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EXECUTIVE SUMMARY 

 

The nationally endangered south-eastern Red-tailed Black-Cockatoo Calyptorhynchus banksii 

graptogyne (RtBC) is an ecological specialist, feeding exclusively on the seeds of Brown 

Stringybark Eucalyptus baxteri, Desert Stringybark E. arenacea and Buloke Allocasuarina 

luehmannii. The ongoing decline in quality and quantity of food resources has been identified 

by the Recovery Team as the major threat to the cockatoo, while the availability of nesting 

hollows, although not currently limiting, may become important in the future as large hollow-

bearing trees are lost. 

 

Given significant ongoing investment in the protection of the RtBCôs key resources, it is of 

critical importance that clear guidelines for the most efficient and effective targeting of 

investment are available. This study aimed to 1) quantify the extent and condition of habitat 

currently available to RtBCs; 2) identify how food availability has changed historically and 

more recently under various land management regimes; and 3) estimate how habitat extent 

and condition might change in the future under different scenarios of protection, enhancement 

and restoration. 

 

Recent and historical aerial photography covering the range of the RtBC was used to map 

Buloke paddock trees, patches and roadside areas in 1963, 1997 and 2004, and field surveys 

were used to identify the size class distribution of existing Buloke trees in each of these 

categories. Within the study area, by far the majority of trees are estimated to be smaller than 

10 cm DBH. However, due to the extremely high density of these young trees, which occur 

mainly on roadsides and in ungrazed patches, only a very small proportion will mature to 

sufficient size to provide a useful resource for the RtBC. The density of trees >30 cm DBH on 

roadsides is estimated already to be close to the maximum density recorded for mature trees 

in patches (84/ha). Few areas of vegetation dominated by Buloke were located in public land 

blocks, and Buloke trees in these areas also tended to be smaller and therefore less suitable 

for RtBC foraging. As a consequence, trees on private land provide the main Buloke food 

resource for RtBCs. 

 

During the 41-year period from 1963 to 2004, there was a 48.3% loss of Buloke trees in 

paddocks, or 1.2% loss per year. The total area of Buloke woodland patches on private land 

decreased by 37.8%, but the area of roadside Buloke woodland more than doubled. Between 

1997 and 2004, the number of paddock trees within the sampled area reduced by 9.8% over 

the seven years. The pattern of tree loss suggested that deliberate tree removal or altered 

land management practices contributed substantially to the losses of trees from cropping and 

grazing landscapes. Although centre pivot irrigation systems occupied only 3% of the 

sampled area, they accounted for 22% of paddock tree losses. 
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The availability of stringybark food resources is controlled not only by tree loss and 

recruitment but also factors affecting the fruit crop such as fire and grazing. The impact of 

prescribed burns and wildfires on food supply across the RtBC range was calculated. Some 

11.1% of stringybark woodlands have been prescribed burnt in the past 10 years, and an 

additional 15.9% have been burnt by wildfire. The total reduction in food availability in 

woodlands attributable to prescribed burns is 5.4%, with a 13.2% reduction attributable to 

wildfire. Therefore, wildfire currently plays a substantially greater role in reducing seed 

availability than prescribed burns. As the frequency and extent of wildfires are likely to 

increase with climate change, protecting and increasing the availability of stringybark paddock 

trees may be an important strategy to reduce the risk of a fire-induced population crash. 

 

In general, grazing of stringybark woodlands had little impact on both capsule density and 

crop size (as well as canopy health) which are key aspects of food supply, although grazing 

significantly improved food supply in E. baxteri woodlands. However, E. arenacea paddock 

trees were approximately 27 times higher and E. baxteri paddock trees approximately 12 

times higher in crop size when compared with trees in adjacent ungrazed woodlands. 

Reduced light competition is likely to be a key factor driving this enhanced productivity, but 

other factors such as soil nutrient and moisture availability or even superphosphate 

application may be involved and further research is clearly warranted. The findings suggest 

that stock exclusion from stringybark remnants will have limited benefit to the RtBC. Instead, 

funding for RtBC recovery should be directed towards the protection and replanting of 

individual paddock trees or trees at low density, particularly in areas dominated by E. 

arenacea. 

 

During the 57-year period from 1947 to 2004, there was a 44.6% loss of stringybark tree 

cover recorded from sample sites covering 2% of the RtBC range. Losses were similar 

between stringybark species, but were far more severe on private than on public land, and for 

paddock trees than remnant woodlands. When measured over the period 1992/97ï2004, 

annual rates of loss were 0.04% for E. arenacea and 0.02% for E. baxteri. Recent habitat loss 

was associated primarily with paddock trees (0.26% per annum). Greater emphasis on the 

protection of stringybark paddock trees appears warranted, considering the disproportionate 

importance of such trees. 

 

RtBCs nest in hollows in live or dead eucalypt trees, and any gum eucalypt which forms large 

hollows is probably suitable as nesting habitat. We considered current and past availability of 

living, large old gum eucalypts within the RtBC range. A separate study is required to factor in 

the effects of changes in availability of dead hollow trees on overall nest hollow availability. 

