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Summary 
 

This report documents the results of bird surveys conducted during autumn 

and spring 2002.  The surveys were conducted simultaneously in two 

biophysically similar catchments, the Little River and Weddin, in central 

western NSW.  This study forms part of the TARGET project (Tools to 

Achieve Landuse Redesign using Environmental/Economic Targets) run by 

the Department of Infrastructure Planning and Natural Resources (DIPNR) 

and partners.  The goals of the TARGET project are to control land 

degradation, especially dryland salinity by revegetation and better 

management of current vegetation in several catchments in the central west 

of New South Wales. 

 

Land use in the Little River and Weddin catchments is dominated by 

agricultural production, predominantly cropping and grazing.  Extensive areas 

of native vegetation have been cleared and/or modified in these catchments.  

As a result of clearing, fragmentation, and agricultural practices, many of the 

woodland remnants in the two catchments are isolated from areas of similar 

habitat, have degraded understorey vegetation, little natural tree regeneration, 

and show signs of declining tree health.  Systematic and documented 

assessment of the native biodiversity in these catchments is the first and vital 

step in ensuring that public resources allocated to conservation of native 

biodiversity are directed to priority areas and used efficiently.  Without 

baseline data to provide points of reference, the efficacy of revegetation and 

other conservation efforts cannot be evaluated. 

 

The focus of this report is the relationships between habitat characteristics of 

woodland remnants in the Little River and Weddin catchments and their bird 

communities.  Comparative analysis of patterns of bird diversity in the two 

TARGET catchments provides an opportunity to highlight similarities and 

differences in their bird fauna, and thereby assess the validity of generalising 

management recommendations from one catchment to another. 
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A total of 55 remnant woodland sites in the Little River catchment and 50 

remnant woodland sites in the Weddin catchment were surveyed for birds in 

autumn and spring 2002.  Survey sites were selected to represent the range 

of woodland vegetation communities in the two catchments.  In the Little River 

catchment survey sites were selected from five vegetation communities:  Hill 

Communities; Box Plains Woodland; Yellow Box – Blakely’s Red Gum 

Woodland; Riparian; and White Box Woodland.  In the Weddin catchment 

survey sites were selected from four vegetation communities:  Hill 

Communities; Box Plains Woodland; Riparian; and White Box Woodland.  

Sites were chosen to represent the range of remnant sizes that occurred 

within each vegetation community in the two catchments. 

 

Within each woodland survey site two one hectare fixed plots were surveyed 

for birds using a 30-minute search twice during March and April 2002, and 

twice during October and November 2002.  Vegetation and habitat 

characteristics were recorded within each bird survey plot. 

 

Species richness and mean densities of All birds, Woodland birds, Decliner 

bird species, and Increaser bird species were analysed for relationships with 

catchment, vegetation community, and log10remnant area using Generalised 

Linear Modelling (GLM).  Relationships between Woodland bird species 

richness and habitat characteristics of woodland sites were analysed 

separately within each catchment and vegetation community using GLM. 

 
The patterns of diversity and density of birds were broadly similar in the Little 

River and Weddin catchments.  Remnant characteristics including size, 

vegetation community, and habitat condition, all influenced the diversity of 

birds in woodland remnants in both catchments.  In both Little River and 

Weddin catchments larger woodland remnants had higher diversity of All 

birds, Woodland birds, and Decliner bird species.  Large woodland remnants 

are clearly of high conservation value. 
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In both catchments bird diversity differed between vegetation communities 

independently of the effects of remnant area.  All birds and Increaser bird 

species were more diverse in Riparian vegetation, while White Box Woodland 

supported fewer species of All birds, Woodland birds, and Decliners than 

other habitats. 

 

There were also a number of important differences in the observed diversity of 

birds between the two catchments.   

 

White Box Woodland in the Little River catchment had particularly poor 

diversity of All birds and Woodland birds compared with the Weddin 

catchment.  White Box Woodland sites in the Little River catchment were 

smaller on average, were structurally less complex, and were less connected 

with other areas of woodland vegetation than White Box Woodland remnants 

in the Weddin catchment.  These differences may have contributed to higher 

diversity of birds in White Box Woodland in the Weddin catchment compared 

with the Little River catchment. 

 

This study demonstrated that small remnants, particularly of some vegetation 

communities, can have high bird diversity.  The strength of the relationship 

between bird diversity and remnant area varied between vegetation 

communities and catchments.  Small remnants of Riparian vegetation in both 

catchments had relatively high diversities of Woodland birds and Decliners 

compared with other vegetation communities.  A similar trend was evident in 

Hill Communities in the Little River catchment.  Even quite small remnants of 

Hill vegetation had very structurally diverse vegetation, providing ideal habitat 

for Woodland and Decliner bird species.  Small Riparian and Hill Communities 

remnants therefore have high conservation value for birds and play a critical 

role in maintaining diversity of birds and other biota throughout fragmented 

landscapes. 

 

In the Little River and Weddin catchments there was high bird diversity in 

medium and large remnants of some box woodland habitats (Box Plains 

Woodland in the Little River, and Box Plains Woodland, and White Box 
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Woodland in the Weddin catchment).  Box woodland vegetation communities 

on relatively fertile soils (Box Plains Woodland, Yellow Box – Blakely’s Red 

Gum Woodland, and White Box Woodland) clearly support high diversity of 

birds, particularly Woodland birds, provided remnants are of sufficient size 

and there are at least some areas of relatively high structural complexity 

within the remnant. 

 

The results of this study suggest that improvements in habitat condition, 

increase in remnant size, and improved connectivity with other remnant areas, 

or a combination of all of these, would encourage higher diversity of birds, 

especially Woodland birds and Decliners, in White Box Woodland and in Box 

Plains Woodland including Yellow Box – Blakely’s Red Gum Woodland.  

Consequently, public funding and incentive schemes aimed at bird 

conservation should focus on protecting, enlarging, and connecting existing 

remnants of box woodland communities as a priority.  Furthermore, such 

conservation initiatives should encourage management activities within 

remnant patches that promote improved vegetation health and diversify 

habitat structure so that vegetation condition improves and approaches 

appropriate benchmarks for each vegetation community.  Management 

activities that address these and other conservation objectives at regional, 

local and patch scales should be given highest priority for support by 

communities and governments. 
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1. Introduction 

 

1.1. Background to the TARGET project and context of this report 
 

This report documents the results of bird surveys conducted during autumn 

and spring 2002 in the Little River and Weddin catchments in central western 

NSW as part of the TARGET project.  It represents an update of results based 

on autumn only data presented for the Little River and Weddin catchments in 

Seddon et al. (2002) and Drew et al. (2002) respectively.  While relevant 

background and methodological information is presented here, further details 

of the study areas, broader project objectives and relevant issues relating to 

biodiversity conservation within the two catchments can be found in the two 

earlier reports (Seddon et al. 2002; Drew et al. 2002). 

 

This project is a component of the TARGET project run by the Department of 

Infrastructure Planning and Natural Resources (DIPNR) (formerly DLWC) and 

partners.  The goals of the TARGET project are to control land degradation, 

especially dryland salinity by revegetation and better management of current 

vegetation, including native vegetation, in several catchments in the central 

west of New South Wales.  The National Parks and Wildlife Service (NPWS) 

and CSIRO Sustainable Ecosystems are collaborating partners in the 

TARGET project.  The goals of NPWS’ and CSIRO’s component of the 

TARGET project are to describe and assess the biodiversity status of 

TARGET catchments particularly in relation to habitat condition and bird 

communities in remnant woodlands, and to provide guidelines for revegetation 

to enhance biodiversity in the catchments.  This report focuses on two 

TARGET catchments; the Little River, and Weddin. 

 

Land use in the Little River and Weddin catchments is dominated by 

agricultural production, predominantly cropping and grazing.  As with much of 

central western New South Wales, extensive areas of native vegetation have 
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been cleared and/or modified in these catchments.  Past clearing is implicated 

in increased dryland salinity and has had negative effects on native 

biodiversity (Williams et al. 1998; Bauer and Goldney 2000).  Government and 

private resources are being channelled towards redressing degradation of our 

natural ecosystems.  Systematic and documented assessment of the native 

biodiversity in these catchments is the first and vital step in ensuring that 

these resources are directed to priority areas and used efficiently.  Without 

baseline data to provide points of reference, the efficacy of revegetation and 

other conservation efforts cannot be evaluated. 

 

 

1.2. Bird diversity in remnant vegetation 
 

The habitat needs and ecological roles of birds vary widely between species 

in a natural community.  They encompass seed and fruit feeders, nectar 

feeders, scavengers and predators, species that nest on the ground, in low 

shrubs and in the canopy as well as hollow nesters dependent on hollows in 

mature trees (Ford 1985; 1989; Seddon et al. 2001; Conole 2002).  Birds 

provide a useful indicator of the habitat value, biodiversity and health of 

woodland remnants, although they do not necessarily encompass the habitat 

needs of all fauna, especially invertebrates and reptiles. 

 

The diversity and composition of bird communities in remnant woodlands is 

affected by the structure of the vegetation, as well as the size of a remnant 

and its isolation from other areas of suitable habitat (Freudenberger 1999; 

Seddon et al. 2001).  The overall amount of native vegetation remaining in an 

area (Ford et al. 1995; Bennett and Ford 1997; Reid 2000), and proximity of 

the remnant to extensive areas of native vegetation may also influence the 

diversity and composition of bird communities within woodland remnants. 

 

Understanding how these landscape and habitat characteristics affect bird 

communities in the Little River and Weddin catchments can help prioritise 
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conservation efforts, highlight types of remnant of greatest conservation need 

and provide management goals at the landscape and patch scales. 

 

 

1.3. Project objectives 
 

The general objectives of the Little River and Weddin catchment biodiversity 

assessment projects are to provide a description of components of native 

biodiversity in the catchments and to provide guidelines for revegetation and 

remnant woodland management that will enhance biodiversity within the 

catchment, especially on farms (Seddon et al. 2002; Drew et al. 2002).  These 

biodiversity assessments provide a baseline measure for the two catchments 

for comparison with results from future biodiversity surveys following actions 

for landuse change, thereby making effective monitoring of change possible. 

 

The focus of this report is the relationships between habitat characteristics of 

woodland remnants in the Little River and Weddin catchments and their bird 

communities.  While there have been a number of studies of birds in 

fragmented woodlands in agricultural landscapes, these studies have been 

conducted at different times and/or with differing methodologies making direct 

comparison of their findings difficult.  In contrast, this report focuses on the 

insights gained by comparative analysis of patterns of bird diversity in two 

TARGET catchments studied simultaneously, using similar survey designs 

and identical methodology.  Presenting the results for both catchments 

together provides an opportunity to highlight similarities and differences in 

their bird fauna.  In so doing the validity of generalising management 

recommendations from one catchment to another can be assessed. 

 

The specific objectives of this project are to: 

 

1. Survey bird communities within remnant native vegetation in the Little 

River and Weddin catchments in both autumn and spring. 
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2. Assess habitat characteristics of vegetation communities for birds in 

the Little River and Weddin catchments. 

3. Analyse bird communities in different vegetation communities in the 

Little River and Weddin catchments on the basis of catchment, 

vegetation community, remnant area, and remnant habitat 

characteristics. 

4. Compare the bird communities of Little River and Weddin catchments 

as a way of assessing the validity of generalising survey findings 

between catchments with different levels and patterns of clearing. 

