzites and sandstones, whereas the minor ridges with 

lower relief features consist of quartzite, sandstone, siltstone, limestone or shale 

(Macdonald 2000). In the south of this geologic section characteristic drainage systems – 

like Fowlers Creek – traverse the ranges with deeply cut channels and narrow alluvial 

flats (Macdonald 2000). 

(3) The eastern parts comprise extensive alluvial plains, tilting eastwards from about 

170 m to 140 m ASL towards the Bancannia Basin at the lower reaches of Fowlers Creek 

(Ward & Sullivan 1973). The Tertiary deposits of clay, sand and gravel are covered by 

Quaternary alluvial, colluvial and aeolian materials and may reach up to 400 m in depth 

(Mabbutt 1973a). The dominant features of this region are hardpans, scalds, gilgai as well 

as patterned ground formations (Mabbutt 1973a). 

 

2.1.3   Soil 

Generally the soils of the region are described as typical of the Australian arid zone 

(Corbett 1973, Macdonald 2000). According to McKenzie (2004) vertosols, also known 

as cracking clays dominate in north-western NSW; thereby red vertosols (vertic 

solonchak to the World Reference Base; McKenzie 2004) are recognised as the most 

widespread. These shrink-swell soils distinguish themselves by a clay-field texture 

containing 35 % or more clay, and hence are associated with low infiltration, permeability 

and available water storage (McKenzie 2004). The soils found on Fowlers Gap comprise 
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a mixture of aeolian and in situ weathered materials, with most soil profiles indicating 

only a limited pedological differentiation (Macdonald 2000). Overall high pH values and 

accumulations of lime, chlorides and sulphides may be found. Extremely saline soils are 

encountered especially under saltbushes (Atriplex spp.), with pH values of 9-10 resulting 

from the return of the salt from the litter (Burrell et al. 1973, Corbett 1973). In the 

interbush areas values can drop to natural or slightly alkaline. 

 

2.1.4   Hydrology 

Driven by the climatic conditions arid zone streams are ephemeral and characterised by 

long and erratic periods of no flow and highly variable annual flows (Kingsford 2000, 

McMahon & Finlayson 2003). Substantial runoff and thus streamflow occurs for rainfall 

events of more than 12 mm (Beavis & Beavis 1984). The major drainage channel and 

primary creek in the investigated area is Fowlers Creek. This creek has a catchment area 

of 40,000 ha (Bell et al. 1973) and extends over approximately 55 km (Wakelin-King & 

Webb 2007). Although Fowlers Creek mostly lies dry it may flow several times a year 

with sub-bankfull up to overbank levels. Such flows, nonetheless, only last for hours to 

days (Wakelin-King & Webb 2007). The hydrographs taken by Wakelin-King & Webb 

(2007) are flashy and multi-peaked for longer flows reflecting the input of the different 

tributaries. During dry periods with no flow, dryland rivers like Fowlers Creek are 

reduced to a series of waterholes (Kingsford 2000) that exhibit different lifespans in 

correlation with site characteristics. Waterholes undergo a continuous water loss by 

evaporation (Hamilton et al 2005) that depends on their size, the height and width of the 

adjacent riparian vegetation as well as the exposure of the water surface to wind action 

and solar heating (Carini et al. 2006). 

 

2.2   Biotic characteristics 
2.2.1   Vegetation 

The vegetation of the area generally is low woody and open and therefore 

representative of the shrub-steppe of southern arid Australia (Burrell 1973). The majority 

of plants are indigenous to the Australian arid zone (Macdonald 2000). Large proportions 

are covered by chenopod shrublands which are dominated by bluebush (Maireana spp.) 

and saltbush (Atriplex spp.) communities (Burrell 1973, Keith 2004). These shrubland 

formations can occur in conspicuously patterned contour bands (Burrell 1973). As has 
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been shown by various authors (Tongway & Ludwig 1997, Aguiar & Sala 1999, D. 

Tongway pers. comm.) these patch-interpatch areas play important roles in the 

distribution of water and nutritional resources in the landscape. 

On the ranges and undulating plains especially black bluebush – pearl bluebush 

communities (Maireana pyramidata – M. sedifolia; Plate 1) can be found (Burrell 1973, 

Cunningham et al. 1981). The composition may range from almost monospecific           

M. pyramidata or M. sedifolia stands to mixtures of both species. In the interbush areas an 

amalgamation of grasses and forbs like copperburrs (Sclerolaena spp.), annual saltbushes 

(Burrell 1973) or various speargrasses (Austrostipa spp.) and asteraceans can be found 

(Cunningham et al. 1981, Keith 2004). Towards the alluvial plains of the lowland land 

systems bluebush communities can integrate into bladder saltbush communities (Atriplex 

vesicaria; Plate 1) which are associated with copperburrs in the interbush areas (Burrell 

1973). 

 

Plate 1. Chenopod shrubs, a) black bluebush – Maireana pyramidata, b) pearl bluebush – 

Maireana sedifolia, c) bladder saltbush – Atriplex vesicaria, d) pop saltbush – Atriplex 

holocarpa. 
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At several locations these low shrublands may intermingle with characteristic species of 

the tall open-shrubland (Macdonald 2000) like casuarina shrublands (Casuarina spp.; 

Plate 2) on footslopes and rocky uplands, prickly wattle stands (Acacia victoriae; Plate 2) 

along minor drainage channels or mulga communities (Acacia aneura) (Burrell 1973). 

The latter are mostly found on rocky crests or slopes (Cunningham et al. 1981) and often 

feature an understorey of Atriplex vesicaria, Maireana astrotricha (low bluebush),         

M. pyramidata, and Sclerolaena spp. 

The low open-woodlands found on Fowlers Gap are dominated by river red gum 

communities (Eucalyptus camaldulensis; Plate 2), which are limited to the larger drainage 

channels like Fowlers Creek, Homestead Creek, or Gum Creek for example. Burrell 

(1973) described their distribution as dependent on shallow ground water supplies within 

the alluvial fill of such ephemeral water courses. The banks and levees contained by river 

red gum communities often have a characteristic understorey of chenopods (Atriplex 

vesicaria, Maireana pyramidata, Enchylaena tomentosa) or taller shrubs (Pittosporum 

spp., Eremophila spp.). On the land systems of the ranges small groves of casuarina 

woodlands can be found (e.g. Lake Paddock or South Sandstone Paddock). Casuarina 

trees often occupy bouldery channels, e.g. in the upper reaches of Frieslich Creek, that 

lack the depth of alluvium to support river red gums. 

 

Plate 2. Shrubland and woodland trees, a) river red gum – Eucalyptus camaldulensis, b) 

belah – Casuarina paupa, c) prickly wattle – Acacia victoriae. 
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Substantial rainfalls induce the germination and growth of ephemerals (Burrell 1973). 

Flushing ephemerals may in this period outnumber perennials in the range of five to one 

(Burrell 1973). Especially daisies, legumes and other herbs (Keith 2004) start to flourish 

although the magnitude of the growth impulse depends on the amount of rain in relation 

to the evaporative conditions (Burrell 1973). The full range of ephemerals however, will 

never be presented after any period of rain as germination of different species is triggered 

by different temperatures. In that respect quite distinctive variations within the vegetation 

will go along with winter and summer rains. 

 

2.2.2   Avifauna 

The avifauna of the region is relatively diverse with 150 recorded species, especially in 

comparison to the diversity of mammals, which with less than 15 indigenous species is 

rather limited (Dawson & Russell 1973). As a part of inland Australia, the birds of the 

Fowlers Gap area are attributed to the Eyrean avifauna that comprises only an 

approximate 15 % of Australian land and freshwater birds, yet covers an area of almost  

70 % of the continent (Schodde 1982). Under the environmental conditions of heat and 

aridity birds have adapted through flexible manipulation of physiological and behavioural 

traits, involving nomadism, opportunistic timing of reproduction and terrestrial foraging 

(Schodde 1982, Astheimer & Buttemer 2002). More than half of all Eyrean species 

exhibit nomadic or migratory behaviour (Schodde 1982), which results in seasonal 

changes of avian diversity. Extensive migratory movements can be found in members of 

different families, for example Halcyonidae (red-backed kingfisher Todiramphus 

pyrrhopygia), Artamidae (masked and white-browed woodswallow Arthamus personatus, 

A. superciliosus), and Psittacidae (budgerigar Melopsittacus undulatus) (Schodde 1982). 

In particular water birds inhabiting arid zone wetlands make extensive movements in 

response to regional flushes of rainfall and resource availability (Roshier et al 2002, 

Kingsford & Norman 2002). In years of sufficient precipitation water bodies on Fowlers 

Gap may harbour species from up to thirteen different waterbird families (e.g. 

Phalacrocoracidae, Podicipidae, Anatidae, or Charadriidae). Nonetheless, many arid zone 

birds are sedentary (Astheimer & Buttemer 2002) with year-round territoriality (e.g. 

white-winged fairy-wren Malurus leucopterus) and only locally restricted movements 

(e.g. chestnut-rumped thornbill Acanthiza uropygialis and pied honeyeater Certhionyx 

variegatus) (Schodde 1982). Rain generally has to precede breeding, although sedentary 
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species’ reproduction principally peaks during spring (Astheimer & Buttemer 2002), with 

the duration of breeding and the size of clutches depending on factors like food 

availability and rainfall (Schodde 1982). Furthermore, social interactions can play an 

important role in the coordination of reproduction, especially in regard of the high 

incidence of cooperative breeding within the Australian avifauna (Russell 1989), which is 

also conspicuous in numerous species in the investigated area (e.g. Maluridae, 

Pomatostomidae, Corcoracidae, Artamidae and Pradalotidae (Ligon & Burt 2004, 

Cockburn 2006)). 

 

2.3   Land-use – rangeland pastoralism 
Land-use, despite the region’s semi-aridity and sparse population, has been and still is a 

major factor influencing the landscape. As in other arid low-rainfall areas of the 

Australian continent, north-western New South Wales is dominated by rangeland 

pastoralism, with foremost stocking of sheep. The first pastoral uses of the Fowlers Gap 

region commenced in the mid 1800’s (Mabbutt 1973b). The second half of the              

19th century was characterised by the most intensive use as sheep numbers peaked in 

western New South Wales to 14 million, though the stocking rates over time reflect the 

inconsistency of climatic conditions (Freudenberger & Noble 1997). Under these 

circumstances of severe overstocking and grazing pressure in combination with following 

droughts the rangelands of the Fowlers Gap region in general and the chenopod 

shrublands in particular underwent a pronounced deterioration, especially on the level of 

vegetation and soil condition (Mabbutt 1973b, Smyth & James 2004). Marked changes 

also took place within the composition of the fauna. By the introduction and proliferation 

of pest species like rabbits (Oryctolagus cuniculus), foxes (Vulpes vulpes), goats (Capra 

hircus) and cats (Felis catus) the indigenous mammalian fauna has been substantially 

reduced and species, many of which had important ecological functions, have gone 

extinct (Ludwig & Tongway 1997, James et al. 1999, Smyth & James 2004, Woinarski & 

Fisher 2003). The Broken Hill Complex Bioregion alone thereby can account for 27 

species of mammals, two of birds, and one of plants having become extinct (Smyth & 

James 2004). Additional, feral animals contribute largely to the total grazing pressure. 

Thus goats, together with the native species of kangaroo (Macropus spp.) equal the 

grazing pressure exerted by domestic livestock (James et al 1999). Another effect of 

pastoralism is the large scale provision of artificial water sources, making waters available 
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at average distances from 7 km to 11 km (James et al 1999). Since livestock concentrates 

within the vicinity of these watering points degradation is amplified within their 

perimeters, creating the characteristic pattern of the piosphere discussed by James et al. 

(1999). Water also was made more readily accessible on Fowlers Gap by the turn to the 

20th century through wells and earthen tanks, and by the middle of the century through 

bores and dammed reservoirs (Mabbutt 1973). This situation still persists today at 

Fowlers Gap, despite its function as a research station it runs about 4,000 sheep on its 

39,200 ha. 
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3   MATERIAL AND METHODS 
 

3.1   Study area 
I studied the effect of water availability and vegetation on avian species richness in the 

southern part of Fowlers Gap Station. Three different site categories (i.e. water regimes) – 

artificial lakes (n = 3), natural waterholes (n = 3), and desert locations (n = 3) – were 

taken into account (Fig. 3). Lakes and waterholes differ in their extension and 

susceptibility to drought and hence might display differences in avian species richness 

and assemblage composition. Desert sites were chosen to assess the avian species pool of 

the surrounding shrub-steppe habitat.  