Paddock gum eucalypts were typically very large, with trunk diameters of between 140 and 

200 cm most frequently encountered, but less than 5% of trees in woodland patches and 

roadside met or exceeded the mean size of trees in which RtBC nests have been recorded. 
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As with Buloke, the vast majority of live gum eucalypt trees occur on roadsides or in woodland 

patches, are relatively small (< 60 cm DBH) and are estimated to be younger than 100 years. 

However, these young trees occur at very high densities, and only a few can be expected to 

mature into large, hollow-bearing trees suitable for the RtBC. 

 

Between 1947 and 2004, 30% of gum eucalypt tree cover in the sample area was lost, all 

from private land. Areas of paddock trees were more than thirty times as likely to be lost as 

areas of denser woodland. These paddock tree losses are likely to have been of larger trees 

with consequent higher probabilities of containing suitable nesting hollows for the RtBC. 

However, losses of food resources over the same period appear to have been greater than 

losses of live gums. Between 1992/97ï2004, the overall annual rate of loss for both public 

and private land tenures combined was 0.32%, due entirely to the loss of 3% of scattered 

paddock tree cover. Tree cover loss from grazing and non-irrigated cropping land was minor, 

but significant losses from intensive cropping landscapes suggested that clearing to allow 

agricultural intensification was an important contributing factor. 

 

A series of future scenarios of resource availability were investigated utilising the information 

collected during this study and existing data. The current climatic envelope of Buloke was 

modelled, then projected shifts in this envelope under climate change scenarios was 

explored. The scenarios suggested a general southwards shift of the current climatic 

envelope of Buloke in the RtBC range. While an increase in temperature alone would not 

have a negative effect on Buloke distribution within the RtBC range, a 20% decrease in 

rainfall would substantially reduce the climatic suitability of almost the entire area in which 

Buloke currently occurs within the RtBC range. 

 

Secondly, information gathered about the current state of feeding and nesting resources, 

recent rates of change in availability of these resources and future management options was 

compiled to demonstrate a suite of alternative future scenarios of resource availability. 

Projections of Buloke availability were characterised by a decline for 100 years followed by 

some recovery. The status quo scenario, which projected current rates of change into the 

future, was the worst for Buloke resource availability, with resource availability at only 65% of 

current levels at 100 years and subsequent increases from maturing revegetation being 

moderate. The same decline in resources was also expected for a scenario of continued 

clearing of paddock trees with offsets involving protection of Buloke trees in patches. 

Protection of other scattered paddock trees as offsets for clearing fared better, but was 

contingent on the magnitude of the reductions in death rates achieved for óprotectedô trees. A 

general reduction in paddock tree death rates achieved the best outcome for resource 

availability. Revegetation was critical for recovery in resource levels after 100 years. 

Revegetation effort of 10,000ï18,000 Buloke trees per year for 20 years needed to be 

included in the scenarios to restore Buloke availability to 2004 levels in the long term. 
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For stringybarks, scenarios with moderately increased wildfire extents reduced stringybark 

resource availability by up to 5%, while reducing canopy scorch in prescribed burns led to a 

projected 3% increase. A severe negative effect was caused by catastrophic wildfire where 

85% of woodland blocks were burnt, which produced an overall reduction in stringybark seed 

resources of 49%. Simulating the loss of all paddock trees also produced a severe reduction 

in stringybark food availability of 11%. The most effective management action in terms of 

increasing overall stringybark seed availability was found to be the replanting of low density 

ópaddockô trees. 

 

The scenarios of gum availability showed less substantial declines over time, as in most 

scenarios tree losses were partially offset by maturation of roadside trees. However, the rates 

of paddock tree loss may accelerate in the future, as trees age and land use intensifies. The 

scenarios examined varied little, and suggested that rates of loss of large old gums over time 

are not expected to be as great as those of Buloke, or the potential losses of stringybark food 

availability under several plausible scenarios. Therefore, it seems likely that food availability 

will remain the limiting factor for the RtBC population for the foreseeable future. 

 

The findings of this report suggest several general recommendations: 

1. Plant and protect scarce resources to maximise complementarity, specifically Buloke 

and E. arenacea; 

2. Improve protection of paddock trees, which are the most valuable occurrences for all 

resource types; 

3. Where clearing is unavoidable, ensure offsets for clearing paddock trees protect 

several other at-risk paddock trees for each tree cleared; 

4. Maintain appropriate stem density when planting and manage woodlands to reduce 

competition. 

 

More particularly, Buloke revegetation effort and survival rates should be substantially 

increased, and replanting should be focused in higher rainfall areas and on shallow A-

horizons. Stringybark revegetation should focus on replanting E. arenacea ópaddockô (or low 

density) trees in appropriate areas (ideally, within 1ï5 km of existing stringybark remnants). 

Continued emphasis on prescribed burns that minimise canopy scorch is also important for 

RtBC resource availability. 
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1. INTRODUCTION  

 

1.1 BACKGROUND 
 

The south-eastern Red-tailed Black-Cockatoo, Calyptorhynchus banksii graptogyne, is a 

nationally endangered taxon, restricted in occurrence to the far south-east of South Australia 

and south-western Victoria (Commonwealth of Australia 2007). Unlike other subspecies of C. 

banksii, the south-eastern Red-tailed Black-Cockatoo (hereafter RtBC) is an ecological 

specialist, feeding exclusively on the seeds of Brown Stringybark Eucalyptus baxteri, Desert 

Stringybark E. arenacea and Buloke Allocasuarina luehmannii. Through the work of the Red-

tailed Black-Cockatoo Recovery Team and associated researchers the ongoing decline in 

quality and quantity of food resources has been identified as the major threat to the cockatoo 

(Garnett and Crowley, 2000; Hill, in prep; Burnard and Hill, 2002; Koch, 2003; Maron, 2005; 

Maron and Fitzsimons 2007). The availability of nesting hollows, although not currently a 

limiting factor, may potentially become important in the future as large old hollow-bearing 

trees are lost. 