 

 

1.4. Study area 
 

The Little River and Weddin catchments are located in the Southwest Slopes 

region of central western New South Wales (Figures 1 and 2).  The Little 

River catchment is located south of Dubbo on the edge of the central west 

slopes, New South Wales (Figure 1).  The total catchment area is 

approximately 260,000 hectares, extending from the Herveys Range in the 

west to the Catombal Range in the east, and from near Molong in the south to 

the Macquarie River in the north. 

 

The Little River catchment has varied topography, with quite steep and 

divided terrain in the encircling ranges that reach an elevation of over 700 

metres.  Undulating hills cover much of the central part of the catchment 

giving way to low-lying flats and flood plains in the northern part of the 

catchment adjacent to the Macquarie River.  The average annual rainfall at 

Wellington is 619 mm distributed evenly throughout the year.  Mean daily 

temperatures range from 15°C (min) to 33°C (max) in January, and 2°C (min) 

to 17°C (max) in July. 

 

The Weddin catchment is located around the town of Grenfell and covers an 

area of 180,000 hectares (Figure 2).  Topography of the catchment is 

predominantly undulating peneplain in the west, and hilly in the east, with 
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several north-south running ridgelines traversing the catchment.  The average 

annual rainfall at Grenfell is 631 mm distributed evenly throughout the year.  .  

Mean daily temperatures range from 16°C (min) to 32°C (max) in January, 

and 3°C (min) to 13°C (max) in July.  In 2001 the Little River and Weddin 

catchments received average rainfall while in 2002 widespread drought 

conditions resulted in below average rainfall and above average temperatures 

in the study area (Bureau of Meteorology annual climate summary 2001 and 

2002). 

 

The majority of both catchments are used for agricultural production, including 

cropping and livestock grazing.  Dryland salinity is an increasing problem with 

some areas of production affected by saline outbreaks and many of the 

watercourses having high levels of salinity. 

 

Much of the native vegetation in the Little River and Weddin catchments has 

been cleared for agriculture since the arrival of Europeans in the 1800’s, 

particularly vegetation on the more fertile soils of the undulating hills and 

plains.  Only 20 percent of the Little River catchment remains covered with 

native woody vegetation (Seddon et al. 2002) while in the Weddin catchment 

about 16 percent remains uncleared.  Most of the remaining native woody 

vegetation occurs on the less fertile soils and steep ranges, or is severely 

fragmented.  In the Little River catchment about 90 percent of woodland 

remnants are less than one hectare in area (Seddon et al. 2002).  As a result 

of clearing, fragmentation, and agricultural practices, many of the woodland 

remnants in the two catchments are isolated from areas of similar habitat, 

have degraded understorey vegetation, little natural tree regeneration, and 

show signs of declining tree health. 
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Figure 1.  Location of the Little River catchment and surrounding towns 
in central western NSW. 
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Figure 2.  Location of the Weddin catchment and surrounding towns in 
central western NSW. 
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2. Methods 
 

2.1. Survey design and methodology 
 

A total of 55 remnant woodland sites in the Little River catchment and 50 

remnant woodland sites in the Weddin catchment were surveyed for birds in 

autumn and spring 2002.  Bird survey sites were selected to represent the 

range of woodland vegetation communities and to cover the range of 

woodland remnant sizes in the two catchments.  Remnant area was 

determined by GIS analysis of the Land Cover 95 woody/non-woody 

vegetation layer (Ritman 1995; Kitchin and Barson 1998).  Woodland 

remnants were defined as aggregations of woody vegetation that were within 

100 m of each other.  Areas of woody vegetation more than 100 m apart were 

defined as separate woodland remnants.  In this study, woodland remnants 

included linear woodland remnants such as roadside and riparian vegetation.  

Remnant area refers to the area of the patch of woody vegetation in which the 

bird survey plots were located. 

 

Remnants often encompassed a number of vegetation communities not just 

the vegetation community in which the survey plots were located.  Vegetation 

community was assigned according to the vegetation community in which the 

plots were located, which was usually the vegetation type comprising the 

majority of the remnant.  In some Riparian sites however, plots were located 

in linear strips of riparian vegetation, which were continuous with extensive 

woody vegetation of Hill Communities.  Therefore in these sites the remnant 

was mostly Hill Communities not Riparian vegetation. 

 

In the Little River catchment woodland sites were selected from five 

vegetation communities based on the vegetation classification reported in 

Seddon et al. (2002).  These communities were:  Hill Communities; Woodland 

Plains (Grey Box – White Cypress-pine Woodland, plus Fuzzy Box 

Woodland); Yellow Box – Blakely’s Red Gum Woodland; River Red Gum 

Forest; and White Box Woodland. 
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In the Weddin catchment woodland sites were selected from four vegetation 

communities based on pre-existing vegetation mapping that used a subset of 

the vegetation classification of Sivertsen and Metcalfe (1995) (Drew et al. 

2002).  These communities were:  Hill Communities; Plains (Grey Box – White 

Cypress-pine Woodland); Riparian (River Red Gum Forest); and Footslope 

(White Box Woodland) (Table 1). 

 

The four vegetation communities in the Weddin catchment and five vegetation 

communities in the Little River were broadly similar in floristic and structural 

composition (Table 1).  “Plains” vegetation community in Weddin was similar 

to the combination of the Little River “Woodland Plains” and “Yellow Box – 

Blakely’s Red Gum Woodland” (Table 1).  For this reason the vegetation 

communities in both catchments were renamed in this report to facilitate 

comparison between catchments.  The vegetation community names used in 

this report and their codes are: Hill Communities (A); Box Plains Woodland 

(BC in the Little River, and BCD in Weddin); Yellow Box – Blakely’s Red Gum 

Woodland (Separate community in the Little River only) (D); Riparian (E); and 

White Box Woodland (F) (Table 1).  Details of the dominant tree species in 

each vegetation community are presented in Table 1. 

 

A perfectly balanced survey design with equal numbers of sites in each 

vegetation community and spread evenly across a range of remnant sizes 

proved impossible due to a total lack of large (>50 hectares) Yellow Box – 

Blakely’s Red Gum Woodland and White Box Woodland remnants in the Little 

River catchment, and uneven size distributions of remnants in all the 

vegetation communities in both catchments.  Instead sites were chosen to 

represent the range of remnant sizes that occurred within each vegetation 

community in the two catchments. 

 

Each woodland bird survey site consisted of two one hectare plots (50 m by 

200 m) positioned at least 100 m apart in the woodland remnant.  Except in 

small remnants (< 10 ha) one plot was positioned along the edge of the 

remnant and one in the middle (at least 100 m in from an edge).  In small 

 20



remnants the two plots were positioned as far apart is possible.  Bird surveys 

involved a 30-minute search during which one observer recorded all bird 

species seen or heard within the bird survey plot.  Bird surveys in both 

catchments were conducted in each survey plot once in the morning (between 

sunrise and 10:30 am) and once in the afternoon (between 2:30 pm and 

sunset) during March and April 2002, and again in both the morning and 

afternoon during October and November 2002.  Two surveyors (JS and SD) 

conducted all bird surveys in the Little River.  Three surveyors (AD, MC, CD) 

conducted the Weddin bird surveys. 

 

Vegetation and habitat characteristics of sites were recorded within a 50 m x 

20 m (0.1 hectare) plot located at the mid point of each bird survey plot.  The 

average was then taken of the two habitat plots at each site to give one value 

at each woodland remnant site for each habitat variable.  Habitat 

characteristics measured in this study were:  Log10 remnant area; Callitris pine 

cover less than four metres high, number of hollow bearing trees, number of 

logs and fallen branches, number of trees with DBH of 60 cm or more, 

vegetation cover between 0.5 and two metres high, vegetation cover between 

two and four metres high (Table 2).  These were based on the results of 

previous studies (Seddon et al. 2001; 2003) which showed that these 

variables were significant predictors of the species richness of bids and 

Woodland birds in particular. 
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Table 1.  Vegetation communities surveyed for birds in the Little River 
and Weddin catchments, NSW. 
 
 
Catchment Vegetation community name Code Dominant tree species 
    
    
Little River    

 

Hill Communities 
 
 
 
 
 

A 
 
 
 
 
 

Black Cypress-pine (Callitris 
endlicheri), Red Stringybark 
(Eucalyptus macrorhyncha), Mugga 
Ironbark (E. sideroxylon), Tumbledown 
Gum (E. dealbata) 
 

 

Box Plains Woodland 
 
 
 

BC 
 
 
 

Grey Box (E. microcarpa), White 
Cypress-pine (Callitris glaucophylla), 
and Fuzzy Box (E. conica) 
 

 

Yellow Box - Blakely's Red 
Gum Woodland 
 

D 
 
 

Yellow Box (E. melliodora), Blakely's 
Red Gum (E. Blakelyi) 
 

 
Riparian 
 

E 
 

River Red Gum (E. camaldulensis) 
 

 White Box Woodland F White Box (E. albens) 
   
Weddin    

 

Hill Communities 
 
 
 
 
 

A 
 
 
 
 
 

Black Cypress-pine (Callitris 
endlicheri), Mugga Ironbark (E. 
sideroxylon), Red Stringybark 
(Eucalyptus macrorhyncha), 
Tumbledown Gum (E. dealbata) 
 

 

Box Plains Woodland 
 
 
 
 

BCD 
 
 
 
 

Grey Box (E. microcarpa), White 
Cypress-pine (Callitris glaucophylla), 
Yellow Box (E. melliodora), Blakely's 
Red Gum (E. Blakelyi) 
 

 
Riparian 
 

E 
 

River Red Gum (E. camaldulensis) 
 

 White Box Woodland F White Box (E. albens) 
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2.2. Data analysis 
 

Data from the four surveys of both bird plots at each site were pooled for 

analysis in this report to give a total of four hours of observations at each of 

the 55 woodland sites in the Little River and 50 sites in Weddin.  These data 

were analysed to determine how species richness and density of birds within 

four broad groups differed between catchments and vegetation communities.  

The bird groups analysed were; All bird species, Woodland birds, Decliner 

bird species, and Increaser bird species.  Decliners and Increasers are groups 

of birds identified by Reid (1999) to be either declining in abundance or 

increasing in abundance within the wheat/sheep belt of NSW.  Woodland 

birds are species that are dependent on woodland habitat and include all 

species that are not raptors, waterbirds or Increaser species (Seddon et al. 

2001). 

 

Species richness (cumulative number of species over all surveys) of All birds, 

Woodland birds, Decliners, and Increasers were analysed for the combined 

Little River and Weddin datasets for relationships with catchment, vegetation 

community, and log10remnant area using Generalised Linear Modelling (GLM) 

(Nicholls 1989, Crowley 1993).  GLM analysis followed the stepwise multiple 

linear regression approach outlined in Nicholls (1989) with Poisson error 

structure and logarithm link function (Table 2).  Main effects and all interaction 

terms were included as candidate explanatory variables.  Variables were 

retained in the model if the change in residual deviance was significant at the 

0.05 level using the χ2 statistic (Nicholls 1989, Crowley 1993). 

 

Species richness of the four birds groups was also analysed within each 

catchment separately for relationships with vegetation community, 

log10remnant area, and their interaction using GLM (Table 2). 

 

The relationship between Woodland bird species richness and habitat 

characteristics of woodland sites was analysed separately within each 

catchment and vegetation community using GLM.  Habitat characteristics 
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used as explanatory variables were: Log10remnant area; (log10remnant area)2; 

Callitris pine cover less than four metres high; number of hollow bearing trees; 

number of logs and fallen branches; number of trees with DBH of 60 cm or 

more; vegetation cover between 0.5 and two metres high; and vegetation 

cover between two and four metres high (Table 2).  The squared term for 

remnant area was included as an explanatory variable after graphical analysis 

of the data suggested that Woodland bird species richness in some 

vegetation communities had a quadratic response (Austin pers. comm.).  Only 

main effects were fitted in the stepwise modelling procedure as inclusion of 

interaction terms would have resulted in an excessive number of variables. 