The three lakes (Plate 3 and 4) all consist of earthen dams that collect runoff from 

upstream catchment areas. The reservoir of Frieslich Lake combines a lake and tank and 

represents the major source of water for the residential building complex. Frieslich is of 

most recent date, being constructed in 1973 it comprises a catchment of 1000 ha (Beavis 

& Beavis 1984). The Lake and Nelia are situated in the south-eastern ranges. Both 

reservoirs were built in the mid 1960’s (Mabbutt 1973b) and have smaller storage 

capacities compared with Frieslich and are therefore more prone to drought. According to 

Bell et al. (1973) The Lake is fed by a catchment of 1100 ha, Nelia by a catchment of   

400 ha. 

The three waterholes included in this study are located within the bed of the major 

creek, Fowlers Creek, and in this respect follow the south-west/north-east course of the 

stream. In a downstream sequence of about 2 km intervals the waterholes Gap, Station, 

and Conners were investigated (Fig. 3; Plate 5 and 6). As natural places of water storage 

they all diverge in their life-spans in keeping with the sites properties (see chapter 2.1.4). 

The three desert locations – Desert Frieslich (Plate 7), Desert Lake (Plate 8), and Desert 

Conners – are randomly distributed within the ranges and the plains. I selected the 

location of these study plots so that they were at least 1 km away from the nearest water 

body e.g. troughs, tanks, lakes, and waterholes. 
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Figure 3. Location of the sites on Fowlers Gap Arid Zone Research Station (ArcView 

layers courtesy of University of New South Wales Fowlers Gap Research Station). 
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3.2   Vegetation survey 

n surveys in August 2006 at 21 different locations. Vegetation 

w

. According to the 

ch

3.2.1   Data collection 

I conducted vegetatio

as sampled at all sites of the bird census. This included six plots at riparian locations in 

the vicinity of the six water bodies (LF, LL, LN, WG, WS, and WC) as well as the three 

plots at the desert locations (DF, DL, and DC) (Fig. 4). Additional vegetation plots were 

set at the end points of each bird-survey transect, thereby providing six more survey 

locations within the desert (LFD, LLD, LND, WGD, WSD, and WCD) as well as six 

riparian locations (LFC, LLC, LNC, WGC, WSC, and WCC) (Fig. 4). 

The size of each survey area comprised 20 × 20 metres, or 400 m²

aracter of the location the dimensions were altered so that the sampling could occur in a 

floristically and ecologically homogenous area (Mueller-Dombois & Ellenberg 1974, 

Moore & Chapman 1986, Dierschke 1994). Nonetheless, I sought to maintain an 

approximate total area of 400 m², which is considered to be an appropriate sampling area 

for riparian woodlands and chenopod shrublands. This dimension is in accordance to 

recommendations in the literature, where areas between 200 – 800 m² (Moore & 

Chapman 1986) and 100 – 1000 m² (Dierschke 1994) are seen as appropriate sampling 

areas for woody formations including the tree stratum. The assessment of the species 

composition was conducted in keeping with the Braun-Blanquet Method with its 

combined cover-abundance scale (Mueller-Dombois & Ellenberg 1974, Moore & 

Chapman 1986). All species at all sites were identified to species level, or respectively to 

genus level for non-flowering grasses (Cunningham et al. 1981, Brooke & McWhirter 

2006). I assigned all species with a cover-abundance value, and determined them to be 

either members of the canopy (tree layers), mid-story forms of the shrub layer, or of the 

ground covering herb layer. Besides, I assessed the percentage cover as well as the 

vegetation layers’ structural height in metres. In total, I differentiated between five 

structural layers within the plots (tree layer 1 (>15 - 5 m), tree layer 2 (5 - 3 m), shrub 

layer (<3 - 0.4 m), herb layer (0.4 - 0.05 m), and litter). 
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Figure 4. Location of vegetation survey areas. First two letters of abbreviations indicate 

site identity, first letter: L, lake; W, waterhole; D, desert. Three-lettered abbreviations 

indicate plots at the end of bird survey transects, last letter: C, creek; D, desert. (Aerial 

photograph, NSW Department of Lands 1995). 

 

3.2.2   Statistical analyses 

The recorded parameters of all plots were entered into a raw data table which 

subsequently was sorted and refined according to similarities in the floristic composition 

(Mueller-Dombois & Ellenberg 1974, Moore & Chapman 1986). Data entry and 

arrangement of characteristically, distinguishable floristic communities was performed 

using TABWIN 4 (under replacement of the European to a north-western NSW species 

list). To test for differences in species compositions, an analysis of similarity (ANOSIM) 
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was performed on the original plot-species abundance dataset with PRIMER 5. ANOSIM 

is comparable to a standard univariate ANOVA by testing a prioi defined groups against 

random groups within ordinate space (Clarke & Gorley 2001). Similarity was calculated 

for three groups that differentiated locations according to overall vegetation structure and 

water availability (1, riparian with water; 2, riparian non-water; 3, desert – non-riparian 

non-water; Table 1). For all statistical analyses the critical significance level of p = 0.05 

was employed. A related analysis, similarity percentage (SIMPER), was afterwards used 

to identify the species that are contributing most to the similarities within the three site 

groupings, as well as the dissimilarities between groups based on contributions of the 

species’ to the types of location (riparian with water vs. riparian non-water, riparian with 

water vs. desert, riparian non-water vs. desert). This was done on the basis of computing 

the total contributions of species to the Bray-Curtis similarities (within groups) or 

dissimilarities (between groups). 

 

 Table 1. Distribution of vegetation survey sites (n = 21) within the three a priory defined 

groups dividing locations by vegetation structure and water availability for ANOSIM and 

SIMPER analyses. 

1 – riparian with water 2 – riparian non-water 3 – desert 

LF, LL, LN, LFC, LLC, LNC, DL, DF, DC, 

WG, WS, WC WGC, WSC, WCC LFD, LLD, LND, 

  WGD, WSD, WCD 

 

Furthermore, a principal component analysis (PCA) was applied to the structural 

vegetation data to filter the number of variables being later integrated into the statistical 

analysis of the avifauna dataset. PCA is designed to identify the combination of variables 

describing the largest amount of variation in a multivariate dataset by constructing new 

principal components that are linear combinations of the original variables (Fowler et al. 

2001, Moore & Chapman 1986). Out of the 14 structural vegetation variables, four new 

principal components were extracted that collectively explain 86.6 % of the variation in 

the dataset. The PCA was performed using SPSS 13 (rotation, Varimax with Kaiser 

Normalisation). Variables contributing only to a minor extent to the value of a principal 

component were abandoned (values less than 0.5). For the contribution of the structural 

vegetation variables to the four new principal components see Table 11, p. 66. 
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3.3   Bird survey 
3.3.1   Data collection 

Bird surveys commenced with a preliminary investigation throughout June 2006 at a 

selection of the nine study sites. The purpose of this preliminary survey was to assess the 

amount of time an observer should spend at one location to record a representative 

fraction of the species pool, this being approximately 80 % of species. Observation time 

at the spots was 4.7 ± 0.9 hours (mean ± s.e.). I recorded in 10 minute intervals all bird 

species (up to species level) that could be identified by visual or acoustic cues. 

Observations of the main survey were consequently made in the morning and evening 

during the peak of general activity and song intensity (Robbins 1981, Bibby et al. 1995) 

for 2.5 hours (Fig. 5). 
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Figure 5. Bird species numbers pooled over time (mean values, whiskers show standard 

errors). 

 

The data of the main survey was collected in two observation periods, with the first 

extending from the beginning of July 2006 until mid August 2006, and the second during 

October 2006. During these periods, all nine study sites (Fig. 6) were sampled six times 

with observations randomised for each location according to the number of days between 

observations and morning and evening observation. In keeping with the preliminary 

survey, I scanned species at 10 minute intervals and recorded all species that could be 

identified visually and acoustically. Species were identified to species level wherever 
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possible (Simpson & Day 2004); otherwise just the genus was noted. Furthermore, the 

abundances of the individual species were recorded. 

In addition to point counts, line transect observations were made to integrate possible 

distance related effects on avian species richness into the investigation, as well as to 

achieve higher census accuracies by combining the advantages of both methods 

(Sutherland et al. 2004). All line transect observations were made throughout July and 

mid August. Transects were one kilometre in length, had a duration of half-an-hour and 

started at one of the six water locations. The order in which transects were surveyed was 

randomised and the direction walked was changed (starting at 0 m or at 1000 m). I altered 

transect direction in keeping with Luck et al. (1999) to avoid the potential problem of 

‘pushing’ birds through the continual observer movement to or away form water 

locations. In total, six transects in the downstream direction from the water bodies (LFC, 

LLC, LNC, WGC, WSC, and WCC), as well as six desert transects (LFD, LLD, LND, 

WGD, WSD, and WCD), setting off perpendicularly from each water body, were walked 

(Fig. 6). Creek transects followed the streambed, whereas desert transects followed a 

straight line. All transects were partitioned into 200 m segments, with distances measured 

by using a handheld GPS device. For each 200 m segment the individual species and their 

abundances were recorded continually. Included into the count were all species that 

occurred within about 50 metres on each side of the transect-line and those in front of the 

observer. 

For both, point observations and transects, I recorded the following parameters: date, 

time of day, place, distance to water, area of water body, days since last effective rain, 

number of species, maximum number of individuals. 
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Figure 6. Location of bird point surveys (grey triangles) and transects (blue, creek 

transects; red, desert transects) in the study area. First two letters of abbreviations indicate 

site identity, first letter: L, lake; W, waterhole; D, desert. Three-lettered abbreviations 

indicate bird survey transects, last letter: C, creek; D, desert. (Aerial photograph, NSW 

Department of Lands 1995). 

 

3.3.2   Statistical analyses 

Bird census data was analysed according to type (point, transect) and information level 

(species number, individual species abundances) of the observation. Data of point and 

transect surveys showed a normal distribution using the Shapiro-Wilk Test (point,           

W = 0.96; transect, W = 0.96), which offers an effective measure of normality even for 

small samples (n < 20) (Shapiro & Wilk 1965). 
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To test for the effects on species richness I used general linear models (GLMs) type III 

Sum of Squares in SAS 9.1. General linear models were chosen as they have the 

advantage to test for the effects of categorical and continuous variables in the same 

analysis. I investigated the effects of location, water regime, water area, days since last 

effective rain, vegetation type, as well as structural vegetation parameters on species 

numbers for point observations. The relationship between bird abundance (number of 

birds per count) and water area and between avian species richness and bird abundance 

was tested using Pearson’s correlations. To analyse species richness for transect 

observations, I tested the effects of location, water regime, water area, days since last 

effective rain, vegetation type and the kind of transect (creek or desert). With the same 

kind of model (GLM type III SS), I assessed the effects of location, water regime, water 

area, days since last effective rain, kind of transect, and distance from water body on the 

number of species per transect segment. All explanatory terms and possible interactions 

were added into the models. Subsequently, all those terms were backward removed from 

the final model that did not affect its explanatory power (α = 0.05). The values for non-

significant terms were afterwards derived by individually adding each non-significant 

term to the final model that contained all significant terms.  

It further proved necessary to investigate if seasonal effects are a better predictor of 

avian species richness compared to the variable days since effective rainfall. I tested the 

influence of season on bird species richness at point and transect observations within a 

separate linear model (GLM type III SS) under the elimination of the covarying variable 

days since last effective rainfall. 

To investigate the effects influencing the abundances of individual species at point 

observation level, a canonical correspondence analysis (CCA) was applied in     

CANOCO 4.5. Using CCA enables to identify patterns in bird species composition that 

are associated with environmental variables. The final ordination diagram thus presents 

the distribution of the individual species along each environmental variable (Ter Braak 

1986). Out of the set of 18 environmental variables, I removed the ones that were strongly 

correlated with one of the remaining ten variables. Species data were square-root 

transformed to reduce the influence of high abundances and to give greater weight to less-

common species. A Monte Carlo simulation (499 permutations) was preformed to test for 

the significance of the overall ordination and the first canonical axis. 
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To assess the influence of distance from water on avian species distributions along 

transects I analysed the abundance data for each of the 38 species that occurred at more 

than three locations and with higher frequencies and/or abundances within the transect 

segments using non-parametric correlation methods (Spearman’s correlation coefficient 

for ranked data in SAS 9.1). These analyses were conducted using the average abundance 

of each species per transect segment for creek and desert transects respectively. 