 

Threats to key resources 

Buloke woodland has been heavily cleared for agriculture, and is now a nationally threatened 

plant community (EPBC 1999). Much of the Buloke that remains in the RtBC range occurs as 

scattered paddock trees. Recent research has documented one of the highest rates of loss of 

scattered paddock trees in Australia within the RtBCôs range (Maron, 2005; Maron & 

Fitzsimons, 2007), linked in part to a high rate of agricultural intensification occurring in the 

north of the taxonôs range (Maron & Fitzsimons, 2007). This is complicated by slow 

maturation of trees; replanted Buloke seedlings may take 100 years to reach a size at which 

they are utilized by the cockatoo, and considerably longer before they become a preferred 

resource (Maron, 2000; Maron & Lill, 2004). Threats to the stringybark resource include tree 

damage due to grazing (Hill, unpublished data) and canopy scorch from prescribed burns and 

wildfires which substantially reduce the amount of seed available for up to 10 years (Koch, 

2003). The extent to which potentially hollow-bearing gum eucalypts are lost on private land 

has not been estimated. 

 

Investment in habitat protection and enhancement 

The protection and enhancement of RtBC habitat has attracted substantial investment 

throughout the cockatooôs range. In recent years, there have been considerable efforts by 
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individual landholders to protect and enhance habitat within the cockatooôs range. These 

efforts have been supported by non-government organisations such as Greening Australia 

and Trust for Nature, as well as through the initiatives of the regional natural resource 

management organisations. In particular, through the Wimmera Catchment Management 

Authority, a market-based program disbursing over $700K to private landholders in exchange 

for habitat protection and enhancement is being implemented. Changes to policies 

surrounding applications to clear native vegetation have also taken into account the losses of 

RtBC habitat. The West Wimmera Shire has adopted an Environmental Significance Overlay 

to protect potential cockatoo nest trees, and the Victorian Department of Sustainability and 

Environment are developing interim operational guidelines in order to assist interpretation of 

the Native Vegetation Framework in the case of applications to remove RtBC habitat.  

 

Given the significant investment in the protection of the RtBCôs key resources, it is of critical 

importance that clear guidelines for the most efficient and effective targeting of investment are 

available. Both legislative and policy frameworks and landholder incentive schemes must be 

informed by the best quality science in order to ensure that such actions work to maintain and 

enhance the feeding and nesting habitat of the cockatoo, and the multitude of species which 

also rely on its habitats. This study aimed to bring together existing research and to fill 

important knowledge gaps to develop a series of future scenarios for RtBC resource 

availability under different combinations of permitted clearing, burning, protection and 

enhancement of habitat. It represents a tool to assist land managers and policy makers in 

determining likely large-scale and long-term effects on the RtBC of different strategies for 

native vegetation management in the RtBC region. 

 

1.2 STUDY OBJECTIVES 
 

The research described herein had three main objectives: 

 

1) Identify the extent and condition of habitat currently available to south-eastern Red-

tailed Black-Cockatoos.  

The current availability of all species of feeding and nesting resources was detailed, building 

on existing datasets by adding detail on condition from the perspective of the RtBC, such as 

tree age structure (as well as sex ratio for Bulokes) and tree health, as well as fire history 

data. This involved documenting: 
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¶ the current extent of patches of potential feeding and nesting habitat including 

roadside vegetation corridors; 

¶ the current density of paddock trees relative to trees in patches (Buloke, Brown 

Stringybark, Desert Stringybark, Yellow Gum E. leucoxylon and Red Gum E. 

camaldulensis). Existing data for Bulokes were extended across the RtBC range 

using aerial photography analysis. For stringybarks, the relative food value of trees in 

paddocks was determined; 

¶ the current age-class distribution and health status for Bulokes and gum eucalypts 

(the two resource types which must be of substantial age before they provide a useful 

resource for the RtBC). For Bulokes, sex ratio and degree of mistletoe parasitism was 

also determined; 

¶ the impacts of grazing on the health and quality of stringybark woodlands and food 

value of stringybark trees (measurements of percentage dieback, recruitment and 

density of capsules).  

 

2. Identify how food availability has changed historically and more recently under 

various land management regimes 

This required building on existing research for Bulokes in Victoria and eucalypts in South 

Australia by documenting: 

¶ losses of Buloke, stringybark and gum woodlands over the past 40ï60 years (using 

existing spatial data and recent and historical aerial photography). This provided an 

historical context for interpreting the effect on the RtBC population of current and 

future resource availability; 

¶ recent losses of Buloke, stringybark and gum eucalypt trees from landscapes 

dominated by different land uses over a period of 7ï12 years to 2004 (using analysis 

of aerial photographs and some ground-truthing). This provided annual rates of 

change calculated over a recent time period to be used as estimates of current rates 

of change. 