 

The mean densities (birds/ha) of All birds, Woodland birds, Decliners, and 

Increasers was analysed within each catchment separately for relationships 

with vegetation community, log10remnant area, and their interaction using 

GLM (Table 2). 
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Table 2.  Explanatory variables used in Generalised Linear Modelling 
(GLM) analysis of the species richness and density of birds in the Little 
River and Weddin catchments, NSW.  Type of variable refers to whether 
the variable was continuous or comprised fixed factor levels.  The four 
bird groups are All birds, Woodland birds, Decliners, and Increasers.  
See text for explanation of these groups.  Logarea = log10(remnant area 
+1). 
 

 
Dependent variable 

 
Independent variables 

 
Type 

 
Range of values/factor levels

 
    

Catchment Factor Little River 
  Weddin 
Vegetation community Factor A: Hill Communities 
  F: White Box Woodland 
  BCD: Box Plains Woodland 
  E: Riparian 

Species richness of four 
bird groups (Little River 
and Weddin catchments 
analysed together) 
 
 
 
 
 Logarea Continuous 0.48-5.06  
    
    
    

Vegetation community Factor A: Hill 
  F: White Box Woodland 

  
BCD: Box Plains Woodland 
(Weddin) 

  
BC: Box Plains Woodland (Little 
River) 

  
D: Yellow Box - Blakely's Red 
Gum Woodland (Little River) 

  E: Riparian 

Species richness and 
density of four bird 
groups (Little River and 
Weddin catchments 
analysed separately) 
 
 
 
 
 
 Logarea Continuous 0.5-5.1  
    
    

Logarea Continuous 0.5-5.1  
Logarea2 Continuous 0.2-25.6 
Callitris pine cover <4 m (%) Continuous 0-32.5 
No. hollow bearing trees Continuous 0-9.5 
No. trees >60 cm DBH  Continuous 0-7.0 
No. logs and branches Continuous 2.0-113 
Vegetation cover 2-4 m (%) Continuous 0-45.0 
Vegetation cover 0.5-2 m 
(%) Continuous 0-45.0 

Species richness of 
Woodland birds in each 
vegetation community 
(Little River and Weddin 
catchments analysed 
separately) 
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3. Results 
 

3.1. Habitat characteristics of remnant woodland sites 

 

Detailed descriptions of the habitat characteristics of bird survey sites are 

given in Seddon et al. (2002) and Drew et al. (2002).  However it is useful in 

the context of this report to highlight some of the key similarities and 

differences between the two catchments in habitat. 

 

Average remnant size varied enormously between vegetation communities in 

both catchments.  There were no large remnants (>1000 ha) of White Box 

Woodland in either catchment, none larger than 100 hectares in the Little 

River catchments and only a few larger than 100 hectares in the Weddin 

catchment.  Box Plains Woodland remnants were mostly smaller than 1000 

ha in the Weddin catchment and smaller than 250 hectares in the Little River 

catchment.  There were also some marked differences within analogous 

vegetation communities between catchments.  The average area of remnants 

of Hill Communities and Riparian vegetation were higher in the Little River 

catchment than the Weddin catchment (Tables 2, 3).  Conversely, Box Plains 

Woodland remnants were larger on average in the Weddin catchment (Tables 

2, 3). 

 

Cover of Callitris pine was similar in both catchments for most vegetation 

communities with the exception of White Box Woodland sites, which had no 

Callitris in the Little River compared with about three percent cover in the 

Weddin catchment (Tables 3, 4). 

 

The average number of trees containing hollows and trees with DBH 60 cm or 

larger was highest in Riparian sites in both catchments although hollow 

bearing trees were more common in White Box Woodland sites in the Weddin 

catchment than in the Little River (Tables 3, 4). 
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Compared with the Little River catchment, the Weddin catchment had higher 

average number of logs and fallen branches on the ground and greater 

average cover of vegetation between two and four metres high in all 

vegetation communities.  This was especially the case in White Box 

Woodland which was usually very open and grassy in the Little River, but had 

more low and mid height woody vegetation in the Weddin catchment, 

although woody understorey was still quite sparse in these sites relative to 

other vegetation communities (Tables 3, 4). 
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Table 3.  Habitat characteristics of woodland sites in the Little River 
catchment.  Values are means (s.e.) for each vegetation community.  n = 
the number of remnant sites each comprising 2 plots. 
 
 
Habitat variable 

 
Hill 

Communities 

 
Box Plains 
Woodland 

 
Yellow 
Box – 

Blakely’s 
Red Gum 

 
Riparian 

 
White Box 
Woodland 

 n=10 n=13 n=14 n=8 n=9 

Area (ha) 13936 (11329) 47.3 (26.9) 16.5 (3.3) 10456 (3905) 29.8 (7.0) 

Callitris cover <4 m (%) 5.8 (2.4) 1.4 (1.0) 0.4 (0.3) 0.1 (0.1) 0 

No. hollow bearing trees 0.6 (0.2) 1.0 (0.3) 0.8 (0.2) 1.4 (0.3) 0.4 (0.1) 

No. trees >60 cm DBH  0.6 (0.2) 1.9 (0.5) 2.4 (0.3) 4.8 (0.6) 1.2 (0.3) 

No. logs and branches 23.0 (1.8) 10.3 (1.8) 13.5 (1.9) 19.5 (3.8) 13.7 (2.7) 

Veg. cover 2-4 m (%) 11.6 (3.6) 5.0 (1.2) 5.4 (1.4) 3.2 (0.8) 1.7 (0.3) 

Veg. cover 0.5-2 m (%) 8.5 (2.4) 2.7 (0.9) 4.1 (1.4) 2.7 (1.2) 1.5 (0.4) 

 
 
 
Table 4.  Habitat characteristics of woodland sites in the Weddin 
catchment.  Values are means (s.e.) for each vegetation community.  n = 
the number of remnant sites each comprising 2 plots. 

 

 
Habitat variable 

 
Hill 
Communities 

 
Box Plains 
Woodland 

 
Riparian 

 
White Box 
Woodland 

 n=12 n=16 n=12 n=10 

Area (ha) 1470 (864) 279 (189) 39.8 (15.2) 56.6 (27.1) 

Callitris cover <4 m (%) 10.2 (3.3) 2.9 (1.0) 0 2.8 (2.2) 

No. hollow bearing trees 1.2 (0.4) 2.6 (0.4) 4.7 (0.7) 4.0 (0.8) 

No. trees >60 cm DBH  1.0 (0.5) 2.0 (0.5) 4 (0.5) 2.0 (1.0) 

No. logs and fallen branches 49.5 (9.6) 37.0 (5.9) 38.7 (8.4) 54.0 (5.8) 

Veg. cover 2-4 m (%) 19.6 (5.4) 17.8 (3.9) 8.5 (2.4) 14.1 (4.7) 

Veg. cover 0.5-2 m (%) 14.3 (4.0) 13 (3.9) 5.9 (1.4) 4.9 (1.4) 
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3.2. Bird species richness in the Little River and Weddin catchments 

 

When the results of bird surveys in the two catchments were analysed 

together, species richness of All birds, Woodland birds, and Decliners were 

significantly related to remnant size (log10 remnant area) with higher diversity 

in larger remnants in both catchments (Table 5, Appendix B).  Species 

richness of Increasers did not differ significantly with remnant area. 

 

There were significant differences between vegetation communities across 

the two catchments in the richness of all four groups (Table 5).  Richness of 

All birds was significantly higher in Riparian sites and significantly lower in 

White Box Woodland than sites with other vegetation communities (Table 5).  

Woodland and Decliner bird species richness were lowest in White Box 

Woodland, with Decliner richness also significantly lower in Box Plains 

Woodland (Table 5).  Species richness of Increasers was highest in Box 

Plains Woodland and Riparian sites (Table 5). 

 

Although there was no overall difference in species richness of any of the four 

bird groups between catchments, the significant interaction term between 

catchment and log10 remnant area for All birds and Woodland birds indicated 

that species richness of these two bird groups increased more rapidly with 

increasing remnant area in the Weddin catchment than the Little River 

catchment (Table 5).  There was also significantly higher richness of these 

two bird groups in White Box Woodland in the Weddin catchment compared 

with the Little River catchment (Table 5).  A similar relationship between 

Decliner richness and vegetation community, remnant area, and catchment 

was suggested by the near significant interaction terms between catchment 

and log10 remnant area, and between catchment and vegetation community.  

However these interaction terms were not included in the final model for 

Decliner richness.  There was no significant difference in richness of Decliners 

or Increasers between the two catchments (Table 5). 
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Because of differences between catchments in the species richness of two of 

the four bird groups, further analyses of bird diversity were conducted 

separately for each catchment. 
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Table 5.  Summary of GLM analysis of the species richness of four bird groups in the Little River and Weddin catchments 
combined.  Variables and their interaction terms used as explanatory variables in the analysis appear as column 
headings.  +ve and  -ve indicate significant positive and negative relationships respectively.  n.s. = not significant.  
Vegetation communities are: Hill Communities (A); Box Plains Woodland (BCD); Riparian (E); and White Box Woodland 
(F).  “high” and “low” indicate that the parameter estimate for this factor level was significantly higher or lower than other 
factor levels.  Full details of the GLM analysis are in Appendix B. 
 

       Catchment Logarea VegComm Logarea.VegComm Logarea.catchment VegComm.catchment
              
       
All birds n.s. + ve E high, F low 

 
F high Weddin high F high in Weddin  

      

   

    
  

Woodland birds 
 

n.s. +ve F low 
 

BCD and F high 
 

Weddin high F high in Weddin  
 

Decliners n.s. +ve BCD and F low 
  

BCD and F high 
 

n.s. n.s. 

Increasers n.s. n.s. BCD and E high n.s. n.s. n.s. 
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Table 6.  Mean number of species recorded from vegetation communities in the Little River and Weddin catchments, NSW.  
Values are means (+ s.e.).  n=number of sites (remnants) in each vegetation community. 
 

      

  

      
      

Hill Communities 
(A) 

Box Plains Woodland (BCD) 
 

Riparian (E) 
 

White Box 
Woodland (F) 

Grey Box - White Cypress-
pine/Fuzzy Box Woodland 

(BC) 
 

Yellow Box - Blakely's 
Red Gum Woodland 

(D) 

 
Little River  n=10

 
n=13 n=15 n=8 n=9

      

 

  

    

     
    

   

 

 

   

 

 All birds 
 

23.8  (3.2) 25.4  (2.0) 
 

21.3  (2.1) 
 

34.1  (1.9) 
 

15.8  (1.4)

 Woodland birds 
 

13.7  (2.7) 12.1  (1.9) 
 

9.3  (1.7) 16.4  (1.5) 
 

4.9  (0.6)

 Decliners 
 

3.9  (1.0) 3.2  (0.7) 1.5  (0.6) 3.3  (0.7) 0.7  (0.4)

 Increasers 
 

10.0  (1.0) 12.9  (0.8) 11.6  (0.7) 14.0  (0.8) 
 

10.2  (1.0)

Weddin
 

n=12 n=16
 

n=12
 

n=10

 All birds 
 

27.0  (4.3) 25.4  (2.7) 
 

35.6  (2.6) 
 

24.5  (3.1)

 Woodland birds 
 

16.2  (3.3) 12.9  (2.5) 
 

17.2  (2.1) 
 

11.9  (2.8)

 Decliners 
 

3.3  (0.9) 3.3  (1.0) 2.3  (0.8) 2.2  (0.8)

 Increasers 
 

9.8  (1.1) 11.4  (0.5) 
 

15.5  (0.4) 
 

12.0  (0.6)
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3.3. Species richness and density of birds in the Little River catchment 
 

3.3.1. Species richness of bird groups 

 

In the Little River catchment species richness of All birds, Woodland birds, 

and Decliners differed significantly between vegetation communities and with 

remnant area (log10 remnant area) (Tables 6, 7, Figure 3, Appendix C).  In 

each case, species richness increased with increasing remnant size (Table 7). 