 

3.4   Water body size 
The area of the six water bodies - Frieslich (LF), The Lake (LL), Nelia (LN), Waterhole 

Gap (WG), Waterhole Station (WS), and Waterhole Conners (WC) - was measured three 

times in total. Measurements were made either three days after effective precipitation 

events (on the 02.07.2006 and 22.07.2006) or after the occurrence of considerable 

changes due to evapotranspiration (on the 12.10.2006). 

As effective rain, I defined precipitation events generating sufficient runoff to result in 

the flowing of Fowlers Creek. Only following conditions of stream-flow does the refilling 

of all investigated water bodies occur, especially those of the natural waterholes within 

the creek. Events of effective precipitation thus occurred on the 29.06.2006 and from the 

14.07. – 18.07.2006 with a total rainfall of 10.8 mm and 40.2 mm respectively (total 

rainfall 9 am – 12 pm, Australian Bureau of Meteorology 2006).  

I assessed the area of the water bodies using a handheld GPS device while walking 

around the margins of the water bodies. The area of the individual water body was either 

calculated by using the integrated area calculation function of the Garmin GPSmap 

60CSx, or if that was not possible due to strongly vegetated banks or severe muddy 

conditions of the shores, by setting GPS waypoints along the shoreline. The UTM-

coordinates of these waypoints were afterwards entered into the geographical information 

system ArcView GIS 3.2 and used to calculate the area in square metres. 
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4   RESULTS 
 

4.1   Vegetation 
During vegetation surveys a total of 63 plant species was recorded at the 21 sites  

(Table 12, p. 67). Species richness per plot ranged from five to 27 species. 

 

4.1.1   Floristic communities 

Arrangements for similarities in floristic composition resulted in the assignment of 

three discernable vegetation communities. Of the 21 sampled locations ten were classified 

as Eucalyptus camaldulensis – Medicago polymorpha community (EMC), eight as 

Atriplex vesicaria – Maireana sedifolia community (AMC), and three as Casuarina 

paupa – Maireana georgei community (CMC) (Table 2). For the affiliation of the 

different plots to any of the three assigned vegetation communities refer to Table 2. 

 

The Eucalyptus camaldulensis – Medicago polymorpha community is characterised by 

high structural complexity and is typical for riparian locations. It comprises two tree 

layers that are dominated by river red gum (Eucalyptus camaldulensis), as well as a richly 

structured shrub layer featuring especially waterbush (Grevillea nematophylla), thorny 

saltbush (Rhagodia spinescens), and black bluebush (Maireana pyramidata). The herb 

layer is rich in species, of which a large proportion is mutually exclusive to this 

community, like burr medic (Medicago polymorpha) and No. 9 wiregrass (Aristida 

jerichoensis var. subspinulifera). 

The Atriplex vesicaria – Maireana sedifolia community is typical to desert locations. 

This community is less rich in structural complexity as well as in species than the EMC 

(AMC, mean species number 9.5 ± 0.98 s.e.; EMC, 16.8 ± 2.16 s.e.). Its shrub layer 

consists of three chenopod shrubs, with bladder saltbush (Atriplex vesicaria) and pearl 

bluebush (Maireana sedifolia) being the most common. Generally low coverage is 

attained throughout the shrub and herb layer. Herbs are mostly sparsely distributed 

although copperburrs (Sclerolaena spp.) can be quite common. 
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The Casuarina paupa – Maireana georgei community is as well a desert community 

and features a tree layer with open stands of belah (Casuarina paupa) and a 

comparatively sparse shrub and herb layer. The shrub layer is dominated by bluebushes, 

including the differential species of satiny bluebush (Maireana georgei) (Table 2). 

Measured against the AMC this community nonetheless contains greater species richness 

(mean species number 15.7 ± 1.47 s.e.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table on following page. 

 

Table 2. Vegetation table showing all species at all survey plots together with their 

Braun-Blanquet cover-abundance value. Colours indicate the different vegetation 

communities: EMC (green), Eucalyptus camaldulensis – Medicago polymorpha 

community; AMC (yellow), Atriplex vesicaria – Maireana sedifolia community; CMC 

(blue), Casuarina paupa – Maireana georgei community; red colour indicating 

ubiquitous species. (T1, tree layer one; T2, tree layer two; S, shrub layer, H, herb layer 

and L, litter). 

 



A

Location WS WCC LLC WGC WC WSC WG LFC LL LF LNC LN DL WSD LLD WGD LFD DF DC LND WCD
Layers (cover in %)                          T1 50 30 20 50 50 80 40 10 80 50 50 5 2   -   -   -   -   -   -   -   -

T2 4   - 5 10 5 5 -   - 10 30   -   -   -   -   -   -   -   -   -   -   -
S   50 5 40 30 30 5 25 5 3   - 70 5 5 20 10 10 1 10 1   -   -
H   10 20 50 50 20 1 25 5 1 1 10 15 2 2 10 15 5 5 25 30 20
L   50 10 5 5 70 5 10 5 100 90 10 10 10 40 2 5 10 3 5 10 1

No. of species 21 18 27 19 25 13 15 13 11 6 18 14 15 11 8 8 10 5 14 10 10
                               

Community EMC EMC EMC EMC EMC EMC EMC EMC EMC EMC CMC CMC CMC AMC AMC AMC AMC AMC AMC AMC AMC
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Eucalyptus camaldulensis (T1) 3 4 3 3 4  3 3 4 4 3           
Casuarina pauper (T1)           2 1 +         
Acacia aneurea (T1)           r           
Eucalyptus camaldulensis (T2) +  r 1 3 1   1 3            
Pittosporum phylliraeoides (T2) r  1 1 r                 
Grevillea nemtophylla (T2)   + 1                  
Acacia tetragonophylla (T2)   r                   
Atriplex nummularia (T2)   r                   
Dodonaea viscosa subsp. Spatul (T2)     r                 
Atriplex vesicaria (S)              r   1 4    
Maireana sedifolia (S)            r 2 3 4 r r     
Maireana pyramidata (S) 1  r  1  + 2   2 1  r + 3   +   
Grevillea nemtophylla (S) 1 + 1 + 2 + 1  1             
Rhagodia spinescens (S) 2  3 2   +    3  +         
Acacia victoriae (S)  r r  +  1 r +             
Enchylaena tomentosa (S)    2   + +              
Chenopodium auricomum (S)     1      1           
Eucalyptus camaldulensis (S)  1    +   +             
Maireana georgei (S)           r + +         
Senecio magnificus (S) r    1                 
Acacia tetragonophylla (S)    r  +                
Senecio cunninghamii (S)     +  +               
Atriplex holocarpa (S) 1                r     
Sida cunninghamii (S)           +           
Solanum ellipticum (S)           1           
Sclerolaena tricuspis (S)           +           
Sclerolaena diacantha (S)           +           
Sclerolaena limbata (S)     1                 
Aristida jerichoensis var. sub + 1 + 2 + 2 3 1              
Sisymbrium erysimoides + + 2 2 1      2 1 +         
Solanum ellipticum r + r  +  +     + r +        
Medicago polymorpha 2 1 2 3 + + 3               
Pterocaulon sphacelatum + +  r +    + +            
Rhagodia spinescens 1  2  +        +         
Oxalis corniculata 1   + 1      +           
Senecio magnificus   r +  +  +              
Grevillea nemtophylla  r r  r r                
Echium plantagineum  + + r                  
Chamaesyce drummondii  r        r r           
Sclerolaena diacantha +  +    + +   + + + 1 1 + +  + +  
Poa species  2      2   2 2  +  1 1 +    
Carrichtera annua 1 3 1  1       + + r  2     +
Chenopodium auricomum  +  + 1 1 +    + 1     r  r 1 +
Brachycome ciliaris + + + 1 + + +  +           + 1
Sclerolaena brachyptera        r r       +   1 1  
Sclerolaena divaricata   1        +        1 r  
Atriplex vesicaria                  1 1 + 2
Zygophyllum prismatothecum             + r 1 +   r   
Sclerolaena eriacantha              + +  1 2    
Arabidella sp.             1      1 1  
Pimelea simplex                 1  + +  
Sclerolaena tricuspis            +       1 r  
Dissocarpus paradoxus   r             4      
Convolvulus erubescens    + + r             r   
Rumex tenax    + + +                
Maireana sedifolia             + 2 +       
Erodium crinitum            r r     +    
Helipterum uniflorum            + r        +
Erodium aureum  + r            r       
Enchylaena tomentosa +  r                   
Helipterum pygmaeum   r            2       
Vittadinia triloba  r      r              
Trichodesma zeylanicum              1   +     
Sida cunninghamii   r     +              
Atriplex holocarpa                   +  +
Acacia victoriae         +             
Liliaceae species                     1
Swainsona stipularis         r             
Plantago turrifera                     1
Atriplex conduplicata                    1  
Senecio glossanthus                     +
Helipterum molle                   1   
Solanum esuriale        r              
Sclerolaena lanicuspis        +              
Swainsona campylantha r                     
Minuria denticulata                   +   
Helichrysum semifertile            +          
Juncus flavidus       +               
Senecio cunninghamii       +               
Eucalyptus camaldulensis          2            
Abutilon otocarpum r                     
Centipeda cunninghamii          1            
Sclerolaena limbata     +                 
Lepidium phlebopetalum             +    +    +
Lotus cruentatus         +             
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4.1.2   Similarity in floristic composition 

The floristic composition differed between the groups riparian with water and desert 

(group 1 & 3) (ANOSIM, r = 0.619, p = 0.002), as well as between the groups riparian 

non-water and desert (group 2 & 3) (ANOSIM, r = 0.621, p = 0.002). The two riparian 

categories, riparian with water and riparian non-water (group 1 & 2), did not differ 

significantly from each other (ANOSIM, r = 0.067, p = 0.68). The SIMPER analysis 

showed that for riparian sites with water five plant species contributed for approximately 

70 % of the similarity for the assemblages present at these sites. Those species 

contributing the most included river red gum (48.4 %), waterbush (9.5 %), and black 

bluebush (6.8 %). For riparian non-water locations six species accounted for about 70 % 

of the within-group similarity, with river red gum (28.1 %), No. 9 wiregrass (14.3 %), and 

smooth mustard (7.4 %) as the most common. Within the third group, desert - non-water, 

non-riparian, also six species contributed to approximately 70 % of the similarity among 

assemblages, those with highest contributions being grey copperburr (24.5 %), pearl 

bluebush (10.9 %), and bladder saltbush (10.1 %). 

In accordance to the above ANOSIM results, average dissimilarity between groups 1 

and 2 was comparably low (66.6 % in contrast to groups 1 & 3, 92.2 % and 2 & 3,       

91.7 %). Plant species that contributed effectively to within group similarity likewise 

contributed to low between group dissimilarity. These were species like river red gum, 

No. 9 wiregrass, smooth mustard, and burr medic. For groups 1 and 3, as well as groups 2 

and 3, twenty-one species made up to 70 % of the dissimilarity between floristic 

assemblages. The greatest contributors were river red gum (18.8 %,11.5 %), pearl 

bluebush (4.0 %, 3.8 %), burr medic (3.4 %, 4.3 %), waterbush (4.0 % groups 1 & 3), and 

No. 9 wiregrass (5.6 % groups 2 & 3). The dissimilarity of individual survey locations is 

displayed in the dendrogram of Fig. 7. A clear differentiation can be seen between 

riparian locations on the left, and desert locations on the right of the diagram.  
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Figure 7. Dissimilarity dendrogram for the floristic composition of all sites (n = 21). First 

two letters of abbreviations indicate site identity (first letter: L, lake; W, waterhole; D, 

desert). Three-lettered abbreviations indicate vegetation plots at the end of bird survey 

transects (last letter: C, creek; D, desert). 
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4.2   Avifauna 

Eighty-eight bird species were recorded at the sites during point and transect surveys 

(Table 13, p. 69). Thirteen species occured at all three site categories (Fig. 8) and the 

crested pigeon (Ocyphaps lophotes), Australian raven (Corvus coronoides) and spiny-

cheeked honeyeater (Acanthagenys rufogularis) were the most widespread of these 

species. Three species were recorded exclusively at desert sites, 26 at lake locations, and 

12 at waterholes (Fig. 8). For individual species’ distribution at all point observation sites        

(n = 9) refer to Table 14 (p. 72). Species richness ranged from one to 33 species per plot 

for point observations and from two to 19 species for transect observations. 
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Figure 8. Distribution of total avian species numbers between the three site categories of 

point observations indicating abundances of ubiquitous and site specific species. 

