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Abstract

In the Top End of the Northern Territory of Australia Red-tailed Black Cockatoos

have been known to nest in hollows in Eucalyptus forests. However no detailed

description of nest and food requirements exists. This study determines suitable

nesting and foraging habitat, describes attributes of nesting trees, the density,

availability and spatial distribution of these trees, daily feeding patterns, seed

availability and movement by C. b. macrorhynchus during the breeding season.

Based on the results I aimed to assess the feasibility of using the recently developed

harvesting management program for C. b. macrorhynchus on privately owned land as

a means to encourage protection of nesting habitat.

Results show that the birds nest in the widespread open Eucalyptus miniata / E.

tetrodonta forests and E. papuana / E. polycarpa woodlands. Up to 81 % of trees

with a DBH > 30 cm contain hollows large enough for a Red-tailed Black Cockatoo

to enter (hollow entrance >15 cm). Other important nest tree features are inside

hollow depth (between 40 and 130 cm) and the entrance height above ground (>

9m). Trees with hollows large enough for Cockatoos to enter occur in low densities

of 0.5 − 1 tree per hectare and are spatially distributed in a uniform fashion (P =

0.0087). Only 5.8 % of such trees are suitable for nesting.

Foraging occurs in Eucalyptus low open - woodlands, woodlands and in coastal

vegetation. Foraging sites are close to nest sites and fires are an important feature

of the sites that tend to be recently burnt, providing easy access to grass seeds,

the major component of the bird's diet. During the whole breeding season (March –

September) 85 % of the birds feed in the early morning and late afternoon, using

sites until seed availability significantly decreases (P<0.031).



The results of this study support previous critiques on the Cockatoo management

program. Nest densities are mostly too low to offer returns that provide an

economically viable alternative to other forms of land use, including horticulture.

Protection of C. b. macrorhynchus nesting habitat in the Darwin region in the long

term will require measures additional to any incentives provided by the current

management plan.
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Chapter 1

GENERAL INTRODUCTION AND THE BIOLOGICAL

BACKGROUND

1.1 General introduction

The Red-tailed Black Cockatoo, Calyptorhynchus banksii, is found throughout

mainland Australia with the exception of the Australian Capital Territory (Forshaw

1969; Ford 1980). In southern parts of Australia studies of the species have included

taxonomy (Ford 1980; Adams et. al. 1984; Schodde 1988); nesting requirements

(Saunders et al. 1982; Joseph et al. 1991; Mawson & Long 1994); breeding season

(Saunders 1986), clutch size and nest productivity (Smith & Saunders 1986), egg

development (Saunders & Smith 1981), diet (Josephl982; Rowley et al. 1989),

metabolism (Williams et al. 1991) and conservation management (Saunders et al.

1985; Saunders 1991) of the species.

However, no detailed information currently exists on the breeding biology of C.

b. macrorhynchus in northern Australia In the Top End of Australia where woody

vegetation is still often intact C. banksii is very abundant (Forshaw 1969; Storr 1977;

Forshaw & Cooper 1981; Vardon et al. 1997). National Parks and reserves cover

approximately 3.2% of the Northern Territory (Harrison 1994), providing secure

habitat for the birds. However, these reserves are unlikely in themselves to meet

year-round needs of such a mobile species (Woinarski et al. 1992).

The key aim of a government - approved conservation plan is to ensure long-

term survival of the species outside protected areas by encouraging protection of

the habitats upon which their survival depends (PWCNT 1997). Little is known of

the landscape context in which nesting occurs, and of habitat attributes required to
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maintain wild populations. Slow growth rates of Eucalyptus trees in the Top End

(Werner 1986) and the need for large nesting hollows by C. banksii (Saunders et al.

1982; Joseph el al. 1991) suggests that the protection of hollow bearing trees should

be a management priority. However, there is currently no information which could be

used to assess the probability that availability of nesting hollows is currently limiting

or the conditions under which hollow availability might become limiting.

Despite the poverty of information on the species in northern Australia, the Red-

tailed Black Cockatoo is currently the subject of a recently approved management

plan that allows harvests of 600 eggs or young per annum by landholders who have

agreed to protect nest trees and associated habitats. The rationale for the management

plan, and in particular the harvest, is to encourage landholders to protect important

habitat by providing an economic return from the birds.

However, for such a strategy to be effective, it is clearly necessary to have some

understanding of those features of the habitat that require maintenance. This study

is designed to provide some of that necessary detail, focusing on breeding in the

Darwin region.

1.2 Biology of Red-tailed Black Cockatoos

1.2.1 Description of species and subspecies

Black Cockatoos belong to the order Psittaciformes that includes parrots and

cockatoos (Adams et al. 1984; Simpson & Day 1984). The genus Calyptorhynchus

comprises White-tailed (C. (Zanda) baudinii Lear), Yellow-tailed (C. (Zanda)

funereus (Shaw)), the Glossy Black Cockatoo (C. lathami), the Short - billed Black

Cockatoo (C. latirostris) and Red-tailed Black Cockatoos (C. banksii) (Forshaw

1969; Neville & Cayley 1973; Christides & Boles 1994).
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Currently five subspecies of C. banksii have been identified, C. b. naso, C. b.

samueli, C. b. graptogyne, C. b. macrorhynchus and C. b. banksii (Forshaw 1969;

Forshaw & Cooper 1981; Ford 1980; Boles 1994; Vardon et al. 1997; Johnstone &

Storr 1998). Calyptorhynchus banksii macrorhynchus is the subspecies occurring in

the Top End (Fig. 1) with which this study is concerned.

Fig. 1: Distribution of the Red-tailed Black Cockatoo by subspecies.

Red-tailed Black Cockatoos are characterised by a short, strongly hooked bill, a

bulging cere, a toe arrangement with two forward and two back and the lack

of an appendix (Simpson & Day 1984). However, subspecies of C. banksii differ

slightly in size, colour, crest size and bill shape and size (Ford 1980; Forshaw &
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Cooper 1981; Schodde 1988). A detailed description of the species has been given

by Serventy & Whittell (1967); Forshaw (1969); Neville & Cayley (1973); Ford

(1980); Forshaw & Cooper (1981); Schodde (1988); Garnett (1997) and Garnett &

Crowley (1997).

1.2.2 Distribution and current status

Subspecies of C. banksii occur throughout Australia (Fig. 1). Populations of C. b.

naso occur in the south - west of Western Australia (Forshaw 1969; Neville &

Cayley 1973). C. b. graptogyne occurs in Victoria and along the South Australian

border (Attiwill 1960; Neville & Cayley 1973; Emison et al. 1978; Joseph 1982;

Shodde 1988; Caldow 1995; Garnett & Crowleyl997; Hill 1998). Two subspecies

of C. banksii occur in the Northern Territory. The first, C. b. macrorhynchus, is

widely distributed in the Top End and extends into Western Australia. It occurs

throughout the Kimberley Division to Broome in the west and east along the coast

to the Gulf of Carpentaria (Forshaw 1969). Its range extends south to Argyle Downs,

Newcastle Waters and the Nicholson River (Shilling 1948; Seventy & Whittell 1967;

Storr 1977; Neville & Cayley 1973; Aumann 1991). During the wet season migration

period the birds have been reported to travel even further south, as far as Banka

Banka and Alexandria (Storr 1967). The second subspecies, C. b. samueli is more

restricted in its range to the central part of the Northern Territory (Forshaw 1969;

Neville & Cayley 1973). However C. b. samueli extends from Australia's interior

into the Wheatbelt of Western Australia, into Queensland and NSW (Saunders 1990).

Another subspecies C. b. banksii occurs in Queensland. Its distribution ranges from

Cape York in Queensland down into NSW (Ford 1980). At its northern extreme this

subspecies merges with C. b. macrorhynchus, meeting C. b. samueli in the south-

west of NSW (Condon 1962; Forshaw 1969; Neville & Cayley 1973).
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Calyptorhynchus banksii is fully protected by law in all States (Forshaw 1969).

However, the bird's current status varies within Australia. C. b. graptogyne is

considered to be endangered in Victoria and South Australia with a population

size of less than 1000 individuals (Joseph et al. 1991; Garnett & Crowley 1997).

The status of C. b. naso in the south west of Western Australia is currently

under debate (Garnett 1992) but a decline in population size has been reported

(McGill 1960; Wheeler 1967; Saunders 1982; Saunders et al. 1985). Despite an

apparently favourable status in northern Australia, the history of decline of similar

birds elsewhere in Australia confirms the importance of an improved understanding

of habitat needs.

The two subspecies in the Northern Territory are very abundant (Sedgwick 1947;

Storr 1977; Forshaw & Cooper 1981; Frith 1983; Joseph et al. 1991; Garnett 1992).

Both seemed to have maintained their historical range and no declines in population

sizes have been reported (PWCNT 1997).

1.2.3 Habitat

C. banksii occupies a variety of habitats, from dense mountain forests,

wooded coastal valleys, grasslands and around cultivated farmland and bordering

watercourses (Forshaw 1969; Storr 1977; Ford 1980; Forshaw & Cooper 1981;

Joseph 1982; Blakers et al. 1984; Joseph et al. 1991; Saunders et al. 1985; Saunders

1991). In Central Australia it is common along tree -lined rivers, creeks and

waterholes (Attiwill 1960). In south - western Victoria and the south east of South

Australia the birds inhabit Eucalyptus baxteri / arenacea woodlands, Casuarina

luehmanii woodlands and vegetation dominated by Eucalyptus camaldulensis (Joseph

1982). In the Northern Territory it has been found in Eucalyptus woodlands and
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open forests but no detailed information exists on the habitat requirements for the

species (Storr 1967).

From studies conducted in southern Australia the species is known to require distinct

habitats for foraging, roosting and nesting (Joseph 1982; Garnett 1997). C. banksii

forages on the ground as well as in trees and shrubs on the seeds of Eucalyptus,

Acacia, Casuarina, Hakea and Banksia species (Austin 1951; Attiwill 1960; Forshaw

1969; Forshaw & Cooper 1981; Joseph 1982; Saunders et al. 1985; Rowley et

al. 1989; Joseph 1986; Caldow 1995). Large hollows in Eucalyptus trees are used

for nesting (Attiwill 1960; Forshaw 1969; Smith & Saunders 1986; Mawson &

Long 1994; Naville & Cayley 1994; Garnett et al. 1997) but are limited in supply

especially in the states of South and Western Australia (Saunders et al. 1982; Joseph

et al. 1991; Garnett & Crowley 1997). In northern Australia no information on

nesting hollow availability exists for C. b macrorhynchus. This study is designed to

fill the information gaps on hollow availability, the habitat that support those hollows

and some foraging requirements.

1.2.4 Reproduction

The subspecies of C. banksii exhibit distinct nesting seasons as a result of

environmental changes stimulating or retarding breeding (Saunders 1967). In the

Northern Territory C. b. macrorhynchus and C. b. samueli breed between March and

July (Storr 1977; Saunders 1977; pers. obs.). Usually, breeding occurs once a year

but C. b. samueli has been observed to breed twice within one year (Saunders 1977).

In Western Australia, egg laying occurs between March and April and between July

and October (Forshaw 1969; Joseph et al. 1991). However, breeding of C. b. naso

was reported between October and April in the south - west of Western Australia

(Attiwill 1960; Saunders 1977). In Victoria breeding takes place generally between
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August and March (Hill, unpubl. data) and in Queensland breeding occurs between

May and September (Forshaw 1969; Joseph et al. 1991).

The clutch usually consists of one white egg that is laid onto decaying woodchips

on the bottom of the nesting hollow. When two eggs are laid the second young

is never reared (Cayley 1994). The incubation period lasts for 29 – 30 days and

only the female sits (Attiwill 1960; Forshawl969; Saunders et al. 1982; Simpson &

Day 1984; Smith & Saunders 1986; Saunders 1990; Cayley 1994; Neville & Cayley

1994; Branston 1995; Garnett 1997).

In the early morning and the late afternoon the male bird approaches the nest to feed

the female or to leave with her to forage (Attiwill 1960; Forshaw 1969; Saunders

1990; Cayley 1994; Neville & Cayley 1994; pers. obs.). However, the time spent

away from the nest rarely exceeds one hour and some females never leave the nest

vicinity until the hatchling is ten days old (Saunders 1982). On return to the nest

the female immediately enters the hollow to feed the chick (Attiwill 1960). The male

waits for a short time in the nesting tree before he joins the rest of the flock for

roosting. The female continuously broods the nestling for two to three weeks. After

this period time spent away from the nest increases and brooding of young occurs

only at night. This behaviour suggests that an adequate food source is needed close

to the nesting hollow. The young leave the nest at approximately three months of

age. However, young are fed by the parents for at least another four months (Attiwill

1960; Forshaw & Cooper 1981; Saunders 1990).

Birds of the south - eastern subspecies have been observed to re-nest after a failed

nesting attempt (Emison et al. 1995). When re-nesting, some birds utilised the same

nest (Saunders 1990), moved nests within the same area (Emison et al. 1995), or
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even moved between nest sites (Saunders 1990). No such observations have been

made in the south - west of Western Australia (Smith & Saunders 1986).

Calyptorhynchus banksii pairs may not breed in the same area each year (Saunders

1990). Long lasting pair bonds, long incubation and nesting periods and post-

fledging parental care is characteristic of C. banksii (Smith & Saunders 1986).

1.3 Aim

The broad goal of this study was to characterise the habitats used by nesting C. b.

macrorhynchus in the Darwin region of the Northern Territory. Within this aim there

were five more specific objectives:

1. Determine floristic composition and structure of nesting habitats

2. Assess nest tree features and model features influencing choice of hollows

3. Determine floristic composition and structure of feeding sites

4. Assess food availability at feeding sites

5. Describe bird feeding behaviour

These data were then employed to examine the potential effects of current and

projected forest and woodland management regimes in the Northern Territory on

breeding populations of C. b. macrorhynchus. The likely influence of the Cockatoo

harvest program on patterns of forest and woodland management are considered in

some detail.
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Chapter 2

THE NESTING BIOLOGY OF C. b. macrorhynchus

SUMMARY

In the Top End of Australia Red-tailed Black Cockatoos are known to nest in

hollows in Eucalypt forests and woodlands. However, there have been no detailed

descriptions of nest trees and their surroundings. Here I determine the range of

habitat types used for nesting by C. b. macrorhynchus in the Darwin region and the

features of those habitats most closely associated with nesting. Moreover, I examine

available tree hollow distribution in the nesting areas and identify the characteristics

of individual trees that are favoured by nesting C. b. macrorhynchus. Finally, I

determine the abundance of those trees and suggest a method for the detection of

suitable nesting hollows from the ground.