 

Richness of All birds was highest for Riparian sites (34.1 species) and lowest 

in White Box Woodland sites (15.8 species) with intermediate richness in Hill 

Communities, Box Plains Woodland, and Yellow Box – Blakely’s Red Gum 

Woodland (Table 6, Figure 3). 

 

Richness of Woodland birds was lowest in White Box Woodland (4.9 species) 

and was also low in Yellow Box – Blakely’s Red Gum Woodland compared 

with other vegetation communities (Table 6, Figures 3, 4a, 4b).  There was 

some evidence that more Woodland bird species were present in Box Plains 

Woodland remnants larger than about 50 hectares than in other vegetation 

communities (Figures 4a, 4b).  However lack of sites larger than 350 hectares 

in this vegetation community precluded comparisons with larger remnants in 

Hill and Riparian communities. 

 

There was a significant interaction between log10 remnant area and vegetation 

community for Woodland birds indicating that richness of Woodland birds 

increased with remnant size more rapidly in some vegetation communities 

(Table 7, Figures 4a, 4b).  The increase in Woodland bird richness with 

remnant area in small and medium sized remnants (<50 hectares) was 

greatest in Box Plains Woodland and Yellow Box – Blakely’s Red Gum 

Woodland (Table 7, Figures 4a, 4b). 
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Species Richness of Decliners was low in all vegetation communities with 

only about four and three species recorded on average in Hill Communities 

and Riparian sites respectively (Table 6, Figure 3).  Richness of Decliners 

was particularly low in White Box Woodland (0.7 species) and Yellow Box – 

Blakely’s Red Gum Woodland (1.5 species) (Table 6, Figure 3).  Like richness 

of All birds and Woodland birds, the number of Decliner species increased 

with remnant area (Table 7). 

 

There was no significant relationship between the number of Increaser 

species at sites and vegetation community or log10 remnant area in the Little 

River catchment (Table 7, Figure 3). 
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Table 7.  Summary of GLM analysis of the species richness of four bird 
groups analysed for the Little River and Weddin catchments separately.  
Variables and their interaction terms used as explanatory variables in 
the analysis appear as column headings.  +ve and  -ve indicate 
significant positive and negative relationships respectively.  n.s. = not 
significant.  Vegetation communities (VegComm) are: Hill Communities 
(A); Box Plains Woodland (BC and BCD); Yellow Box – Blakely’s Red 
Gum Woodland (Little River only) (D); Riparian (E); and White Box 
Woodland (F).  “high” and “low” indicate that the parameter estimate for 
this factor level was significantly higher or lower than other factor 
levels.  Full details of the GLM analysis are in Appendices C and F. 
 
 
Catchment Bird group Logarea VegComm Logarea.VegComm
          
     
Little River All birds + ve BC and E high, F low n.s. 
     

 
Woodland birds 
 

+ve 
 

BC high >50ha, D and F 
low 

BC and D high 
 

     
 Decliners +ve D and F low n.s. 
     
 Increasers n.s. n.s. n.s. 
     
     
     
Weddin All birds + ve E high F high, E low 
     

 
Woodland birds 
 

+ve 
 

E high <50-100ha, F high 
>50-100ha 

BCD and F high 
 

     
 Decliners +ve n.s. BCD and F high 
     
 Increasers n.s. E high n.s. 
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Figure 3.  Species richness of All birds, Woodland birds, Decliners, and Increasers in vegetation communities in the Little River 
catchment.  Vegetation communities are: Hill Communities (A);  Box Plains Woodland (BC);  Yellow Box – Blakely’s Red Gum 
Woodland (D);  Riparian (E);  and White Box Woodland (F).  Values are means (+ s.e.) of all sites in each vegetation type.  See 
Table 3 for sample sizes. 
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3.3.2. Species richness of Woodland birds in each vegetation community 

 

Number of Woodland bird species in Hill Communities in the Little River 

catchment increased with remnant size (log10 remnant area + (log10 remnant 

area)2), and with cover of vegetation between 0.5 and two metres high (Table 

8, Appendix D).  Together these three variables explained approximately 84 

percent of deviance or variation in species richness of Woodland birds in Hill 

Communities (Appendix D).  A significant negative estimate for the squared 

area term suggested that richness of Woodland birds began to decrease as 

remnant size became very large (greater than 1000 hectares). 

 

Within Box Plains Woodlands, richness of Woodland birds was best predicted 

by the cover of vegetation between two and four metres high and the number 

of logs and fallen branches on the ground (Table 8).  The number of 

Woodland bird species in Box Plains Woodlands increased with higher values 

of both of these habitat variables, which together explained approximately 64 

percent of deviance in species richness (Table 8, Appendix D). 

 

Log10remnant area and (log10remnant area)2 were the best predictors of the 

number of Woodland bird species in Yellow Box – Blakely’s Red Gum 

Woodland (Table 8), although they accounted for only 42 percent of the 

deviance in Woodland bird species richness in this vegetation community. 

 

None of the habitat variables included in the statistical analysis were 

significant predictors of the species richness of Woodland birds of Riparian or 

White Box Woodland sites (Table 8). 
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Table 8.  Summary of GLM analysis of the species richness of Woodland 
birds in each vegetation community.  Little River and Weddin 
catchments are analysed separately.  Only statistically significant 
habitat variables are listed.  +ve and  -ve indicate significant positive and 
negative relationships respectively.  Vegetation communities are: Hill 
Communities (A); Box Plains Woodland (BC and BCD); Yellow Box – 
Blakely’s Red Gum Woodland (Little River only) (D); Riparian (E); and 
White Box Woodland (F).  Full details of the GLM analysis are in 
Appendices D and G. 
 

Catchment 
 

 
Vegetation 
community 

Habitat variables in final regression model 
  

            
      
Little River A Logarea (+ve) , logarea2 (-ve), veg. cover < 2m (+ve)  
      
 BC Veg cover 2-4m (+ve), no. logs (+ve)  
      
 D Logarea (-ve), logarea2 (+ve)  
      
 E None    
      
 F None    
      
      
Weddin A Logare (+ve), veg. cover <2m (+ve), no. logs (+ve) 
      
 BCD Logarea (+ve), no. hollow bearing trees (+ve)  
      
 E No. hollows bearing trees (+ve)   
      
 F Logarea (+ve)   
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3.3.3. Density within bird groups 
 
Mean density (birds/ha) of All birds differed significantly between vegetation 

communities in the Little River catchment, with densities in Riparian sites 

much higher (over 35 birds/ha) than in the other communities (Table 9, Figure 

5, Appendix E).  Remnant area (log10remnant area) was not a significant 

predictor of density of All birds indicating that density of All birds did not differ 

with remnant area in the Little River catchment (Table 9). 

 

Mean density of Woodland birds increased with remnant area (log10remnant 

area) in the Little River catchment but did not differ significantly between 

vegetation communities (Table 9, Figure 5).  Apparent relationships between 

Woodland bird densities and vegetation community (Figure 5) were due to 

relationships between Woodland bird density and remnant area, and the 

imbalance in remnant sizes in different vegetation communities. 

 

Mean density of Decliners was not significantly related to remnant area or 

vegetation community (Table 9). 

 

Remnant area (log10remnant area) was a significant predictor of mean density 

of Increasers indicating that density of Increasers was lower in large remnants 

(Table 9).  Mean density of Increasers was significantly different between 

vegetation communities (Table 9), with highest densities in Riparian sites 

(over 20 birds per hectare) and lowest in Hill Communities at around 10 birds 

per hectare (Figure 5). 
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Table 9.  Summary of GLM analysis of the mean density of birds 
(birds/ha) in four bird groups.  Little River and Weddin catchments 
analysed separately.  Variables and their interaction terms used as 
explanatory variables in the analysis appear as column headings.  +ve 
and  -ve indicate significant positive and negative relationships 
respectively.  n.s. = not significant.  Vegetation communities are: Hill 
Communities (A); Box Plains Woodland (BC and BCD); Yellow Box – 
Blakely’s Red Gum Woodland (Little River only) (D); Riparian (E); and 
White Box Woodland (F).  “high” and “low” indicate that the parameter 
estimate for this factor level was significantly higher or lower than other 
factor levels.  Full details of the GLM analysis are in Appendices E and 
H. 
 
 
Catchment Bird group Logarea VegComm Logarea.VegComm 
          
     
Little River All birds n.s. E high n.s. 
     
 Woodland birds +ve n.s. n.s. 
     
 Decliners n.s. n.s. n.s. 
     
 Increasers -ve A low n.s. 
     
     
     
Weddin All birds n.s. E high n.s. 
     
 Woodland birds +ve E high n.s. 
     
 Decliners +ve n.s. BCD and E high 
     
 Increasers -ve E high n.s. 
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Figure 5.  Mean density of All birds, Woodland birds, Decliners, and Increasers in vegetation communities in the Little River 
catchment.  Vegetation communities are: Hill Communities (A);  Box Plains Woodland (BC);  Yellow Box – Blakely’s Red Gum 
Woodland (D);  Riparian (E);  and White Box Woodland (F).  Values are means (+1 s.e.) of all sites in each vegetation type.  See 
Table 3 for sample sizes.
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3.4. Species richness and density of birds in the Weddin catchment 

 

3.4.1. Species richness of bird groups 

 

In the Weddin catchment species richness varied significantly between 

vegetation communities for all four bird groups and with remnant area 

(log10remnant area) for All birds, Woodland birds, and Decliners (Table 7, 

Figure 6, Appendix F). 

 

Species richness of All birds increased with remnant size, and was 

significantly higher in Riparian sites (35.6 species) than in other vegetation 

communities; the least diverse of which was White Box Woodland (24.5 

species) (Tables 6, 7, Figure 6).  There was a significant interaction term 

between vegetation community and log10 remnant area such that the rate of 

increase in number of species with remnant area was highest for White Box 

Woodland sites and lowest for Riparian sites (Table 7). 

 

Woodland bird diversity also differed significantly between vegetation 

communities and was significantly higher in larger remnants (Table 7).  

Woodland bird species richness was highest in Riparian sites (17.2 species) 

and Hill Communities (16.2 species) while significantly fewer species were 

recorded in White Box Woodland (11.9 species) and Box Plains Woodland 

sites (12.9 species) (Tables 6, 7). 

 

The significant interaction term between log10remnant area and vegetation 

community (Table 7) indicated higher rates of increase in species richness of 

Woodland birds with remnant area in White Box Woodland and Box Plains 

Woodland sites than in the other vegetation communities (Table 7, Figures 

7a, 7b).  The result of these differences in slope is that richness of Woodland 

birds in small and medium sized remnants up to about 50 or 100 hectares in 

area was highest in Riparian sites (Figures 7a, 7b).  In larger remnants 

Woodland bird species richness appeared to be highest in White Box 
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Woodland (although a lack of large Riparian sites prevented conclusive 

assessment) (Table 7, Figures 7a, 7b). 

 

Species richness of Decliner bird species in the Weddin catchment, as in the 

Little River catchment and elsewhere in central west NSW, was generally low.  