 

4.2.1   Species richness of point observations 

Bird assemblages at lake and waterhole locations were significantly richer in species 

compared to desert sites, although no significant differences were found between lake and 

waterhole locations (Table 3, Fig. 9). The mean species richness for desert habitats was 

6.7 species (± 0.71 s.e.), compared to 16.6 (± 0.62 s.e.) and 22.5 (± 1.31 s.e) at waterhole 

and lake sites respectively. Species richness also corresponded significantly with the area 

size of available surface water (F1,49 = 25.6, p < 0.0001, R² = 0.75), with more species 

present the greater the water area in square metres (Fig. 10). Correlation analysis showed 

a likewise strong positive correlation (Pearson’s r = 0.86, p < 0.0001, R² = 0.74) between 
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bird abundances and area of surface water (with a linear relationship providing the best-

fit, Fig. 11). Furthermore, species richness and bird abundance were strongly correlated 

(Pearson’s r = 0.88, p < 0.0001, R² = 0.9) in a non-linear positive relationship (Fig. 12). 

Larger water bodies within the arid ecosystem provided suitable environmental conditions 

for not only a richer bird species assemblage but also one characterised by generally 

higher levels of abundance. Smaller water bodies, as well as drought related surface area 

reductions of formerly larger reservoirs, corresponded to a reduced richness (Fig. 10).  

The observed species number increased with the number of days since the last effective 

rainfall (F1,49 = 6.08, p = 0.017). However, given that the two only rainfall events 

occurred early before mid July, an increase in species richness could also be a seasonal 

effect. I thus tested for the effect of seasonal changes with a separate linear model, which 

indicated significant changes in avian species richness in relation to the time of season 

(F1,49 = 6.35, p = 0.015; Table 4). Positive changes in species richness after rainfall might 

therefore stand in close relation to those seasonal alterations. A clear differentiation 

between the influence of seasonal and rainfall dependent effects on avian species richness 

is therefore not possible. 

All other terms entered into the original model proved to be non-significant. Structural 

vegetation parameters, as expressed by the four vegetation principal components (PC), as 

well as vegetation communities in general, had no effect on species richness (Table 3). 

The non-significance of vegetation variables may be explained by the close correlation 

with the variable water regime, with vegetation community showing significance       

(F2,49 = 18.31, p < 0.0001) upon replacement with water regime. 
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Figure 9. Number of bird species (means ± s.e.) at point observations for the three types 

of water regime. Different letters indicate significant differences between categories             

(p < 0.01). 
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Figure 10. Effect of water area (m²) on avian species richness at point observations       

(R² = 0.75). 
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Figure 11. Effect of water area (m²) on bird abundance (number of birds per count),      

(R² = 0.74). 
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Figure 12. Correlation between bird species richness and abundance (number of birds per 

count) at point observations (R² = 0.9). 
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Table 3. General linear model showing the effects of model terms on bird species 

numbers at point observations (n = 9). The model was reduced by stepwise removal of 

non-significant terms (p-values < 0.05). The effect of non-significant terms was estimated 

by adding them individually to the model. 

effects d.f. m.s. F-value p-value 
     

waterregime 2 381.92 37.11 <0.0001 
water area (m²) 1 263.46 25.60 <0.0001 
days after effective rain 1   62.59   6.08   0.017 
vegetation PC 4 1   31.26   3.17   0.081 
vegetation PC 3 1   27.32   2.75   0.10 
vegetation PC 2 1   10.55   1.03   0.32 
vegetation PC 1 1     6.94   0.67   0.42 
location 5     9.49   0.91   0.48 
vegetation community 2     6.97   0.67   0.52 
          

 
differences of LS means      
label estimate s.e. d.d.f. t-value p-value 
      

lake versus desert   10.14 1.57 49   6.46 <0.0001 
lake versus waterhole     1.28 1.41 49   0.90   0.37 
desert versus waterhole   - 8.86 1.09 49 - 8.11 <0.0001 
            

 

 

Table 4. General linear model showing the effect of seasonal change on bird species 

richness at point observations (n = 9). 

effects d.f. m.s. F-value p-value 
     

waterregime 2 381.92 37.11 <0.0001 
water area (m²) 1 263.46 25.60 <0.0001 
seasonal change (day in year) 1   65.07   6.35   0.015 
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4.2.2   Species richness along transects 

The general type of environment in which the transect was located, either desert or 

riparian within the creek, had a highly significant influence on avian species richness 

(F1,57 = 35.96, p < 0.0001; Table 5). Species assemblages along creek transects were 

significantly richer than those sampled at desert transects. Mean avian species richness for 

creek transects was 11.9 species (± 0.70 s.e.) compared to only about half that number for 

desert transects (6.9 ± 0.50 s.e.). The riparian habitat of dry creeks therefore apparently 

constitutes suitable habitat for larger arrays of bird species than the adjacent less 

structurally diverse desert.  

Furthermore, there was a significant positive correlation of avian species richness with 

days since the last effective rainfall (F1,57 = 7.74, p = 0.007). This increase in species 

richness, like the one occurring in the point observations, was investigated for the effect 

of seasonal changes in a separate linear model (Table 6). In keeping with rising species 

numbers with the time of season in the point observations, there was also a significant 

seasonal effect in species richness along transects (F1,57 = 12.08, p = 0.001). Changes 

within avian species richness with days since rainfall depended on habitat type (Fig. 13a). 

In creek habitats, with a diverse bird assembly, the number of species only showed a 

slight increase after rainfall. In contrast, in the desert habitats the number of bird species 

almost doubled after rainfall. Greater increases in species numbers along desert transects 

might therefore reflect a response to greater resource availability in this environment after 

rain. The time of season suggests to have had a stronger influence on avian species 

richness (Fig. 13b) as expressed by the lower p-value (p = 0.001) for seasonal effects, as 

compared with p = 0.007 for rainfall effects. The parallel increase in bird species richness 

in creek and desert environments probably reflects wider increases in the species pool for 

the area due to the gradual arrival of seasonal migrants. Nonetheless, it is not possible to 

clearly assign the observed increase in avian species richness to either seasonal or rainfall 

dependent effects. 

All other effects investigated, such as the type of vegetation community, water regime, 

surface area of water, and location were non-significant in their effect on bird species 

richness (Table 5). The non-significance of vegetation community types was due to 

related effects of the kind of transect and general type of environment, and it became 

significant when it replaced the latter variable (F2,57 = 17.78, p < 0.0001). 
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Figure 13. Changes in avian species richness for transect observations (filled spheres ●, 

creek; open spheres ○, desert). Graph a) in relation to days since the last effective rainfall 

(creek R² = 0.04, desert R² = 0.32) and graph b) in relation to the progression of the season 

(creek R² = 0.12, desert R² = 0.29). 
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Table 5. General linear model showing the effects of model terms on bird species 

numbers at transect observations (n = 12). The model was reduced by stepwise removal of 

non-significant terms (p-values < 0.05). The effect of non-significant terms was estimated 

by adding them individually to the model. 

effects d.f. m.s. F-value p-value 
     

transect type (creek, desert) 1 360.15 35.96 <0.0001 
days after effective rain 1   77.50   7.74   0.007 
location 5   20.17   2.23   0.065 
waterregime 1   31.81   3.30   0.074 
water area (m²) 1   30.63   3.18   0.08 
vegetation community 2     1.48   0.15   0.70 
          

 
LS means      

label estimate s.e. d.f. t-value p-value 
      

creek 11.87 0.58 57 20.54 <0.0001 
desert     6.97 0.58 57 12.06 <0.0001 
            

 

 

Table 6. General linear model showing the effect of seasonal change on bird species 

richness at transect observations (n = 12). 

effects d.f. m.s. F-value p-value 
     

transect type (creek, desert) 1 360.15 35.96 <0.0001 
seasonal change (day in year) 1 113.40 12.08   0.001 
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For the analysis of effects influencing avian species richness within each transect 

segment (transects n = 12, segments within transect n = 5), the general linear model was 

highly significant for five of the six investigated variables (Table 7). As found for the 

length of entire transects, species richness was higher in creek habitats than in desert 

habitats (F1,281 = 75.76, p < 0.0001), with markedly higher mean numbers of species for 

200 m creek segments (3.4 ± 0.18 s.e.) than for desert segments (1.6 ± 0.12 s.e.). 

Furthermore, avian species richness strongly correlated with distance from water (F1,281 = 

17.65, p < 0.0001). Species numbers decreased with distance to water both in creek and 

desert transects (Fig. 14). Mean bird species richness in the riparian environment of the 

creeks underwent a gradual decrease from 4.0 (± 0.56 s.e.) to 2.6 (± 0.88 s.e.). Desert 

transects in comparison showed a distinct drop in species richness after the first 200 m, 

with mean species numbers per segment declining from 3.2 (± 0.27 s.e.) to an 

approximate value of one, around which mean numbers subsequently fluctuated (Fig. 14). 

Species richness had higher levels in proximity to the surveyed water locations, and as 

species richness along creek transects indicates, this was also true within the same floristic 

association. The distinct decline of bird species numbers after the first segment of desert 

transects indicates the marked change in environmental conditions and general habitat 

structure from riparian woodlands to desert communities, which corresponded to the 

contrasting ecological requirements for different groups of bird species. 

Differences in species richness were also significantly linked to the location of the 

transect within the study area (F5,281 = 3.58, p = 0.004).  Transects at the individual sites 

had different environmental features, and hence attracted consistently different numbers 

of bird species. In addition, the interaction between location and transect type was 

significant (F5,281 = 3.03, p = 0.011), showing that changes in species richness for the 

kinds of transects at the different locations converged considerably. In agreement with the 

analysis of the entire transect, there was a significant effect of days since the last effective 

rainfall (F1,281 = 5.92, p = 0.016), and, as pointed out in the above models, seasonal 

changes may exert a marked influence on this relationship. 
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Figure 14. Number of bird species per transect segment according to distance from water 

body (grey, creek; black, desert). 

 

Table 7. General linear model showing the effects of model terms on bird species 

numbers per transect segment (n = 12 transects, n = 5 segments per transect). 

effects d.f. m.s. F-value p-value 
     

distance 1   52.65 17.65 <0.0001 
transect type (creek, desert) 1 226.03 75.76 <0.0001 
location 5   10.69   3.58   0.004 
days after effective rain 1   17.66   5.92   0.016 
location × transect type 5     9.03   3.03   0.011 
water area (m²) 1     6.89   2.32   0.13 
          

 
LS means      
label estimate s.e. d.f. t-value p-value 
      

creek 3.37 0.14 281 23.41 <0.0001 
desert   1.62 0.14 281 11.46 <0.0001 
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4.2.3   Influence of environmental variables on avian assemblages 

The results of the canonical correspondence analysis (CCA) on the bird communities at 

point survey locations are shown as a biplot of the species along the first two axes of the 

ordination in Fig. 15. The first two canonical axes explained 8.4 % and 6.6 % of the 

variance in the dataset, respectively. The vectors for the species scores and environmental 

variables collectively explained 24.3 % of the variance in the species-environment 

relationship on the first axis and 19.2 % along the second axis. Thus both axes explaining 

a total variance of about 44 %. This capacity to explain variations in bird community 

compositions is confirmed by the species-environment correlation coefficients, which 

were 0.93 for the first and 0.95 for the second axis. The results of the Monte Carlo 

permutation test showed significance for the overall ordination (F = 3.93, p = 0.002) and 

the first canonical axis (F = 2.26, p = 0.012). 

The length of the arrows in the ordination diagram indicates the importance and the 

total variance accounted for by the environmental variable (Ter Braak 1986). Variables 

most strongly associated to avian community structure were the area of available surface 

water (AreaWater), the cover and the height of the first structural tree layer (T1 cov, T1 

hight), as well as the cover and the height of the shrub layer (S cov, S height) (Fig. 15). 

The first ordinational axis was mainly affected by the two desert vegetation types, 

Atriplex vesicaria – Maireana sedifolia community (AMC) and Casuarina paupa – 

Maireana georgei community (CMC) in the one direction, and by cover and height of the 

first tree layer (T1 cov, T1 height) and the area size of available surface water 

(AreaWater) in the other direction. This axis appears to separate the sampled plots along 

an aridity and structural gradient, with those on its positive end being arid and poor in 

vegetation structure, while the ones on the negative end feature water and greater 

structural richness in vegetation. Correspondingly, most of the bird species on the positive 

side of axis one are species occurring at dry desert conditions and/or low vegetation 

coverage, whereas species on the negative side are dependent on water and/or richly 

structured vegetation. The second ordination axis was primarily influenced by structural 

vegetation variables, most notably the cover and height of the shrub layer (S cov, S 

height), as well as the hight of the tree layer (T1 height) and the cover of the herb layer (H 

cov). Species on its negative end can therefore be seen to be closely associated with 

structural vegetation richness, bird species on the positive end as having less pronounced 

demands for structurally complex habitats. 
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Figure 15. Canonical correspondence analysis ordination diagram for bird communities 

at point observation level. Points indicate the scores for the individual species as a 

function of the axes, which represent linear combinations of environmental variables. 