I find that C. b. macrorhynchus nests in Eucalyptus miniata / E. tetrodonta open

forests, and E. papuana / E. polycarpa woodlands in the Darwin region. These

habitat types are found over a wide geographic range in the Top End. However

nesting habitats vary in their floristic composition and the birds do not seem to

favour a particular mix of woody species on the sites. Nesting even occurs in areas

such as along road sides where there is a large amount of human disturbance.

Cockatoos nest in hollows in large E. miniata, E. tetrodonta and E. polycarpa trees

that were distributed in a uniform fashion throughout the nesting habitat. However,

not all sites exhibited suitable nesting trees. On the sites examined, the density of

large trees with hollows large enough (entrance diameter >15 cm) for the Cockatoos

to enter is low with a maximum of one tree per hectare. Of the available trees with

large enough entrances an average of 5.8 % display the mix of features that favour

nesting, representing less than 0.01 % of total stem density.
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However, availability of suitable nesting trees does not seem currently to be a

limiting factor for nesting by C. b. macrorhynchus as less than 10 % of the trees

with favourable hollows are occupied by other organisms during the period of the

survey.

Height of the hollow entrance from the ground and inside depth, appear to be

the features most important in determining a suitable nesting hollow for C. b.

macrorhynchus. Tree hollows with entrances > 15 cm located nine metres or more

above ground, with an inside depth between 40 cm and 130 cm have a probability

> 50 % of being chosen as a nest by C. b. macrorhynchus. A hollow >10 m above

the ground with an entrance diameter of >25 cm are the characteristics that can best

be used to identify trees most likely to contain nests.

2.1 Introduction

The Top End of Australia is characterised by the savanna forests and woodlands that

cover approximately 25% of the total area of Australia (Gill et al. 1990). The genus

Eucalyptus dominates most of these forests and woodlands (Boland et al. 1992).

In Australia over 350 vertebrate species are known to utilise cavities formed in the

branches and trunks of the eucalypts for nesting, breeding or sheltering (Ambrose

1982; Taylor & Savva 1988; Inions et al. 1989). Birds represent a large group of

hollow users with 50 Australian parrot and cockatoo species depending on cavities

for nesting (Forshaw 1981; Saunders et al. 1982).

One of the largest hollow-nesting birds in northern Australia is the Red-tailed

Black Cockatoo Calyptorhynchus banksii macrorhynchus (Forshaw 1969). Other sub-

species of C. banksii occur in most parts of Australia but have declined over large

parts of their range. In south - western Australia the population size of C. b.
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naso has declined significantly and in eastern NSW, where the species was once

common, no recent records exist (McGill 1960; Wheeler 1967). Further reductions

in numbers of C. b. naso in the south-west of Western Australia (Saunders 1982;

Saunders et al. 1985), and C. b. graptogyne in Victoria (Garnett 1997) have been

noticed. Declines have been attributed to the loss of suitable, large hollow-bearing

trees as well as adequate food sources due to extensive land-clearing for agriculture

in southern and western Australia (Attiwill 1960; Saunders 1977; Joseph 1982;

Saunders et al. 1982; Joseph et al. 1991; Mawson & Long 1994). Furthermore, the

management of state forests for timber production in the Jarrah and Marri woodlands

in south - west Australia has altered the characteristics of the forest. Harvested

trees have not been replaced with the same tree species or tree density and trees

are not allowed to grow beyond 70 years of age, known to be the minimum age

for formation of suitable nesting hollows for Cockatoos in trees of these species

(Mawson & Long 1994). Often the only remaining suitable nesting trees in these

altered environments are located along roadsides and clearings, where most of the

remaining birds consequently breed (Cayley 1994).

In the northern half of the Northern Territory, where forests and woodlands are much

less modified, the Red-tailed Black Cockatoo remains widespread and abundant

(Forshaw 1969; Storr 1977; Vardon et al. 1997). Flocks of up to 200 birds form

in the dry season while numbers decline towards the wet season due to southward

migration out of the region (Shillingl948; Storr 1977; Joseph et al. 1991). However,

steady clearing of native eucalypt woodland is occurring. Plans exist to clear a

1,400 km2 area in the Katherine-Daily River region for agricultural use and this is

undoubtedly affecting sites previously used by C. b. macrorhynchus (Cribb 1994).

For example, in 1994 a Red-tailed Black Cockatoo breeding area, containing at
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least thirty nests, was cleared at Tortilla Flats for rice production (P. McGrath,

pers. comm.).

Studies have been conducted in southern and western Australia on the nesting

requirements of the species as well as on the availability of suitable and potential

nesting hollows (Attiwill 1960; Saunders 1979a, 1979b, Saunders et al. 1982; Parker

1982; Joseph et al. 1991). However, environmental conditions are different in the

tropical Top End of Australia and results from southern studies cannot be applied

to this region without verification. In particular, the dynamics of tree growth and

hollow formation are likely to differ (Fox & Clark 1972).

In the Top End, fire occurs approximately every 1–3 years at most sites, modifying

the vegetation pattern (Perry 1960; Andersen & Braithwaite 1996). Fire plays an

important role in terms of tree seedling establishment and tree survival (Werner

1986; Setterfield 1997). In the Darwin region, eucalypts are particularly short-lived

due to the heavy onslaught by fire, termites and cyclonic winds, and trees rarely

exceed 100 years of age (Mucha 1979).

It is known that the Red-tailed Black Cockatoo nests in woodlands and open forests

in the Northern Territory (Storr 1977; Saunders et al. 1982; Joseph et al. 1991).

Termites, wind and fire are the major agents for forming hollows (Andersen &

Braithwaite 1996). In the Kakadu region up to 59% of trees with a DBH greater

than 10cm, especially Eucalyptus miniata and E. tetrodonta, have hollow trunks

(Andersen & Braithwaite 1996). Although these data indicate that hollows are

abundant, the proportions suitable for nesting by Red-tailed Black Cockatoos and the

dynamics of hollow formation are unknown. Clearly much remains to be learned

about the implications of patterns of land use for the availability of nest sites for
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C. b. macrorhynchus. As a contribution to improved understanding of their needs, I

sought to address the following questions:

1. What range of habitat types are used for nesting in the Darwin region?

2. What features of those habitats are most closely associated with nesting?

3. How are hollows distributed among trees in those habitats?

4. What characteristics of individual trees favour nesting by C. b. macrorhynchus?

5. How abundant are trees with characteristics favoured by Red-tailed Black

Cockatoos?

2.2 Aim

The aim of this study is to examine each of these five questions. The first

question will be answered by describing and comparing the floristics and vegetation

structure of nest and randomly - selected sites. The remaining four questions will be

addressed by describing and comparing attributes of nesting trees, tree size frequency

structures, tree distribution and densities, tree hollow distributions in different tree

DBH classes and between different tree species on nest and randomly - selected

sites. Furthermore, a model will be derived to guide searches for possible nesting

trees.

2.3 Methods

2.3.1 Climate and landscape

The climate of the Top End is monsoonal (wet-dry tropical) characterised by high

temperatures throughout the year and an average rainfall of 1500mm per year (Mc

Alpine 1969). Average mean monthly temperatures vary little from 31° in June and

July to 33.3° in November (Story et al. 1969).
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The landscape of the Darwin region was described by Perry (1960) as predominantly

consisting of flat or undulating country with mainly Eucalyptus miniata and E.

tetrodonta open forest. The dominant grasses are Themeda and Sorghum spp. Other

main vegetation types are stands of Melaleuca leucadendra and Pandanus spiralis.

In the dry season most of the country experiences fires of varying intensity. Soils

are sandy or gravelly and relatively infertile.

2.3.2 Study sites

The study was conducted between May 1998 and October 1999 in the Darwin

region of the Northern Territory. Six study sites were chosen based on public reports

of the presence of Red-tailed Black Cockatoo nests. The sites were located at

Howard Springs, Humpty Doo, Lee Point, Coonawarra and Mt Ringwood Station. To

identify the main attributes that distinguish a nest site from a non-nesting site, five

additional sites located within the range of the nesting sites were randomly chosen

for comparison. This was done by randomly selecting sites within vegetation strata

on the Remnant Vegetation Darwin Municipality map (1:25000) matched to those

within which nest sites occurred (determined as described under Vegetation survey

below). The random sites were located at Howard Springs, Humpty Doo, Gunn Point

and along Old Bynoe Road. All nest and random sites excluding the Mt. Ringwood

Station nest site 120 km south of Darwin are shown in Fig. 2.
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Fig. 2: Location of nest and randomly selected sites

2.3.3 Vegetation survey

At each nest site, the vegetation surrounding a nest tree was surveyed within five

randomly sited 20m × 20m quadrats within 400m of the nest. Protocols established

by Wilson et al. (1990) for the Northern Territory vegetation map were used to

describe the floristics of the overstorey and the ground cover, including stand basal

area (using a Bitterlich gauge), % cover of the mid and upper stratum (using the

zig-zag method described in McDonald et al. (1990)), % cover of the lower stratum

(visually estimated), average height of the low, mid and upper stratum (using a

clinometer), the dominant life form of each stratum and the % plant, litter and bare

ground cover, within each quadrat. Plant species were identified using Brock (1988)

or by the NT Herbarium in Darwin. The random sites were sampled as described

for the nest sites.
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2.3.4 Tree stand structure

The wandering quarter method (Catana 1960) was used to measure variation in

spatial distribution of trees and tree density. The wandering quarter method is based

on sequential measurements through the population. The data are sampled from

four transects. A random starting point is chosen for each transect and the distance

to the nearest neighbour within a 90° angle of inclusion around a compass line

in the direction of the transect is measured. Another 90° angle of inclusion is

constructed with this individual as a vertex and the compass line as a bisector

and the measurement to the nearest neighbour repeated. This operation is continued

throughout the sampling area. The wandering quarter method was chosen due to its

easy applicability in areas that lacked well - defined boundaries.

For the description of distribution and density, trees were separated into four

different DBH size classes (DBH <10cm, 10–20cm, 20–30cm, >30cm). An additional

class was distinguished including trees having a hollow large enough for a Red-tailed

Black Cockatoo to enter (minimum hollow entrance diameter of 15cm (Saunders

1979a)). Each DBH class was surveyed separately. A tree of the appropriate size

class was chosen in the centre of each site from which the four transects were run

towards the north, south, east and west. Sampling in each direction was halted when

a change in floristics or vegetation structure was detected. Additionally, the presence

or absence of hollows for each tree of the four DBH classes and the tree species

were recorded to measure variation in tree hollow frequencies between tree species

and between trees with varying DBH. The measurements were conducted for each

nest site and randomly-selected site, excluding the Coonawarra and one of the Lee

Point nest sites where data could not be obtained due to high human disturbance

and hence a sparse distribution of trees.
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2.3.5 Nesting trees

To determine important features of individual trees influencing choice by nesting

Red-tailed Black Cockatoos the following method was used. When a nesting-tree

was found the surrounding area was searched for trees exhibiting hollows with a

minimum entrance diameter of 15cm (known to be the smallest size for a Red-

tailed Black Cockatoo to enter (Saunders 1979a)). This was done by traversing the

area on foot, using binoculars to detect hollows. The process was halted when a

clear change in floristics or vegetation structure was encountered. On all nest and

random sites the process of traversing the area and searching for all hollows to be

examined, took two hours on average. The average size of the areas covered was

fifteen hectares at each site.

Where it was considered safe to do so, each tree with a hollow >15cm in diameter

was climbed using a 10m aluminium extension ladder or professional climbing gear.

The following notes and measurements were taken:

1. Tree species.

2. DBH at 1.5 m above the ground using a diameter tape.

3. Canopy cover using a densitometer.

4. Condition of tree classed as good (alive with full canopy), average (alive with

somewhat thinned canopy), poor (alive with extremely thinned canopy) or dead.

5. Height of tree using a clinometer.

6. Height of hollow entrance from ground (HE) using a tape measure.

7. Horizontal and vertical entrance diameter of hollow at widest point (DH, DV).

8. Inside hollow width (taken 5cm below the entrance) and inside hollow depth

(IW, ID).
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9. Aspect of the hollow entrance assigned to one of five categories: north, south,

east, west and vertical.

10.Location of hollow (on main trunk or secondary stem).

11.Notes on present or previous use of hollow by Red-tailed Black Cockatoos or

other fauna. Previous hollow use by RTB cockatoos was determined through

examination of the entrance for evidence of characteristic chewing and the

presence of wood flakes on the bottom of the hollow (P. McGrath, pers. comm.).

2.4 Data analyses

2.4.1 Vegetation survey

To place the nest site vegetation type within the Wilson et al. (1990) mapping

unit classification, the data were stored and manipulated using the database package

DECODA, an updated version of ECOPAK (Minchin 1986). The floristic data base

was then combined with the Northern Territory vegetation map database, analysed

and ordinated, based on species presence/absence using the program DECORANA

(Hill 1979). This study was restricted to the Top End and therefore only data of

the Northern Territory vegetation map data base sampled north of 18° S within the

NT were included in the analyses. Within this region, savannas are the dominant

vegetation type of which sixty-six were recorded by Wilson et al. (1990) at a

scale of 1:1.000.000. Non-savanna units such as tidal/littoral complex, rainforests and

grasslands were also excluded from the analyses.

Vector fitting (Kantvilas & Minchin 1989) was applied to the two dimensional

ordination of the combined data set to identify sample variables that display

significant correlations of vegetational changes. Variables considered for correlation

with the floristic gradients were: dominant life form (defined as trees higher than

8 m, trees 2 m to 8 m, regenerated trees <2 m, palms, shrubs >2 m, shrubs
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< 2 m, cycads, tussock grasses, hummock grasses, sedges, herbs, ferns), average

height and % cover of the lower, mid and upper stratum. Overall % plant, litter

and bare ground cover were excluded from the analyses because no such data

were available from the Northern Territory vegetation map data base. The statistical

analyses package STATISTICA (Release 5, Statsoft Inc Tulsa, USA) was used to

graph the ordinations.

