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1.  Project brief and background 

 

Studies of biodiversity conservation in agricultural landscapes have almost always focussed on remnants of 

native habitat. However, the conservation value of entire landscapes, including the agricultural components, 

is now being increasingly recognised. In the last decade, many areas of the mallee have undergone rapid 

changes due to the development of irrigated horticultural and viticulture industries. Within the region, 

anecdotal information suggests that populations of some native birds had increased due to agricultural 

development, with certain birds becoming agricultural pests inflicting damage to local crops.  

The Robinvale almond production region in NW Victoria is an ideal location to study the relationships 

between agriculture and biodiversity. The region contains a diverse array of agricultural land-uses such as 

almond, olive, viticulture, citrus and wheat crops.  It supports a number of rare or threatened species such as 

the regent parrot, and is currently undergoing a period of rapid transformation due to expansion of the 

almond industry. Select Harvests are a major almond producer in the region, with plans to greatly increase 

their production capacity for International export markets. This will involve extensive changes to current 

land-use, and associated impacts on biodiversity.  

The regent parrot occurs in semi-arid mallee, woodlands and riparian forest in NSW, Victoria and South 

Australia (a sub-species also occurs in woodland areas in south-west WA).  The regent parrot has suffered a 

decline in range and abundance over the last 100 years. In NSW, the species is endangered, and the focus of 

numerous local conservational activities. The exact size of the current population is not known, but is 

estimated to be no more than 2,900 adult birds. A relatively high level of information exists for key breeding 

sites in River Red Gum forests, as well as the annual population dynamics at some of these sites.  The 

ecology and conservation status of the species has been well documented (e.g. AGDE 2013, OEH 2013). 

However, little information exists on the foraging and movement behaviours and habitat selection of the 

regent parrot. 

The importance of farmlands as feeding habitat for the regent parrot has never been investigated. Charles 

Sturt University were funded (2009-2013) by the Australian Research Council (ARC), Select Harvests and  the 

then Victorian Department of Sustainability and Environment to conduct research to (1) identify and 

examine the relationships between key habitat and food resources and selected groups of birds  (e.g. regent 

parrot) in landscapes, and (2) examine the foraging behaviour of birds in agricultural landscapes to 

determine the potential for species to provide ecosystem services (e.g. insectivores foraging in orchards for 

insect pests) or contribute to crop damage (e.g. parrots consuming fruit). A focus of the project was to 

conduct radio telemetry studies of regent parrots to determine the landscape-scale movements of birds, to 

identify key foraging sites, food sources and movement corridors that should be protected and managed 

under incentive-based programs.   

Building on data generated by the ARC Linkage project, a concurrent project funded by the NSW Office of 

Environment and Heritage was used to further investigated the spatial ecology and landscape movements of 

regent parrots. These funds partly addressed a shortfall in funding from the ARC (original funding requested 

was $474,894, however only $255,000 was provided). This parallel project employed a post-doctoral 

research fellow at CSU, which enabled most of the original objectives to be met, as described herein.    
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2. Aims and approach 

This project was originally developed to address the following objectives: 

(1) identify and examine the relationships between key habitat and food resources and selected groups 
of birds (e.g. insectivores, frugivores, threatened species (e.g. regent parrot)) in landscapes with 
varying degrees of agricultural land-use;  

(2) examine the foraging behaviour of bird species in agricultural landscapes to determine the potential 
for species to provide ecosystem services (e.g. insectivores foraging in orchards for insect pests) or 
contribute to crop damage (e.g. parrots consuming fruit);  

(3) develop predictive models to maximise biodiversity and production gains under proposed agricultural 
land-use scenarios by a major Australian food producer.  

(4) establish long-term monitoring protocols to assist in future research to assess the conservation and 
production  implications of proposed land-use changes . 

 

To undertake the research, the ARC provided Charles Sturt University $255000 to complete the project 

(2009-13). Major partner Select Harvests provided generous cash ($96000) and in kind support. Partner 

(then) Victorian Department of Sustainability and Environment (DSE) also provided inkind support  - office 

support for PhD student in Mildura, provision of GIS data, PI Ian Temby contributions (0.05 FTE), and other 

field assistance. Project funding was used to employ two PhD students (Mrs Shannon Triplett and Mr John 

McLaughlin), as well as provide funds to meet the operating costs of performing the research.  These costs 

included items such as travel and fieldwork expenses, purchase of specialized radio tracking equipment to fit 

to birds, and employment of other research assistants as required. The project originally applied for funding 

for a postdoctoral research fellow, however this was not granted by the ARC. To partially fill this role, 

additional funding was provided by the NSW Office of Environment and Heritage and CSU to employ a 

postdoc (Dr Simon Watson) to conduct research on regent parrots.  