Arrows indicate the environmental variables included into the model, the length showing 

the relative importance of the variable. The direction of each arrow in relation to the axes 

indicates how well it is correlated with it. Locations of the individual bird species relative 

to the arrows display the environmental conditions associated with the occurrence of the 

species (for species abbreviations see Table 13, p. 69). 
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Within the ordination diagram, it was possible to identify three different ecological 

groups in the recorded bird species assemblage (Fig. 16). This includes a group of aquatic 

species that almost exclusively corresponded to the variable area size of available surface 

water (group a in Fig. 16). The largest part of these water birds involved anatids, 

represented with seven species, such as the grey teal (Anas gracilis) and the freckled duck 

(Stictonetta naevosa). Three species were excluded from this group as outliers. These 

were the cockatiel (Nymphicus hollandicus), zebra finch (Taeniopygia guttata), and emu 

(Dromaius novaehollandiae). Ecological group b, however, was composed of bird species 

that favour more or less open desert habitats. Species within this grouping belonged to 

various families such as the Artamidae, white-browed and black-faced woodswallow 

(Arthamus superciliosus, A. cinereus), the Pardalotidae, southern whiteface 

(Aphelocephala leucopsis), or the Pomatostomidae, chestnut-crowned babbler 

(Pomatostomus ruficeps). The third ecological grouping (group c in Fig. 16) comprised 

the most extensive range of species, most of which exhibit one or more intraspecific 

ecological traits strongly linking them to structurally rich vegetated habitats and water 

availability. This included cockatoos and parrots, such as the galah (Eolophus 

roseicapillus) or Australian ringneck (Barnardius zonarius), species of the Artamidae and 

Corcoracidae, like the grey and pied butcherbird (Cractius torquatus, C. nigrogularis) and 

apostlebird (Struthidea cinerea), and meliphagid honeyeaters like the white-plumed 

honeyeater (Lichenostomus penicillatus) and yellow-throated miner (Manorina flavigula). 
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Figure 16. CCA ordination diagram showing different ecological groups within the bird 

species assemblage recorded at point observations. Group a: water bird species, group b: 

species favouring open desert habitat, and group c: species depending on structurally rich 

vegetation and water availability. 
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4.2.4   Bird distribution along transects 

In the Spearman correlation for creek and desert transects, 19 out of 38 species were 

strongly correlated in their abundances with distance to water, although only five species 

showed a significant correlation. The reason for this can be seen in the relatively small 

sampling sizes per species. 

Along creek transects, 11 species increased in abundance with proximity to water 

(negative correlation coefficient), while two decreased (positive correlation coefficient). 

Species that increased were the variegated fairy-wren, apostlebird, chirruping wedgebill, 

spiny-cheeked honeyeater, little corella, white-winged fairy-wren, singing honeyeater, 

white-plumed honeyeater, willie wagtail, crested pigeon, and Australian magpie (Table 8, 

Fig. 17). Species that decreased were the mulga parrot and chestnut-crowned babbler 

(Table 8, Fig. 18). Along desert transects the abundance of 11 species increased towards 

the water bodies, while four species decreased. Species that increased were the little 

corella, tree martin, singing honeyeater, grey butcherbird, white-plumed honeyeater, 

willie wagtail, apostlebird, magpie-lark, Australian raven, mulga parrot, and variegated 

fairy-wren (Table 8, Fig. 17). Bird species with decreasing abundances were the chestnut-

crowned babbler, Australian magpie, Australian (Richard’s) pipit, and white-winged 

fairy-wren (Table 8, Fig. 18).  Most bird species were presented in greater abundances in 

the vicinity of water, not only along desert but also along creek transects thus indicating 

that this resource – or the riparian resource per se for desert transects – is of importance 

for most species. 

Identifying the foraging guilds and preferred foraging stratum of the above bird species 

showed that water locations within the riparian environment support a larger array of 

foraging guilds, with four guilds for increaser compared to two for decreaser species 

(Table 9 and 10). Those species increasing in the proximity to water were insectivores, 

granivores, nectarivores, and omnivores, whereas decreasing species were almost 

exclusively insectivores (Table 9). Many species with increasing abundances closer to 

water locations obtain their food not only on the ground, as it is the case for decreasing 

species, but also in higher strata of shrubs and trees (Table 10). This is especially the case 

within the meliphagid honeyeaters as nectarivorous canopy probers. For bird species 

increasing in abundance water as well as the riparian environment itself must play an 

essential role in either one or several parts their life histories to account for their close 

affinity to these resources. 
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Table 8. Association between bird species abundance and distance from water for creek 

and desert transects showing correlation coefficients (Spearman correlation -1 > r <       

-0.5, strong negative correlation; 1 > r < 0.5, strong positive correlation) and 

significance levels (ns, not significant; *, p < 0.05; **, p < 0.01). 

Creek transects    

species    r   p 
    

negative correlation (“increasers”)    
variegated fairy-wren  -0.90 * 
apostlebird  -0.82 ns 
chirruping wedgebill  -0.74 ns 
spiny-cheeked honeyeater  -0.72 ns 
little corella  -0.70 ns 
white-winged fairy-wren  -0.70 ns 
singing honeyeater  -0.67 ns 
white-plumed honeyeater  -0.67 ns 
willie wagtail  -0.67 ns 
crested pigeon  -0.60 ns 
Australian magpie  -0.56 ns 
    
positive correlation (“decreasers”)    
mulga parrot  0.60 ns 
chestnut-crowned babbler  0.50 ns 
    

 
Desert transects    

species    r   p 
    

negative correlation (“increasers”)    
little corella  -0.98 ** 
tree martin  -0.89 * 
singing honeyeater  -0.89 * 
grey butcherbird  -0.89 * 
white-plumed honeyeater  -0.71 ns 
willie wagtail  -0.71 ns 
apostlebird  -0.71 ns 
magpie-lark  -0.71 ns 
Australian raven  -0.67 ns 
mulga parrot  -0.58 ns 
variegated fairy-wren  -0.56 ns 
    
positive correlation (“desreasers”)    
white-winged fairy-wren  0.82 ns 
Australian (Richard’s) pipit  0.70 ns 
Australian magpie  0.58 ns 
chestnut-crowned babbler  0.50 ns 
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Figure 17. Changes in abundance (mean ± s.e.) of bird species increasing with distance 

towards a water body at creek and desert transects (grey, creek; black, desert). 
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Figure 18. Changes in abundance (mean ± s.e.) of bird species decreasing with distance 

towards a water body at creek an desert transects (grey, creek; black, desert). 
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Table 9. Foraging guilds of bird species increasing and decreasing in abundance at 

creek and desert transects. Spearman’s correlation coefficient for decreasing species is 

given in bold typeface. (Foraging guilds were taken from the literature listed in the 

reference column). 

species/foraging guild   r  creek   r  desert reference 
    

insectivore    
variegated fairy-wren -0.90 -0.56 Tidemann 2004 
apostlebird -0.82 -0.71 Chapman 1998 
chirruping wedgebill -0.74 - Beletsky 2006 
white-winged fairy-wren -0.70 0.82 Tidemann 2004 
willie wagtail -0.67 -0.71 Recher&Davies 1997  
Australian magpie -0.56 0.58 Ford et al. 1986, Beletsky 2006 
tree martin - -0.89 Ford et al. 1986, Recher&Davies 1998 
grey butcherbird - -0.89 Recher&Davies 2002 
magpie-lark - -0.71 Woinarski et al. 2000 
chestnut-crowned babbler 0.50 0.50 Recher&Davies 1997, 1998, Beletsky 2006 
Australian (Richard’s) pipit  0.70 Norment&Green 2004 
    
granivore    

little corella -0.70 -0.98 Franklin et al. 2000, Woinarski et al. 2000 
crested pigeon -0.60 - Franklin et al. 2000  
mulga parrot 0.60 -0.58 Franklin et al. 2000  

    
nectarivore    

spiny-cheeked honeyeater -0.72 - Recher&Davies 1997, Morris&Wooller 2001 
singing honeyeater -0.67 -0.89 Recher&Davies 1997, Morris&Wooller 2002 
white-plumed honeyeater -0.67 -0.71 Beletsky 2006 

    
omnivore    

Australian raven - -0.67 Barker&Vestjens 1979, Beletsky 2006 
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Table 10. Foraging stratum of bird species increasing and decreasing in abundance at 

creek and desert transects. Spearman’s correlation coefficient for decreasing species is 

given in bold typeface. (Foraging strata were taken from the literature listed in the 

reference column). 

species/foraging layer   r  creek   r  desert reference 
    

ground    
apostlebird -0.82 -0.71 Chapman 1998 
chirruping wedgebill -0.74 - Beletsky 2006 
little corella -0.70 - Franklin et al. 2000, Woinarski et al. 2000 
willie wagtail -0.67 -0.71 Recher&Davies 1997  
crested pigeon -0.60 - Franklin et al. 2000  
Australian magpie -0.56 0.58 Ford et al. 1986, Beletsky 2006 
little corella - -0.98 Franklin et al. 2000, Woinarski et al. 2000 
magpie-lark - -0.71 Woinarski et al. 2000 
mulga parrot 0.60 -0.58 Franklin et al. 2000  
chestnut-crowned babbler 0.50 0.50 Recher&Davies 1997, 1998, Beletsky 2006 
Australian (Richard’s) pipit  0.70 Norment&Green 2004 
    
ground, shrub    
variegated fairy-wren -0.90 -0.56 Tidemann 2004 
white-winged fairy-wren -0.70 0.82 Tidemann 2004 
    
ground, foliage    
grey butcherbird - -0.89 Recher&Davies 2002 
Australian raven - -0.67 Barker&Vestjens 1979, Beletsky 2006 
    
foliage    
singing honeyeater -0.67 -0.89 Recher&Davies 1997, Morris&Wooller 2001 
white-plumed honeyeater -0.67 -0.71 Beletsky 2006 
spiny-cheeked honeyeater -0.72 - Recher&Davies 1997, Morris&Wooller 2001 

    
air    
tree martin - -0.89 Ford et al. 1986, Recher&Davies 1998 
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5   DISCUSSION 
 

Riparian woodland and chenopod shrub-steppe habitats in arid north-western New 

South Wales support distinct avian communities. This study demonstrates a strong effect 

of the availability and area of surface water as well as the type of habitat (riparian 

woodland vs. shrub-steppe) on bird species richness and assemblages. Distance and water 

area related effects thereby indicate that bird species richness is higher at sites featuring 

more water or in the vicinity of these sites, an effect that also held within the same 

floristic community of the riparian zone itself. Point observations demonstrated that bird 

communities corresponded to moisture and structural gradients that separated species into 

those responding to water per se, those responding to structural complexity and moisture, 

and finally those species favouring open desert habitats. Distribution and abundance along 

transects was influenced by distance from water sources, with the number of species 

belonging to various foraging guilds increasing in abundance with proximity to water and 

only a small number of mainly insectivorous birds showing increased abundances at 

greater distances. No clear differentiation could be made between the effects of the short-

term progression of drought and the time of the season on changes in avian species 

richness.  

 

5.1 Bird species richness 
Habitat and vegetation 

Bird species richness was much higher at riparian sites than in adjacent desert habitats. 

Riparian locations in the investigated arid environment thus have a marked ecological 

value by supporting a higher richness and abundance of bird species. Compared to the 

disproportionately small area that river red gum (Eucalyptus camaldulensis) woodlands 

occupy within the landscape they constitute an important ecological feature for birds. 