 

3. Identify how habitat extent and condition would change in the future under different 

scenarios of protection, enhancement and restoration.  

This part of the project combined all available information with expert knowledge to develop a 

series of future scenarios of resource availability for the RtBC. Firstly, we used bioclimatic 

modelling to investigate the current climate envelope inhabited by Buloke trees and examine 

the potential for climate change to result in changes in Buloke distribution within the range of 

the RtBC. Secondly, we examined projections of resource availability over 250 years (as this 

is the minimum timeframe which allows incorporation of newly planted eucalypt trees 
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becoming potential nesting resources). Availability of each resource type will change 

temporally in response to factors such as tree recruitment, maturation rates and death rates, 

as well as fire frequency, extent and intensity (important determinants of condition for 

stringybarks). These factors all vary according to changes in land use, climate change, policy 

and legislation, and investment in incentives. For this modelling, existing data on rates of 

change for each resource were used, including: 

 

¶ estimated growth rates of Buloke and gums 

¶ estimated age of gum eucalypt trees which form large hollows 

¶ current fire regime 

¶ impacts of fire and grazing on stringybark trees and food value 

¶ likely future changes to wildfire frequency due to climate change 

¶ annual rates of loss of Buloke, stringybark and gum eucalypt trees and woodlands in 

different land use types. 

 

We developed a dynamic mathematical model for each resource (mature Buloke, stringybark, 

mature gum eucalypts) to simulate availability under different scenarios of land management 

and planning. Numerous scenarios are explored in this report but the model has the capacity 

for updating of parameter values to reflect changing knowledge and to investigate the 

potential impacts of alternative policy, planning and management options. A set of scenarios 

are presented as Bayesian Belief Network models in Netica v.3.24, which has a user-friendly 

interface that can be used to quickly identify outcomes of different combinations of planning 

and management options. These models also contain a ógoal seekô function, whereby a 

desired outcome can be specified and required changes to management and policy identified. 

The models are held by the Wimmera Catchment Management Authority.  
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2. GENERAL METHODS ð RATES OF LOSS DATA  
 

2.1 Assessing tree cover for stringybark and gums 

 

Rates of loss for all habitat types (Buloke, stringybarks, gum eucalypts) were determined 

through analysis of aerial photographs.  Aerial photography is the only means to obtain 

accurate historical tree cover records, particularly when tree cover resulting from individual 

paddock trees must be measured.  Satellite imagery is generally too coarse in its resolution, 

particularly when historical imagery is involved.  The distribution of the Buloke habitat type is 

restricted to the northernmost part of the RtBC range and thus it was possible to determine 

rates of loss across its whole extent.  However, as the study area covers approximately 

18,000 km
2 
(Figure 2.1), it was not practical to measure directly rates of loss for stringybark 

and gum woodlands across the whole RtBC range.  Therefore, rates of loss for a sample of 

the RtBC range were determined using the following sampling method. 

 

Sampling Method 

A 5 km buffer of current feeding habitat was created around the current extent of stringybark 

woodlands. This area covered 85% of the current known RtBC range, and maps the extent of 

the critical habitat of the taxon (with the exception of Buloke, important stands of which occur 

distant from stringybark woodlands). Almost all recorded nests are within 5 km of stringybark 

blocks. Sixteen 30 km long x 1 km wide transects were located within this buffer across the 

RtBC range, with 5 transects located in each NRM region (South-east NRM Board (SENRM), 

Glenelg-Hopkins CMA (GHCMA) and Wimmera CMA (WCMA) regions) and one additional 

strip to compensate for lost coverage due to aerial photo ñblackspotsò. Transects were 

haphazardly located within NRM regions, distributed along a north-south gradient in each, 

and all ran on an east-west axis (Figure 2.1). Transects were further divided into 1 x 1 km 

sample plots. In locations where the aerial photo data were unable to provide a 30 km 

transect, several 1 x 1 km plots were located randomly above and below the main transect. 

Each transect and sample plot was filled by a graphic fishnet of 100 x 1 ha squares to aid 

characterisation of features (see Figure 2.2). 

 

Within the transects, tree cover was sampled from aerial photography from 2004, the 1990s 

(1997 for WCMA and SENRM and 1992 for GHCMA) and 1947 (for example sample areas, 

see Appendices 1ï3).  The total sample area was 47,400 ha for the 2004 and 1990s photos 

and 42,700 ha for the 1940s photos (some aerial photos were missing). This accounts for 
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around 2% of the total mapped critical habitat area of the RtBC. The 2004 imagery was 

supplied by the South Australian Department of the Environment and Heritage and the 

Catchment Management Authorities. Other aerial photos were scanned and rectified so as to 

have a 2 m on-ground spatial resolution (which was adequate to identify individual paddock 

trees).   

 

     

Figure 2.1. The location of the 30 km transects used for determination of change in tree cover 

of stringybarks and gums. Study area boundary is marked in black, 5 km buffer from 

stringybark blocks shown in pale blue. 
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Each 1 x 1 km sample plot was visually viewed at a consistent 1:12,000 scale to measure the 

area in hectares of native tree cover. At this scale it was possible to distinguish remnant 

native vegetation and paddock trees from plantations or exotic species used in windbreaks or 

homestead yards, which were not counted as tree cover.  A hectare of tree cover was defined 

as over 75% canopy cover of the hectare plot. Half and quarter tree cover hectares were also 

counted to contribute to the total tree cover (see Figure 2.3). 