To examine floristic variation between the random and nest sites (without the context

provided by the NT vegetation map data), the two data sets were combined, analysed

and ordinated using the DECODA and DECORANA programs. Vectoral analyses

was applied as above. Additionally, a series of ANOVAs was applied to test for

differences between nest and random sites in the dominant life form, average height

and % cover of the lower, mid and upper stratum, % plant, litter and bare ground

cover and basal area of the upper stratum. Averaged quadrat variable values of each

site were used for the analysis. An arcsine transformation was applied to the %

vegetation, plant, litter and bare ground cover data before they were compared.

2.4.2 Tree stand structure

2.4.2.1 Distribution and density of trees

Tree density for each tree size class on each nest and random site was calculated.

The mean distance between individual trees was calculated by dividing the sum of

all distances by the total number of distances. The equation area/(mean distance)2

was then applied to calculate the tree density per hectare (Catana 1960). A two way

analyses of variance using the statistical analyses package STATISTICA (Release

5, Statsoft Inc Tulsa, USA) was applied to test for differences in tree density

between tree size classes on nest and random sites and between nest and random

sites. Departure from randomness in spatial distribution of trees in each size class
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was assessed using the Index of dispersion, ID=s2/ , where  is the mean sample

distance and s2 the sample variance. The significance of departure from randomness

was tested using chi-square statistics, x2 = SS/ mean X, where SS = (n-1) s2 (Brower

& Zar 1977). A Kolmogorov-Smirnov test was applied to test for differences in the

spatial distribution pattern between different tree size classes. Data from all nest and

random sites were used in the analyses, with the exception of Coonawarra and the

Lee Point (1) site, which were excluded from the analyses due to major vegetation

clearing resulting in the non-applicability of the sampling method. The test was

based on 39 distribution surveys.

2.4.2.2 Tree hollow frequency

To test for differences in tree hollow frequencies between all tree DBH size classes

on all nest and random sites and between nest and random sites a two-way ANOVA

was used. The analyses were applied to the trees examined during the wandering

quarter survey and tree species were pooled for each tree DBH size class. To

test for differences in tree hollow proportions between tree species on all sites

and between nest and random sites a two-way ANOVA was used. Only the most

abundant eucalypt species such as E. miniata, E. tetrodonta, and E. polycarpa with

a DBH >30cm were included in the analyses. Trees of smaller DBH size classes

did not exhibit a sufficient number of hollows to permit statistical analyses. The site

at Coonawarra and the Lee Point (1) were excluded from the analyses for reasons

mentioned previously.

2.4.3 Nesting trees

Means of all attributes were calculated for hollow bearing trees containing nests

and compared with a random sample not containing nests. Relationships among

tree dimensions and use for nesting were explored using logistic regression as
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implemented in the S-Plus software package (S - Plus 4.5 Professional Release 2).

Analysis was confined to trees with at least one hollow exceeding 15 cm in diameter

in a position that could be sighted from the ground. The response variable was the

presence or absence of a nest. Explanatory variables were introduced one at a time

into the model until all univariate and multivariate combinations had been examined.

The models chosen were those in which all terms were individually significant

entries and produced the maximum combined reduction in scaled deviance. Log-

transformation of explanatory variables did not produce better fitting models,

whether judged by reductions in deviance or diagnostic plots. Quadratic terms for

various measures of tree or hollow morphology were not significant entries to the

model, suggesting that relationships were not significantly curvilinear.

Once a significant model was established, the resultant logistic regression equation

was used to calculate the probability for all trees for which the relevant tree

dimension measurements existed of being chosen as a nest site. A response surface

of the significant variables as a function of suitable nest probability was graphed

using the program STATISTICA.

Once the tree features that were associated with use as a nest were identified the

number of apparently suitable hollows with a probability > 50 % of being chosen

by a Red-tailed Black Cockatoo for nesting and the number of apparently suitable

hollows occupied by organisms other than Red-tailed Black Cockatoos were counted

for each nest and random site. The overall % of suitable nesting trees in relation

to the total number of trees exhibiting a hollow with an entrance diameter >15 cm

on all sites was then calculated.
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To establish a model for the identification of potential nest trees from the ground,

the same analyses and calculation was applied but inside hollow dimension variables

were excluded.

2.5 Results

2.5.1 Vegetation pattern at nest sites

2.5.1.1 Floristics

The DCA ordination (Fig. 3) of the nest sites and the floristic units defined by

Wilson et al. (1990), showed that vegetation within which nests were located was

floristically similar to the widespread Eucalypt-dominated vegetation of the Top End.

Nesting areas were utilised by apparently reproductively active birds between March

and September (pers. observ.).
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Fig. 3: DCA ordination of nest site and vegetation units as defined by Wilson et al. (1990). Fitted vectors, and

associated r-values, relating dominance of upper stratum life form (A), upper stratum cover (B), upper stratum height

(C), mid stratum height (D), lower stratum life form (E), lower stratum cover (F), lower stratum height (G) are

indicated.

According to the Wilson et al. (1990) vegetation descriptions, the nest sites at

Howard Springs, Humpty Doo and Coonawarra were identified as vegetation unit

4. Wilson et al. (1990) defined this vegetation type as a mixed stand of E.

miniata / E. tetrodonta open forest. The mid stratum includes Livistona humilis,

Cycas armstrongii and broadleaf species such as Persoonia falcata, Terminalia

ferdinandiana, Alphitonia excelsa, Grevillea heliosperma, Hakea arborescens, Acacia

difficilis and Brachychiton diversifolius. The lower stratum consists of mainly

Heteropogon triticeus or Sorghum spp. On all three nest sites, E. miniata was the

dominant tree species.
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The two nest sites at Lee Point and the site at Mt. Ringwood Station were identified

as vegetation unit 18, defined as E. papuana / E. polycarpa woodland with a grass

understorey. E.polycarpa occurred as a local dominant. Associated upper stratum

species include Melaleuca viridiflora and Erythrophleum chlorostachys. The mid

stratum may consist of Pandanus spiralis, Planchonia careya, Flueggea virosa or

Melaleuca spp. The ground layer is comprised of grass species such as Chrysopogon

fallax, Sorghum spp. and Heteropogon contortus (Wilson et al. 1990).

For all sites, including the Wilson et al. (1990) vegetation sites, the floristic gradient

from left to right along Axisl and Axis 2 of the DCA corresponds to gradients

in vegetation structure. Along Axis 1 the vegetation changes from open forests

to grasslands. Along Axis 2 the vegetation changes from low open woodland

to open forests. Additionally, along Axis 2 the dominant life form of the lower

stratum changes from shrubs and grasses to grasses only. All of the nest sites are

concentrated in open forests and woodlands. A list of all species identified at the

nest sites is appended (Appendix 1).

For all sites including the Wilson et al. (1990) vegetation sites, the vectors of

maximum and significant correlation to the ordination axes are shown in Fig. 3.

Vectors showing the highest significant correlations with floristic composition were

dominant upper statum life form (r = 0.43, P<0.001), upper stratum cover (r = 0.29,

P<0.001), upper stratum height (r = 0.20, P<0.001) and mid stratum height (r = 0.23,

P<0.001). Other vectors showing significant correlations were lower stratum life

form (r = 0.09, P=0.04), lower stratum cover (r = 0.16, P=0.04) and lower stratum

height (r = 0.17, P=0.03). Along the upper stratum life form vector all nest sites fell

to the side where the dominant life form was eucalypts. Along the upper stratum

cover and height vectors the nest sites fell where values were highest for cover and



hdl:1780.01/6333

25

height. Values decreased towards more open and lower woodlands. Values for mid

stratum height increased from grasslands towards the nest sites in open forests with

an average height of 4 m (Wilson et al. 1990). Along the lower stratum height

vector the nest sites fell among sites where values were highest with grasses up to

one meter in height (Wilson et al. 1990). Values decreased along the vectors as the

vegetation type changes towards grasslands. Along the lower stratum life form vector

all nest sites fell where the dominant life form was grasses (Wilson et al. 1990).

Along the lower stratum cover vector, nest sites fell where values were intermediate.

The floristics of the random sites at Howard Springs, Humpty Doo and Gunn Point

(1) sites corresponded to the Wilson et al. (1990) vegetation unit 4. The Gunn Point

(2) and Old Bynoe Road site corresponded to unit 18.

The DCA ordination of the nest and random sites alone (excluding Wilson et al.

(1990) data) showed considerable separation between the two vegetation types 4 and

18 on the basis of floristic composition along DCA axis 1 and 2 (Fig. 4). The

sites dominated by E. miniata and E. tetrodonta (vegetation unit 4) were highly

clustered, showing little floristic variation. The sites dominated by E.papuana and

E. polycarpa (vegetation unit 18) and the sampling quadrats of each site were more

spread, indicating greater floristic variation within and between the sites. Overall no

consistent evidence of floristic separation was found between all random and nest

sites within the appropriate vegetation stratum.
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Fig. 4: DCA ordination of the nest and random sites alone (without data from Wilson et al. (1990)). Fitted vectors,

and associated r-values, relating dominance of upper stratum life form (A), upper stratum cover (B), upper stratum

height (C), mid stratum life form (D), lower stratum height (E), lower stratum life form (F), lower stratum cover (G)

are indicated.

The vectors of maximum and significant correlation to the ordination axes are

shown in Fig. 4. Vectors showing the highest significant correlations with floristic

composition were upper stratum life form (r = 0.78, P<0.001), upper stratum cover

(r = 0.54, P<0.001), upper stratum height (r = 0.6, P<0.001), lower stratum life form

(r = 0.78, P<0.001) and lower stratum cover (r = 0.65, P<0.001). Vectors showing

significance were mid stratum life form (r = 0.45, P = 0.004) and mid stratum height

(r = 0.35, P = 0.036). Along all vectors all sites except the Lee Point(l) site fell

among the highest values and where the lower stratum life form were grasses of the

family Poaceae and the upper stratum life form were eucalypt trees. The Lee Point

(1) site was highly disturbed and cleared and therefore the upper, mid and lower
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stratum life form had been changed from mainly trees to shrubs such as Calytrix

exstipulata and grasses to Acacia sp. and cleared open patches.

2.5.1.2 Variation in Structure

The % vegetation cover of the lower stratum (P = 0.0012; F1,9= 21.52) and

the overall % plant cover (P = 0.006; F1,9= 24.95) were the only significant

differences between the nest and the random sites. The values for both variables

were significantly higher on the random sites. This was due to fires that occurred

immediately prior to sampling on the nest sites. Means, ranges and standard

deviation of the % vegetation cover, height of the upper, mid and lower stratum,

overall % plant, litter and bare ground cover and the basal area for the nest and the

random sites are given in Table 1.

In summary:

Calyptorhynchus banksii macrorhynchus nested in sites that tend to:

1. have tall eucalypts as their upper stratum dominant life form (section 2.5.1.1)

2. have high upper stratum cover values (section 2.5.1.1)

3. have high grasses as their lower stratum dominant life form (section 2.5.1.1)

4. have relatively high grass cover values compared to other vegetation forms

(section 2.5.1.1).



hdl:1780.01/6333

28

Table 1: Means, ranges and standard deviation of nest and random site vegetation

attributes.

 Nest sites (n=6) Random sites (n=5)  

Vegetation

attributes

Mean Range Std. Dev. Mean Range Std. Dev. P values

%

vegetation

cover of

the upper

stratum

7.00 11.25 4.24 11.31 11.56 5.20 P=0.16

%

vegetation

cover of the

mid stratum

3.26 6.89 2.68 7.67 22.31 8.88 P=0.27

%

vegetation

cover of

the lower

stratum

37.05 31.50 11.42 65.6 21.00 8.32 P=0.001*

Height of

the upper

stratum (m)

14.04 8.61 3.25 15.78 4.92 1.94 P=0.32

Height of

the mid

stratum (m)

4.42 8.30 3.04 7.54 20.40 8.93 P=0.44

Height of

the lower

stratum (m)

1.00 0.00 0.00 1.00 0.00 0.00 -

% plant

cover

46.05 27.75 9.88 75.00 16.00 6.63 P=0.006*

%litter

cover

28.47 60.40 23.04 13.80 16.00 7.04 P=0.26
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 Nest sites (n=6) Random sites (n=5)  

Vegetation

attributes

Mean Range Std. Dev. Mean Range Std. Dev. P values

%bare

ground

32.88 48.00 22.68 11.45 21.00 9.59 P=0.12

Basal area 6.04 8.04 2.72 5.64 4.40 2.03 P=0.79

2.5.2 Tree stand structure

2.5.2.1 Distribution and density of trees

Comparisons of the spatial distribution pattern of trees of different size classes

derived from the Index of dispersion are shown in Fig. 5.

Fig. 5: Categorisation of spatial distribution patterning of trees of various tree DBH sizeclasses on all nest and

random sites combined. A = <10 cm; B = 10–20 cm; C = 20–30 cm; D = >30 cm; E = trees with a large enough

hollow for a RTB Cockatoo to enter.

The Kolmogorov-Smirnov test showed a significant difference in the spatial

distribution pattern of trees of different size classes. Trees of smaller tree size

classes with a DBH <10 cm or 10–20 cm were significantly (P < 0.05) more
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often distributed in a clumped fashion, while trees exhibiting a DBH >30 cm and

trees having a hollow large enough for C. b. macrorhynchus to enter were mostly

distributed in a uniform fashion (Fig. 5).

Variations in tree density are shown in Table 2 a, b. The ANOVA test showed

that, between the five tree size classes, densities of trees with a DBH > 20 cm

were significantly lower (P = 0.051; F4,39= 3.51) than for smaller trees on all sites.

Densities of hollow-bearing trees with a minimum hollow entrance width of 15 cm,

big enough for a Red-tailed Black Cockatoo to enter, were lowest with densities

ranging from 0.5 to 1 trees per hectare on the nest and 0.7 to 1 on the random

sites. No significant differences in overall tree density and densities of individual size

classes were found between random and nest sites (P>0.05).

Table 2a: Densities of trees in different DBH size classes on nest sites.

 Stems per ha−1

Tree size class

(DBH)

Howard Springs Humpty Doo Lee Point Ringwood

Station

Total n

<10cm 271 133 82 36 472

10–20cm 170 85 38 21 333

20–30cm 7 37 12 8 267

>30cm 4 14 11 9 240

Trees with

large enough

hollows for

RTB Cockatoos

to enter

0.5 0.7 1 0.7 241

Dominant tree

species

Eucalyptus

tetrodonta/

miniata

Eucalyptus

tetrodonta/

miniata

E. polycarpa E. polycarpa  
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Table 2b: Densities of trees in different DBH size classes on random sites.