These findings are consistent with those of other studies within arid and semi-arid 

environments (Shurcliff 1980, Szaro & Jakle 1985). In studying bird communities in 

central Australia Shurcliff (1980) reported a much higher species richness and diversity 

along arid zone water courses, as did Szaro & Jakle (1985) for the avifauna at desert 

locations in the western United States. Furthermore, Woinarski et al. (2000) have 

highlighted that the association of birds to riparian zones in low rainfall areas is far more 
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pronounced compared to that in higher rainfall sectors, with greater richness and 

abundance values for many bird species at comparably moist sites within arid 

environments. This reflects the strong polarisation between riparian zones and the 

surrounding arid environment, which is best described in my study by extremely 

diverging floristic associations with structurally complex and relatively dense river red 

gum woodlands on the one hand and open, simply structured chenopod shrubland 

communities on the other. Increased habitat complexity (Shurcliff 1980, Knopf & Samson 

1994, Palmer & Bennett 2006) and the influence of the neighbouring habitat matrix (Saab 

1999, Martin et al. 2006) have been identified as important factors responsible for high 

avian diversity in riparian habitats. In the present study, the temporal availability of water 

influenced floristic habitat characteristics. Water principally is present in the proximity of 

ephemeral creeks, and is a vital factor for the persistence of river red gum woodlands in 

inland Australia (Jansen & Robertson 2001). Similarity analyses showed that floristics 

differed significantly between riparian and desert sites, and enhanced richness of bird 

species in locations surrounded by shrub-steppe, is attributable to the structural 

complexity of this riparian vegetation (Knopf & Samson 1994). Here, avian species 

richness was strongly linked to water regime, which in its turn is also closely correlated to 

the type of vegetation. Thus bird species richness is correlated with vegetation and habitat 

complexity. Comparable findings were made in mesic and dry forest landscapes (Mac 

Nally et al. 2000, Palmer & Bennett 2006) in the way that the riparian environment is 

floristically and structurally distinct from upland vegetations, promoting habitat diversity 

across the landscape and consequently sustaining avian species richness and abundances. 

Water area 

In warm climates primary productivity and its correlated species richness (Rensburg et 

al. 2002) are restricted by water or water-energy variables (i.e. solar energy and water 

availability) (Hawkins et al. 2003). The availability of surface water in lakes and 

waterholes was a strong predictor of species richness. Moreover, not only species richness 

but also bird abundance corresponded markedly with the size of these more or less 

ephemeral water bodies. Larger water bodies featured larger arrays of bird species and 

generally higher abundances compared with smaller or drought-reduced ones. One reason 

can be seen in the provision of more niches and foraging opportunities for species 

belonging to the different foraging guilds. In addition, stretches of riparian vegetation 

surrounding most water bodies can be used by foliage gleaners and probers, such as 
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species of the Pardalotidae or meliphagid honeyeaters (Recher & Davies 1997, Morris & 

Wooller 2001). The relationship between larger water bodies and increased species 

richness has been identified by Paracuellos (2006) for waterbirds, in the way that larger 

waters attract species with both broad and narrow feeding niches. Smaller water bodies 

feature only generalist species that did not depend on deeper inner-water zones for 

foraging (Paracuellos 2006). The largest reservoirs, Lake Frieslich and The Lake, were 

the ones frequented by the largest array of waterbirds, with 18 species occurring only just 

on these two lakes (Table 14, p. 71). These included many species that obtain their food 

by diving, such as grebes, coots or cormorants. For these species, as well as for waders or 

dabbling ducks, larger water bodies contain more aquatic prey species (Kodric-Brown & 

Brown 1993). Waterbirds themselves are a special case, as their occurrence is related to 

wider climate variables (e.g. rainfall, Southern Oscillation index) and the distribution and 

area size of wetlands (Kingsford et al. 1999, Roshier et al. 2001, Roshier et al. 2002). 

Given the unpredictable availability of water within the Australian arid centre, 

movements of waterbirds happen on large spatial scales (Roshier et al. 2001). Despite 

attracting water dependent aquatic avifauna, larger water bodies within semi-arid 

environments support a great richness of passerines that seek forage along pool margins 

and in the surrounding vegetation (Barker et al. 1992).  

In a general ecological context, the fact that extensive water bodies support more birds 

in greater abundance reflects the well-established species-area relationship, with larger 

areas per se (MacArthur & Wilson 1967, Connor & McCoy 1979, Connor et al. 2000) as 

well as their greater spatial heterogeneity (Boecklen 1986) having a positive effect on 

species richness. This is especially true in arid environments, where open water is rare 

and largely ephemeral. Water bodies therefore can be seen as patches in time and space 

that offer higher resource availabilities and that can be colonised and utilised quite easily 

by mobile species like birds. 

Precipitation and seasonality 

Avian species richness did not decline with the number of days since the last effective 

rainfall, but instead showed a significant positive trend. It proved to be impossible to 

clearly discriminate between drought related rainfall effects and the progression of the 

season with the concurrent arrival of spring migrants. The differences in significance 

between rainfall and seasonal effects along transects indicated that during the sampling 

period the arrival of seasonal migrants can possibly be accredited for the observed greater 
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richness. Although a strong association between species richness and precipitation has 

been demonstrated (Rensburg et al. 2002), migratory species make up a large proportion 

of the birds in the regional species pool in Australian deserts (Schodde 1982, Blendiger 

2005). With the beginning of spring, latitudinal migrant species are known to arrive for 

the breeding season, such as the rainbow bee-eater (Merops ornatus) or sacred kingfisher 

(Todiramphus sanctus) (Simpson & Day 2004). The second sampling period in October 

coincided with the southern hemisphere spring and thus migratory species had arrived and 

were present within the region. Dean & Milton (2001) were also unable to detect a 

correlation between the number of resident and migratory birds and rainfall. Increases in 

avian species richness after rainfall appear to be linked to changes in primary productivity 

after precipitation (this study), as these variables are all highly correlated (Rensburg et al. 

2002). Plant growth and numbers of arthropods are directly influenced by rainfall, and 

bird numbers are known to correspond to boosts in food resources (Dean & Milton 2001). 

The fact that it was impossible to clearly differentiate between the effects of rainfall and 

the time of season on avian species richness may therefore result from the interplay of 

both factors. 

Distance from water 

Avian species richness showed distinct declines along creek and desert transects with 

increasing distance from the surveyed water bodies. While the marked decline along 

desert transects reflects the additional influence of changing vegetation communities, 

declining species richness along creek transects must be an effect of ceasing water 

accessibility. Declines in bird richness can not be ascribed to changing vegetation 

associations or changes in structural complexity, since riparian locations with and without 

water did not differ in their floristic composition. I therefore conclude that avian species 

richness must directly be influenced by the presence of water. Species attracted to or 

staying close to water will be those that need to drink regularly as a consequence of their 

dietary or metabolical requirements, most notably the granivorous pigeons, cockatoos and 

finches (Schodde 1982, Woinarski et al. 2000) or the meliphagid honeyeaters (Schodde 

1982, Landsberg et al. 1997). Bird species occurring at greater distances within the desert 

will be species that are largely independent in the use of free surface water and whose 

distribution within the landscape is less consistent along gradients in relation to distance 

from water (Landsberg et al. 1997). Some species for example are non-territorial and 

move over large areas outside the breeding season. Those species are expected to be 
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distributed in space depending on their feeding habitats whereas year-round territorial 

species are confined to their territory and are thus either only found close to water, if 

depending on it, or elsewhere, e.g. along the vegetation of dry creeks. 

 

5.2 Bird assemblages and species distribution 
Structural vegetation and moisture gradients proved to be the best predictors of the 

appearance of single bird species and allowed the arrangement of three ecological groups.  

An array of aquatic species corresponded to the presence of water per se. Their 

occurrence can be largely attributed to the size of water bodies (Roshier et al. 2002, 

Paracuellos 2006). Waterbirds within inland Australia are highly mobile and use 

temporary wetlands as feeding and breeding habitat, so that the simple presence of water 

must be seen as the key factor in determining their distribution (Roshier et al. 2001). 

Three species that were primarily linked to surface water in the CCA ordination are 

viewed as outliers and were consequently excluded form from this ecological group (Fig 

16, p. XX). These were the cockatiel (Nymphicus hollandicus), zebra finch (Taeniopygia 

guttata), and emu (Dromaius novaehollandiae). Individuals of these species were 

observed at low frequencies at water bodies to drink, but are known to visit water sources 

during the morning or evening hours or throughout the day (Fisher et al. 1972). 

The other two ecological groups represent counterparts that are composed of birds with 

diverging habitat requirements, with open desert species on the one side and species 

dependent on complex vegetation and moisture on the other. The habitat preferences of 

birds in the ecological group comprising species favouring open desert landscapes are 

well established in the ornithological literature (Simpson & Day 2004). Species in this 

group come from various families and are adapted to life in dry open woodland or 

shrubland habitats, such as the red-backed kingfisher (Todiramphus maclaeyii), pied 

honeyeater (Certhionyx variegatus), or southern whiteface (Aphelocephala leucopsis). 

The large group of species that corresponded to riparian habitats (i.e. complex vegetation 

and higher water availability) includes representatives from all major foraging guilds 

(Woinarski et al. 2000). This can be related to better resource availabilities (Mac Nally et 

al. 2000) and niche partitioning possibilities within these environments. Numerous 

species are bound to the riparian milieu by means of physiological and life history traits. 

Especially the flock-living granivorous pigeons, cockatoos and parrots have to drink 

regularly and are thus found at water sites in large numbers shortly after sunrise and 
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before sunset (Fisher et al. 1972, Schodde 1982). This behaviour was also observed 

during this study as conspicuous for the crested pigeon (Ocyphaps lophotes), galah 

(Eolophus roseicapillus), and little corella (Cacatua sanguinea). Furthermore, members 

of the Meliphagidae, Corvidae, and Corcoracidae depend on free drinking water (Fisher et 

al. 1972), though members of the latter family, like the apostlebird (Struthidea cinerea), 

depend on it as well for mud nest building (Chapman 1998). Mature trees, as well as old 

growth within riparian woodlands offer nesting possibilities for cavity nesters (e.g. 

cockatoos, parrots, and martins) and might even represent a critical and potentially 

limiting resource (Ford et al. 2001). 

Another factor that has been identified by Saab (1999) in influencing the distribution 

and abundance of bird species in riparian woodlands in arid landscapes is the influence of 

edge effects. Since river red gum woodlands in the study area constitute relatively narrow 

fringes along creeks or around lakes they feature large amounts of edge. Habitat 

boundaries have been shown to have higher risks of predation (Ford et al. 2001) and nest 

predation (Gardner 1998, Luck et al. 1999), with predation rates being correlated with the 

distribution and abundance of predatory avian species. Of eight species of raptors in the 

CCA ordination, six were often observed at riparian sites, such as the collared 

sparrowhawk (Accipiter cirrhocephalus) and brown goshawk (Accipiter fasciatus), both 

of which hunt using visual cues and are major predators of birds. Ford et al. (2001) 

pointed out that within fragmented landscapes raptors can concentrate in woodland sites 

and can take large numbers of birds in a single breeding season. Furthermore, large and 

medium-sized birds of the Corvidae and Artamidae regularly prey on nest contents of 

smaller birds (Gardner 1998) and these species were often present within the riparian 

habitat (e.g. grey- and pied butcherbirds, Australian raven and Australian magpie). With 

the thinning of understory vegetation, which is a main impact of livestock grazing (e.g. 

Martin & Possingham 2005, see below), predation rates by visually oriented avian 

predators can have profound effects on the fitness of bird species that rely on concealing 

understory (Vickery et al. 2001, Griesser et al. 2007).  

The influences of grazing on avian community composition within the extensive 

agricultural and pastoral landscapes of Australia have been the focus of a number of 

studies (Jansen & Robertson 2001, Martin & Possingham 2005, Martin & McIntyre 

2007). Although the impacts of livestock grazing could not be investigated within the 

scope of this study, all sample locations on Fowlers Gap Station were grazed by sheep. 
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Despite the fact that riparian zones promote floristic and avian diversity in the study area, 

the identified bird assemblages were affected by land-use. Livestock grazing of riparian 

and woodland habitats modifies the structure of the vegetation by reducing and sometimes 

eliminating the shrub layer and understory vegetation (Schulz & Leininger 1990, 

Robertson & Rowling 2000, Martin & Possingham 2005). This alteration in turn 

influences bird species assemblages, with Martin & Possingham (2005) and Martin et al. 