The PhD students and postdoc were supervised by Dr Peter Spooner, Associate Professor Gary Luck and 

Associate Professor David Watson, and supported by expert advice from various staff in the partner 

organisations. Despite CSU’s best efforts in terms of supervisory and resource support, both PhDs failed to 

complete their respective candidatures.  This situation caused major problems in completing some of the 

objectives (Objectives 2 and 4). Nevertheless, the principal investigators (Spooner, Luck, Watson D) and 

postdoc have successfully completed the majority of the planned research as outlined below: 

 

Note:  This report is presented as a series of published scientific papers (published, in press, or in final 

review) attached in the appendices. A full description of the methods, results and discussion for each 

section is attached as a paper where indicated * 
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3. Methods and key results 

3.1  Collate existing literature on the regent parrot (Appendix A) 

The regent parrot (eastern subspecies) Polytelis anthopeplus monarchoides is a threatened bird of inland 

south-eastern Australia that has suffered a significant population decline and range reduction over the past 

century (Garnett and Crowley 2000; Higgins 1999).  This species depends on Eucalyptus camaldulensis forest 

as primary breeding habitat (Higgins 1999), nesting in old, hollow-bearing trees largely restricted to riparian 

areas.  However, regent parrots forage and roost away from breeding areas (Higgins 1999).  While originally 

extensive, widespread clearing has reduced the extent of these foraging habitats greatly, and this is 

considered a key driver of range-wide, regent parrot declines (Baker-Gabb and Hurley 2011).   

Regent parrots nest in tree hollows in River red gum forests and make daily movements away from these 

breeding areas to roost and forage in mallee vegetation, where they feed on a variety of food items, 

dominated by immature seed from Acacia, Dodonea and chenopods as well as nectar from Eremophila and 

Eucalyptus. However, the parrot also feeds on agricultural crops such as wheat, barley, oats, grapes, olives 

and almonds (Burbidge 1985; Luck et al. 2013). Consequently, the increased availability of almonds in north-

western Victoria has resulted in a substantial change to the spatial location and temporal availability of food 

resources across the landscape. At particular times of the year, almonds can form a large part of the diet of 

regent parrots (Luck et al. 2013), although it is not known what proportion of the population relies on 

almonds for food. 

Breeding by regent parrots only occurs in landscapes with extensive mallee vegetation remaining in close 

proximity to Red Gum forests (Burbidge 1985). When flying, regent parrots largely follow vegetated 

corridors and are reluctant to fly over more open land (Higgins 1999; Baker-Gabb & Hurley 2011).  However, 

regent parrots readily use almond groves as movement corridors and were routinely recorded feeding in 

these crops (Luck et al. 2013). The rapid expansion of almonds has affected the spatial structure of 

landscapes and possibly the movement patterns of the regent parrot.  Therefore analysis of the temporal 

and spatial structure of landscapes is critical to better understand the distribution of nesting sites and overall 

persistence of the species (below). 

For regent parrots, existing data was collated from six reports and two surveys commissioned by state 

government agencies between  1997–2011, which contained location records for 674 incidences of regent 

parrot nesting across the region over 14 years (Appendix D). 

This data was used for modeling work for regent parrots (parts 3.5 and 3.6 below). 
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3.2  Review information on bird interactions with crops (Appendix B *) 

We conducted a comprehensive review of published research on pest damage of birds to crops, and native 

bird conservation in agricultural landscapes, to identify options to manage the potential costs and benefits of 

bird activity in crops, to improve agricultural sustainability, and simultaneously conserve species (Triplett et 

al. 2012).  

Most damage inflicted by birds in agricultural landscapes is to perennial or annual crops. Birds damage crops 

directly through the chewing or removal of plant shoots, stems, foliage, buds, fruit and seeds. Growers may 

also experience costs by having to change growing practices (e.g. early harvesting) to avoid or reduce bird 

impacts, or through the replanting of seasonal crops due to other damage. Indirect damage to agriculture 

can also occur through damage to infrastructure (e.g. the chewing of irrigation pipes, or the spread of 

weeds. Secondary damage occurs when bird foraging results in insect or disease infection or spoilage due to 

piercing of the flesh of fruit in crops.  

 

 

Figure 1. A regent parrot (Polytelis anthopeplus) feeding in a commercial almond orchard in north-western 

Victoria, Australia. The regent parrot is a threatened native species that may inflict costs to almond growers 

through crop damage, but may also benefit growers through removal of nuts left in orchards post-harvest 

(these nuts are susceptible to fungal infection that may threaten future production). Improving agricultural 

sustainability requires appropriate management that ensures the conservation of protected species like the 

regent parrot, while at the same time reducing negative impacts on growers. 
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Damage to crops varies spatially and temporally owing to interactions between bird behaviour and 

population dynamics and crop type, location and phenology. Nevertheless, distinct patterns of damage have 

been recorded. The most common pattern is greater damage at the edge of fields, decreasing with distance 

into the field interior. Damage to field interiors may also occur sporadically when flocks descend on fields. 

The distance that birds forage into fields from the field edge may be influenced by field layout, the landscape 

surrounding the field, habitat affinity and distance to preferred habitat, food availability (within the field and 

more broadly), predation risk, escape behaviour, foraging behaviour and food-gathering economics for birds. 

Other characteristics thought to influence susceptibility to damage include crop age, plant vigour, foliage 

thickness and crop height, while characteristics of the individual fruits or grains such as variety, maturity, 

ripeness, size, pulpiness, colour, texture, hardness, sugar content, fat content, oil concentrations, acidity and 

nutrients can also influence damage levels. 

Birds also provide benefits to famers of almond crops. Arguably, the most important and extensively 

documented service provided by birds in agricultural landscapes is that of biological (pest) control Pest 

control by birds can increase agricultural yields and biological control is increasing in importance as 

invertebrate pests develop resistance to pesticides, and chemical use is restricted by authorities and 

consumer trends. The impact of birds on invertebrate (insect) populations is particularly strong during the 

birds’ breeding season when there is high demand for energy-rich food sources to sustain energetically 

demanding breeding and feeding of young. The timing of bird reproduction and the rearing of young can 

coincide with important crop and invertebrate periods, which is the case for many Australian parrots and 

insectivorous birds. Birds may also reduce the impacts of pest vertebrates (e.g. eagles and other raptors 

preying on mice) in agro-ecosystems through direct predation and scaring and behaviour modification.  