 Stems per ha−1

Tree size

class (DBH)

Howard

Springs

Humpty Doo Gunn Point Old

Bynoe Rd.

Gunn Point Total n

<10cm 174 780 50 8 15 422

10–20cm 65 123 78 13 28 425

20–30cm 24 27 46 8 6 382

>30cm 7 12 11 8 8 366

Trees with a

large enough

hollow

for RTB

Cockatoos to

enter

0.7 0.8 0.7 1 NA 95

Dominant tree

species

Eucalyptus

tetrodonta/

miniata

Eucalyptus

tetrodonta/

miniata

Eucalyptus

tetrodonta/

miniata

Eucalyptus

polycarpa

Eucalyptus

polycarpa

 

2.5.2.2 Tree hollow frequency

The two way ANOVA test showed that on all nest and random sites, the proportion

of hollow bearing trees increased significantly (P<0.001; F3= 486.83) with increasing

tree DBH size class (Figs 6, 7). Trees with a DBH greater than 30 cm were

more likely to have hollows than trees with a smaller DBH. On the random sites

the proportion of hollow bearing trees of the various tree DBH size classes was

significantly higher (P = 0.001; F1= 5.06) than on the nest sites. Up to 81 % of the

trees in the largest size class found on the random sites and 56 % on the nest sites

had hollows. No trees with a DBH of less than 10 cm had hollows. The highest

percentage of hollows for 10–20 cm DBH trees was 8 % on the random and 6

% on the nest sites. For 20–30 cm DBH trees it was 42 % on the random and

10 % on the nest sites.
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Fig. 6: Hollow frequency in trees of varying DBH on the nest sites. A = Howard Springs; B = Lee Point; C =

Humpty Doo; D = Mt. Ringwood Station.
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Fig. 7: Hollow frequency in trees of varying DBH on the random sites. A = OldBynoe Rd.; B = Humpty Doo; C =

Howard Springs; D = Gunn Point (1); E = Gunn Point (2).

The two way ANOVA showed that E. miniata trees exhibiting a DBH>30 cm had a

significantly (P<0.0001; F2,553= 9.06) lower mean percentage of hollows (42.01 %)

than E. tetrodonta (57.37 %) and E. polycarpa (57.86 %) trees. Between the nest and

random sites there was no significant difference (P>0.05) in the proportion of hollow

bearing trees of the three different tree species.

In summary:

1. Trees of sizes large enough to support suitable hollows (>30 cm in DBH) were

widely distributed in the landscape (densities 0.5 to 1 per hectare).

2. These trees tended to be uniformly distributed in space.

3. Hollows were common in trees of these dimensions (>56 %).
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4. All dominant tree species had a high proportion with hollows.

5. Sites within which nesting occurred did not include either more large trees nor

more hollows than randomly selected sites. Indeed, sites at which I found nests

had fewer large hollows than randomly selected sites.

2.5.3 Nesting trees:

Logistic regression showed that the inside hollow depth (ID) (P<0.05) and the height

of the hollow entrance from the ground (HE) (P< 0.001) were the two variables

most significantly associated with the use of a hollow for nesting (Table 3). Trees

used for nests had an ID ranging from 18 cm to 2.4 metres and an HE ranging

from 6.17 to 12 metres. Response surfaces of the probability of a tree being used

in terms of ID and HE, after the regression equation had been fitted to the data,

are given in Fig. 8. The graph shows that trees exhibiting a ID between 40 and

130 cm and an HE >9 m have a probability of >50 % of being chosen as a nest

trees, among trees with hollow entrances >15 cm in diameter observable from the

ground. I chose to use predicted probability of > 50 % as a threshold for hollow

suitability, describing hollows with features that predicted > 50 % probability of

occupancy as suitable. The means, ranges and standard deviations and percentages

of all tree dimensions and aspects are given in Table 4 a and table 4 b. All nest

tree dimensions are given in Table 5.

Table 3: Significant logistic regression models for Red-tailed Black Cockatoo nest

tree characteristic assessment and nest tree assessment from the ground. Model 1–3

contained variables that contributed significantly (P< 0.05) to a hollow being chosen

for nesting by a Red-tailed Black Cockatoo. * =Degree of significance depending

on the change in Deviance. Model 3 containing inside hollow depth and hollow

entrance height from the ground as its variables was the most significant model used
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to calculate the probability of a hollow being chose for nesting by a Red-tailed Black

Cockatoo. Total number of trees (n) = 79.

Variable Parameter value Change in

Deviance

t-value Std. Error p-value

Model 1  20.99   <0.05 *

Intercept −5.954  −4.48 1.34  

Hollow entrance

height above

ground

0.610  −3.79 0.16  

     <0.05 **

Model 2  17.46    

Intercept 0.337  0.67 0.51  

inside hollow

depth

−0.013  −2.94 0.01  

Model 3  37   <0.05 ***

Intercept −4.376  −2.94 1.49  

Hollow entrance

height above

ground

0.663  3.43 0.19  

Inside hollow

depth

−0.016  −2.62 0.01  

Table 4a: Means, ranges and standard deviation of nest and random tree dimensions.

Trees included have a hollow entrance diameter >15 cm observable from the ground.

Total n (nest) = 16; total n (random) = 63.

 Mean Range Std. Dev.

 Nest Random Nest Random Nest Random

Hollow

entrance

width (cm)

26.19 24.57 18.00 40.00 5.33 7.56
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 Mean Range Std. Dev.

 Nest Random Nest Random Nest Random

Hollow

entrance

height (cm)

36.28 33.68 85.00 101.00 20.34 16.39

Hollow inside

width (cm)

28.63 25.58 34.00 38.00 9.37 7.04

Hollow inside

depth (cm)

86.81 188.59 222.00 500.0 69.00 139.47

Hollow

entrance

height of

ground (m)

9.20 12.88 5.83 5.68 1.81 62.71

TreeDBH(cm) 51.09 48.80 27.80 48.50 7.74 10.38

Tree height

(m)

15.11 21.25 14.15 67.25 3.28 14.28

Tree canopy

cover

12.28 10.99 23.25 17.00 7.20 3.94

Table 4b: Percentages of nest and random tree features. Trees included have a hollow

entrance diameter >15 cm observable from the ground. Total n (nest) = 16; total

n (no-nest) = 63.

  Percent (%)

  Nest random

Aspect of hollow

entrance

North 18.75 21.52

 South 6.25 24.05

 East 25 17.72

 West 12.5 18.99

 Up 37.5 18.72

Tree condition Good 38.5 41.99

 Middle 45.75 34.88

 Poor 2.35 18.98
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  Percent (%)

  Nest random

 Dead 13.5 4.15

Location of hollow Branch 0 2.44

 Trunk 100 97.56

Tree species E. miniata 38.46 32.89

 E. tetrodonata 7.69 0

 E. polycarpa 53.85 61.84

 E. foelscheana 0 1.32

 E. popuana 0 2.63
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Fig. 8: Response surface of nest probability (%) as a function of hollow entrance height from the ground (m) and

hollow inside depth (cm).

Based on this model, 7 of 31 trees at Lee Point, 0 of 37 trees at Mt. Ringwood

Station, 0 of 17 trees at Howard Springs and 1 of 16 trees at Humpty Doo (with

hollow entrances >15 cm in diameter) showed characteristics which were associated

with a >50 % probability of their being chosen for nesting by a Red-tailed Black

Cockatoo (Fig. 9 a). On the random sites the numbers were 0 of 17 trees at Gunn

Point (1), 0 of 17 trees at Howard Springs. 1 of 22 trees at Humpty Doo. 0 of

8 trees at Old Bynoe Rd. and 0 of 1 tree at Gunn Point (2) (Fig. 9 b). Of those

trees with a hollow with an entrance diameter >15 cm, 5.8% were suitable for

nesting across all sites.
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Fig. 9a: The total number of suitable nesting trees at the nest sites as defined by the logistic regression model.

Fig. 9b: The total number of suitable nesting trees at the random sites as defined by the logistic regression model.

At both the random and nest sites none of the trees showing characteristics which

were associated with a >50 % probability of their being chosen for nesting by a Red-

tailed Black Cockatoo was occupied by other animals than Red-tailed Cockatoos.
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The ANOVA test showed a significant difference (P = 0.037; F1 = 6.61) in the

number of suitable nest trees (derived from the logistic regression model) between

the nest and randomly selected sites (Figs 9 a, b). The nest sites had significantly

more suitable nest trees than the random sites.

For detection of suitable nest trees from the ground the logistic regression model

including the variables HE (P<0.001) and DH (P<0.05) was the most significant. HE

ranged from 6.17 to 12 metres and DH ranged from 17 to 35 cm. The parameter

values for both variables are shown in table 3. The response surface of the HE and

the DH as a function of hollow suitability is given in Fig. 10. It shows an increase

in suitability as a Red-tailed Black Cockatoo nest with increasing DH and HE. Trees

with a DH >25 cm and a HE >10 m have a probability >50% of being nests, among

trees with hollow entrances >15 cm in diameter observable from the ground.
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Fig. 10: Response surface of probability (%) of a hollow being chosen for a nest as a function of hollow entrance

height from the ground (m) and hollow entrance width (cm). This model may be useful for restricting searches to

hollows with a reasonable probability (>50%) which would confine searches to hollows more than 10m from the

ground with a hollow entrance >25cm wide.

2.6 Discussion

2.6.1 Vegetation pattern at nest sites

The Red-tailed Black Cockatoo, Calyptorhynchus banksii macrorhynchus nested in

the wide spread Eucalyptus miniata and Eucalyptus tetrodonta open forests and

the Eucalyptus papuana and Eucalyptus polycarpa woodlands in the Top End of

Australia. This is consistent with the results of the Kakadu fauna survey, where

the birds were found to be most abundant in open forest and woodland habitat

(Braithwaite 1985) and with previous observations by Storr (1977). Red-tailed Black

Cockatoos in Victoria and the south-east of Southern Australia too have been found

to nest in open forests such as those dominated by Eucalyptus baxteri (Joseph 1982).
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However, the birds are nesting on sites that vary greatly in their floristic composition

such as the Eucalyptus papuana / Eucalyptus polycarpa woodlands. The vegetational

overlap between the E. papuana / E. polycarpa and the E. tetrodonta / E. miniata

woodlands and forests seem to be confined to species that do not appear to play an

important role in regards to nesting requirements. This indicates that the presence

of suitable nesting hollows which are mostly found in E. polycarpa, E. miniata

and E. tetrodonta is the important feature of a nest site rather than a particular

mix of woody vegetation. A Red-tailed Black Cockatoo nest found at the Humpty

Doo random site also indicates the bird's flexibility in respect to vegetation structure

as the random sites exhibited a significantly higher percentage of lower vegetation

stratum cover and a significantly higher overall percentage plant cover. These two

differences were a result of burning at the Mt. Ringwood Station site and vegetation

clearing at Lee Point immediately prior to sampling and nesting.

Ecologically, Eucalyptus forests and woodlands are relatively intact in the Top

End due to low levels of industrial and agricultural development (Woinarski &

Braithwaite 1990; Whitehead et al. 1992). Nevertheless, the birds were observed to

nest in trees located on highly disturbed sites such as at Lee Point and Coonawarra.

On both sites the vegetation has been extensively cleared and nest trees were located

close to the roadside. This suggests that the bird is highly flexible and tolerates

human disturbance. In Western Australia C. b. naso, C. b. samueli and C. funereus

latirostris mostly use tree hollows located close to roadsides and buildings for

nesting, due to extensive clearing of native woodland (Saunders et al. 1985).

Large trees tend to have the highest hollow frequency and are therefore the

ones most likely to provide nesting hollows for large birds like Red-tailed Black

Cockatoos. This has previously been shown in studies conducted in southern
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Australia and Victoria where the presence of hollows increased with increasing

tree DBH (Ambrose 1982; Lindenmayer et al. 1989; Inions et al. 1989). Large

trees were mostly distributed in a uniform fashion on all the nest sites. The same

distribution pattern of mature Eucalypt trees was found in Kakadu, northern Australia

(Werner 1986) and in Victoria (Lindenmayer et al. 1990). Fire is an important

agent responsible for losses of mature trees which appears to eventually result in a

relatively uniform tree distribution pattern and a low tree density per hectare (Lacey

1979). Two thirds of the Top End gets burned every year (Stocker 1965; Braithwaite

& Estbergs 1988; Graetz et al. 1992).

The time for a hollow to form in a eucalypt tree depends on natural biotic and

abiotic processes (Inions 1989; Mawson & Long 1994). These processes include

attack by fungi, termites, fire and cyclone activity (Saunders 1967; Saunders 1979;

Saunders ex al. 1982; Mackowski 1984). Fires and strong winds are mostly

responsible for damaging branches or stems (Mc Arthur 1968; Mc Caw 1983). As

a consequence, fungi or termites enter the affected eucalypt to form hollows (Mc

Caw 1983; Perry et al. 1985; Gichora 1992). The termite, Coptotermis acinaciformis

accounts for most tree piping (Lacey 1979). In the Darwin region 84 % of

Eucalyptus miniata and Eucalyptus tetrodonta trees are attacked by that termite

species and therefore the termites are considered to be the prime cause for piping

in eucalypt trees in northern Australia (Fox & Clark 1972). I found that Eucalyptus

miniata trees had a significant lower hollow frequency compared to E. tetrodonta

and E. polycarpa. Sources of this variation have not been identified.

Large sized trees with a DBH >30 cm are the ones most likely to provide suitable

nesting hollows for Red-tailed Black Cockatoos. For instance, the nest site at

Humpty Doo exhibited a fairly high total tree density of 270 trees per hectare,
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however, on that site the density of trees with a DBH > 30 cm was only 14 trees

per hectare. For a Red-tailed Black Cockatoo to choose a hollow for nesting the

hollow must exhibit a minimum entrance diameter of 15 cm to enable the bird to

enter (Saunders 1982). At Humpty Doo the density of those trees was 0.7 per hectare

or only 0.3 % of the total number of trees per hectare present at the site. Of such

trees only 5.8 % had hollow dimensions suitable for Red-tailed Black Cockatoos

(>50 % probability of occupancy based on the logistic regression model). Thus, less

than 0.01 % of the total trees per hectare at the site were suitable for nesting. As

tree densities were similar on all sites in this study, it might be suggested that the

density of trees suitable for nesting appears low within Eucalyptus open forests and

woodlands of the Darwin region.