 

 

Figure 2.2. An example of a 1 x 1 km sample plot (blue polygon) with a 100 x 100 m fishnet 

grid used for recording tree cover. 

 

 

Using existing mapping of the distribution of vegetation types dominated by each of the two 

stringybark species and gum eucalypts, the tree cover within each sample plot was attributed 

to gum eucalypts, E. arenacea, or E. baxteri. Mapping of pre-settlement vegetation was used 

so that paddock trees and other vegetation not covered by current extent mapping could be 

attributed to a habitat type. For each time point considered, the dominant (most extensive) 

land tenure and land use in each 1 ha square within the 1 x 1 km sample plots was identified 

using a combination of land use mapping (see Section 2.2) and visual assessment. Visual 

assessment was used for identifying areas of intensive agriculture such as centre pivots in 

areas where this was not mapped. Land use at a paddock scale can vary year by year, and 
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so although this approach to mapping land use was fairly coarse, it nonetheless gave a useful 

snapshot in order for  changes in the extent of vegetation over time to be compared among 

particular land tenures and land uses. As amounts of tree cover change were not available 

over the same period for the different regions when calculating the recent rates of change 

(1992ï2004 for GHCMA; 1997ï2004 for WCMA and SENRM) we calculated an average 

annual rate of loss weighted by the number of 1 x 1 km sample plots in each region (annual 

rates of loss per region were also reported).  

 

 

 

Figure 2.3. Example assessments of tree cover for stringybarks and gums. 

 

2.2 Land use and land tenure mapping 
 

An important consideration for the study was the impact of different agricultural practices on 

rates of loss for the various RtBC habitat types.  Initially, a new land use layer was created 

Native veg: 

partial 

cover 

Native veg:  

full ha 

cover 

Plantation:

no cover 
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from South Australian and Victorian land use data by amalgamating the data to the most 

simple common fields.  Additional data on plantation locations and private conservation areas 

were used to enhance the dataset.  Land use classifications were verified at each sample 

location where possible through interpretation of the aerial photography.  
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3. FACTORS INFLUENCING BULOKE  

AVAILABILITY  
 

 

3.1 CURRENT STATE OF BULOKE RESOURCES 

 

3.1.1 Introduction 

 
Buloke is a critically important food resource for the RtBC, providing high-quality seed in most 

years during summer and autumn (Maron and Lill 2004). Although widely distributed on a 

variety of soils types throughout a large area of eastern Australia, Buloke trees in the RtBC 

range historically occurred in the north, on the more fertile soils of the plains lying between 

the sandy dunes. Today, agriculture dominates these fertile soils, and as such, the distribution 

of Buloke woodland is reduced to only a few percent of its original extent in the Wimmera 

region. Buloke now occurs as scattered paddock trees and regeneration on roadsides, and in 

a few small patches of woodland. In the south-west Wimmera region, there have been 

substantial changes to the distribution and availability of Buloke over the past 50 years, with 

paddock trees declining and dense regeneration on roadsides increasing (Maron 2005; Maron 

and Fitzsimons 2007). Despite the increase in roadside Buloke vegetation, not all trees in 

these areas can be considered suitable feeding habitat, as RtBCs preferentially feed in trees 

larger than 30ï40 cm diameter at breast height (DBH) and rarely feed in trees smaller than 19 

cm DBH (Maron and Lill 2004). Recent work has suggested that Buloke growth rates are very 

slow, with trees of 19 cm DBH estimated at about 100 years of age (Macaulay, unpublished 

data). Therefore, the current availability of Buloke food resources for the RtBC is not the 

same as the number of live Buloke trees. An understanding of the current availability of 

mature Buloke trees is required in order to set initial conditions for any modelling of future 

scenarios.  

 

To identify the amount of Buloke food resource currently available to the RtBC, we needed to 

a) map the distribution of remaining Buloke trees within their range, and b) identify what 

proportion of these trees is mature and thus producing a useful food source. Neither of these 

factors were known, and therefore this part of the project aimed to fill these knowledge gaps 

in order to determine current Buloke food availability across the RtBC range.  
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3.1.2 Methods 

 

Spatial distribution 

Aerial photography for the Wimmera and South East NRM regions captured in 2004 was used 

to map the current distribution of Buloke trees and Buloke-dominated woodlands within the 

Buloke foraging range of the RtBC (few trees are located in the Glenelg-Hopkins NRM 

region). This range was considered to be all Buloke south of the Little Desert National Park 

and west of Wail, within a total area of approximately 5,000 km
2
. Although the distribution of 

Buloke continues north and east in Victoria, RtBCs are not known to feed in these trees and 

the vast majority of sightings of RtBCs foraging in Buloke are in the south-west of the area. All 

paddock Buloke trees were digitised in ArcMap v. 9.2. This digitisation was done manually as 

available automated procedures were unsuitable for identifying trees of different species, 

particularly when the imagery depicts trees against backgrounds which vary in color and 

contrast. An experienced observer conducted all species identification and digitisation by 

applying a 1 x 1 km fishnet across the study area and systematically searching each grid 

square. Species assignment was on the basis of canopy size, canopy color and proximity to 

other stands of Buloke. Individual paddock trees were identified as Bulokes through a 

combination of known distribution, greyish (as opposed to green) canopy color and small 

canopy size compared with other paddock trees such as eucalypts. In some cases where tree 

identity within an area was uncertain, ground-truthing was undertaken. Reference to other 

available aerial photography and, in the case of South Australia, mapping of the distribution of 

the Buloke woodland vegetation community, also assisted in species identification. 