In the Weddin catchment highest richness of Decliners was recorded in Hill 

Communities and Box Plains Woodland sites (3.3 species in both) and lowest 

in White Box Woodland (2.2 species) (Table 6, Figure 6).  Although this 

difference in species richness of Decliners between vegetation communities 

was not significant (Table 7), there was a significant interaction between log10 

remnant area and vegetation community (Table 7).  Richness of Decliner 

species increased with area for all vegetation communities but at a greater 

rate in White Box Woodland and Box Plains Woodland communities (Table 7). 

 

Species richness of Increaser bird species was significantly higher in Riparian 

sites (15.5 species) than other vegetation communities (lowest in Hill 

Communities with 9.8 species) but did not vary significantly with remnant area 

(Tables 6, 7, Figure 6). 
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Figure 6.  Species richness of All birds, Woodland birds, Decliners, and Increasers in four vegetation communities in the Weddin 
catchment.  Values are means (+ 1 s.e.) of all sites in each vegetation community.  Vegetation communities are: Hill Communities 
(A); Box Plains Woodland (BCD); Riparian (E); and White Box Woodland (F).  See Table 4 for sample sizes. 
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3.4.2. Species richness of Woodland birds in each vegetation community 

 

Species richness of Woodland birds in the Weddin catchment was best 

predicted by different combinations of habitat variables in each of the four 

Weddin vegetation communities.  With the exception of Hill Communities for 

which log10remnant area and cover of vegetation 0.5 to two metres high were 

significant predictors in both catchments, there was little overlap between 

catchments in the habitat variables that best predicted Woodland bird 

richness in their analogous vegetation communities (Table 8, Appendices D, 

G). 

 

Woodland bird species richness in Hill Communities was best predicted by 

log10remnant area, cover of vegetation 0.5 to two metres high, and number of 

logs and fallen branches on the ground (Table 8).  Together these three 

variables explained 79% of variation (deviance) in Woodland bird richness in 

this vegetation community (Appendix G).  Species richness increased with 

these variables such that, as in the Little River catchment, more Woodland 

birds species were recorded in larger and structurally more diverse Hill 

Communities (Table 8). 

 

In Box Plains Woodland sites species richness of Woodland birds was also 

higher in larger remnants, and at sites with higher densities of hollow bearing 

trees (77% of deviance explained) (Table 8, Appendix G).  Remnant size was 

also a significant predictor of Woodland bird richness in Yellow Box – 

Blakely’s Red Gum Woodland the Little River catchment (Table 8).  Yellow 

Box – Blakely’s Red Gum Woodland constituted a component of the Box 

Plains Woodland vegetation community in the Weddin catchment (Table 2). 

 

Species richness of Woodland birds in Riparian sites in the Weddin catchment 

was highest at sites with higher density of hollow bearing trees (Table 8).  

Addition of other habitat variables did not significantly improve the model for 

this bird group in Riparian sites despite 65% of the variation (deviance) in 

Woodland bird richness remaining unexplained (Appendix G). 
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Woodland bird richness was higher in larger remnants of White Box 

Woodland in the Weddin catchment (Table 8).  The habitat variable 

log10remnant area accounted for 78% of variation (deviance) in Woodland bird 

richness in this vegetation community. 
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3.4.3. Density within bird groups 

 

Mean density of All birds, Woodland birds, and Increasers varied significantly 

between vegetation communities in the Weddin catchment (Table 9, Figure 8, 

Appendix H).  The densities of birds in these three groups were significantly 

higher in Riparian sites than at sites in the other vegetation communities. 

 

Densities of Woodland birds, Decliners, and Increasers varied with remnant 

area in a similar pattern to those of the Little River (Table 9).  Higher densities 

of Woodland birds and Decliners were recorded in larger remnants, while 

density of Increasers was lowest in large remnants (Table 9). 

 

While there was no significant difference in the density of Decliners between 

vegetation types, there was a significant interaction between vegetation 

community and log10 remnant area for this bird group such that density of 

Decliners increased more rapidly with remnant area in Box Plains Woodland 

and Riparian sites than in Hill Communities or White Box Woodland in the 

Weddin catchment (Table 9, Appendix H).  Consequently, larger Box Plains 

Woodland and Riparian remnants supported higher densities of Decliners 

than the other vegetation communities. 
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Figure 8.  Mean density of All birds, Woodland birds, Decliners, and Increasers in four vegetation communities in the Weddin 
catchment.  Values are means (+ s.e.) of all sites in each vegetation type.  Vegetation communities are: Hill Communities (A); Box 
Plains Woodland (BCD); Riparian (E); and White Box Woodland (F).  See Table 4 for sample sizes.
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4. Discussion 

 

This study demonstrated that patterns of diversity and density of birds were 

broadly similar in the Little River and Weddin catchments.  Remnant 

characteristics including size, vegetation community, and habitat condition, all 

influenced the diversity of birds in woodland remnants in both catchments.  

However, there were a number of important differences in the observed 

diversity of birds between the two catchments, which serve to highlight the 

role of habitat structure and landscape characteristics in supporting diverse 

bird communities.  The key similarities and differences between catchments, 

and their implications for management are discussed below. 

 

In both Little River and Weddin catchments larger woodland remnants had 

higher diversity of All birds, Woodland birds, and Decliner bird species.  This 

finding is consistent with other studies in the region (Major et al. 2001; 

Seddon et al. 2001, 2003; Briggs et al. 2002).  Reasons why larger remnants 

are able to support more bird species than smaller remnants are discussed in 

Seddon et al. (2003). 

 

Clearly large woodland remnants, because of the high avian diversity they 

support, are of high conservation value.  These large remnants support larger, 

more stable core populations for many birds including Woodland birds and 

Decliner species.  This is not to say that small remnants have no value for 

biodiversity conservation.  As will be highlighted below, small remnants, 

particularly of some vegetation communities, can have high bird diversity and 

play a critical role in maintaining diversity of birds and other biota throughout 

fragmented landscapes.  Rather, the relationship between bird diversity and 

remnant size points to the need to conserve and manage large remnants as 

secure core habitat, whilst retaining and enlarging smaller remnants to better 

connect woodland areas and provide more woodland habitat overall. 

 

In both catchments bird diversity differed between vegetation communities 

independently of the effects of remnant area.  All birds and Increaser bird 
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species were more diverse in Riparian vegetation, while White Box Woodland 

supported fewer species of All birds, Woodland birds, and Decliners than 

other habitats.  White Box Woodland had particularly poor diversity of All birds 

and Woodland birds in the Little River catchment compared with the Weddin 

catchments.  This contrast between catchments for White Box Woodlands is 

one of the most striking observed in this study. 

 

Differences in the diversity of birds between vegetation communities is most 

likely due to both natural, and land use induced differences in the vegetation 

structure and habitat characteristics of these communities (see Major 2001).  

White Box Woodland is a naturally grassy woodland ecosystem usually with 

sparse woody understorey.  However there were significant differences in 

habitat structure between White Box Woodland in the Weddin and Little River 

catchments.  Although still open compared with other vegetation communities, 

structural complexity in White Box Woodland in the Weddin catchment was 

generally higher than in the Little River catchment, with greater cover of 

Callitris pine, more logs and fallen branches and greater cover of mid height 

understorey vegetation in the Weddin catchment. 

 

In the Little River catchment no White Box Woodland sites larger than 76 

hectares could be found while in the Weddin catchment remnants of White 

Box Woodland up to about 250 hectares in area were present.  White Box 

Woodland sites in the Weddin catchment were often close to other remnants 

especially those of Hill communities higher up the same slope.  In contrast, 

White Box Woodland sites in the Little River were usually isolated remnants in 

a more uniformly cleared landscape.  Therefore, White Box Woodland sites in 

the Little River catchment were smaller on average, were structurally less 

complex, and were less connected with other areas of woodland vegetation 

than White Box Woodland remnants in the Weddin catchment.  The 

predominance of very small and often degraded woodland remnants across 

much of the wheat/sheep belt of NSW is implicated in the decline of many 

woodland birds (Barrett et al. 1994; Saunders and Ingram 1995; Recher 1999; 

Reid 1999).  Differences in habitat structure, average remnant size, and 

landscape connectivity may have contributed to the higher recorded diversity 
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of All birds and Woodland birds in White Box Woodland in the Weddin 

catchment compared with the Little River. 

 

The relationship between bird diversity and remnant area varied between 

vegetation communities and catchments.  Diversity of Woodland birds and 

Decliners in Riparian remnants increased with remnant area in both 

catchments but this increase was not as marked as in other vegetation 

communities.  The combination of large trees providing abundant food and 

nesting resources and the proximity of permanent water provides high quality 

habitat for many bird species in Riparian vegetation.  This habitat type has 

been found to support high bird diversity in other studies (Fisher and Goldney 

1997; Mac Nally et al. 2000; Paton 2000).  As a result, small remnants of 

Riparian vegetation in both catchments had relatively high diversities of 

Woodland birds and Decliner species compared with other vegetation 

communities.  This is perhaps due to the high concentration of resources in 

this habitat type attracting many bird species irrespective of the area of 

habitat.  This explanation is corroborated by the findings of this study that 

Riparian vegetation supported higher densities (birds/ha) of All birds, 

Woodland birds, and Decliners than other vegetation communities. 

 

A similar trend was evident in Hill Communities in the Little River catchment.  

Even quite small remnants of Hill vegetation had very structurally diverse 

vegetation, providing ideal habitat for Woodland and Decliner bird species, 

many of which forage for insects in or near dense vegetation such as shrubs 

and regenerating trees, or on the ground amongst fallen timber.  Small 

Riparian and Hill Communities remnants therefore have high conservation 

value for birds.  In fact in many parts of the Little River and Weddin 

catchments, as well as elsewhere in the central west of NSW, small remnants 

of these two vegetation communities are the only “patches” that remain. 

 

Bird diversity in box woodland habitat (Box Plains Woodland and Yellow Box 

– Blakely’s Red Gum Woodland in the Little River, and Box Plains Woodland, 

and White Box Woodland in the Weddin catchment) was low in small 

remnants but increased more rapidly with remnant area compared with 
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diversity in Hill Communities and Riparian vegetation.  This resulted in high 

Woodland bird diversity in medium and large remnants (over about 100 

hectares) of Box Plains Woodland in the Little River but not in the Weddin 

catchment.  Conversely, Woodland birds diversity was relatively high in 

medium and large remnants of White Box Woodland in the Weddin catchment 

compared with other vegetation communities.  Reasons for High diversity in 

White Box Woodland in the Weddin catchment especially in comparison to the 

Little River are discussed above. 

 

Reasons for high Woodland bird diversity in medium and large Box Plains 

Woodland compared with other vegetation communities in the Little River 

catchment are unclear.  Box Plains Woodlands occur on fertile soils and 

presumably are productive enough to support diverse populations of birds. 

However small Box Plains Woodland remnants may not be large enough to 

support viable populations of many Woodland bird species which have 

sedentary habits and require large territory sizes. 

 

Diversity of Woodland birds in small and medium sized Box Plains Woodland 

remnants was higher in equivalent sized remnants in the Little River 

catchment than in the Weddin catchment.  In the Weddin catchment much of 

the remaining Box Plains Woodland occurred as roadside remnants and wide 

Travelling Stock Routes (TSRs).  Bird survey sites in small and medium sized 

Box Plains Woodland remnants in the Weddin catchment were located in 

these long, narrow remnants.  Large TSRs were less common in the Little 

River catchment.  Instead, bird surveys in medium sized Box Plains Woodland 

sites in the Little River were located in blocks of remnant woodland rather 

than linear strips.  These remnants would have relatively more core habitat 

(as distinct from edge habitat) in the Little River remnants compared with 

linear remnants of similar size in the Weddin catchment, and may have 

resulted in a proportionally greater amount of suitable habitat for Woodland 

birds in the Little River remnants. 