The capacity to manage cost–benefit trade-offs rests on being able to quantify, in monetary terms or 

biophysical amounts, the benefits and costs associated with particular activities conducted by particular 

species. Yet, the literature on ecosystem services and damage to agriculture has found this requirement 

challenging because of difficulties in identifying these services. 

 

 For full details on our review on bird damage and benefits to farmers, see Triplett, S., Luck, G. & Spooner, 

P.G. (2012) The importance of managing the costs and benefits of bird activity for agricultural sustainability. 

International Journal of Agricultural Sustainability 10 (4), 268–288. Appendix B * 
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3.3 Surveys  of birds in Robinvale almond crops (Appendix C*) 

This work represents one of the first ecological projects in Australia to comprehensively survey and 

document the use of farmlands (specifically almond crops in horticultural areas) by birds. By conducting 

surveys in and around almond crops, and comparing our survey results to data from similar surveys in 

remnant vegetation, we were able to develop a more comprehensive understanding of how various groups 

of species (e.g. endangered species such as the regent parrot) utilise farm landscapes.  

We measured bird occurrence in 15 transects during the almond-growing season of 2009/10, and 32 

transects during 2010/11. A stratified random sampling approach was used, whereby individual almond 

blocks (~17 ha) were randomly selected within previously assigned damage categories (low, moderate, high) 

as documented by SH in 2007/08 and  2008/09. In each plantation, line-transect surveys were conducted 

each month around the periphery of almond blocks in 2009/10. Transects varied in length owing to 

differences in block size (mean length 1.74 km) and bird data were standardised to birds km–1. A method 

was developed to ascertain bird damage to almond trees (Figure 2) 

 

Figure 2. Damage groups identified as: (a) Cockatoos/large parrots (galah); (b) regent parrot; and small 

parrot damage by (c) mallee ringneck and (d) yellow rosella.  

 

Our research findings show considerable inter-annual variability in the use of almond crops by birds. 

Significantly more regent parrots and small parrots were recorded in almond plantations in 2009/10 (a 

drought year) than in 2010/11 (a wet year) , which we attribute to rainfall differences between these two 

periods. We hypothesise that the availability of alternative foods (native plants or wheat crops) in the wet 

year reduced parrot dependence on almonds.  
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Our surveys of birds in almond crops and crop damage showed that damage was generally low. However 

total nut damage across all bird species and all transects was highly variable, and ranged from 0% to 33.2% 

(recorded at the edge of an almond block in one farm) in 2010/11. Total damage was relatively low, with 

only seven transects sustaining >4% damage (Table 1). Cockatoos were responsible for the greatest damage 

to trees on a single transect (maximum 27.6%), but no cockatoo damage was recorded on 22 of the 32 

transects. Small parrots were responsible for small amounts of damage that was more widespread (14 

transects with <1% damage; only six transects had no small parrot damage). Similarly, 12 transects had no 

regent parrot damage, and only five transects had >2% damage (maximum of 6.2%) Table 1. 

 

Table 1. Mean percentage of nut damage per transect by species and Spearman’s correlation between 

frequency of occurrence of the species and the percentage of damaged nuts on transects. 

Species Mean attribuatable 
damage ± 1 s.e. (%) 

Range of nut 
damage per 
transect (%) 

Damage correlation 
with frequency of 
occurrence (rs) 

Regent parrots 1.07 ± 0.27 0 - 6.2 0.64 (P < 0.001) 
Small parrots 0.97 ± 0.15 0 - 3.6 0.66 (P < 0.001) 
Cockatoos 1.76 ± 0.89 0 - 27.5  

 

 

Regent parrots appeared to prefer locations where almond crops abutted native vegetation, but only during 

2009/10, a dry year with likely limited food availability. Small parrots occurred more often in crops close to 

riverine vegetation but away from sources of human activity eg farm offices. We also found that efforts to 

deter birds from using almond crops (eg shooting activity) were ineffective. Our surveys showed that 

cumulative bird species richness in almonds (59) was only slightly less than nearby native Red Gum forests 

(66 species), but more than mallee woodland (54) and Black Box woodland (53). These results highlight the 

important role of almond crops in supporting native birds, which needs to be recognised by conservation 

management agencies.   

Many of the birds recorded in almonds do not eat the fruit – and some species may be helping to control 

insect pests such as the Carob Moth, which has recently been found in almond crops in Victoria.  

 

For further details, see Luck, G.W., Spooner, P.G., Triplett, S. (2013) Bird use of almond plantations: 

implications for conservation and production. Wildlife Research 40, 523-535 (Appendix C *) 
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3.4 Calculating the benefits and costs of bird interactions in almond crops (Appendix D*) 

In this study, we performed the first ever field tests to quantify the economic costs and benefits of bird 

activity in almond orchards in southern Australia. Almonds are one of Australia’s fastest growing horticulture 

sectors. The expansion of the almond industry raises substantial production and conservation management 

challenges. In Australia, almond crops attract a number of native bird species, especially parrots, which eat 

almonds during the growing season and reduce crop yield. However, these same bird species may provide 

ecosystem services to growers by eating residual nuts left on trees after the main crop has been harvested. 