Although the number of suitable nesting trees is fairly low, none of these trees were

occupied by animals other than Red-tailed Black Cockatoos. Thus, as large areas in

the Top End retain their original woodlands it might be suggested that currently the

availability of suitable nesting hollows does not in itself represent a limiting factor

for the nesting of the birds.

Similar results were previously found for mature trees in the south-west of Western

Australia (Ambrose 1982; Mackowski 1984) and in the Northern Territory (Werner

1986) where large trees were low in abundance in most forest areas. Saunders

(1979a, 1979b, 1982) also showed that not all hollows that appeared suitable for

nests for White-tailed Black Cockatoos were occupied in Western Australia. Of those

trees never more than 53 % were occupied by all species using hollows (Saunders

1967). However, at four of the five random selected sites a large sample of trees did

not exhibit any nesting hollows with dimensions consistent with a probability greater

than 50 % of occupancy by a RTB Cockatoo. Thus, although within sites trees of
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adequate size were uniformly distributed, there was between site variation in the

proportion that had dimensions that favoured nesting. This variation warrants further

study to better understand the factors that influence the formation and retention of

suitable hollows.

2.6.2 Nesting trees

This study shows that the inside hollow depth and the height of the hollow

entrance from the ground are the most important factors influencing Red-tailed Black

Cockatoos choosing a nest. The logistic regression model showed that the most

suitable hollow dimensions for nesting were an inside hollow depth of 40 cm to

130 cm and a hollow entrance height greater than 9 m above ground. However, the

birds exhibit some flexibility in choice. Hollows used by the birds had an inside

hollow depth which ranged from 18 cm to 2.4 m. The hollow entrances were 6.17

m to 12 m above the ground. In Western Australia the Red-tailed Black Cockatoo

used similar hollows with an inside hollow depth between 45 cm and 72 cm and an

entrance height above the ground between 4.4 m and 12 m (Saunders et al. 1982).

In Western Australia C. b. samueli also preferred deep hollows (Saunders et al.

1982). Protection from predation on eggs and young hatchlings might be the reason

for the birds to choose a hollow high in the tree as suggested by Pianka (1971)

and Saunders (1982). The same observation was made in south-western Australia

where Red-tailed Black Cockatoo nesting hollows were located up to 30 m above

the ground (Frith 1983). C. b. graptogyne in southern Australia and C. b. samueli in

Western Australia prefer hollows in dead trees (Attiwill 1960; Parker 1982; Saunders

et al. 1982; Joseph et al. 1991) while C. funereus latirostris in Western Australia

did not show a preference for dead or live trees (Saunders 1967). However, the

logistic regression model showed no evidence of C. b. macrorhynchus prefering dead

trees. Other nest tree attributes that were found to be unimportant (P > 0.05) were
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the aspect of the hollow entrance, the tree canopy cover, the tree height and the

tree species. Tree species used for nesting were Eucalyptus miniata, E. tetrodonta

and E. polycarpa. All nest hollows were found to be located in the tree trunk in

trees with a DBH >30 cm.

From the ground the easiest way to identify a nest that is most likely to be a suitable

Red-tailed Black Cockatoo nest is to examine the hollow entrance width and the

hollow entrance height from the ground. Hollows at a height >10 m exhibiting an

entrance width >25 cm satisfy the suitability criterion and have a probability of > 50

% of being chosen as a nest by a Red-tailed Black Cockatoo.
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Chapter 3

FEEDING BIOLOGY OF C. b. macrorhynchus

Summary

In the Top End of Australia C. b. macrorhynchus has been observed feeding in

Eucalyptus woodlands. To date no detailed descriptions of feeding sites or the

bird's foraging behaviour exists for tropical Australia. Here I examine habitats used

for foraging in the breeding season and in particular features of those habitats

that influence their selection by feeding birds. I also describe the diet of C.

b. macrorhynchus and determine whether foraging effort and change in foraging

behaviour suggests that food availability may become limited towards the end of

the breeding season.

I find that C. b. macrorhynchus forages in Melaleuca viridiflora / Eucalyptus low

open-woodlands, E. tetrodonta / E. miniata/ E. bleeseri woodlands, E. papuana /

E. polycarpa woodlands and the mixed species coastal shrublands in the Darwin

region. These vegetation types are closely associated with the Eucalyptus open

forests and woodlands identified as Cockatoo nesting habitat. C. b. macrorhynchus

frequently feeds in burnt areas or other open areas where food is easily detectable

and accessible. Seeds of Sorghum intrans and Mnesethia rottboellioides constitute

the bird's major dietary component. These seeds are abundant in the woodlands,

especially after fire. The majority of birds feeds on grass seeds on the ground

(P< 0.001) but they also consume seeds of woody species. Towards the end of

the breeding season the proportion of birds feeding on the ground increase up to

99 % while numbers of birds feeding in woody vegetation significantly decreases

(P<0.001). During the entire breeding season more than 85 % of the birds forage

predominantly in the early morning and late afternoon, utilising one site for up to
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four weeks immediately after fire when grass seeds are most abundant. Distances

travelled between nesting, roosting and foraging habitat seem to be short. Every

night before returning to the roost birds visit a water source to drink. In the

Darwin region Cockatoos are most abundant from May to August, after which flocks

amalgamate and migrate south. Only small residential populations remain in the area

between September and March.

3.1 Introduction

Feeding ecology differs between races and populations of Red-tailed Black

Cockatoos (Smith & Saunders 1986). Studies on subspecies from Victoria, South

Eastern and Western Australia suggest that a substantial part of the diet of Red-

tailed Black Cockatoos consists of the seeds of Acacia spp, Banksia spp, Casuarina

spp, Eucalyptus spp, the seeds, berries, nectar and blossoms of Grevillea spp, seeds

of Emex australis, cultivated Sorghum spp and the larvae of wood boring insects

(Austin 1951; Attiwill 1960; Forshaw 1969; Smith & Saunders 1986; Neville &

Cayley 1973; Garnett 1997). In South Australia, Red-tailed Black Cockatoos feed

high in trees and only come to the ground for drinking (Forshaw 1969), while in

Western Australia C. b. samueli mainly feeds on the ground and C. b. naso is

arboreal (Neville & Cayley 1973). The birds normally fly in pairs, trios, small or

even large flocks (Forshaw 1969; Neville & Cayley 1973; Vardon et al. 1997) and

are highly nomadic, apparently in response to seasonal shifts in food availability

(Sedgewick 1947).

In the Top End of Australia, little information exists on the feeding behaviour of

C. b. macrorhynchus and how the changed fire regimes since European settlement

affect forests and woodlands and their avifauna (Keast et al. 1985). In the eucalypt

open forests of the monsoonal (wet-dry) tropics, fires are frequent due to high
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temperatures and very little rain in the dry season (Braithwaite & Estbergs 1985),

and most areas are burned annually early in the dry season (Stocker 1965; Lacey

1979). The Red-tailed Black Cockatoo is one of several species that appear to be

attracted to burnt patches and their numbers increase locally shortly after burning

(Forshaw 1969; Crawford 1979; Beeton 1985; Braithwaite & Estbergs 1987). It is

known that the eucalypt open forests provide important food sources such as seeds

and nectar for a variety of wildlife in the Top End (Prior 1997). Some incidental

observations on the food selection of C. b. macrorhynchus have been made (Thomas

1947; Crawford 1972; Neville & Cayley 1973; Forshaw & Cooper 1981; Braithwaite

& Estbergs 1987; Woinarski 1990; Setterfield & Williams 1996; Vardon et al. 1997;

PWCNT 1997). However, none of these studies was sufficiently detailed to provide

a base for assessing the full range of habitat needs. Much remains to be learned but

some questions relevant to conservation are:

1. Which habitats are used for foraging during the breeding season?

2. What features of those habitats influence choice by C. b. macrorhynchus for

feeding?

3. What does the diet of C. b. macrorhynchus consist of?

4. Does foraging effort and change in foraging behaviour suggest that food

availability may be limiting during the breeding season?

This study was designed to provide some preliminary assessments of these questions

by describing and comparing feeding sites, diet and time spent foraging over the

breeding season. In addition, measurements of seed availability and observations of

the proportion of birds feeding on seeds on the ground or other plant components on

trees, shrubs or palms provide insight regarding shifts in food availability. A number

of measures of distances travelled by birds between nest, drinking and feeding sites
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provide information on the spatial relations among these essential resources used

by nesting birds.

3.2 Methods

3.2.1 Study sites

The study was conducted between May and October 1999 in the vicinity of

Darwin, Northern Territory. Feeding sites of Red-tailed Black Cockatoos, C. b.

macrorhynchus, were found by following flying groups of birds leaving their

roosting sites in the early morning. Using this method, ten feeding sites were chosen

(Fig. 12). Three sites were located at Leanyer swamp, six in the Lee Point area and

one in the Coconut Grove area.

Fig. 11: Location of Foraging, Nesting and Roosting Habitat at Lee Point.
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Fig. 12: DCA ordination of feeding and vegetation units, as defined by Wilson et al. (1990). Fitted vectors, and the

associated r-values, relating dominance of upper stratum life form (A), upper stratum cover (B), upper stratum height

(C), mid stratum height (D), lower stratum cover (E), lower stratum height (F) are indicated.

3.2.2 Vegetation survey

At each site the vegetation was described within three randomly chosen 20 m × 20

m quadrats within apparently uniform areas of the type of vegetation in which the

birds were observed feeding on the ground. The quadrats were sampled as described

for the nest site vegetation survey (Chapter 2). The overall % plant, litter and bare

ground cover could not be sampled due to burning of all the sites immediately

prior to sampling (see below). Plant species were identified using the descriptions in

Brock (1988) or by the NT Herbarium in Darwin.
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3.2.2.1 Ground cover survey

To measure variation in ground cover patchiness and grass height a number of 50

m transects were established in burnt areas where cockatoos had been observed

feeding on the ground. Where patches of similar unburnt vegetation were available

for sampling three additional transects were established for comparison. A measure

of patchiness of understorey vegetation distribution and structure was made by

recording for each uniform pace whether grass or bare ground was encountered

When grass was encountered the height of the grass was recorded using a tape

measure.

3.2.3 Diet

To characterise the diet of C. b. macrorhynchus during the nesting season, feeding

birds were observed opportunistically when walking through the vegetation or

driving along roads using binoculars. Whenever a bird was seen feeding on objects

on trees or shrubs, the species and part of the plant being used were recorded.

Additionally the date and location of feeding was recorded. If birds were feeding on

the ground, five 20 cm × 20 cm quadrats were placed in the area where feeding was

observed. The content of each quadrat was sampled to a depth of 0.5 cm and sorted

for seeds that were identified by J. Cusack at the CSIRO laboratory in Darwin.

Further information on diet was obtained by capturing birds in mist nets at a

watering point at three occasions in September 1999. Four mist nets were erected

around a water source where birds were known to drink in the late afternoon. When

a group of birds landed in the enclosure, they were startled by one observer and

birds entangled in the net were carefully removed. The crop contents was then

extracted by crop washing in which 20 ml of distilled water (air temperature) was

injected into the bird's crop through a sterilised stainless steel crop needle. The bird
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was released to the wild and the crop contents stored in 90 % alcohol. The seeds

were then sorted, counted and identified.

Also, crop content samples of two adult Cockatoos accidentally killed by motor

vehicles were obtained. One was found in January and the other in May in the

Gimbat and Batchelor areas respectively. The crop and stomach content of another

dead bird found in July at Leanyer swamp was also examined. The crop contents

consisted exclusively of seeds, all of which were identified and counted. All three

samples were obtained from the Museum and Art Gallery of the Northern Territory.

3.2.4 Feeding effort

To determine the diurnal patterned feeding effort by Red-tailed Black Cockatoos,

flocks of birds were observed once a week for a whole day between July and the

end of September 1999. In early October the birds left the area and no further

observations were made. Radio transmitters were not fitted and therefore a direct

measure of effort spent on feeding by individual birds was not attempted due to

the difficulty of following unmarked individuals. During early morning, groups of

birds were followed from the roost to their feeding site. At the feeding site, the total

number of feeding and non-feeding birds in view was recorded every ten minutes

and the mean number of birds feeding per sample period calculated to provide an

index of feeding effort.

The number of birds feeding on the ground and in woody vegetation was recorded

separately. Additionally, activities other than feeding were recorded.

To determine whether the availability of viable grass seeds on the ground was

related to the bird's choice or abandonment of a feeding site, seed samples were

taken from five sites in the Lee Point and Holmes Jungle areas. An area was
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sampled immediately after burning and prior to the arrival of cockatoos. The dates

of burning and cockatoo arrival were recorded. When birds were observed feeding

on the ground their numbers were recorded, and five 20 cm × 20 cm quadrats were

randomly chosen and sampled as described above. The samples were sorted and the

number of viable seeds counted and identified. Sites were re-sampled weekly, the

final sample being taken immediately after the birds had stopped feeding at the sites.

3.2.5 Movement and flock behaviour

Red-tailed Black Cockatoos often appear in flocks. However, no information exists

on the distribution of the birds through the landscape and whether members of one

flock stay together throughout the nesting season or split into smaller groups that

move between flocks. To examine flock behaviour, one flock of birds was observed

and followed in the Lee Point and Leanyer swamp areas. The number of birds at

the roost site was recorded before they left in the early morning at approximately 7

am. The roost site was located by observations made in the previous nesting season.

When the birds left the roost they were followed by car for as long as possible. In

the late afternoon the number of birds returning to the roost site was recorded again.

Additionally I recorded the number and movement of birds regularly flying over the

Shoal Bay (Mickets Creek) area. The roost site for those birds was not determined.

A number of flocks was observed regularly between May and September 1999.

To determine distances travelled per day between nest, roost, feeding and drinking

sites, the distances between these sites where calculated in the Lee Point and

Leanyer swamp area. Between May and September the flock in the Lee Point and

Leanyer swamp area was observed from dawn to dusk. The birds always remained

in the area and never amalgamated with other large flocks. Therefore it was assumed

that the same birds were observed for the entire period.
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3.3 Analysis

3.3.1 Vegetation survey

Data obtained from the feeding site vegetation survey were analysed as described for

the nest site vegetation survey. The vegetation types of feeding sites were assigned

according to Wilson et al. (1990) mapping units by joint ordination of samples.

Vectoral analyses were applied as described for the nest site vegetation survey.