 

Despite a high rate of increase in Woodland bird and Decliner diversities in 

Yellow Box – Blakely’s Red Gum Woodland with remnant area in the Little 
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River, this vegetation type had low overall diversity of these bird groups. This 

is likely due to a combination of the small size of the remaining remnants in 

this vegetation community, their open understorey layer, and groundcover 

often dominated by exotic species.  There was some indication that diversity 

of Woodland birds and Decliners in Yellow Box – Blakely’s Red Gum 

Woodland in remnants of 100 hectares or more may have been high 

compared with Hill Communities and Riparian vegetation had such remnants 

remained uncleared.  However no such remnants remain in the Little River 

catchment. 

 

Box woodland vegetation communities on relatively fertile soils (Box Plains 

Woodland, Yellow Box – Blakely’s Red Gum Woodland, and White Box 

Woodland) clearly support high diversity of birds, particularly Woodland birds, 

provided remnants are of sufficient size and there are at least some areas of 

relatively high structural complexity within the remnant. 

 

Consistent with other studies of birds in central western NSW (Seddon et al. 

2001, 2003), diversity of Increaser species did not differ with remnant area.  

Furthermore, diversity of Increaser birds did not differ between vegetation 

communities in the Little River catchment, although it was higher in Riparian 

vegetation in the Weddin catchment.  These observations are not surprising 

as Increaser bird species are ecological generalists (Reid 1999).  They are 

able to use a wide range of habitats including the agricultural land surrounding 

woodland remnants (Seddon et al. 2003).  The higher mean density of 

Increaser species in small woodland remnants compared with large remnants 

in both catchments is probably due to the availability of food in surrounding 

fields for these generalist birds (Seddon et al. 2003). 

 

This study highlights the importance of remnant size, vegetation community, 

and habitat structure in supporting divers bird populations.  It also highlights 

the important role of small remnants of hill and riparian vegetation, and the 

potential gain in bird habitat of revegetating activities that increase remnant 

size, particularly in box woodland communities on more fertile soils (Box 

Plains Woodland, Yellow Box – Blakely’s Red Gum, and White Box 
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Woodland).  Taws et al. (2001) provide data on Woodland birds and Decliners 

that have been found in revegetation sites in the ACT and south east NSW, 

and outline practical ways of designing revegetation to maximise bird habitat. 

 

Care should be taken when applying results of studies conducted in one 

geographic area to other areas.  For example in this study, based on the 

results of surveys in the Little River catchment alone, without comparison with 

those from the Weddin catchment, the potential habitat value of White Box 

Woodland for birds may have been underestimated. 

 

This study focuses on broad patterns of diversity across the landscape. 

Beyond species richness in broad bird groups, composition of bird groups was 

not examined closely in this study.  Important differences may exist between 

catchments and vegetation communities that were not explored here.  For 

example, the role of different vegetation communities as habitat for threatened 

species has not been considered in this report.  Habitat needs of threatened 

species such as the Superb Parrot, and specific habitat requirements of other 

individual species are likely to further raise the conservation significance of 

remaining remnants of heavily cleared vegetation communities, especially 

those on fertile soils such as box woodlands. 

 

The results of this study suggest that improvement in habitat condition, 

increase in remnant size, and improved connectivity with other remnant areas, 

or a combination of all of these, would encourage higher diversity of birds, 

especially Woodland birds and Decliners, in White Box Woodland and in Box 

Plains Woodland including Yellow Box – Blakely’s Red Gum Woodland.  

Consequently, public funding and incentive schemes aimed at bird 

conservation should focus on protecting, enlarging, and connecting existing 

remnants of box woodland communities as a priority.  Furthermore, such 

conservation initiatives should encourage management activities within 

remnant patches that promote improved vegetation health and diversify 

habitat structure (within natural ranges) in all vegetation communities.  

Fencing of remnants in conjunction with appropriate grazing management can 

be used to re-establish tree regeneration and native perennial grasses.  
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Changes in land management practices such as minimising the “cleaning up” 

of fallen timber and leaving standing dead trees will provide more coarse 

woody debris and tree hollows as habitat for birds and other fauna (see 

Lindenmayer et al. 2002 for a review). 

 

The conservation status of individual woodland remnants, and their priority for 

publicly funded conservation actions should be assessed by comparing their 

condition with appropriate benchmarks.  Such benchmarks are being 

developed for much of the central west of NSW (Gibbons et al. in prep).  

These benchmarks will define key structural and compositional elements 

present in healthy patches of each vegetation community, and will provide an 

objective underpinning for conservation planning and for financial incentive 

schemes.  They will also provide a framework for defining management goals 

for woodland remnants, and assessing the efficacy of these management 

activities in promoting conservation of biodiversity. 

 

This study provides one component of the necessary ecological underpinning 

required for setting conservation priorities within the Little River and Weddin 

catchments. It is based on broad habitat needs of birds.  A comprehensive 

strategy should also consider other components of the biodiversity of the two 

catchments, and their ecological requirements across a number of spatial and 

temporal scales.  For example, conservation priorities of regional significance 

such as protecting heavily cleared vegetation communities from further loss 

and degradation should be combined with priorities at local scales including 

enlarging and connecting woodland remnants.  At the patch scale, 

management priorities should aim to secure long-term viability of woodland 

communities by encouraging regeneration of native vegetation, and 

restoration and maintenance of appropriate habitat structure in accordance 

with defined benchmarks.  Activities and initiatives that integrate conservation 

objectives over all three scales should be given highest priority for support by 

communities and governments. 
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Appendix A: 
Bird species recorded during surveys of remnant woodland vegetation in the Little River and Weddin catchments, NSW.  
Vegetation communities are:  Hill Communities (A); Box Plains Woodland (BC and BCD); Yellow Box – Blakely’s Red Gum 
Woodland (D); Riparian (E); and White Box Woodland (F).  P indicates the species was recorded in that vegetation community. 
 
 

 
Family Scientific name Common name Vegetation community 

            

        
       
          

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
   

PHASIANIDAE Coturnix pectoralis Stubble Quail           
           

          
          

          
           

          
           

          
           

           

P
  Coturnix ypsilophora Brown Quail P P
ANATIDAE Chenonetta jubata Australian Wood Duck 

 
  P P P   P P P 

  Anas superciliosa Pacific Black Duck
 

P P P P P
  Anas gracilis Grey Teal P P P
PHALACROCORACIDAE Phalacrocorax melanoleucos Little Pied Cormorant    P    P P P 
  Phalacrocorax sulcirostris Little Black Cormorant 

 
   P     P  

PELECANIDAE Pelecanus conspicillatus Australian Pelican P
ARDEIDAE Egretta novaehollandiae White-faced Heron P P
THRESKIORNITHIDAE Threskiornis molucca Australian White Ibis 

 
        P  

  Threskiornis spinicollis Straw-necked Ibis P P P P
ACCIPITRIDAE Elanus exillaris Black-shouldered Kite

 
P P P

  Milvus migrans Black Kite P
  Haliastur sphenurus Whistling Kite P
  Circus assimilis Spotted Harrier P
  Accipiter fasciatus Brown Goshawk       P P   
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Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
  
  Accipiter cirrhocephalus Collared Sparrowhawk

 
           

          

           
           

           
           
           

           
           

           
          

           
           
           

           
          

           
           

          

P
  Aquila audax Wedge-tailed Eagle P P P P
  Hieraaetus morphnoides Little Eagle       P P   
FALCONIDAE Falco berigora Brown Falcon P P P P P P P
  Falco longipennis Australian Hobby P P P P
  Falco hypoleucos Grey Falcon       P    
  Falco subniger Black Falcon P P P
  Falco peregrinus Peregrine Falcon P P P
  Falco cenchroides Nankeen Kestrel P P P P P P P
RALLIDAE Gallinula tenebrosa Dusky Moorhen P P
CHARADRIIDAE Elseyornis  melanops Black-fronted Dotterel P
  Vanellus miles Masked Lapwing   P  P     P 
COLUMBIDAE Phaps chalcoptera Common Bronzewing

 
P P P P P P P P P

  Ocyphaps lophotes Crested Pigeon P P P P P P P P P
  Geopelia cuneata Diamond Dove P
  Geopelia striata Peaceful Dove P P P P P P P
  Leucosarcia melanoleuca Wonga Pigeon P
CACATUIDAE Calyptorhynchus lathami Glossy Black-Cockatoo

 
P

  Eolophus roseicapilla Galah P P P P P P P P P
  Cacatua sanguinea Little Corella P P P
  Cacatua galerita Sulphur-crested Cockatoo

 
P P P P P P P P P

  Nymphicus hollandicus Cockatiel P P P P P P P
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Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A  ED F  A BCD E F
  
PSITTACIDAE Glossopsitta concinna P
  Red-winged Parrot

 
P

Polytelis swainsonii Superb Parrot P P P P P P P
  Platycercus eximius Eastern Rosella

 
P P P P P P P P

  Northiella haematogaster Blue Bonnet

BC

Musk Lorikeet           
           

          
           

          
           

           
      

           
          

           
           

           
          

           

           
          

           
          

           
          

Aprosmictus erythropterus 
  

P
P

  Lathamus discolor Swift Parrot P
  Psephotus haematonotus Red-rumped Parrot P P P

 
P P

 
P P P

  Melopsittacus undulatus Budgerigar   P P
  Neophema pulchella Turquoise Parrot

 
P

CUCULIDAE Cuculus pallidus Pallid Cuckoo P
  Cuculus flabelliformis Fan-tailed Cuckoo P P
  Chrysococcyx osculans Black-eared Cuckoo P
  Chrysococcyx basalis Horsfield's Bronze-Cuckoo

 
P P

STRIGIDAE Ninox novaeseelandiae Southern Boobook P
PODARGIDAE Podargus strigoides Tawny Frogmouth P
AEGOTHELIDAE Aegotheles cristatus Australian Owlet-nightjar       P P   
APODIDAE Hirundapus caudacutus White-throated Needletail

 
P

HALCYONIDAE Alcedo azurea Azure Kingfisher P
  Dacelo novaeguineae Laughing Kookaburra

 
P P P P P P P P P

  Todiramphus sanctus Sacred Kingfisher P P P P P P
MEROPIDAE Merops ornatus Rainbow Bee-eater

 
P P P P P P P

CORACIIDAE Eurystomus orientalis Dollarbird P P P P P P

P
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Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
  
CLIMACTERIDAE Cormobates leucophaeus White-throated Treecreeper           

           
          

           
           
           

           

          
           

           
          

           
           

          
           

          
           

          
           

P P P P P P P P
  Climacteris affinis White-browed Treecreeper

 
P

  Climacteris picumnus Brown Treecreeper P P P P P P P P P
MALURIDAE Malurus cyaneus Superb Fairy-wren P P P P P P P P
PARDALOTIDAE Pardalotus punctatus Spotted Pardalote P P P P P P P P
  Pardalotus striatus Striated Pardalote P P P P P P P P P
  Sericornis frontalis White-browed Scrubwren P
  Hylacola pyrrhopygia Chestnut-rumped Heathwren       P    
  Chthonicola sagittata Speckled Warbler 

 
P      P P   

  Smicrornis brevirostris Weebill P P P P P P P P P
  Gerygone fusca Western Gerygone P P P P P P P
  Gerygone olivacea White-throated Gerygone