These so-called ‘mummified nuts’ (mummy nuts) are susceptible to fungal infection, which may threaten 

future crop yields. Moreover, recent evidence shows that mummified nuts are used intensively by the carob 

moth (Ectomyelois ceratoniae) for food and breeding. 

(http://australianalmonds.com.au/industry/conference_2012/proceedings).  

The carob moth is a pest of global significance, impacting the production of numerous crops worldwide 

including dates, figs, pistachio, citrus and pomegranate. It is a major emerging threat to the Australian 

almond industry, as it feeds on almond kernels rendering them unsuitable for human consumption. 

Mechanical or manual removal of mummy nuts post harvest is one approach to controlling moth outbreaks 

and fungal infections. However, birds are already providing this service to Australian growers – the question 

addressed in this study is whether the monetary value of this service outweighs the costs of bird damage to 

almonds, resulting in a positive net return from bird activity. 

3.5.1 Methods and results 

This was a two-phrase experiment based on the exclusion of birds from almond trees. The first phase 

quantified damage to ripening nuts – the ‘cost’ component of the cost-benefit trade-off. The second phase 

quantified the removal of mummy nuts by birds post-harvest – the ‘benefit’ component. Experiments were 

conducted in two almond blocks (~ 17 ha each) in a single plantation of even-aged trees (~ 8 years old) of the 

same almond variety (nonpareil). At least 13 bird species have been recorded feeding on almonds by local 

growers (Table 1), including the threatened regent parrot. For full details of our calculations to determine 

the cost and befits of birds in almond crops, see Appendix D* 

Pre-harvest, we calculated that the consumption of harvestable almonds by birds cost growers AUD$57.50 

ha-1 when averaged across the entire plantation. Post-harvest, the same bird species provide an ecosystem 

service by removing mummified nuts from trees that growers otherwise need to remove to reduce threats 

from fungal infection or insect pest infestations. The value of this ecosystem service ranged from AUD$82.50 

ha-1–$332.50 ha-1 based on the replacement costs of mechanical or manual removal of mummified nuts, 

respectively. Hence, bird consumption of almonds yielded a positive net return of AUD$25–$275 ha-1 

averaged across the entire plantation. However, bird activity varied spatially resulting in positive net returns 

occurring primarily at the edges of crops where activity was higher, compared to negative net returns in crop 

interiors. Moreover, partial mummy nut removal by birds meant that bird activity may only reduce costs to 

growers rather than replace these costs completely. Similar cost-benefit trade-offs exist across nature, and 

quantifying net returns can better inform land management decisions such as when to control pests or 

promote ecosystem service provision.  

 

http://australianalmonds.com.au/industry/conference_2012/proceedings
http://f1000research.com/articles/2-239/v1#T1
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Figure 4. The cost of bird damage to almonds pre-harvest compared to the value of the ecosystem 

service post-harvest (removal of mummy nuts).  Ecosystem service value is calculated using the 

replacement cost method based on the removal of mummy nuts via mechanical shaking or hand-

poling. A positive net return (red) occurs when the ecosystem service value is greater than the cost of 

bird damage (blue). 

 

Whether a positive or negative net return occurs depends on the level of bird damage to crops, the market 

value of almonds, and the value of the ecosystem service. We  calculate that a ‘break even’ point, where 

damage costs and ecosystem service value are about equal, occurs when bird damage is 4% and the value of 

mummy nut removal is $87.50 ha-1 based on the replacement cost of mechanical shaking ($63 hr-1). 

Damage costs increase steadily beyond this point and always exceed ecosystem service value even when the 

replacement cost is high, yielding negative net returns for growers. However, if the value of the ecosystem 

service is based on the replacement cost of hand-poling mummy nuts, then the benefit outweighs the cost 

of bird damage (a positive net return) even if only 10 minutes or less is spent hand-poling each tree and bird 

damage rates equal 20% (Appendix D). 

It is important to recognise the spatial variation that occurred in bird activity and subsequent cost and 

benefit outcomes, and the fact that birds did not remove all mummy nuts. The value of the ecosystem 

service provided by birds relates to what is an ‘acceptable’ level of mummy-nut load remaining on trees 

post-harvest. In California (the world’s major almond growing region), it is generally considered that 

approximately two nuts per tree is an acceptable quantity of mummy nuts to reduce adverse impacts 

(http://www.ipm.ucdavis.edu/PMG/C003/m003dcmummynut.html). We are unaware of any similar 

http://www.ipm.ucdavis.edu/PMG/C003/m003dcmummynut.html
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guidelines for Australia, possibly because threats associated with mummy-nut retention (e.g. carob moth 

infestations) are relatively new, but it is important to recognise that bird activity is unlikely to remove all 

mummy nuts from trees before onset of the next crop.  

In almond plantations, birds are currently considered pests and are subject to control strategies such as 

shooting to scare. In this study, shooters were employed for an average of 120 days per season over the 

growing seasons of 2009/10 and 2010/11. Based on an 8-hr day and minimum wage ($15.96 hr-1), the cost 

of employing shooters is at least $15,322 season-1. Over a 15,500 ha plantation (the entire plantation estate 

for thimy study) this equates to about $1 ha-1, and appears to be a good investment if compared only to the 

cost of bird damage. For example, if shooting reduces bird damage by only 1% it would save growers $22.19 

ha-1. Yet, in the context of an overall positive net return from bird activity, the investment in shooting may 

be completely unnecessary (Appendix D*). 