(2006) showing a decline in small-bodied woodland species and an increase in large-

bodied generalists. The group of riparian species identified in this study (compare CCA 

group c) comprises in large proportion those latter generalist and mainly ground foraging 

species, like the galah (Eolophus roseicapillus), magpie-lark (Grallina cyanoleuca), 

apostlebird (Struthidea cinerea), or crested pigeon (Ocyphaps lophotes). Moreover, I 

recorded many bird species that were identified as having changed in abundance or range 

in the Australian arid zone in post-European settlement times and that positively 

correspond to the provision of artificial water or pastoralism (Reid & Fleming 1992, 

Landsberg et al. 1997, James et al. 1999). Within my accounted species pool there was a 

large quantity of these aforementioned bird species, which have been demonstrated to 

have increased in their abundance, whilst only a small number of species were present 

that were identified as decreasing or grazing sensitive (James et al. 1999, Jansen & 

Robertson, Martin et al. 2006). Most species increasing with livestock numbers 

correspond to those using riparian resources and many of these were positively correlated 

with the presence of water (e.g. magpie-lark, galah, willie wagtail, Australian raven, grey 

butcherbird, Australian magpie). Abundances of such species generally peaked within the 

first 200 m from water, while at greater distances their numbers declined rapidly along 

desert transects, and more gradually along creek transects. A similar pattern was 

identified by Harrington (2002) at artificial watering points in arid and semi-arid mallee 

environments. Many species were probably detected as abundant close to water due to a 

dependence on water for drinking, such as the singing-, white-plumed-, and spiny-

cheeked honeyeaters (Lichenostomus virescens, L. penicillatus, Acanthagenys 

rufogularis), the little corella (Cacatua sanguinea) or the apostlebird (Struthidea cinerea) 

(Fisher et al. 1972, Reid & Fleming 1992). The significant increase in abundance of 

variegated fairy-wrens (Malurus lamberti) in the proximity of water bodies was rather 

unexpected, since their family is principally regarded as independent from surface water 

(Weathers & Paton 1997). However, distributions of variegated fairy-wrens in my study 

may actually have corresponded to vegetation neighbouring the surveyed water locations, 
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as they often were observed foraging in the partly denser shrubs in their vicinity. White-

winged fairy-wrens (Malurus leucopterus) also increased in abundance along creek 

transects close to water. Nonetheless, the greater increase towards desert habitats goes 

along with this species’ preference for chenopod shrublands and its decline within 

pastoral regions (James et al. 1999).  

Species decreasing in abundance away from water bodies in my study were mainly 

ground foraging insectivores, such as the chestnut-crowned babbler (Pomatostomus 

ruficeps) or Richard’s pipit (Anthus australis), which are species that may maintain their 

water budget through their diet. In contrast, species increasing closer to water represented 

a variety of foraging guilds and relied on a greater variety of foraging strata. This was 

especially the case for shrub and foliage foragers like honeyeaters, which showed positive 

responses to riparian vegetation. Other species that fall into this category but did not 

produce a strong correlation due to insufficient data, were for example the weebill 

(Smicrornis brevirostris), striated pardalote (Pradalotus striatus), and mistletoebird 

(Dicaeum hirundinaceum). Harrington (2002) noted a decline in water-dependent species 

with increasing distances from water, which were replaced by non water-dependent 

species to keep the overall species richness constant with distance from water. This 

pattern did not emerge from my observations, as species richness underwent significant 

declines at greater distances from water. One explanation for this might be the greater 

differences between riparian water sites and the surrounding chenopod shrub-steppe as 

compared with Harrington’s (2002) riparian and taller mallee shrubland vegetation, which 

may have contained more arboreal bird species. Moreover, desert locations within my 

studied area had a much lower species pool in relation to riparian sites, so consistent 

patterns of species richness may have been less likely to be detected for desert areas. 

In conclusion, my analyses indicate that the availability and amount of surface water in 

arid environments can be a strong predictor of avian species richness and influences the 

occurrence of many species. Water availability affects the vegetation and complex 

structured river red gum woodlands only grow along creek beds and water bodies. Such 

woodlands provide vital feeding and breeding habitat for many arboreal dependent 

species and thus increase species richness. Riparian islands surrounded by chenopod 

shrubland are significant areas within arid landscapes, harbouring more species of birds in 

generally higher abundances. Although water in combination with riparian vegetation has 

a marked ecological value in promoting and sustaining avian diversity, the composition of 
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the recorded bird species assemblages has to be evaluated carefully for the influences of 

land-use. The effects of grazing on riparian vegetation (Robertson & Rowling 2000, 

Jansen & Robertson 2001, Martin & Possingham 2005) along with likely future climatic 

changes (Hughes 2003, Nicholls 2004, 2006) might have negative repercussions for the 

rejuvenation and sustenance of riparian woodlands and therefore the structure of avian 

communities. Further studies investigating longer term changes in bird species richness 

and assemblages in relation to water availability, riparian habitat composition and grazing 

regimes are therefore needed to assess such consequences, as well as to suggest 

appropriate conservation measures. 
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6   GLOSSARY 
 

Gilgai  “Applied to various forms of hummocky microrelief on clay-rich soils. Those that 

occur on stone pavements and involve stone sorting have been grouped as stony gilgai. 

They are widespread on stony tablelands and planes underlain by claystone or shale in the 

south and east of the Australian arid zone.” (Mabbutt 1977, p. 131) 

 

Piosphere  Radial symmetry in grazing intensity that develops around watering points. 

This pattern was labelled piosphere by Lange (1969) from the Greek word ‘pios’ = to 

drink. The grazing impact on the vegetation is greatest close to a watering point and 

decreases with distance from water. Additional to grazing effects, there are effects from 

trampling and dust associated with the movement of animals close to the watering point 

that affect the stability of the soil (James et al. 1999). 

 

Scald  “Bare, shallow depressions in the landscape resulting from the removal by wind, of 

the upper horizons of duplex or texture-contrast soil profiles. The exposed subsoils 

generally have higher clay content than the surrounding, intact soil surfaces and rapidly 

disperse when wet, forming hard, sealed crusts upon drying. The dry crusts are often 

extensively cracked into polygonal shapes but the cracks close rapidly as the soil wets 

again, leaving the surface virtually impermeable to water.” (Jaensch 1993, p. 1)  
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8   APPENDIX 
 

Table 11. Composition of the four principal components (PC) out of the original 

structural vegetation variables. Eigenvalues shown for principally contributing variables 

(factors <0.5 abandoned). Abbreviations stand for: T1, tree layer one; T2, tree layer two; 

S, shrub layer, H, herb layer and L, litter. 

Structural variable PC 1 PC 2 PC 3 PC 4 

total_richness 0.926  -  -  - 
H_richness 0.868  -  -  - 
H_cover 0.838  -  -  - 
T2_richness 0.817  -  -  - 
S_richness 0.817  -  -  - 
T2_cover  - 0.960  -  - 
T2_height  - 0.771  -  - 
L_cover  - 0.752  -  - 
H_height  - 0.746  -  - 
S_height  -  - 0.967  - 
T1_height  -  - 0.657  - 
T1_cover  - 0.597 0.614  - 
T1_richness  -  -  - 0.922 
S_cover  -  -  - 0.851 
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Table 12. Species list of all plants sampled at the 21 plots during vegetation surveys. 

No. Common Name Scientific Name 

1 --- Atriplex conduplicata 
2 --- Erodium aureum 
3 --- Juncus flavidus 
4 --- Liliaceae sp. 
5 --- Lotus cruentatus 
6 --- Poa sp. 
7 --- Rumex tenax 
8 Arabidella sp. A Arabidella sp.A 
9 Australian Bindweed Convolvulus erubescens 
10 Belah Casuarina pauper 
11 Black Bluebush Maireana pyramidata 
12 Bladder Saltbush Atriplex visicaria 
13 Blue Crowfoot Erodium crinitum 
14 Burr Medic Medicago polymorpha 
15 Butterbush Pittosporum phylliraeoides 
16 Cannon-ball Burr Dissocarpus paradoxus 
17 Cattle Bush Trichodesma zeylanicum 
18 Caustic Weed Chamaesyce drummondii 
19 Common Sneezeweed Centipeda cunninghamii 
20 Dainty Everlasting Helichrysum semifertile 
21 Dead Finish Acacia tetragonophylla 
22 Desert Chinese-Lantern Abutilon otocarpum 
23 Desert Rice-flower Pimela simplex 
24 Fruit-Salat Plant Pterocaulon sphacelatum 
25 Fuzzweed Vittadinia triloba 
26 Golden Goosefoot Chenopodium auricomum 
27 Grey Copperburr Sclerolaena diacantha 
28 Hoary Sunray Helipterum molle 
29 Mulga Acacia aneura 
30 No. 9 Wiregrass Aristida jerichoensis var. subspinulifera 
31 Old Man Saltbush Atriplex nummularia 
32 Orange Darling Pea Swainsona stipularis 
33 Pale Poverty-bush Sclerolaena divaricata 
34 Patterson's Curse Echium plantagineum 
35 Peaflower Swainsona campylantha 
36 Pearl Bluebush Maireana sedifolia 
37 Pop Saltbush Atriplex holocarpa 
38 Prickly Wattle Acacia victoriae 
39 Pygmy Sunray Helipterum pygmaeum 
40 Quena Solanum esuriale 
41 Ridge Sida Sida cunninghamii 
42 River Red Gum Eucalyptus camaldulensis 
43 Ruby Saltbush Enchylaena tomentosa 
44 Satiny Bluebush Maireana georgei 
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Table 12. Continued 
 
No. Common Name Scientific Name 

45 Short-winged Copperburr Sclerolaena brachyptera 
46 Showy Groundsel Senecio magnificus 
47 Shrubby Groundsel Senecio sp. (aff. S. cunninghamii) 
48 Silky Copperburr Sclerolaena eriacantha 
49 Slender Groundsel Senecio glossanthus 
50 Small Sago-weed Plantago turrifera 
51 Smooth Mustard Sisymbrium erysimoides 
52 Square-fruit Twinleaf Zygophyllum prismatothecum 
53 Streaked Poverty-bush Sclerulaena tricuspis 
54 Thorny Saltbush Rhagodia spinescens 
55 Wards Weed Carrichter annua 
56 Variable Daisy Brachycome ciliaris 
57 Waterbush Grevillea nematophylla 
58 Veined Peppercress Lepidium phlebopetalum 
59 Velvet Potatobush Solanum ellipticum 
60 Woolly Copperburr Sclerolaena lanicuspis 
61 Woolly Minuria Minuria denticulata 
62 Woolly Sunray Helipterum uniflorum 
63 Yellow Wood-Sorrel Oxalis corniculata 
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Table 13. Species list of all seen birds on Fowlers Gap Arid Zone Research Station. 

Species provided with an abbreviation were recorded during bird surveys. 

No. Abbriviation Common Name Scientific Name 

1 AB Apostlebird Struthidea cinerea 
2 AG Australasian Grebe Tachybaptus novaehollandiae 
3 PE Australasian Pelican Pelecanus conspicillatus 
4 AS Australasian Shoveler Anas rhynchotis 
5 RP Australian (Richard's) Pipit Anthus australis 
6 AH Australian Hobby Falco longipennis 
7 MP Australian Magpie Gymnorhina tibicen 
8  Australian Owlet-nightjar Aegotheles cristatus 
9  Australian Pratincole Stiltia isabella 
10 RA Australian Raven Corvus coronoides 
11 RN Australian Ringneck Barnardius zonarius barnardi 
12 AWD Australian Wood Duck Chenonetta jubata 
13 BL Banded Lapwing Vanellus tricolor 
14 BLF Black Falcon Falco subniger 
15 BK Black Kite Milvus migrans 
16  Black Swan Cygnus atratus 
17 BEC Black-eared Cuckoo Chrysococcyx osculans 
18 BF-CS Black-faced Cuckoo-shrike Coracina novaehollandiae 
19 BFW Black-faced Woodswallow Artamus cinereus 
20 BFD Black-fronted Dotterel Elseyornis melanops 
21  Black-shouldered Kite Elanus axillaris 
22 BNH Black-tailed Native-hen Gallinula ventralis 
23 BB Blue Bonnet Northiella haematogaster 
24 BG Brown Goshawk Accipiter fasciatus 
25 CT Chestnut Teal Anas castanea 
26 CCB Chestnut-crowned Babbler Pomatostomus ruficeps 
27 CRT Chestnut-rumped Thornbill Acanthiza uropygialis 
28 CW Chirruping Wedgebill Psophodes cristatus 
29  Cinnamon Quail-thrush Cinclosoma cinnamomeum 
30 CA Cockatiel Nymphicus hollandicus 
31 CS Collared Sparrowhawk Accipiter cirrhocephalus 
32 CB Common Bronzewing Phaps chalcopter 
33 GR Common Greenshank Tringa nebularia 
34 CP Crested Pigeon Ocyphaps lophotes 
35  Crimson Chat Epthianura tricolor 
36 DA Darter Anhinga melanogaster 
37 EMU Emu Dromaius novaehollandiae 
38 CO Eurasian Coot Fulica atra 
39 FD Freckled Duck Stictonetta naevosa 
40 GA Galah Eolophus roseicapilla 
41  Gibberbird Ashbyla lovensis 
42 GBB Grey Butcherbird Cracticus torquatus 
43 GF Grey Fantail Rhipidura albiscapa 

 