 
P P P P P P P

  Acanthiza pusilla Brown Thornbill P P
  Acanthiza apicalis Inland Thornbill P P P P
  Acanthiza uropygialis Chestnut-rumped Thornbill

 
P P P

  Acanthiza reguloides Buff-rumped Thornbill P P P P
  Acanthiza chrysorrhoa Yellow-rumped Thornbill

 
P P P P P P P P

  Acanthiza nana Yellow Thornbill P P P P P P P P
  Acanthiza lineata Striated Thornbill P P P P
  Aphelocephala leucopsis Southern Whiteface 

 
      P    

MELIPHAGIDAE Anthochaera carunculata Red Wattlebird P P P P P P P
  Acanthagenys rufogularis Spiny-cheeked Honeyeater P P P P P
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Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
  
  Plectorhyncha lanceolata Striped Honeyeater

 
           

          
           

           
          

           

           
          

           
           
           

          
          

           
           
           
           

          
           

P P P P P P P P
  Philemon corniculatus Noisy Friarbird P P P P P P P P
  Philemon citreogularis Little Friarbird P P P P P P P P
  Entomyzon cyanotis Blue-faced Honeyeater

 
P P P P P P P

  Manorina melanocephala Noisy Miner P P P P P P P P P
  Lichenostomus chrysops Yellow-faced Honeyeater P P P P P P P
  Lichenostomus leucotis White-eared Honeyeater P P P P   P   P 
  Lichenostomus melanops Yellow-tufted Honeyeater       P P   
  Lichenostomus ornatus Yellow-plumed Honeyeater

 
P P P P P

  Lichenostomus fuscus Fuscous Honeyeater P P P P
  Lichenostomus penicillatus White-plumed Honeyeater P P P P P P P P P
  Melithreptus gularis Black-chinned Honeyeater P P P
  Melithreptus brevirostris Brown-headed Honeyeater P P P P P P P
  Melithreptus lunatus White-naped Honeyeater 

 
      P P   

  Acanthorhynchus tenuirostris Eastern Spinebill
 

P P
PETROICIDAE Microeca fascinans Jacky Winter P P P P P P P
  Petroica goodenovii Red-capped Robin P P P P P
  Eopsaltria australis Eastern Yellow Robin P P P P P P P P
POMATOSTOMIDAE Pomatostomus temporalis Grey-crowned Babbler P P P P P P P P
  Pomatostomus superciliosus White-browed Babbler

 
P P P

NEOSITTIDAE Daphoenositta chrysoptera Varied Sittella P P
PACHYCEPHALIDAE Falcunculus frontatus Crested Shrike-tit P P P P P P P
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Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
  
  Pachycephala pectoralis Golden Whistler           

           
           
           
           

          
           
           

           

          

           
           

          
          
          

           
           

          
           

          

P P P P
  Pachycephala rufiventris Rufous Whistler P P P P P P P P
  Colluricincla harmonica Grey Shrike-thrush P P P P P P P P
DICRURIDAE Myiagra rubecula Leaden Flycatcher P P
  Myiagra inquieta Restless Flycatcher

 
P P P P P P

  Grallina cyanoleuca Magpie-Lark P P P P P P P P P
  Rhipidura fuliginosa Grey Fantail P P P P P P P P
  Rhipidura leucophrys Willie Wagtail P P P P P P P P P
CAMPEPHAGIDAE Coracina novaehollandiae Black-faced Cuckoo-Shrike P P P P P P P P P
  Coracina papuensis White-bellied Cuckoo-Shrike 

 
        P P 

  Lalage sueurii White-winged Triller P P P P
ORIOLIDAE Oriolus sagittatus Olive-backed Oriole         P P 
ARTAMIDAE Aramus personatus Masked Woodswallow P P P P P P P
  Artamus superciliosus White-browed Woodswallow

 
P P P P P P P P P

  Artamus cinereus Black-faced Woodswallow
 

P
  Artamus cyanopterus Dusky Woodswallow

 
P P P P P P P P P

  Cracticus torquatus Grey Butcherbird P P P P P P P P P
  Cracticus nigrogularis Pied Butcherbird P P P P P P P P P
  Gymnorhina tibicen Australian Magpie

 
P P P P P P P P P

  Strepera graculina Pied Currawong P P P P P P P P P
CORVIDAE Corvus coronoides Australian Raven

 
P P P P P P P P

  Corvus mellori Little Raven P P P P P P

 68



 
Family Scientific name Common name Vegetation community 

            

        
       

           

   Little River 
  

 Weddin 
   

  A BC ED F  A BCD E F
  
CORCORACIDAE Corcorax melanorhamphos White-winged Chough

 
           

          
           

           
           

           
          
          

           
          

           
           

          
           

           
          

          
          

P P P P P P P P
  Struthidea cinerea Apostlebird P P P P P P P P P
PASSERIDAE Passer domesticus House Sparrow P P
  Taeniopygia bichenovii Double-barred Finch P P P
  Neochmia modesta Plum-headed Finch P
  Neochmia temporalis Red-browed Finch

 
P P P P P

  Stagonopleura guttata Diamond Firetail
 

P P P P P P
DICAEIDAE Dicaeum hirundinaceum Mistletoebird P P P P P P P P
HIRUNDINIDAE Hirundo neoxena Welcome Swallow

 
P P P P P P P P P

  Hirundo nigricans Tree Martin P P P P P P P P P
  Hirundo ariel Fairy Martin P
SYLVIIDAE Acrocephalus stentoreus Clamorous Reed-Warbler

 
P P P

  Cincloramphus mathewsi Rufous Songlark P P P P
  Cincloramphus cruralis Brown Songlark P
  Cisticola exilis Golden-headed Cisticola

 
P

ZOSTEROPIDAE Zosterops lateralis Silvereye P P P P P
MUSCICAPIDAE Turdus merula Common Blackbird 

 
        P P 

STURNIDAE Sturnus vulgaris Common Starling
 

P P P P P P P P P
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Appendix B: 
Details of GLM analysis of species richness of four bird groups in 105 woodland remnants selected from different vegetation 
communities in the Little River and Weddin catchments NSW.  Vegetation communities (VegComm) are; Hill Communities (A), Box 
Plains Woodland (Grey Box – White Cypress-pine Woodland, Fuzzy Box Woodland, and Yellow Box – Blakely’s Red Gum 
Woodland) (BCD), Riparian (E), and White Box Woodland (F).  Logarea = Log10 (remnant area+1).  * = One site removed from 
analysis due to high leverage. 
 
 

Bird group 

 
Total 

deviance 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.

Factor level 
 

Estimate
 

s.e. 
 

t prob. 
 

        
All birds 451 104 

 
230 92 Constant - - - 2.908 0.121 <0.001 

       
       
       
        
        
       
       
      
     
       
       
     
     
     
     
       
       

Logarea 90.5 <0.001 - 0.104 0.039
 

0.008
VegComm 58.5 <0.001 A Ref. Level

 
- -

BCD -0.004 0.129 0.974
E 0.556 0.185 0.003
F -0.583 0.192

 
0.002

Catchment 26.9 <0.001 LR Ref. Level - -
Weddin -0.245 0.141

 
0.081

 Logarea.VegComm
  

26 <0.001 Logarea.A Ref. Level - -
Logarea.BCD 0.079 0.048 0.101

Logarea.E -0.083 0.056 0.138
Logarea.F 0.205 0.101

 
0.043

 Logarea.Catchment
  

 13.2 <0.001 Logarea.LR Ref. Level - -
Logarea.Weddin 0.172 0.044

 
<0.001

 VegComm.Catchment
  

14.5 0.002 A.Weddin Ref. Level - -
BCD.Weddin -0.029 0.114 0.801

E.Weddin 0.093 0.143 0.514
F.Weddin 0.431 0.144 0.003
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Bird group 

 
Total 

deviance 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.

Factor level 
 

Estimate
 

s.e. 
 

t prob. 
 

        
Woodland Bird
 

576 103* 
 

309 91 Constant - - - 2.055 0.172 <0.001 
      

       
       
        
        
       
       
     
     
       
       
      
     
     
     
       
       
        

        
       
       
       
        
        
       
       

Logarea 159 <0.001 - 0.214 0.052
 

<0.001
VegComm 22 <0.001 A Ref. Level

 
- -

BCD -0.336 0.183 0.066
E 0.429 0.271 0.114
F -1.491 0.301

 
<0.001

Catchment 43.3 <0.001 LR Ref. Level - -
Weddin -0.261 0.212

 
0.219

 Logarea.VegComm
  

 52.3 <0.001 Logarea.A Ref. Level - -
Logarea.BCD 0.275 0.078 <0.001

Logarea.E -0.115 0.078 0.1339
Logarea.F 0.505 0.156

 
0.001

 Logarea.Catchment
  

9.4 0.002 Logarea.LR Ref. Level - -
Logarea.Weddin 0.202 0.066

 
0.002

 VegComm.Catchment
  

23.1 <0.001 A.Weddin Ref. Level - -
BCD.Weddin -0.165 0.173 0.34

E.Weddin 0.213 0.207 0.303
F.Weddin 0.776 0.228 <0.001

Decliners 311 103*
 

116 95 Constant - - - 0.502 0.279 0.073
Logarea 68.1 <0.001 - 0.3 0.086

 
<0.001

VegComm 8.4 0.039 A Ref. Level
 

- -
BCD -0.974 0.355 0.006

E 0.165 0.371 0.658
F -2.87 0.788

 
<0.001

Catchment 8 0.005 LR Ref. Level
 

- -
Weddin 0.026 0.139 0.853
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Bird group 

 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable Change in 
deviance

χ2 
prob.

Factor level Estimate s.e. t prob. 

   
 Logarea.VegComm
  

 31.9 <0.001 Logarea.A - -
Logarea.BCD 0.144 <0.001

Logarea.E 0.131 0.378
Logarea.F 0.411 <0.001

Increasers
 

87 104
 

23 101 Constant - - - 0.068
 

<0.001
VegComm 22.7 <0.001 A - -

BCD

Total 
deviance      

     
      
     
       
       
        

        
     

       
        
        
        

 Ref. Level
 0.601

 -0.115
 1.432

2.294
 Ref. Level

 0.184 0.081 0.022
E 0.408 0.089 <0.001
F 0.119 0.096 0.218
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Appendix C: 
Details of GLM analysis of species richness of four bird groups in 55 woodland remnants selected from different vegetation 
communities in the Little River catchment NSW.  Vegetation communities (VegComm) are; Hill Communities (A), Box Plains 
Woodland (Grey Box – White Cypress-pine Woodland and Fuzzy Box Woodland) (BC), Yellow Box – Blakely’s Red Gum Woodland 
(D), Riparian (E), and White Box Woodland (F).  Logarea = Log10 (remnant area+1).  * = One site removed from analysis due to 
high leverage. 
 
 

Bird group 

 
Total 

deviance 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.

Factor level 
 

Estimate
 

s.e. 
 

t prob. 
 

        
All birds 186 54 

 
104 49 Constant - - - 2.881 0.097

 
<0.001 

     
      
        
        
        
        
        
        

    
      
        
        
        
        
     
      

 VegComm
 

65 <0.001 A Ref. Level
 

- -
BC 0.22 0.094 0.019
D 0.018 0.092 0.841
E 0.286 0.09 0.002
F -0.281 0.111 0.011

Logarea 17 <0.001 - 0.114 0.027 <0.001

Woodland birds
 

240 53* 
 

126 44 Constant - - - 2.139 0.184
 

<0.001 
 VegComm
 

76 <0.001 A Ref. Level
 

- -
BC -0.27 0.255 0.291
D -0.971 0.415 0.019
E 0.325 0.307 0.29
F -0.264 0.759 0.096

Logarea 25 <0.001 - 0.184 0.059
 

0.002
 Logarea.VegComm
 

13 0.013 Logarea.A Ref. Level - -
Logarea.BC 0.311 0.129 0.016
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Bird group 

 
Total 

deviance 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.