It could be argued that a positive net return was recorded in this study only because of current pest control 

strategies. However, our previous work and research more generally shows that shooting is largely 

ineffective at controlling bird behaviour. Moreover, if season-long control strategies are effective in reducing 

bird use of almonds, they may disrupt the ecosystem service being provided post-harvest. 

We have focussed on a small suite of species and a single activity to clearly illustrate the net return from 

animal activity in almond crops. Analyses could be extended to encompass more species and more activities, 

dependent on available ecological knowledge (for example – bees as pollinators). A more complete analysis 

could consider the costs and benefits, and ultimately net return, of the activities of a range of other native 

species. 

For further details see Luck GW. (2013) The net return from animal activity in agro-ecosystems: trading off 

benefits from ecosystem services against costs from crop damage [v1; ref status: approved 1, 

http://f1000r.es/26t] F1000Research 2013, 2:239. Appendix D*. http://f1000research.com/articles/2-

239/v1#reflist 

http://f1000research.com/articles/2-239/v1#reflist
http://f1000research.com/articles/2-239/v1#reflist
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3.5  Regent parrot  - spatial data analysis (Appendix E*) 

3.5.1  Spatial analysis 

A cross border approach was used to develop a comprehensive understanding of the spatial and temporal 

(see Watson et al 2013 in press) proprieties of regent parrot habitat. Datasets supplied from relevant 

agencies in the three states was compiled to develop a GIS project of key habitat resources for regent 

parrots. 

Native vegetation in the region varies according to soil type and proximity to major waterways.  Eucalyptus 

camaldulensis forests occur along waterways, which have historically experienced regular flooding (Keith 

2004).  Upper floodplain areas support Eucalyptus largiflorens woodlands, often with a sparse layer of 

chenopods. Farther from waterways, aeolian soils support mallee shrublands, which form a low open canopy 

(6–12m) of Eucalyptus sp. that grow with a distinctive multi-stemmed form, and small areas of dry-land 

woodlands.  Agriculture in the area is predominantly cereal cropping and grazing of low open shrublands, 

with irrigated horticulture (primarily citrus, almond and olive orchards) restricted to the deeper floodplain 

soils adjacent to the major rivers.  

Four existing vegetation datasets were combined to create a single spatial dataset of comparable vegetation 

types across the study region (Fig. 1): 1) the Ecological Vegetation Class dataset (Vic); 2) the vegetation 

formations dataset (NSW; (based on Keith 2004); 3) the native vegetation cover dataset (SA); and 4) the 

mallee vegetation dataset from Haslem et al. (2010).  Since vegetation classifications differed between 

datasets, the vegetation categories of each state were reclassified into one of five broader vegetation 

categories: 1) mallee; 2) E. camaldulensis forest; 3) E. largiflorens woodland; 4) dry-land woodlands 

dominated by Casuarina pauper, Callitris sp., or Alectryon oleifolius; and 5) open/agricultural land.  To 

delineate the extent of mallee, the dataset of Haslem et al. (2010) was used because it encompassed the 

broadest area and was the only dataset that distinguished mallee from other dry-land treed vegetation in 

NSW (Watson et al 2013 in review). Figure 3. 

A GIS project  of these data was developed, and the distance between nesting locations and the clustering of 

nesting locations was analyzed using ArcMap 10 (Environmental Systems Resource Institute 2010).  This 

information was used to conduct connectivity analyses and develop predictive models (below). 

 

3.5.2  Connectivity analyses for regent parrots.  

To examine the influence of landscape composition and connectivity on the occurrence of regent parrot 

nesting, 36 x 10 km radius study landscapes were selected within the known distribution of the regent parrot 

(Watson et al. 2013 in review). These landscapes were situated along major waterways that support the 

nesting habitat of regent parrots (E. camaldulensis forests).  For each study landscape, the extent of the five 

broad vegetation types was analysed.   
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Figure 3. Location of known regent parrot breeding colonies (yellow dots) in NSW, Victoria and SA, showing 

remnant mallee vegetation (light green; preferred feeding habitat), river red gum forest (red; preferred 

breeding habitat) and non-riverine woodlands (dark green; non-preferred habitat). Other pixel shading 

shows various farm land-uses. Inset A is the location of pilot connectivity work on Murray River – Annuello 

reserve. 

 

 ‘Circuitscape’ software (McRae and Shah 2011) was used to measure the level of connectivity between 

nesting vegetation (E. camaldulensis forest) and large patches (>100 ha) of foraging habitat (mallee 

shrubland; (Burbidge 1985).  Circuitscape calculates the level of connectivity between regions (nodes) as the 

total ‘resistance’ to movement, taking into account all possible pathways across the landscape, expressed as 

a landscape ‘resistance’ layer.  To define the location of regions to use as nodes for analysis, the study 

landscapes were divided into 16 quadrants using 5 km spaced lines.  Nodes were then selected representing 

all E. camaldulensis forest within 3 x 2 km radius areas in each of the 36 study landscapes. First, nodes 

centred on regent parrot breeding sites were selected; where breeding locations were closer than 2 km, the 

central point of the cluster was used.  Second, ‘availability’ nodes were selected from locations where the 

river intersected a quadrant line where regent parrot records were absent within a 2.5 km radius (half 

quadrant width).   