8   Appendix 
 

70 

 
Table 13. Continued 
    
No. Abbriviation Common Name Scientific Name 

44 GS Grey Shrike-thrush Colluricincla harmonica 
45 GT Grey Teal Anas gracilis 
46  Ground Cuckoo-shrike Coracina maxima 
47  Gull-billed Tern Sterna nilotica 
48 HD Hardhead Aythya australis 
49 HHG Hoary-headed Grebe Poliocephalus poliocephalus 
50 HR Hooded Robin Melanodryas cucullata 
51 HBC Horsfield's Bronze-Cuckoo Chalcites basalis 
52 SB Horsfield's Bushlark Mirafra javanica 
53  House Sparrow Passer domesticus 
54 JW Jacky Winter Microeca fascinans 
55 LBC Little Black Cormorant Phalacrocorax sulcirostris 
56 CL Little Corella Cacatua sanguinea 
57 LE Little Eagle Hieraaetus morphnoides 
58 LPC Little Pied Cormorant Phalacrocorax melanoleucos 
59 ML Magpie-lark Grallina cyanoleuca 
60  Masked Lapwing Vanellus miles 
61 MB Mistletoebird Dicaeum hirundinaceum 
62 MU Mulga Parrot Psephotus varius 
63 MD Musk Duck Biziura lobata 
64 KE Nankeen Kestrel Falco cenchroides 
65  Orange Chat Epthianura aurifrons 
66 PBD Pacific Black Duck Anas superciliosa 
67 PD Peaceful Dove Geopelia placida 
68 PF Peregrine Falcon Falco peregrinus 
69 PBB Pied Butcherbird Cracticus nigrogularis 
70 P-HE Pied Honeyeater Certhionyx variegantus 
71 PED Pink-eared Duck Malacorhynchus membranaceus 
72 RBE Rainbow Bee-eater Merops ornatus 
73 RKF Red-backed Kingfisher Todiramphus pyrrhopygia 
74 RCR Red-capped Robin Petroica goodenovii 
75 RKD Red-kneed Dotterel Erythogonys cinctus 
76 RF Restless Flycatcher Myiagra inquieta 
77 RD Rock Dove Columbia livia 
78 RS Rufous Songlark Cinclorhamphus mathewsi 
79 RW Rufous Whistler Pachycephala rufiventris 
80 SKF Sacred Kingfisher Todiramphus sanctus 
81 STS Sharp-tailed Sandpiper Calidris acuminata 
82  Silver Gull Larus novaehollandiae 
83 S-HE Singing Honeyeater Lichenostomus virescens 
84 WF Southern Whiteface Aphelocephala leucopsis 
85 SC-HE Spiny-cheeked Honeyeater Acanthagenys rufogularis 
86  Spotted Nightjar Eurostopodus argus 
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Table 13. Continued 
 
No. Abbriviation Common Name Scientific Name 

87 SP Striated Pradalote Pardalotus striatus 
88 TM Tree Martin Petrochelidon nigricans 
89 VFW Variegated Fairy-wren Malurus lamberti 
90 WE Wedge-tailed Eagle Aquila audax 
91 WB Weebill Smicrornis brevirostris 
92 WS Welcome Swallow Hirundo neoxena 
93 WT Whieskered Tern Chlidonias hybridus 
94 WBS White-backed Swallow Cheramoeca leucosternus 
95 WBW White-breasted Woodswallow Artamus leucorhynchus 
96 WHW White-browed Woodswallow Arthamus superciliosus 
97 WFH White-faced Heron Egretta novaehollandiae 
98 WP-HE White-plumed Honeyeater Lichenostomus penicillatus 
99 WFW White-winged Fairy-wren Malurus leucopterus 
100 WW Willie Wagtail Rhipidura leucophrys 
101 YBS Yellow-billed Spoonbill Platalea flavipes 
102 YRT Yellow-rumped Thornbill Acanthiza chrysorrhoa 
103 YTM Yellow-throated Miner Manorina flavigula 
104 ZF Zebra Finch Taeniopygia guttata 
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Table 14. Avian species means for all observations (n = 6) for each point survey location. 

Boxes indicate ubiquitous and site category specific species. 

 

 



Desert locations Lake locations Waterhole locations

Common Name Scientific Name DC DF DL LF LL LN WC WG WS
Southern Whiteface Aphelocephala leucopsis - 0.33 2.17 - - - - - -
Hooded Robin Melanodryas cucullata - - 0.67 - - - - - -
Pied Honeyeater Certhionyx variegantus - - 0.50 - - - - - -
Weebill Smicrornis brevirostris - - - - - - 0.83 1.17 -
Yellow-throated Miner Manorina flavigula - - - - - - 0.33 0.67 -
Peregrine Falcon Falco peregrinus - - - - - - 0.17 - 0.17
Common Bronzewing Phaps chalcopter - - - - - - 0.33 - -
Sacred Kingfisher Todiramphus sanctus - - - - - - 0.33 - -
Little eagle Hieraaetus morphnoides - - - - - - - - 0.17
Rufous Songlark Cinclorhamphus mathewsi - - - - - - - - 0.17
Brown Goshawk Accipiter fasciatus - - - - - - - - 0.17
Horsfield's Bronze-Cuckoo Chalcites (Chrysococcyx) basalis - - - - - - - - 0.17
Rufous Whistler Pachycephala rufiventris - - - - - - - 0.17 -
Striated Pradalote Pardalotus striatus - - - - - - - 0.17 -
Black Falcon Falco subniger - - - - - - - 0.17 -
Eurasian Coot Fulica atra - - - 84.50 0.33 0.17 - - -
Black-fronted Dotterel Elseyornis (Charadrius) melanops - - - 4.83 2.83 1.00 - - -
Pink-eared Duck Malacorhynchus membranaceus - - - 5.83 3.17 0.33 - - -
Hardhead Aythya australis - - - 1.67 1.17 - - - -
Hoary-headed Grebe Poliocephalus poliocephalus - - - 1.50 0.67 - - - -
Emu Dromaius novaehollandiae - - - 0.83 1.33 - - - -
Australasian Shoveler Anas rhynchotis - - - 0.67 0.33 - - - -
Black-tailed Native-hen Gallinula ventralis - - - 0.67 0.17 - - - -
Australasian Grebe Tachybaptus novaehollandiae - - - - 2.67 1.00 - - -
Red-kneed Dotterel Erythogonys cinctus - - - - 0.33 - - - -
Common Greenshank Tringa nebularia - - - - 0.17 - - - -
Rock Dove Columbia livia - - - - 0.17 - - - -
Little Pied Cormorant Phalacrocorax melanoleucos - - - 6.00 - - - - -
Little Black Cormorant Phalacrocorax sulcirostris - - - 2.33 - - - - -
Musk Duck Biziura lobata - - - 2.17 - - - - -
Freckled Duck Stictonetta naevosa - - - 1.33 - - - - -
Darter Anhinga melanogaster - - - 1.00 - - - - -
Yellow-billed Spoonbill Platalea flavipes - - - 1.00 - - - - -
Sharp-tailed Sandpiper Calidris acuminata - - - 0.67 - - - - -
Cockatiel Nymphicus hollandicus - - - 0.33 - - - - -
Chestnut Teal Anas castanea - - - 0.33 - - - - -
Zebra Finch Taeniopygia guttata - - - 0.17 - - - - -
Pacific Black Duck Anas superciliosa - - - - - 0.83 - - -
White-browed Woodswallow Arthamus superciliosus - - - - - 0.83 - - -
Blue Bonnet Northiella haematogaster - - - - - 3.33 - - -
Australian Hobby Falco longipennis - - - - - 0.17 - - -
Crested Pigeon Ocyphaps (Geophaps) lophotes 1.83 0.33 0.50 3.33 1.33 4.83 2.50 1.67 1.67
Australian Raven Corvus coronoides 0.50 0.33 1.33 1.83 2.33 1.33 2.17 2.00 1.83
Spiny-cheeked Honeyeater Acanthagenys rufogularis 1.50 0.67 1.50 1.00 0.50 2.00 0.83 1.00 1.67
Singing Honeyeater Lichenostomus virescens - 0.33 0.67 0.17 0.33 2.50 0.17 0.50 0.33
Little Corella Cacatua sanguinea 0.33 - 1.33 16.33 1.33 2.17 13.33 1.83 10.83
Tree Martin Petrochelidon (Hirundo) nigricans - 0.67 3.33 21.00 14.67 16.83 18.17 14.67 14.67
Australian Magpie Gymnorhina tibicen 1.67 1.17 - 1.50 3.83 2.67 1.00 1.33 1.00
Galah Eolophus (Cacatua) roseicapilla - 3.17 - 13.83 13.33 2.00 15.33 7.83 4.17
Chirruping Wedgebill Psophodes cristatus 0.33 1.00 0.50 - 0.17 1.83 - 0.33 0.33
Nankeen Kestrel Falco cenchroides 0.67 0.17 - 0.33 0.17 0.50 - 0.17 0.33
Black Kite Milvus migrans - 0.17 - - 0.33 - 0.17 0.17 0.17
Grey Butcherbird Cracticus torquatus - - 0.17 0.67 0.50 0.83 0.33 1.50 0.50
Willie Wagtail Rhipidura leucophrys - - 0.50 3.00 2.17 1.83 1.83 0.67 1.67
Grey Teal Anas gracilis - - - 20.17 21.50 9.00 1.17 1.00 1.00
Australian Ringneck Barnardius zonarius barnardi - - - 2.83 2.33 0.33 1.83 0.83 4.00
Magpie-lark Grallina cyanoleuca - - - 3.83 3.17 1.17 1.50 0.33 1.17
Australian Wood Duck Chenonetta jubata - - - 0.50 0.50 0.33 1.00 0.67 -
White-breasted Woodswallow Artamus leucorhynchus - - - 0.83 0.33 0.33 0.17 - 0.33
White-plumed Honeyeater Lichenostomus penicillatus - - - 5.33 4.17 - 3.50 1.17 4.17
Mistletoebird Dicaeum hirundinaceum - - - 0.33 0.17 - 0.33 0.67 1.00
Black-faced Cuckoo-shrike Coracina novaehollandiae - - - 0.17 0.33 - 0.83 0.33 0.83
Apostlebird Struthidea cinerea - - - 2.50 0.67 - 3.50 2.33 -
Peaceful Dove Geopelia placida - - - 0.17 0.17 - 3.67 - 0.50
Pied Butcherbird Cracticus nigrogularis - - - 0.50 - - 0.17 0.50 -
Collared Sparrowhawk Accipiter cirrhocephalus - - - 0.33 - - 0.33 0.17 0.17
Variegated Fairy-wren Malurus lamberti - - - 0.33 1.17 - - - 0.33
White-faced Heron Egretta (Ardea) novaehollandiae - - - 0.33 0.33 - - 0.33 0.17
Mulga Parrot Psephotus varius - - - - 0.83 0.33 0.83 0.33 0.83
Rainbow Bee-eater Merops ornatus - - - - 0.67 - 0.17 - 3.33
Restless Flycatcher Myiagra inquieta - - - - 0.83 - - - 0.17
Whieskered Tern Chlidonias hybridus - - - - - 0.50 - 1.67 -
Welcome Swallow Hirundo neoxena 0.17 1.00 0.67 6.33 3.50 5.00 - - -
White-backed Swallow Cheramoeca leucosternus 0.50 1.17 - 0.50 - 0.50 - - -
Australian (Richard's) Pipit Anthus australis 0.50 1.17 - - - 0.33 - - -
Red-backed Kingfisher Todiramphus pyrrhopygia - 0.33 - 0.17 - - - - -
Black-faced Woodswallow Artamus cinereus - 1.17 1.17 - - 0.67 - - -
Chestnut-crowned Babbler Pomatostomus ruficeps - - 0.50 - - 8.17 - - -
Chestnut-rumped Thornbill Acanthiza uropygialis - - 0.33 0.50 - - - - -
White-winged Fairy-wren Malurus leucopterus 2.00 1.00 0.50 - - - - 0.33 -
Wedge-tailed Eagle Aquila audax 0.17 0.17 - - - - - 0.33 -
Jacky Winter Microeca fascinans - - 0.83 - - - 0.17 - -
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Plate 3. The Lake. 
 
 
 
 

 
 
Plate 4. Lake Frieslich. 
 
 

 



8   Appendix 
 

74 

 

              

a) b) 

 
Plate 5. Waterhole Station, a) after rainfall and b) nearly dried out. 
 
 
 
 

 
 
Plate 6. Waterhole Conners. 
 
 

 



8   Appendix 
 

75 

 

 
 
Plate 7. Desert Frieslich. 
 
 
 
 

 
 
Plate 8. Desert Lake. 
 
 

 