Variables used for vector fitting were dominant life form (defined as trees higher

than 8 m, trees 2 m to 8 m, regenerated trees <2 m, palms, shrubs >2 m, shrubs <2

m, cycads, tussock grasses, hummock grasses, sedges, herbs, ferns), average height

and % cover of the lower, mid and upper stratum.

To examine floristic variation between feeding sites the data set was analysed and

ordinated using the DECODA and DECORANA programs.

To determine floristic variation between feeding and nesting sites the two data sets

were combined, ordinated and analysed as above. Additionally, a series of ANOVAs

was applied to test for differences in the dominant life form, average height and %

cover of the lower, mid and upper stratum and the basal area of the upper stratum

between feeding and nest sites. Averaged quadrat variable values of each site were

used for the analysis.

3.3.1.1 Ground cover survey

The data obtained from the 50 m transects were used to determine the frequency

of bare ground and grass height for burnt and unburnt areas. Average grass height

was calculated for each transect. To test for differences in the frequency of bare

ground and average grass height between burnt and unburnt areas a two-sample
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Kolmogorov-Smirnov test was applied. The total number of transects was 26 in

unburnt areas and 13 in burnt areas.

To determine the degree of ground cover patchiness preferred by cockatoos when

feeding, the proportion of bare ground was calculated for each transect where

cockatoos were observed feeding. The results were assigned to one of three classes

of ground cover patchiness that were established. The first class contained transects

exhibiting a low proportion (0–35 %), the second a medium proportion (35–65 %)

and the third a high proportion (>65 %) of bare ground. The maximum numbers of

birds observed feeding along each transect was recorded and assigned to one of the

three classes. To test for differences in bird numbers feeding on transects of low,

medium and high proportion of bare ground, a one - way ANOVA was applied. Data

were transformed using an arcsine transformation.

3.3.2 Diet

Data on C. b. macrorhynchus food plant species were collected opportunistically and

are not suitable for detailed quantitative analysis. Therefore no statistical analysis

was applied. However, to gain a subjective measure of the importance of the major

food items, the observed frequency of feeding of different species was collated.

Species consumed were separated into three classes. The first class consisted of

grass species, the second class consisted of Eucalyptus species and the third class

comprised all other species. Insufficient numbers of Red-tailed Black Cockatoo crop

contents were obtained to apply any formal statistical analyses.

3.3.3 Feeding effort

The data obtained from bird feeding observations at ten-minute intervals were used

to determine the effort birds spent on feeding during the day and over the months.

For each observation the percentage of birds feeding was calculated and an arcsine
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transformation applied. Days were divided into morning (06:30 to 12:00), noon

(12:00 to 15:00) and afternoon (15:00 to 17:30). Observations stopped at 17:30 as

the birds then moved to drink and then to roost. A two-way analyses of variance was

applied to test for differences in feeding effort between the three times of day, and

over the three months. An arcsine transformation was applied to the data.

The proportion of birds feeding on the ground and in woody vegetation was

calculated using the data obtained from bird feeding observations. Data from all

daily observations were pooled for each month. An arcsine transformation was

applied to the data. To test for differences in the proportion of birds feeding on the

ground and between months, a one-way ANOVA was applied.

To determine whether temporal patterns in use of sites were associated with variation

in seed availability, the mean number of viable seeds of all five quadrats of one

site for each sampling time were calculated and the number of birds counted. The

two variables were then assigned to one of three categories: “post fire” (immediately

after burning), “in use” (during feeding) and “not in use”. Mean viable seed numbers

for all sites in the same sampling time were pooled. Two one - way ANOVA test

were applied to test for differences in bird numbers and seed availability between

categories.

3.3.4 Movement

To determine bird distribution over parts of the landscape during the breeding

season, distances moved between roosting, nesting and feeding sites in the Lee

Point and Leanyer swamp areas were described and graphed. However, the use of

transmitters was not within the scope of this study and hence all observations were

incidental. Therefore, no statistical tests were applied to the data.
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3.4 Results

3.4.1 Vegetation survey

3.4.1.1 The DCA ordination of the feeding sites and the floristic units

The DCA ordination of the feeding sites and the floristic units defined by Wilson et

al. (1990) showed that the feeding sites were floristically similar to the widespread

eucalypt-dominated vegetation of the Top End (Fig. 12). According to the Wilson et

al. (1990) classification the feeding sites at Leanyer swamp (1–3) and two of the

Lee Point feeding sites (1–2), fitted vegetation unit 51. Wilson et al. (1990) defined

this vegetation type as a Melaleuca viridiflora. Eucalyptus low open-woodland with

Chrysopogon fallax grassland understorey. Dominant species comprising the upper

storey are Melaleuca viridiflora, Eucalyptus polycarpa, E. latifolia, E. oligantha

and Syzygium eucalyptoides ssp. bleeseri. Other species occuring are Pandanus

spiralis, Eucalyptus tetrodonta, Buchanania obovata, Planchonia careya, Grevillea

pteridifolia and E. grandifolia. The mid stratum is comprised of species such as

Buchanania obovata, Petalostigma pubescens, Melaleuca nervosa, E. polycarpa,

Planchonia careya, Syzygium eucalyptoides ssp. bleeseri, Terminalia ferdinandiana

and Terminalia pterocarya. The lower stratum is dominated by grasses such as

Chrysopogon fallax, Themeda avenacea and Sorghum species.

The feeding site at the Darwin Royal Hospital and the remaining Lee Point site

(3) were identified as vegetation unit 9 according to Wilson et al. (1990). This

vegetation unit is defined as Eucalyptus tetrodonta /E. miniata /E. bleeseri woodland

with Sorghum grassland understorey (Wilson et al. 1990). Eucalyptus tetrodonta and

E. miniata are the dominant species of the upper storey. Other species comprising

the upper storey are Erythrophleum chlorostachys, Xanthostemon paradoxus and

E. ferruginea. Mid stratum species are Livistona humilis, Planchonia careya,
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Brachychiton paradoxum, Petalostigma pubescens, E. tetrodonta, Cycas angulata,

E. ferruginea, E. miniata, Terminalia grandiflora, E. bleeseri, Calytrix exstipulata,

Pandanus spiralis and Persoonia falcata. The lower stratum is comprised of species

such as E. tetrodonta, Petalostigma quadriloculare, Buchanania obovata, Pandanus

spiralis and Erythrophleum chlorostachys. The dominant grasses are Sorghum intrans

and other tall grasses such as Heteropogon triticeus and Sorghum plumosum.

The feeding sites at Buffalo Creek Road and Coconut Grove contained both

vegetation units 51 and 9. One feeding site at Lee Point was the Lee Point nesting

site itself, identified as vegetation unit 18, E. papuana /E. polycarpa woodland with

grass understorey. The Casuarina Coastal Reserve site was identified as vegetation

unit 102, a mixed shrubland. This vegetation community is part of the coastal

dune complex found in the Top End. Species occurring are Acacia spp., Bossiaea

bossiaeoides, Mnesethia sp. and many heathy’ shrubs that are often stunted or wind

blown.

The floristic gradient from upper left to lower right along Axis 1 and from left

to right along Axis 2 of the DCA corresponds to gradients in vegetation structure.

Along Axis 1 the vegetation changes from low open woodlands to grasslands. From

left to right along Axis 2 the vegetation changes from open forests to woodlands

to low open woodlands. The feeding sites are thus concentrated in woodlands or

low open woodlands in contrast to the nesting sites occurring in open woodlands

and Eucalyptus open forests. A list of all species identified at the feeding sites is

appended (Appendix 2).

The vectors of maximum and significant correlation to the ordination axes are

shown in Fig. 12. Vectors showing the highest significant correlations with floristic

composition were upper storey life form (r = 0.43, P<0.001), upper storey cover (r
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= 0.29; P<0.001); upper storey height (r = 0.19; P<0.001) and mid storey height (r

= 0.23; P<0.001). Lower storey cover (r = 0.15; P=0.035) and lower storey height

(r = 0.16; P = 0.04) were less strongly correlated with position in the ordination

space. Along the upper storey life form vector all feeding sites fell where the

dominant life form was eucalypt trees. Along the upper stratum cover and height

vectors all feeding sites fell within the intermediate value range. Values were highest

for open woodlands and open forests and lowest for grasslands. The same applied

to the mid stratum height vector. Values for low stratum cover were highest for

grasslands and decreased towards open forests. Along the lower stratum height

vector values were significantly (P<0.04) higher for the feeding sites compared to all

other sites. However, this only applied before burning occurred. This shows that C.

b. macrorhynchus utilised Eucalyptus open and low-open woodlands exhibiting tall

grasses such as Sorghum sp, Heteropogon sp and Mnesethia sp.

3.4.1.2 The DCA ordination of the feeding sites alone

The DCA ordination of the feeding sites alone showed no obvious separation

between the vegetation units 9, 18 and 51 on the basis of floristic composition along

DCA1 and DCA2 (Fig. 13). This can be explained as the vegetation community

51 is a minor component of the various E. miniata E. tetrodonta open-forests and

woodlands such as the vegetation units 9 and 18 (Wilson et al. 1990). However,

the quadrats of each feeding site are widely spread indicating considerable floristic

variation within sites.
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Fig. 13: DCA ordination of feeding sites alone (without data from Wilson et al. (1990)). Fitted vectors, and

associated r-values, relating dominance of upper stratum life form (A), upper stratum height (B), mid stratum cover

(C), mid stratum height (D), lower stratum cover (E), lower stratum height (F) are indicated.

Vectors showing the highest significant correlations with floristic composition were

dominant upper stratum life form (r = 0.65, P<0.001) and upper stratum height (r =

0.63, P<0.001) and lower stratum height (r = 0.7, P = 0.002). Other vectors showing

significant correlations were mid stratum cover (r = 0.54, P = 0.003), mid stratum

height (r = 0.53, P = 0.005) and lower stratum cover (r = 0.48, P = 0.018) (Fig.

13). Along the upper stratum life form vector a separation occurred between sites

and between vegetation quadrats falling of one site to the upper and the lower part of

DCA axis 2 exhibiting trees >8 m tall as their dominant life form compared to sites

and quadrats with trees <8 m tall or no dominant upper stratum life form present.

Along the upper stratum height vector mean heights increase from 0 where no upper

stratum was present to 8m at the Lee Point (1) site.
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Mid stratum cover values slightly increased from a mean 4 % at Lee Point (3) to

a mean of 8 % at Lee Point (1) site. Along the mid stratum height vector values

slightly increased from 3 m to 4 m along axis 2. Lower stratum cover values

increased from sites such as the Royal Darwin Hospital site with a low cover of 10

% to sites such as the Lee Point (1) site with cover values of 60 %. Along the lower

stratum height vector values increased from 1 m to 2 m. Therefore an important

feature of feeding sites seems to be openness and accessibility as is the case with

Eucalyptus open and low-open forests, coastal areas and adjacent open grasslands

compared to the nesting sites in open forests with taller trees and dense canopies.

3.4.1.3 The DCA ordination of the feeding and nest sites

The DCA ordination of the feeding and nest sites showed some separation between

feeding and nest sites on the basis of floristic composition along the DCA 2 axis

(Fig. 14). From the upper left to the lower right of DCA axis 2 the vegetation

structure changed from shrublands to low open woodlands through woodlands to

open forests. Most feeding sites were located in low open woodlands whereas some

nest sites occurred in open forests. An overlap of feeding and nest sites occurred

where feeding and nesting sites were located in open woodlands. The quadrats to

the upper left of DCA axis 2 belong to the Casuarina Coastal Reserve feeding site

identified as a shrubland with a few eucalyptus trees present in the upper stratum.

Along the DCA axis 1 the only site separated from all other sites was the Mt.

Ringwood Station nest site. An explanation was given in Chapter 2.
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Fig. 14: DCA ordination of feeding and nest sites alone (without data from Wilson et al. (1990)). Significant fitted

vectors, and associated r-values, relating mid stratum stratum life form (A), mid stratum cover (B), lower stratum

height (C) are indicated.

The vector showing the highest significant correlation between the nest and feeding

sites was the lower storey height vector (r = 0.85, P<0.001) (Fig. 14). Other vectors

showing mildly significant correlations were mid storey life form (r = 0.4, P =

0.013) and mid storey cover (r = 0.39, P = 0.022). Along the upper storey life

form vector the dominant life form changed from trees >8 m to trees <8 m or no

dominant life form present on some of the feeding site quadrats. Values for mid

stratum cover increased from nest sites towards feeding sites. The increase in lower

stratum height values from nest towards feeding sites can be explained by the 2 m

Mnesethia rottboellioides grass found at the Casuarina Coastal Reserve feeding site

and the Lee Point (2) nest site compared to an average lower stratum height of 1

m at all remaining sites.
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Feeding and nest sites differed significantly (F1,16= 8.73; P = 0.011) only in upper

storey height (Table 6). Values were significantly greater on the nest sites.

Table 6: Means, ranges and standard deviation of nest and feeding site vegetation

attributes.

 Nest sites (n=6) Feeding sites (n=10)  

Vegetation

attributes

Mean Range Std. Dev. Mean Range Std. Dev. P values

%

vegetation

cover of

the upper

stratum

7.00 11.25 4.24 12.76 66.6 20.26 P=0.51

%

vegetation

cover of the

mid stratum

3.26 6.89 2.68 5.26 10.4 3.30 P=0.23

%

vegetation

cover of

the lower

stratum

37.05 31.5 11.42 41.06 48.33 17.49 P=0.63

Height of

the upper

stratum (m)

14.04 8.61 3.25 9.82 7.71 2.46 P=0.01*

Height of

the mid

stratum (m)

4.42 8.30 3.04 3.59 1.83 0.60 P=0.41

Height of

the lower

stratum (m)

1.00 0.00 0.00 1.11 1.00 0.32 P=0.46
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 Nest sites (n=6) Feeding sites (n=10)  

Vegetation

attributes

Mean Range Std. Dev. Mean Range Std. Dev. P values

Basal area

of the upper

stratum

6.04 8.04 2.72 3.49 7.67 2.35 P=0.07

3.4.1.4 Ground cover survey

The two-sample Komolgorov-Smirnov test showed a significant (P<0.001) difference

between the distribution (patchiness) of bare ground and grass height in burnt and

unburnt areas. Burnt sites exhibited a significantly higher proportion of bare ground

(  = 86 %) than the unburnt sites (  = 32 %; n = 26, 13 resp). Unburnt sites

showed significantly taller grass than burnt sites (  = 51.9, 3.9; n = 26, 13 resp).