For each breeding node and availability node, a measure of resistance between that node and alternative 

nodes represented by large patches of mallee shrubland was obtained. To define the resistance surface, E. 

camaldulensis forest and mallee were held at the lowest level and varied the ‘resistance’ of the intervening 

landscape elements (semi-arid woodland and open/agricultural land). Full details of this analysis are 

described in Watson et al (2013 in press; Appendix E).  

Inset A 

NSW 

Victoria 

South Australia 
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An example of the utility of Circuitscape connectivity analyses is shown in Figure 4. This analysis highlights 

the effects that almond groves could have on the intensity of parrot movement through the landscape, 

particularly affecting its’ reliance on roadside corridors for movements to patches of mallee habitat for 

feeding. In the first modelled scenario, Red Gum forest and mallee woodland facilitate movement, but 

dryland woodland, cleared agricultural land and almond orchards are 10 times more resistant to movement 

(Figure 4 – Scenario 1 - centre row). However, if almond orchards facilitate movement and are less 

resistance to movements (as field data suggest) the presence of almond orchards between Red Gum and 

mallee woodlands will, in some cases, enhance landscape connectivity for the parrot (Figure 4 – Scenario 2 – 

bottom row). 

3.5.3 Annuello case study area 

Assuming no movement through almonds (Figure 4, centre image, left), regent parrots depend greatly on 

the Murray river vegetated corridor, and to a lesser degree, corridors of roadside vegetation to move 

between their breeding sites and feeding sites (mainly in Victoria). In NSW, a large patch of remnant 

vegetation to the north of the study landscape appears to be mostly disconnected from breeding colonies. 

Whereas in Victoria, several road reserves (Angle Track, Booth road, Ryan road and Hill road) appear to be 

important in providing movement corridors from the Murray river to Annuello FFR.  

In the second scenario (Figure 4, bottom image, left), as there are no almond crops in this area of NSW , no 

change in the connectivity values of the landscape is apparent. However in Victoria, almond crops appear to 

enhance and strengthen the vegetated road reserves (identified above), as well as improve the overall 

connectivity values of the landscape for regent parrots movements. 

3.5.4 Lake Powell case study area 

This study area provides a striking contrast to A) in landscape conditions for regent parrots, due largely to 

differences in land-use histories. In NSW, the area possesses a variety of small, medium and large patches of 

remnant mallee vegetation, where recent clearing of native vegetation has occurred for cropping. In 

Victoria, however, there are few remnants which remain in an area dominated by horticulture.  The 

contrasting landscape properties which exist in each state are clearly evident in scenario one (Figure 4, 

centre image, right) where analysis shows many likely pathways for regent parrot movements in NSW, 

whereas as in Victoria, movement corridors are largely restricted to road corridors (eg Meridian road, Paul 

lane), or between the Murray and remnants patches close to the river. 

In the second scenario (Figure 4, bottom image, right), there is little change in the connectivity values of the 

landscape in NSW (owing to few almond crops). However in Victoria, almond crops appear to not only 

strengthen existing corridors of remnant vegetation, but enhance to the connectivity values of many parts of 

the entire landscape for regent parrots movements – particularly around existing blocks of remnant mallee 

vegetation.  

Documenting differences in vegetation structure and ecological process associated with particular 

production land uses and the predominant native vegetation type(s) is a useful first step to understanding 

potential interrelationships among land covers and the resources they may provide for species such as the 

regent parrot.  
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Figure 4. Connectivity analysis for regent parrots (full figure caption is on the next page) 
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Figure 4. Connectivity analyses for regent parrots in the Annuello (left) and Lake Powell / Belsar Island 

(right) study landscapes, showing (a) mapping of vegetation and breeding locations was conducted (first 

row), (b)  connectivity analyses performed using circuitscape, where the farm matrix was assumed to be 

provide few benefits for the species (high resistance scenario – second row), and (c) second scenario  

analyzed where almond crops were set to half the initial resistance, showing the potential benefits of crops 

in aiding regent parrot movements (bottom row). 

For further details, see Watson et al. (2013 in review) ‘Effects of landscape complementarily and 

connectivity on the distribution of an endangered parrot in agricultural landscapes’ Landscape Ecology.  

Appendix E* 

 

 3.6.  Predictive modeling for regent parrots. 

Building on data generated from (3), predictive models were developed to gain a better understanding of 

the importance of specific landscape elements, and connectivity between these elements, for regent 

parrots. First, tests were conducted to ascertain if nesting was more common in landscapes with a greater 

extent of E. camaldulensis riverine forest, the core breeding habitat for regent parrots (Higgins 1999).   

Second, because regent parrots are known to make regular forays away from nest locations (Higgins 1999), it 

was predicted that the composition of non-riverine landscape elements would affect regent parrot nesting.  

Third, recognizing that regent parrots use multiple landscape elements, it was predicted that landscape 

suitability would be reduced with lower connectivity between key landscape elements. 

Generalized Linear Models (GLMs) were built, using presences of nesting records from the compiled regent 

parrot database, to determine the influence of landscape composition on regent parrot breeding locations. 

To do this, we compared the ability of connectivity ‘resistance’ scenarios to explain regent parrot nest 

locations using Generalized Linear Mixed Models (GLMMs).  Areas that did not support E. camaldulensis 

forest or patches of mallee shrubland >100ha were excluded from analysis. 