 

The distribution of Buloke in paddocks was used as a guide to the location of remnant 

patches of Buloke and Buloke-dominated roadsides, as well as Buloke-dominated regions 

within larger forests and reserves. Patches included areas of paddock trees where tree 

canopy was continuous or near-continuous, thus precluding mapping of individual trees. 

Roadside areas of Buloke were mapped separately to other patches. Again, all digitisation 

was done manually as judgements on species were too subtle to allow automation of the 

process, particularly across images taken at different times of the year.  

 

Mapping of Buloke trees was conducted throughout the area described above, but detailed 

counts and measurements of trees and Buloke patches were conducted within a subset of 

this area which was comparable with that for which 1997 aerial photo coverage was available 

(see Section 3.3 below). This area (hereafter referred to as the 2004 study area) included the 

vast majority of mapped Bulokes but excluded a few outlying populations. 
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Stem density and size class distribution 

Bulokes typically occur in one of three situations: as scattered paddock trees and small 

clumps in grazed and cropped paddocks; on roadsides, and in patches on public land or 

protected private land. Each of these occurrences has a different characteristic stem density 

and size class distribution. Therefore, field sampling to determine stem density and size class 

distribution was stratified by these categories. 

 

For paddock trees and most small grazed clumps, tree density could most easily be 

determined using aerial photography, as individual trees could be distinguished. However, the 

determination of mean stem density for Bulokes occurring as patches on private land, public 

land or roadsides required field measurements. For these measurements, a series of sites in 

each category were randomly located throughout the Buloke study area in both South 

Australia and Victoria (Figure 3.2).  

 

For patches on private and public land, 20 x 20 m quadrats were randomly located within 

areas of continuous or near-continuous canopy cover (corresponding with areas mapped as 

patches) and the stem density of Bulokes recorded. In some cases on public land young 

stems were too dense to permit accurate counting within time constraints in 20 x 20 m 

quadrats. In these cases, stems were counted in 5 x 5 m quadrats. A total of 11 sample sites 

were established in Buloke woodland patches.  

 

For roadsides, due to their narrow, linear shape and very high stem density, quadrat 

dimensions generally had to be modified and were typically 3 x 3 m, and up to five quadrats 

were located at each of 18 roadside sites(a total of 79 quadrats in total). The mean stem  

density from all quadrats at a site was considered one replicate (N = 18),   

 

In addition to estimating mean stem density of Bulokes in each category, we also recorded 

examples of particularly high stem density in cases where the majority of stems exceeded 30 

cm DBH. This was because we needed to be able to estimate the maximum stem density 

likely to be attained by a woodland or stand of mature trees for the purposes of modelling 

future scenarios. During data collection for the above activities, dense stands of mature 

Buloke on both public and private land were sought out. Trees within a 50 x 50 m quadrat in 

the two densest parts of the densest patch of mature (>30 cm DBH) Buloke were counted and 

measured. 

 

Size class determination for Buloke trees on roadsides and in patches and reserves was done 

in the same quadrats used for stem density measurements. For paddock trees, an additional 
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15 sites were located in both cropped and grazed paddocks that were accessible from the 

road (Figure 3.2). At each paddock tree site, the girths of the 20 trees nearest to a random 

location along the access road were measured. Other variables recorded for each tree 

included the number and species of any mistletoes growing on it, a canopy health score 

measured on a Lickert scale of 1ï10 (with 1 representing a tree with very little live canopy and 

10 representing a full, healthy canopy; see Fig 1a & b; Maron 2005) and its sex (most females 

still held cones at this time and males typically had early flowers). 

  

a)        b)   

 

Figure 3.1. Examples of paddock Buloke trees with canopy health scores of a) 10 and b) 3. 

 

For roadsides and public and private land patches, measurements of girth and  mistletoe 

presence were taken at the same sites that were used for stem density determination.  For 

these trees, canopy health and sex determination was unreliable due to high stem densities 

resulting in difficulty in distinguishing individual canopies, and the fact that although many 

young trees showed no sign of fruit, they had probably not yet reached an age where fruiting 

would occur, and so males and females appeared similar.  

 

In order to create a frequency histogram of Buloke age classes within the study area, the 

number of Buloke trees on roadsides and in remnant patches were estimated using the total 

mapped area of each of Buloke-dominated patches of these types and the mean Buloke stem 

density appropriate to that patch type. The mean size class distributions for each patch type 



RtBC Habitat Modelling  BULOKE AVAILABILITY

  

   

  

  

  

  

  

                                                                      

14 

were then applied to the derived estimate of total tree numbers for the study area. The same 

process was used to determine size-class distributions of the paddock Bulokes, which when 

combined with the data for the patch types gave an estimate of the total number of Bulokes 

within each size class across the study area. 
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Figure 3.2. Location of field sites for Buloke size class and stem density measurements. 
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3.1.3 Results 

 

Spatial distribution 

The mapped distribution of scattered paddock Buloke trees is presented in Figure 3.3. 