Factor level 
 

Estimate
 

s.e. 
 

t prob. 
 

   
Logarea.D 0.609 0.302 0.044
Logarea.E -0.079

 
0.092 0.387

Logarea.F 0.32 0.505 0.527

Decliners 150 53*
 

100 48 Constant - - - 0.699 0.294
 

0.017
 VegComm
 

41 <0.001 A Ref. Level
 

- -
BC 0.176 0.263 0.504
D -0.848 0.332 0.011
E -0.335 0.257 0.192
F -1.452 0.455 0.001

Logarea 9 0.003 - 0.248 0.084 0.003

Increasers
 

44 54
 

44 54 None - - - - - -
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Appendix D: 
Details of GLM analysis of species richness of Woodland birds in 55 woodland remnants in the Little River catchment according to 
vegetation type.  *=one site removed from analysis due to high leverage. 
 

Bird Group Vegetation 
community 

 
Total 

deviance
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change 
in 

deviance
χ2 

prob.
Estimate

 
s.e. 

 
t prob. 

 
        
Woodland Birds A: Hill Communities

 
55 9 8 6 

 
Constant - - -0.173 0.543 0.75 

     
      
       
      

      

    
       

      
   
      
      

      

       
      

 Logarea 10 0.002 1.877 0.397 <0.001
  Logarea2 27 <0.001

 
-0.299 0.063 <0.001

  Veg. Cover <2m
 

10 0.002 0.043 0.013 <0.001
 
 BC: Box Plains 

Woodland 53 12 19 10 Constant - - 1.564 0.209 <0.001
      Veg. Cover 2-4m 

 
25 <0.001 0.076 0.018 <0.001 

   Logs 9 0.003 0.043 0.014 0.003
 
 D: Yellow Box – 

Blakely’s Red Gum 
Woodland 

 
 

36 12* 21 10
 

Constant - - 2.86 0.775 <0.001
  Logarea 10 0.002 -2.7 1.52 0.075 
  Logarea2 5 0.019 1.643 0.691 0.017
  
 E: Riparian 8 7 8 7 

 
none - - - - - 

 
 F: White Box 

Woodland
 

5 8 5 8 None - - - - -
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Appendix E: 
Results of GLM analysis of the mean density of birds from four bird groups in 55 woodland remnants selected from different 
vegetation communities in the Little River catchment NSW.  Vegetation communities (VegComm) are; Hill Communities (A), Box 
Plains Woodland (Grey Box – White Cypress-pine Woodland and Fuzzy Box Woodland) (BC), Yellow Box – Blakely’s Red Gum 
Woodland (D), Riparian (E), and White Box Woodland (F).  Logarea = Log10 (remnant area+1). 
 
 

Bird group 

 
Total 

deviance Total d.f. 
Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance F prob.

Factor level 
 

Estimate 
 

s.e. 
 

t prob. 
 

        
All birds 4446 54 

 
3097 50 Constant - - - 20.72 2.49

 
<0.001 

     
      
        
        
        
        

     
        
        

        
       
        

        
    

       
      

 VegComm
 

1349 0.002 A Ref. Level
 

- -
BC 3.99 3.31 0.233
D 5.39 3.21 0.1
E 16.46 3.73 <0.001
F 2.94 3.62 0.421

Woodland birds
 

2067 54 
 

1681 53 Constant 
 

- - - 4.09 1.36 0.004 
Logarea 386 0.001 - 2.25 0.65 <0.001

Decliners 588 54
 

588 54 none - - - - - -

Increasers
 

2590 54
 

1207
 

49 Constant
 

- - - 18.1 2.33 <0.001

 VegComm
 

893 <0.001 A Ref. Level
 

- -
BC 1.36 2.27 0.553
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Bird group 

 
Total 

deviance  Total d.f.
Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance F prob.

Factor level 
 

Estimate 
 

s.e. 
 

t prob. 
 

    
D 4.93 2.17 0.027
E 14.93 2.4 <0.001
F 6.57 2.4 0.008

Logarea 490 <0.001 - -3.171 0.711 <0.001
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Appendix F: 
Details of GLM analysis of species richness of four bird groups in 50 woodland remnants selected from different vegetation 
communities in the Weddin catchment NSW.  Vegetation communities (VegComm) are: Hill Communities (A); Box Plains Woodland 
(Grey Box – White Cypress-pine Woodland)(BCD); Riparian (River Red Gum Forest) (E); and White Box Woodland (F).  Logarea = 
Log10 (remnant area+1). 
 
 

Bird group 

 
Total 

deviance 
Total 
d.f. 

Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.

Factor level 
 

Estimate
 

s.e. 
 

t prob. 
 

        
All birds 245 49 

 
114 42 Constant 

 
- - - 2.614 0.135 <0.001 

      
      
      
        
        
     
     0.075  
      0.824 
       
        
        

Con tant - - 1.69 0.19
   Logarea 127.92 <0.001 - 0.45 0.07  

     VegComm   
      B D  

     0.006 
      

Logarea 63 <0.001 - 0.296 0.05
 

<0.001
 VegComm
 

60 <0.001 A Ref. Level
 

- -
BCD 0.016 0.177 0.93

E 0.8 0.2 <0.001
F -0.123

 Level
0.214

Ref. 
0.565

 Logarea.VegComm
 

9 0.034 Logarea.A - -
Logarea.BCD 0.059 0.429

Logarea.E -0.194 0.11
Logarea.F 0.199 0.112 0.075

Woodland birds
 

308 49 
 

130 42 s - <0.001 
<0.001

35.51 <0.001 A
C

 Ref. Level
 

- -
-0.301 0.257 0.242

  E 0.78 0.28
  F -0.646 0.337 0.055
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Bird group 
 

 
Factor level Estimate

 
s.e. 

 
t prob. 

 
      

Total 
deviance 

Total 
d.f. 

 

Residual 
deviance 

 

Residual 
d.f. 

Variable 
 

Change in 
deviance

χ2 
prob.  

 Logarea.VegComm
 

14.19 0.003 rea.A Ref. Level
  Logarea.BCD 0.189 0.101 0.06
  Logarea.E -0.178

 
0.155 0.251

  Logarea.F 0.49 0.17 0.004

Decliners 158.20 49 42 Constant
 

- - - -0.06 0.44 0.88
  Logarea <0.001

0.012
0.51

Level
0.15

Ref. 
<0.001

10.87 A - -
-0.744 0.205
-0.41 0.572

F -1.374
 Level

0.115
 Logarea.VegComm
 

8.21 Logarea.A
Logare

- -
0.504 0.018

Logarea.E 0.518 0.379
0.416Logarea.F 0.877

  
  

.Increasers
 

49
 

46 s 0.092
 

<0.001
 VegComm
 

16.70 <0.001 A
C

 Ref. Level
 

- -
0.146
0.455

0.118 0.218
0.118
0.13

<0.001
F 0.124

    Loga  - - 
    
     
     

        
        

   74.49     
   64.63 -  

     VegComm   
      BCD 0.587  
      E 0.726  
       0.871  
    0.042 Ref.  
     a.BCD 0.213  
      0.171 
      0.035 

      
      

 42 76  26.07  Con tant - - - 2.286  
    

     B D  
      E  
       0.199  
        
 
 

 82



Appendix G: 
Details of GLM analysis of species richness of Woodland birds in 50 woodland remnants in the Weddin catchment according to 
vegetation community. 
 
 

Bird Group Vegetation 
community 

Residual 
deviance 

Residual 
d.f. 

t prob. 
 

 
Total 

deviance
Total 
d.f. 

Variable 
 

Change 
in 

devianc
e 

χ2 
prob.

Estimate
 

s.e. 
 

       
       

 
 

 A: Hill Communities 101 
  

11 21 8 Constant -
 Logarea 49.46 <0.001
 Veg. cover <2
 

 11.53 <0.001 0.34
Logs 19.06 <0.001 0.01 0.01

 
 101 15 23 13

 
Constant - 0.20

0.08
<0.001

 Logarea 67.33 <0.001 
0    Hollows

 
 10.38 -0.15

 
 E: Riparian 37 24 10 

 
Constant - 2.32

0.10
0.17 <0.001 

<0.001 
 

 Hollows
 

<0.001 0.03
  

 
54 

  
9 12 8 Constant - - 1.05 0.28 <0.001 

  Logarea
 

 41.20 <0.001 0.94 0.15 <0.001
 

 Woodland Birds - 1.24 0.23 <0.001 
   0.12 0.01 <0.001 
      0.01 <0.001 
     <0.001 

       
BCD: Box Plains 
Woodland   - 1.79  

    <0.001 0.62
  0.001 0.05 .001 

      
11 -

    13.22  
    

F: White Box 
Woodland  
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Appendix H: 
Results of GLM analysis of the mean density of birds from four bird groups in 50 woodland remnants selected from different 
vegetation communities in the Weddin catchment NSW.  Vegetation communities (VegComm) are: Hill Communities (A); Box 
Plains Woodland (Grey Box – White Cypress-pine Woodland) (BCD); Riparian (River Red Gum Forest) (E); and White Box 
Woodland (F).  Logarea = Log10 (remnant area+1). 

deviance Total d.f. 
Change in 

deviance F prob.
Factor level 

 
Estimate t prob. 

 

Bird group 

 
Total Residual 

deviance 
Residual 

d.f. 
Variable 

  
s.e. 

  
       
        

 

All birds 14630 49 
 

10212 
 

46 Constant 
VegComm 

- - - 29.61

      BCD 5.69  
       25.31  
      F 6.09  
        
        

- -
   <0.001   

        
      
       0.004 

      
        
        

  49 831 42 Constant - - - -3.4 2.73  
      858   
     129  Ref  

4.30 <0.001 
   4418 <0.001 A  Ref. Level

5.75
- - 

0.317
E 6.08 <0.001

6.38 0.345

Woodland birds
 

6377 49 3222 
 

45 Constant 
 

- 
-

-3.28 3.98
1.48

0.413 
Logarea 2329 9.09 <0.001

 VegComm
 

826 0.016 A Ref Level
 

- -
BCD 2.35 3.33

3.65
0.483

E 11.20
  F 2.52 3.81 0.512

Decliners 2006 0.219
Logarea <0.001

0.106
- 3.54

Level
1.14 0.003

 VegComm A - -
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Bird group 

 
Total 

deviance  Total d.f.
Residual 
deviance 

Residual 
d.f. 

Variable 
 

Change in 
deviance F prob.

Factor level 
 

Estimate 
 

s.e. 
 

t prob. 
 

    

BCD
E -5.43 4.58 0.243
F
re

2.28
Level

4.19
-

0.589
-

0.018
Logarea.E

  Logarea.F 0.19 2.43 0.937

Increasers
 

7979 Constant
 Logare

- - <0.001
830

2406
0.008 - -5.06 1.8 0.007

- VegComm
 

<0.001 A Ref Level
 

-
BCD 5.49 4.04 0.181

E 15.81 4.43 <0.001
F

 
6.72 4.62 0.153

  

    
        
       -4.6 3.69 0.219 
        
        
     Logarea.VegComm 188 0.034 Loga a.A Ref  
      Logarea.BCD 4.44 1.81  
       6.29 2.85 0.033 

      
        
        

  49 4743 45  - 24.2 4.83  
   a   
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