The results of the analyses showed that occurrence of regent parrot nests was strongly affected by 

landscape composition, being positively related to the extent of two complementary landscape elements, 

Eucalyptus camaldulensis riverine forest and mallee shrubland, but negatively related to the extent of semi-

arid woodlands dominated by Eucalyptus largiflorens (Figure 6).  Multipath connectivity between E. 

camaldulensis forest (principal nesting habitat) and mallee (preferred feeding habitat) was a strong predictor 

of nest locations.  The connectivity between large blocks of mallee (> 100ha) is critically important in 

determining the specific location of Regent parrot colonies (Appendix E*).  

This study shows that the suitability of fragmented agricultural landscapes for supporting species can be 

greatly affected by connectivity and interactions between preferred and non-preferred habitats.  For species 

that require complementary habitats, conservation management activities may be ineffective if they simply 

focus on a single core (remnant) habitat type or the impacts of human land uses without regard to the 

interrelationships among landscape elements.  While increasing the amount of primary preferred habitat 

should remain a cornerstone goal, increasing the extent and improving connectivity of multiple landscape 

elements also should be priority management objectives. 
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Fig 1. The influence of the extent of non-riverine woodlands and the extent of mallee vegetation on 

the occurrence of regent parrot breeding in 10km radius landscapes along the Murray River.  

Predicted probabilities (solid line) ± SE (dotted line) from the model averaged models are shown. 

 

Figure 5 (from Watson et al 2013 in review; Figure 1).  

  

For further details, see Watson et al. (2013 in review) ‘Effects of landscape complementarily and 

connectivity on the distribution of an endangered parrot in agricultural landscapes’ Landscape Ecology.  

Appendix  E * 

 

 

5.  Conclusions (Appendix F*) 

Agricultural landscapes are particularly diverse and dynamic, regularly experiencing major and rapid changes 

in land cover (Watson et al. 2013 in press). It is likely that different land covers represent different levels of 

suitability and permeability for the regent parrot.  For example, almond crops have expanded 10-fold in the 

last 10 years in the study region (to > 20,000 ha), and regent parrots have been observed regularly feeding 

and moving through these crops (Luck et al. 2013 in press).  A surprisingly large number of bird species use 

almond orchards, particularly where they are adjacent to native vegetation.  

While an important explanatory variable of regent parrot occurrence was the total extent of core breeding 

habitat (E. camaldulensis forest), the occurrence of the parrot was affected also by the extent of vegetation 

types not used for breeding—a positive effect of mallee (foraging habitat) and a negative effect of semi-arid 

woodlands.  Furthermore, nesting was concentrated in those landscapes with greater connectivity between 

E. camaldulensis forest and mallee .  While increasing the amount of preferred habitat is a cornerstone goal 

of many conservation and restoration programs, connectivity analysis has revealed that for species such as 

the regent parrot, conservation managers need to consider the composition and structure of entire 

agricultural landscape as well – particularly the contribution of treed crops such as almond. 
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Treed horticultural crops attract birds for various reasons, including providing roosting, feeding and nesting 

sites, as well as cover from predators and adverse climate conditions. It appears almond plantations 

adjacent to the Murray river are helping to support at least a proportion of the regent parrot population, as 

large numbers of the species are regularly recorded using the plantations for feeding and as movement 

corridors. Almond orchards may supplement existing native vegetation corridors, and provide habitat to 

feed in, or move through, depending on landscape context. Importantly though, almond plantations are 

likely to only act as a supplementary resource to remnant native vegetation, which is the principal and vital 

habitat supporting most native species using almonds (Appendix F).  

Further work is required to explore this relationship in depth, but these results raise the intriguing and 

problematic likelihood of a production land use providing critical support for a threatened species. In this 

context, integrated management among conservation agencies and industry bodies is needed to promote 

species persistence. Most importantly, further research needs to determine if any species are using almond 

orchards for breeding or throughout their entire lifecycle, rather than just for particular purposes (e.g. food) 

at certain times of the year. 

For further discussion and details of fieldwork conducted in almond crops, see Luck, G.W., Spooner, P.G., 

Watson, S.J., Watson, D.M (2013 in press) Interactions between almond plantations and native ecosystems: 

Lessons learned from North-Western Victoria. Ecological Management and Restoration (Appendix F*) 

 

6. Management recommendations: 

6.1 Industry partner focus 

a) While bird consumption of almonds can impose costs on growers by reducing crop yield, bird 

consumption of almonds left on trees post-harvest can also benefit growers directly (e.g. via removal 

of ‘mummy’ nuts) by reducing losses in next seasons crops due to fungal infection and insect attack. 

Therefore, managers need to consider cost-benefit trade-offs when developing crop management 

strategies designed to limit bird impacts. Impacts on crop yield should be monitored more closely, and 

translated to lost revenue based on the wholesale price of almonds. These losses should then be 

compared to  the cost of employing various bird control strategies, and a rigorous, independent 

evaluation of the success of these strategies be carried out; 

b) Following above, given we found crop damage was generally very low, Select Harvests could consider a 

more holistic approach to bird management, by compensating those individual farmers experiencing 

extensive crop damage by birds (e.g. those that have almond blocks adjacent to native vegetation 

corridors), to achieve overall benefits for the company in terms of environmentally sensitive farming 

practice.  Such an approach would require new training of managers in terms of understanding the full 

costs and benefits of living with nature at both the farm and landscape scale; 

c) Regular monitoring of bird interactions (species, flock sizes, crop damage) in crops in relation to 

seasonal conditions is highly recommended by skilled staff (with biological training), who are 
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independent to those staff conducting bird control activities (e.g. shooters), in order for more reliable 