Bulokes occurred extensively throughout the study area, and a total of 51,477 paddock trees 

were counted throughout the 2004 study area, with the vast majority (49,463) in Victoria. The 

distribution of trees was fairly evenly split between cropping and grazing landscapes, with a 

small number in conservation land (Table 3.1). 

 

 

Table 3.1. Number of paddock Buloke trees in each state and each land use in 2004, within 

the 2004 study area. 

 

Land use Vic SA Total 

Cropping 24738 384 25122 

Grazing 24461 1604 26065 

Conservation 166 0 166 

Other/unknown 98 26 124 

Total paddock trees 49463 2014 51477 

 

 

The area of densely occurring Buloke trees on roadsides and patches was relatively small, 

with a total of 162 ha of roadsides and 201 ha of other patches within the 2004 Buloke study 

area (Table 3.2). Extrapolation from results of the stem density and size class distribution 

study (see below) suggested that approximately 40,000 mature trees occur in areas where 

tree canopy is continuous in patches and on roadsides. 
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Table 3.2. Area of densely occurring Buloke tree cover and estimated maximum number of 

mature trees in woodland in each state in 2004, within the 2004 study area.  

 

 Vic SA Total 

Land use Area 
Est. 

trees Area 
Est. 

trees Area 
Est. 
trees 

Patches (ha) 192.8 14845 8.3 639 201.1 15484 

Roadsides (ha) 143.4 21223 19.2 2842 162.6 24065 

Total  336.2 36068 27.5 3481 363.7 39549 

 

 

Stem density 

The stem density values for the quadrats in the highest stem density patch were 28 and 32 

per 50 x 50 m quadrat, with mean DBHs of 39.6 and 32.1, respectively. Once trees smaller 

than 30 cm DBH were excluded, the total number of mature trees per quadrat was 22 and 20. 

Thus, the figure used for the maximum mature Buloke density was 21 per 2500 m2 or 84 per 

hectare. 
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Figure 3.3. The distribution of Buloke trees in the study area in 2004. 
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The grand mean (across 18 sites) of Buloke stem density density on roadsides per 3 x 3 m 

quadrat was 7 ± 1 (mean ±1 s.e), equating to over 7700 stems per hectare (hereafter all 

errors reported are 1 s.e.). Density of Buloke trees in reserves or ungrazed patches was 

estimated from 20 x 20 m quadrats at the 11 sites. The mean was 72 ± 20 stems per quadrat, 

equating to 1800 stems per hectare. 

 
Size and age class distribution  

Paddock Buloke trees averaged 54 ± 1 cm DBH, with the majority between 40ï70 cm DBH 

(Figure 3.4). There were very few small Buloke trees in paddocks and no seedlings or 

suckers <10 cm diameter were recorded. Mean canopy health score was 6.2 ± 0.1, with 

relatively few trees having a canopy health score of less than 5 (Figure 3.5). There was a 

weak but statistically significant positive relationship between tree DBH and canopy health 

scores (Figure 3.6).  Two species of mistletoe were recorded parasitising the trees: Buloke 

mistletoe Amyema linophylla and the more abundant harlequin mistletoe Lysiana exocarpi. 

The number of mistletoe plants per tree averaged 12 ± 1. There was no relationship between 

canopy health score and the number of mistletoe plants on a tree (R
2
 = 0.006). The ratio of 

female to male paddock Bulokes was 0.75:1. 

 

 
Figure 3.4. Mean size class distribution of paddock Buloke trees.  
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Figure 3.5. The frequency distribution of canopy health scores for the 300 paddock Bulokes 

assessed. 

 

 

 

 

Figure 3.6. Relationship between canopy health and diameter at breast height of the 300 

paddock trees assessed (R
2
 = 0.07). 
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A total of 567 trees were measured in the 79 roadside quadrats. The size class distribution of 

Buloke trees on roadsides differed substantially from that of paddock trees, with roadside 

trees averaging 5.6 ± 0.3 cm DBH (Figure 3.7). Most trees fell within the 1ï10 cm DBH size 

class with a substantial number of trees being smaller than 150 cm in height (and therefore 

with no DBH recorded). Mistletoes were far less likely to occur on Buloke trees on roadsides, 

with only 18 of the 567 trees being parasitised. The size class distribution of Buloke trees in 

ungrazed reserves and patches was very similar to that recorded for roadsides, although the 

stem density was lower (Figure 3.8).  

 
 

 

Figure 3.7. Mean (± 1 s.e.) size class distribution of Buloke trees on roadsides. 
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Figure 3.8. Mean (± 1 s.e.) size class distribution of Bulokes in reserves and patches. 

 

By combining the mean stem density and age class information with the mapped area of 

Buloke patches and roadsides and number of paddock trees, a frequency histogram of the 

estimated current number of Bulokes in each size class in the study area was created (Fig 

3.9). By far the majority of trees were smaller than 10 cm DBH.  
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Figure 3.9. Estimated size class distribution of Buloke trees in the study area in 2004. 