The number of birds using feeding sites varied with the amount (%) of bare ground

(P<0.001; F2,4i= 33.74) (Fig. 15). Sites exhibiting a bare ground proportion of >65

% had the highest number of birds (  = 72.9) while those with a bare ground

proportion of 35–65 % or less (unburnt sites) attracted fewer birds (  = 10 & 0,

respectively.). The test was based on a total of 26 burnt and 13 unburnt transects.
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Fig. 15: Mean number of birds (±SE) feeding in areas exhibiting 0–35 %, 35–65 % and >65 % bare ground (+SE).

3.4.2 Diet

The date, location, species and parts of the species C. b. macrorhynchus was

observed feeding on are summarised in Appendix 3. Observations of the frequency

of observations of feeding birds are shown in Fig. 16. The observations including

the data collected from sweep samples to determine feeding effort collectively

suggest that grass seeds dominate Red-tailed Black Cockatoo diet in the Top End

during the dry season. Birds were most frequently observed feeding on Sorghum

intrans, followed by Mnesethia rottboellioides grass seeds. The unripe fruits of

Eucalyptus polycarpa, E. tetrodonta and, E. miniata were another major constituent

of the bird's diet. Other species that birds were observed feeding on were the

green fruits of Grevillea pteridifolia, Casuarina equisetifolia, the unripe fruits of

Acacia oncinocarpa, Acacia difficilis and Terminalia ferdinandiana, the fruits of

Cochlospermum fraseri, Pandanus spiralis and Melaleuca viridiflora and the seeds

of Oryza sativa that was grown on a rice farm at Tortilla Flats approximately 100

km south of Darwin.
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Fig. 16: The observed frequency of Red-tailed Black Cockatoos feeding on grass, Eucalyptus and other species such

as trees and shrubs. Oryza sativa was included in “Other species”.

Three Red-tailed Black Cockatoos were trapped just before sunset using mist nets

in September 1999. One was a juvenile and the other two adult male birds. Except

for one Sorghum intrans seed in each of the crops of the two male birds the crops

of all birds were empty.

Proportions of seeds found in the crops of the three road killed cockatoos are shown

in Fig. 17. The specimen from Leanyer swamp (n = [540 + 363 + 16]) contained

mostly Mnesethia rottboellioides (58 %), Sorghum intrans (39 %) and Terminalia

ferdinandiana (1.7 %). The stomach contents (n = 120) of this bird also comprised

mostly Mnesethia rottboellioides (65 %), Sorghum intrans seeds (29 %) and seeds of

a sedge (6 %) that could not be identified. The crop of birds from the Batchelor area

contained 1797 (89 %) Sorghum intrans and (11 %) of a grass species that could

not be identified (species A). The bird from Gimbat contained 1214 (58 %) Sorghum

intrans and 882 (42 %) seeds of species A.
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Fig. 17: The proportion of seed species found in three Red-tailed Black Cockatoo crops. 1, Leanyer swamp (June

1999); 2, Batchelor (January 1987); Gimbat (May 1987).

3.4.3 Feeding effort

The mean proportion of flocks of Red-tailed Black Cockatoo feeding varied

significantly (p<0.001; F4,278= 38.04) with time of day (Fig. 18). The highest

proportion of birds (> 85 %) were seen feeding in the early morning and late

afternoon. In the early afternoon only between 47 % and 58 % were feeding. There

was no significant change (P>0.05) in this feeding pattern over the three months

from July to September (Fig. 18). The remaining birds spent the early afternoon

sitting in trees. During that time I observed activities such as display, preening and

feeding of juvenile and female birds by males.
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Fig. 18: Mean proportion of flock feeding in the early morning (06.30am–11:00), early afternoon (11:00–15:00), late

afternoon (15:00–17:30) and over the months from July to September by Red-tailed Black Cockatoos. After 5.30pm

birds left to drink.

The one-way ANOVA test showed a significant difference (P < 0.0000; F2= 11.43)

between the proportion of birds feeding on the ground over the three months (Fig.

19). In July, a mean of 81 %, in August a mean of 87 %, and in September a mean

of 99 % of birds foraged on the ground while only a mean of 19 %, 13 % and 1 %

were feeding in woody vegetation. The test was based on 218 observations.
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Fig. 19: The mean proportion of Red-tailed Black Cockatoos feeding on the ground between July and September.

In terms of Red-tailed Black Cockatoo numbers on feeding sites the one-way

ANOVA test showed a significant decrease (P = 0.0191) from immediately after fire

to later stages. Sites up to one week after burning had the highest mean number of

birds compared to later stages (2–4 weeks after fire). No birds were present on sites

after four or more weeks after initial burning (Fig. 20).
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Fig. 20: Mean Red-tailed Black Cockatoo numbers on feeding sites immediately after fire (post fire), during

subsequent utilisation (in use) and after the birds left the sites (not in use).

Seed availability on feeding sites did not significantly decrease (P> 0.05) from

immediately after fire to later stages (Fig. 20 a). However, sites up to one week after

burning had the highest mean number of seeds per m2 compared to later stages (2–

4 weeks after fire) and after the sites were not used by Red-tailed Black Cockatoos

any more. On four of the sites all grass seeds were identified as Sorghum intrans

on all sampling occasions. On the fifth site the seeds identified were Mnesethia

rottboellioides seeds. However, after seed availability decreased, some sites were still

sporadically visited by a few birds for feeding.
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Fig. 20 a: Mean seed numbers on feeding sites immediately after fire (post fire), during bird utilisation (in use) and

after the birds left the sites (not in use).

3.4.4 Movement

In May 1999 approximately 200 Cockatoos were observed roosting in eucalypt trees

along Lee Point Road. During the night the Cockatoos were scattered throughout the

roosting area. The area used for roosting was approximately 20 ha in size extending

as far as the Lee Point (1) nesting site.

Water sources the birds used for drinking were found by following the birds when

leaving the feeding site. Every night before the cockatoos returned to the roosting

site, at Lee Point, they visited one of two water sources in the area to drink. Once

the birds finished drinking they moved directly to the adjacent roost. None of the

birds was observed flying in directions other than to the roost. The first water source

the birds used was a 2 × 5 m water puddle, up to 5 cm deep, that ran across an

old bitumen road. The second source was a 30 m × 30 m water reservoir, up to 5

m deep with shallow edges. Other water sources at Mt. Ringwood Station, Howard
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Springs and in the Katherine area where the birds have been observed drinking

previously were small, shallow water puddles of similar dimensions. Howard Springs

birds were observed utilising water from a water tank leakage. None of the water

sources used by Red-tailed Black Cockatoos were further than 1 km away from

the nesting or roosting site and were frequently visited by birds prior to roosting.

At all sites the cockatoos approached the water in pairs or small groups. They

inspected the area from trees prior to drinking. At least one bird always remained

in a tree watching. On the ground birds approached the water's edge cautiously

and remained wary throughout the drinking process. The slightest disturbance caused

them to leave.

The morning after Leanyer Swamp was burned in May, 200 Cockatoos left the Lee

Point roost site to feed in the area. Before sunset they returned. Fig. 21a shows

that this behaviour continued for two weeks until the Lee Point (2) nest site and

the adjacent woodland and low open woodland vegetation was burned in June 1999

(Fig. 21b).
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Fig. 21a: Observed numbers of Red-tailed Black Cockatoos roosting and feeding at Leanyer swamp between May

and September 1999. Arrows indicate burning of patches in the area. Each column represents the total number of

birds observed feeding and roosting at Leanyer swamp (identified in the result section).
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Fig. 21b: Observed numbers of Red-tailed Black Cockatoos roosting and feeding in the Lee Point area between June

and September 1999. Arrows indicate burning of patches in the area. Each column represents the total number of

birds observed feeding and roosting on a site (identified in the result section) within the general Lee Point area.

Immediately after this fire ceased these birds began utilising the area for feeding.

Within one week the number of feeding and roosting birds increased to an estimated

total of 285 birds (Fig. 21 b). However, on 16 June a group of 50 Cockatoos

returned to Leanyer swamp. That night the group did not return to the Lee Point

roost. They roosted in eucalypts adjacent to the Leanyer swamp feeding site and

were joined by another 50 birds that had initially settled at the Lee Point roost.

The group continued feeding at Leanyer for four days although no fire occurred but

roosting numbers decreased. On 20 June the remaining 50 roosting birds returned to

the Lee Point roost. By 20 June all birds had returned to Lee Point but the total

number of 285 birds was not counted again. Presumably, some birds left the areas.
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In July, an area located along Buffalo Creek Road and part of Holmes Jungle were

burnt. Immediately after these fires the number of roosting and feeding birds at Lee

Point decreased. However, 100 birds were feeding at Buffalo Creek Road for one

week before returning to the previously used Lee Point (2) nest area. At Holmes

Jungle, approximately 400 Cockatoos were observed flying in from Lee Point and

the Shoal Bay area. 100 birds remained at Holmes Jungle while another 100

continued flying towards Coconut Grove where they previously had been observed

feeding. The destination of the remaining birds was unknown. At Holmes Jungle

two weeks after the initial burning the number of feeding birds decreased to a daily

average of 10 until no more birds were seen by the end of August.

In August an area at Casuarina Coastal Reserve was burnt. Between 100 and 130

birds that were scattered throughout all the previously burnt sites at Lee Point, were

subsequently observed feeding in the burnt areas at the reserve until the end of

September when the birds began to leave the Darwin region. All birds had left in

early October except for a group of approximately 30 birds, which appeared to be

resident in the Lee Point area.

During the four months of observing nest and feeding sites, pairs, trios or small

groups of Cockatoos were constantly seen leaving or returning to the roost from

directions differing from those taken by the majority of birds. The same applied for

the feeding sites where birds were seen flying in from different directions.

In summary:

1. The birds leave their roost just after sunrise and return at sunset

2. Before returning to the roost the birds use a shallow water source to drink

3. Nesting, feeding and roosting sites are close to each other
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4. C. b. macrorhynchus uses the most recent burnt sites for foraging up to four

weeks after burning.

5. If no recent burnt feeding sites are available, birds of a flock spread over the

area to utilise previous burnt sites.

6. Towards the end of the breeding season, large flocks of C. b. macrorhynchus

leave the Darwin region.

3.5 Discussion

3.5.1 Vegetation pattern at feeding sites

This study shows that the Red-tailed Black Cockatoo, C. b. macrorhynchus uses the

widespread Melaleuca viridiflora I Eucalyptus low open - woodlands, Eucalyptus

tetrodonta IE. miniata I E. bleeseri woodlands, E. papuana I E. polycarpa

woodlands and the mixed species coastal shrublands for foraging in the Top End

of Australia. These vegetation types are associated with the E. tetrodonta / E.

miniata open forests (Wilson et al. 1990) where nesting of C. b. macrorhynchus

also occurs. The E. papuana / E. polycarpa woodlands were also used for nesting.

These observations are consistent with observations previously made in the Top End

and southern Australia where Red-tailed Black Cockatoos were observed feeding in

scrublands, coastal valleys and open forests and woodlands (Attiwilll960; Storr 1967;

Forshaw 1969; Joseph 1982; Blakers et al. 1984; Garnett & Crowley 1997).

Feeding sites were found within different vegetation types, but to some extent the

sites were similar in species composition. This is not surprising as they are closely

associated and Melaleuca viridiflora / Eucalyptus low open - woodlands are a minor

component of Eucalyptus tetrodonta / E. miniata / E. bleeseri and E. papuana /

E. polycarpa woodlands. However, the ordination of the feeding and nesting sites

indicates that the bird prefer to feed in more open vegetation compared to denser



hdl:1780.01/6333

79

eucalypt open forests more often used for nesting. The woodland's denser grass layer

offering abundant grass seeds and the possibility of earlier detection of predators in

more open country may be the reasons for C. b. macrorhynchus foraging in relatively

more open savanna woodlands. Observations of birds regularly feeding in open grass

areas adjacent to open woodland in the Leanyer swamp area, Lee Point area and at

Gunn Point support this idea. Moreover, birds stayed extremely alert while feeding

and the slightest disturbance caused them to take flight (pers. obs.).

3.5.2 Feeding behaviour

The species-rich Eucalyptus woodlands are important seed sources (Taylor &

Dunlop 1985). In the Top End of Australia Sorghum intrans is one of the major

constituents of the lower strata of grasslands, woodland and forests (Story 1969;

Cole 1986; Lazarides et al. 1991). In the wet season, Sorghum grasses grow in

dense almost monospecific populations to a height exceeding 3 m (Lazarides et

al. 1991). On all the feeding sites Sorghum intrans or Mnesethia rottboellioides

were the dominant grasses. In the Top End Mnesethia rottboellioides is widespread,

although only locally common (Wheeler et al. 1992). This grass occurs in woodlands

such as Eucalyptus tetrodonta / E. miniata / E. ferruginea, E. tetrodonta / E.

tectifica, E. papuana / E. polycarpa, E. oligantha, Lysiphyllum cunninghamii / E.

pruinosa woodlands and Livistona humilis tall open - shrublands (Wilson et al.

1990). In these vegetation types its frequency varies from 16 % to 60 %. It

has its highest abundance in the E. papuana / E. polycarpa, E. oligantha and

Lysiphyllum cunninghamii / E. pruinosa woodlands. On sites where both Mnesethia

rottboellioides and Sorghum intrans are present, Sorghum intrans is the dominant

grass (Wilson et al. 1990).
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However, the vegetation on all feeding sites was burnt and this study showed that C.

b. banksii is attracted to burnt patches and prefers foraging on the ground. In these

areas the proportion of bare ground is highest, and grass shortest. This demonstrated

the importance of fire in creating such open feeding areas for the birds in the

Top End. These results concur with previous suggestions that birds including the

Partridge Pigeon, Geophaps smithii, the Yellow-tailed Black - Cockatoo and the Red-

tailed Black Cockatoo are attracted to burnt, open areas (Forshaw l969; Crawford

1979; Beeton 1985; Braithwaite & Estbergs 1987, 1988).