data on the costs and benefits of birds to farmers to be ascertained; 

d) While almond crops are regularly used by many parrot species for food, almonds are not a preferred 

food source for native birds.  Rather, birds appear to target almonds during environmental conditions 

that limit other food resources. Given this, we argue that one of the best ways to manage bird impacts 

on almond crops (while avoiding threats to bird conservation), is to provide an alternative food source 

such as a decoy crop, planting, or forage site that may lure birds away from almond crops; 

e) Decoy crops may be used in the form of a cultivated crop of the same variety, but placed away from the 

main crop, or a crop of lower economic value such as oilseed sunflower, which has been used elsewhere 

as a decoy for commercial sunflower. Stands of native forage plants (e.g. Dodonaea or chenopods for 

regent parrots), pastures with favoured, or forage sites of spread grain seed may also be used as 

decoys. While the initial establishment of decoy crops may require a substantial investment, the 

benefits will be long lasting, especially if endemic perennial species are used that require little ongoing 

maintenance and readily adapt to changing environmental conditions; 

f) A surprisingly large number of bird species use almond orchards, particularly where they are adjacent 

to native vegetation. The role of almond crops and other production land uses in supporting parrot 

populations needs to be better recognised by environments management agencies tasked with bird 

conservation. This may lead to innovative co-management strategies that promote conservation while 

limiting production losses, and possibly spreading financial costs and investments across private and 

public agencies to achieve mutually desirable outcomes (see Section 6.2); and 

g) Almond growers could highlight the conservation values of orchards in their product promotion – 

particularly the support they provide to iconic endangered species. This may open up new markets with 

subsequent financial benefits. Similarly, with further demonstration of the value of almond crops to 

native species, conservation agencies may consider entering into innovative partnerships with growers 

which involve, among other things, payments to growers to help compensate for crop damage. 

 

6.2 Conservation focus: 

Results of this project support previous recommendations for regent parrots (see AGDE 2013), in particular, 

the retention and protection of mallee vegetation that occurs within 20 kilometres of known regent parrot 

breeding colonies along the Murray river, as well as other vegetated corridors (i.e road reserves) known to 

be used by regent parrots to move between breeding and foraging habitats.  

In addition, this research provides specific recommendations: 

a) To strengthen and buffer existing corridors of mallee vegetation (i.e such as roadsides) which exist 

between large ( > 100ha) blocks of mallee woodlands, and E. camaldulensis forest/ woodlands; 

b) Conduct further connectivity analyses as demonstrated (Note: Victorian ARI are working on this 

approach at present), and using an expert approach, select and prioritise landscapes or landscape 

elements for restoration activities aimed at improving regent parrot habitat/ movement corridors; 
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c) Following b), carry out radio tracking of regent parrots, with an aim to (i) identify and confirm key 

movement corridors in relation to known breeding colonies;  

d) Following b) and c), reduce threats (e.g. rabbit grazing in mallee woodlands) to existing patches of 

suitable habitat for regent parrots, and improve roadside vegetation management practices, to 

strengthen existing patches of remnant vegetation critical for movements or foraging; 

e) Almond orchards may supplement existing native vegetation corridors, and provide habitat to feed 

in, or move through, depending on landscape context. Further work is required to explore this 

relationship in depth, but our results raise the intriguing and problematic possibility that a 

production land use may provide critical support for a threatened species. In this context, 

integrated management among conservation agencies and industry bodies is needed to promote 

species persistence; 

f) In priority areas identified in b), conservation agencies should consider entering into innovative 

partnerships with growers to help compensate for crop damage by regent parrots. The 

establishment of almond orchards may in some contexts (e.g. strengthening known movement 

corridors for regent parrots) be complementary to native vegetation restoration, providing a win-

win scenario for farmers and conservation managers. Hence compensation for lost crops, or 

development of decoy or ‘sacrifice’ crops, may provide good conservation outcomes for regent 

parrots in local areas (see Appendix E for further discussion); 

g) To improve conservation outcomes in production areas, orchard managers could be encouraged to 

move away from high intensity, ‘industrialised’ orchard management to lower intensity, more 

‘messy’  orchards (e.g. those with living ground cover), which can enhance the attractiveness of 

orchards for many other native species. The benefits of managing orchards in a more traditional 

sense for biodiversity (e.g. maintenance of leguminous understorey and litter for nitrogen retention, 

limiting insecticide use, and retaining old growth trees) have been well recognised in Europe and 

elsewhere, and 

h) Carry out regular monitoring of populations in native vegetation AND farm habitats to observe 

regent parrot movements and population response to climate and land-use changes. 

Forwarded for your information, 

 

Dr Peter Spooner 

School of Environment and Information Sciences 

Charles Sturt University, PO Box 789, Albury NSW 2640 

Ph 02 6051 9620 

Email: pspooner@csu.edu.au 

mailto:pspooner@csu.edu.au
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Appendices 

A. Regent parrot bibliography 

B. Triplett et al. 2012 – International Journal of Agricultural Sustainability (bird costs and benefits) 

C. Luck et al. 2013 – Wildlife Research (birds in almond crops - Robinvale) 

D. Luck 2013 – F1000 report (cost and benefits of birds in crops) 

E. Watson et al. 2013 in review - Landscape Ecology (regent parrot predictive modeling) 

F. Luck et al. 2013 in press - Ecological Management and Restoration (discussion paper) 
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