 

3.1.4 Discussion 

 
Although trees were mapped as far east as East Natimuk, most sightings of RtBCs are made 

in the far west of the region. It is not known whether this is because the trees in the eastern 

half of the study area are less suitable for the RtBC, or whether there are fewer observers 

engaged in reporting sightings in those areas. Tree selection by the RtBC is sensitive to 

factors related to foraging profitability (Maron and Lill 2004), and it is possible that the heavier 

soils and higher rainfall typical of the far western part of the region result in more productive 

Buloke trees. The Buloke trees in this area appear much larger than those located further 

north in Australia, and produce larger cones with more seeds (M. Maron, personal 

observation). Even the Buloke trees occurring on the northern edge of the RtBCôs range tend 

to be smaller and less productive.  

 

 

The majority of the distribution of Buloke in the study area is on private land which is grazed 

or cropped. Both of these land uses prevent recruitment of Buloke and no young trees were 

observed in paddocks. Natural regeneration of Buloke is therefore restricted to roadsides, 

fenced patches and reserves. However, where this regeneration occurs, it is very dense and 

appears to be of sucker, rather than seedling, origin. The dense young trees on roadsides 
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may have their origin as suckers which emerged after the cessation of droving along roads in 

the 1960s, or following roadworks around that time. Their parents are likely to be the few 

large trees which were present on the roadsides. Due to the extremely high density of these 

young trees, only a very small proportion might ever mature to trees of sufficient size to 

provide a useful resource for the RtBC. Interestingly, the density of trees >30 cm DBH on 

roadsides is estimated already to exceed the maximum density recorded for mature trees in 

non-linear patches. This is likely to be due to the linear nature of the roadside strips, which 

results in reduced competition due to the absence of other perennial vegetation either side of 

the strip. 

 

The strongly skewed size class distribution of Buloke trees in the study area confirmed the 

strong preference of RtBCs for large Bulokes. Although approximately 95% of available 

Buloke trees are < 30 cm DBH and more than 85% are < 20 cm DBH, the majority of trees in 

which RtBCs have been observed feeding are > 30 cm DBH and almost all are > 20 cm DBH 

(Maron and Lill 2004). Through considering all Buloke trees available in the study area, this 

study has provided a more accurate picture of the strength of RtBC feeding preferences. 

 

There was considerable difficulty in mapping Buloke-dominated areas within large blocks of 

other vegetation types, such as state forests. This may be due in part to problems with 

distinguishing the canopies of buloke trees from other vegetation types in the mosaic-like 

patches. However, it was clear that in the majority of cases land dominated by Buloke trees 

had been cleared up to the ecotone with another vegetation type. Furthermore, during 

extensive field work in the interior of large blocks of publicly-owned native vegetation (both as 

part of the Buloke field surveys and those for gum eucalypts), few areas of vegetation 

dominated by Buloke were located, with most having an emergent canopy of eucalypts, 

preventing their identification from aerial photography. Buloke trees in these areas also 

tended to be smaller and therefore less suitable for RtBC foraging.  

 

The ratio of female to male paddock Buloke trees was fairly low, at 0.75:1, and no large-scale 

patchiness in the sex ratio was evident during surveying. Although RtBCs feed on the seeds 

produced by the female trees, both sexes are required for seed set, and so preservation of 

both males and females is important to resource availability for RtBCs. However, although the 

sex ratio departed from 50:50, the departure did not appear to be substantial. Without 

knowledge of the historical sex ratio of Buloke trees, it is difficult to conclude whether the 

current sex ratio is a cause for concern, although at a landscape scale, it suggests that males 

are not a factor limiting seed production.  
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Interestingly, mistletoe infestation appeared to have no effect on canopy health. Mistletoe is 

an important resource for many species of birds, mammals and invertebrates and despite its 

reputation as a tree killer, it rarely poses a lethal threat to trees (Watson 2001). Trees in 

paddocks varied in their canopy health but most appeared reasonably healthy and a few were 

exceptional. This work was carried out during a long drought and almost all trees in the study 

area appeared somewhat stressed. However, Bulokes are particularly resilient and are likely 

to recover rapidly from drought, although other pressures, such as ringbarking by stock, 

would continue to contribute to tree stress. 

 

 

3.2 HISTORICAL CHANGE IN BULOKE AVAILABILITY (1963-
2004) 
 

3.2.1 Introduction 

 
In order to provide context for the current availability of Bulokes, it is important to quantify past 

availability. Information on historical availability of Bulokes can also provide insight into which 

parts of the landscape have undergone the most change and the land uses in which the 

greatest change occurred. Past work on changes in Buloke availability considered changes 

between 1981/82ï1997 (Maron 2005) and 1997ï2004 (Maron and Fitzsimons 2007). 

However, by the early 1980s, substantial landscape transformation had already occurred 

throughout the Wimmera and so although these studies provided insight into recent rates of 

change, assessment of resource availability in the context of longer-term landscape changes 

was not possible. This part of the project aimed to establish the amount of change in resource 

availability over a longer time period. The resources made available for this comparison were 

1963 hard-copy aerial photo mosaics of the Wimmera CMA region. 

 

3.2.2 Methods 

 
Two main datasets were accessed for this component of the study: hard copy aerial photo 

mosaics (black and white) covering the Victorian part of the study area in 1963 and an 

existing georectified color photo mosaic captured in 2004.  

 