In the Top End, up to more than 500 Red-tailed Black Cockatoos have been

reported descending upon recently burnt areas to feed on grass seeds (Thomas 1947;

Crawford 1972; Braithwaite & Estbergs 1987; Woinarski 1990). Better visibility,

accessibility and an increased availability of seeds fallen to the ground due to fire

explain the preference of granivorous birds, such as C. b. macrorhynchus for burnt

open areas (Ahlgren 1966; Gravatt 1974; Gill 1975; Braithwaite & Estbergs 1987;

Braithwaite & Estbergs 1988). Moreover, a flock exceeding 1000 birds was observed

foraging on open harvested rice fields in the Adelaide River region (Crawford

1972; pers. obs.). Galahs Cacatua roseicapilla, Major Mitchell's Cockatoos and Little

Corellas showed the same preference in Western Australia (Rowley 1990). I observed

C. b. macrorhynchus feeding on Sorghum intrans seeds on an open recently clear-

felled forest patch and on Sorghum intrans seeds in an area where the grass had been

knocked down by a car. These observations further show the importance of visibility

and accessibility for the cockatoos and are again consistent with the preference for

feeding in open woodlands.

Red-tailed Black Cockatoos have previously been reported to feed on seeds on the

ground but seed species were not identified (Braithwaite & Estbergs 1987). The
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limited feeding observations and crop samples examined in this study indicate that

grass seeds such as Sorghum intrans and Mnesethia rottboellioides comprise a major

part of the diet of Red-tailed Black Cockatoo in the dry season in the Top End.

Together these seeds can comprise more than 90 % of the bird's diet. This might

explains why the majority of birds were observed feeding on the ground in burnt

areas, as abundance of accessible seed immediately after fire is highest, as this study

has demonstrated. C. b. macrorhynchus locates seeds directly by sight or unearths

grain by shallow digging and scraping with its bill (pers. obs.; Gilbey (1994); Neville

& Cayley (1973)). In the Wheatbelt of Western Australia the Galah shows the same

foraging behaviour (Rowley 1990).

Fire is a frequent occurrence in the Northern Territory as two thirds of the Top

End's vegetation is burned annually (Graetz et al. 1992). These fires provide the

Cockatoos with an abundant and accessible food source and might be implicated in

the differences in the diet between C. b. macrorhynchus and the southern subspecies

that were observed to mainly feed in the canopies on seeds of woody species

(Attiwill 1960; Garnett 1997; Baker-Gabb 1998; Johnstone & Kirkby 1999).

The ordination of the feeding sites showed that C. b. macrorhynchus forages in a

variety of low - open woodlands and coastal areas. This together with grasses being

the bird's major dietary component shows that the important feature of a feeding site

is the presence of Sorghum intrans, Mnesethia rottboellioid.es and Species A grasses

rather than a particular woody species mix.

While grass seeds are a major dietary component, C. b. macrorhynchus feeds on

a variety of other seeds provided by trees in the wet and dry tropics. The unripe

seeds of E. polycarpa, E. miniata and E. tetrodonta constitute a further important

component of the diet. Previous observations by Forshaw & Cooper (1981), Neville
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& Cayley (1973), Setterfield & Williams (1996) and Vardon et al (1997) in the Top

End suggest the same. The birds remove the top of the woody capsules of eucalypts

with their bill and extract the seeds prior to maturity (Joseph 1986; Setterfield &

Williams 1996; pers. obs.). In the Darwin region, the intensity of seed consumption

varies between years due to high variations in tree fecundity, but the consumption

can be as high as 100 % on individual trees (Setterfield & Williams 1996). Seeds

of many species are taken opportunistically when available. In this study C. banksii

was observed feeding on a range of species. Further observations of the birds feeding

on the seeds of Grevillea spp, Terminalia spp, Brachychiton diversifolius, Pandanus

spp, Banksia dentata, Acacia spp., on Casuarinas and the blossoms of Grevillea spp

were made in the Top End (Forshaw 1969; Forshaw & Cooper 1981). On all sites

where birds were observed feeding they always fed on the ground as well as in

woody vegetation. The bird's feeding behaviour indicates that they do not require a

particular species mix at the feeding site and therefore are generalists as previously

suggested by Rowley et al. (1989) and Franklin (1998), although they do prefer

recently burnt sites during the breeding season.

However, this study suggests that either seeds of woody species become depleted at

the end of the breeding season or birds merely prefer grass seeds, as the number

of ground foraging birds increased while the number of birds feeding in woody

vegetation decreased. Again this stresses the importance of grass species for C. b.

macrorhynchus as a lasting food source to the end of the nesting season.

Flock members of C. b. macrorhynchus feed from approximately 7.30 am till 5.30

pm. After that they leave the feeding site to drink. Foraging mainly takes place in

the early morning and late afternoon. When the birds arrive at their feeding site

they bask for a short time in the tree canopies before the majority begin to forage
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on the ground. By midday when temperatures are highest most birds return to the

canopy and remain perched before foraging continues in the late afternoon. When

not feeding, the birds are involved in other activities such as male display, preening

and feeding of juvenile and female birds by males. C. b. naso in south-western

Australia (Johnstone & Kirkby 1999) and the Galah in Western Australia (Noske

1980; Rowley 1990) show the same behavioural pattern, spending much of the day

perched, interacting and digesting food (Rowley 1990).

This study demonstrates an overall decline in seed availability over time after fire in

the breeding season in the Top End, although results were not significant. However,

after a fire occurs seeds are highly abundant with an average of 100 seeds per m2

in the area but decline to an average of 35 seeds per m2 within four weeks. C. b.

macrorhynchus utilise those sites when seeds are most abundant. Feeding sites are

visited by flocks of C. b. macrorhynchus on a daily basis immediately after a fire

occurs. Large numbers of birds forage in the same area for up to four weeks until

available seed numbers decrease. As shown, bird numbers then decline on those sites

and the Cockatoos then search for areas where seeds are more abundant. I observed

this behaviour on several occasions. For instance, birds left a feeding site in the

Leanyer swamp area two weeks after burning to move to a site at Lee Point where

the fire had only just ceased. After feeding for four weeks at that site the birds were

observed to move to Holmes Jungle, an area that was burnt the night prior to bird

arrival. Braithwaite & Estbergs (1988) also observed C. b. macrorhynchus utilising

feeding sites one to four weeks after a site was burnt. The same was shown for

the Red-tailed Black Cockatoo in southern Australia and the Glossy Black Cockatoo

Calyptorhynchus lathami on Kangaroo Island where reliable food sources are used

on a regular basis until food supplies are exhausted (Garnett et al. 1997; Garnett
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1998; Johnstone & Kirkby 1999). Birds are obviously seeking out resource - rich

patches for feeding but the cues they use to locate them are presently unknown.

3.5.3 Movements

The daily behaviour of individual breeding birds has not been studied. However,

throughout the breeding season the daily behaviour pattern of flocks of C. b.

macrorhynchus does not change. Just after sunrise the birds leave their roosting

area in pairs, trios or small groups to forage. This was previously observed for

Red-tailed Black Cockatoos by Thomas (1947) and Johnstone & Kirkby (1999).

The same applies for the Yellow-tailed Black Cockatoo in South Australia (Neville

& Cayley 1973). From the roost, C. b. macrorhynchus seems to fly to the

nearest recently burned area where food is abundant. Although observations were

incidental, distances travelled to feeding sites seemed to be as short as possible

and only increased when food availability decreased in the vicinity of roosting

area. The longest distance the birds were observed to travell in order to feed was

approximately 10 km, and nesting sites were always in the roost site vicinity (pers.

obs.). In Western Australia the species travels to forests 1 to 4 km from the roost

for feeding (Johnstone 1983) and the Galah seldom travels further than 20 km from

the nest site in order to feed (Rowley 1983).

This study demonstrated that in one area after feeding sites have been utilised for

approximately one to four weeks and no newly burnt sites are available, no large

foraging flocks were observed. However, smaller flocks of C. b. macrorhynchus

were observed scattered within the Lee Point and Leanyer swamp area foraging at

previously used sites. Just after the area was burnt in May, approximately 200 birds

were observed foraging in the area until another area was burnt in June. However

groups of three to thirty birds opportunistically returned to feed at Leanyer swamp
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between mid July and September when fires were scarce in the area. The same

applied for the feeding site at Buffalo Creek Rd. Immediately after burning, a flock

of approximately 100 birds foraged on the site. From then on, groups of three to

twenty birds returned to the site on an inregular basis.

Based on observations from this study, it seems that the birds may use the same area

for different purposes such as nesting, feeding and roosting. This occurred at Lee

Point, Howard Springs, Humpty Doo and Mt. Ringwood Station. The birds further

tend to roost in woodland and forest vegetation adjacent to roads or open areas as

previously observed for C. b. naso (Johnstone & Kirkby 1999).

Every day before sunset flocks or small groups of C. b. macrorhynchus leave the

feeding site in order to drink. Water sources usually are small water puddles or

shallow - edged dams in open areas where the birds are permanently safe from

predators such as feral cats and are never far from nesting and roosting sites. On

several occasions I observed the cockatoos to land on trees or nearby shrubs to

inspect the area prior to drinking. While cautiously approaching the water, at least

one bird always remained above ground giving warning signals when disturbed. This

was observed on all 15 occasions when birds were watched drinking. Whenever

drinking or feeding, the birds remain extremely wary. C. b. naso also uses creeks,

puddles, dams and troughs but prefers drinking out of tree hollows as they are

uncomfortable on the ground (Johnstone & Kirkby 1999). After drinking, they return

to the nearby roosting site that was never further than 1 km from the drinking

site (pers. obs.). Red - and Yellow-tailed Black Cockatoos are generally very wary

while feeding and drinking (Attiwill 1960; Forshaw 1969; Saunders 1986; Rowley

et al. 1989).
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Migration and nomadic movement are assumed to be common among forest and

woodland birds in Australia (Recher et al. 1983). This also applies for the Red-

tailed Black Cockatoo in the Northern Territory, where birds follow the seeding of

their food plants (Storr 1967; Forshaw 1969). Bird numbers start to increase in the

Top End in the beginning of the breeding season. They are very abundant from

May to August before numbers decline again (Thomas 1947; Shilling 1948; Aumann

1991; Joseph et al. 1991).

Movement between flocks is a common occurrence and at the end of the breeding

season the birds aggregate in large flocks to migrate southwards (Shilling 1948; Storr

1977; Vardon et al. 1997). C. b. naso and C. b. samueli show the same behaviour,

in which flocks from different breeding areas amalgamate in large flocks to migrate

towards Perth (Saunders et al. 1985). Yellow-tailed Black Cockatoos also reputed to

aggregate in large flocks after the breeding season (Neville & Cayley 1973; Saunders

1980). Flocks of Galahs in Western Australia have been observed merging to feed

in the same area (Rowley 1990). Crawford (1972) suggested that seasonal migration

from the Darwin area is a result of improved conditions in the interior. However, at

the end of the breeding season, food still seemed sufficient in the Darwin area to

support small sedentary populations. However, vegetation growing at ground level at

the beginning of the wet season might make food less accessible causing most birds

to leave. This was previously suggested as a reason for bird migration in tropical

Africa, as tall grasses interfere with ground foraging of some species (Elgood et al.

1966, 1973; Morel & Bourliere 1962).
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Chapter 4

GENERAL DISCUSSION AND MANAGEMENT

4.1 Vegetation clearing

Compared to the impact of Aborigines on the Australian vegetation that occurred

over thousands of years, Europeans have brought massive changes over a short

period of time (Saunders et al. 1985). The first Fleet arrived on the continent in 1788

and European settlement expanded rapidly. Farming, forestry, mining and agricultural

practices have affected many of Australia's forests and woodlands and by the 1980's

almost half of the continent's forests had been cleared (Recher 1985). In many parts

of Australia plains and exotic vegetation now dominate the land that once was

covered in forests and woodland (Saunders et al. 1985).

Habitat destruction is the main reason for declines in parrot species worldwide

(Collar & Juniper 1991). In the 1970's, vast areas of woodland were cleared in

southern Australia and trees not allowed to grow back to form hollows large enough

for Cockatoos to enter. In the past, this requirement was not treated seriously. For

example, although the forest department of Western Australia was aware of the

reduction in nesting hollows and consequently in Cockatoo numbers, it was claimed

that the species would remain abundant (Anon 1973). However, if trees are not

permitted to grow to a minimum size to form large hollows there will be no suitable

nesting trees left for parrots and Cockatoos in the future (Mawson & Long 1994) and

the survival of C. banksii will depend on uncleared areas. Additionally, tree density

in southern Australia is declining rapidly due to damage by stock, exposure to water

stress, herbicides, insect attack in rural areas and tree felling for road improvement

(Mawson & Long 1994).
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Currently, the nesting and foraging habitats of C. b. naso, C. b. samueli (Saunders

1982; Saunders et al. 1985) and C. b. graptogyne (Garnett 1997; Garnett & Crawley

1997; Baker-Gabb 1998) are threatened. The population of C. b. graptogyne is

critically endangered and still declining with a population size of less than 1000

individuals and a low annual recruitment rate (Garnett 1997; Garnett & Crawley

1997; Baker-Gabb 1998). Between 1993 and 1996 the number of known nests of C.

b. graptogyne decreased by 8 % (Robinson & Traill 1996). The shortage of nests

and changes in the landscape result in competition with other cockatoos, parrots, the

common brushtail possum Trichosurus vulpecula and feral bees for nesting hollows

and food (Saunders & Ingram 1987; Joseph et al. 1991; Garnett 1997).

Agricultural practices also affect the breeding success of C. b. naso and C. b.

samueli (Saunders et al. 1985; Smith & Saunders 1986; Saunders 1990). The

spraying of agricultural crops with herbicides and insecticides was assumed to be

the reason for egg infertility, inadequate incubation and high embryo mortality of C.

b. naso (Smith & Saunders 1986). Moreover, it has been shown in south - western

Australia that the lack of quality food is affecting the birds (Saunders et al. 1985).

Extensive foraging on agricultural weeds such as Emex australis resulted in reduced

nestling growth and successful breeding attempts of only 1/3 of C. b. samueli

(Saunders 1990; Saunders et al. 1985) with 35 % of the nesting attempts failing

at egg stage (Saunders 1990). Although C. b. samueli expanded its range due to a

plentiful supply of food suitable for adults (Saunders et al. 1985; Baker-Gabb 1998),

the diet had been shown to be unsuitable for hatchlings leading to slow hatchling

growth (Saunders et al. 1985; Saunders 1990). Other Cockatoo species such as

the Pink Cockatoo Cacatua leadbeateri in the Wheatbelt of Western Australia also

declined in population size due to a lack of quality food (Rowley & Chapman 1991).
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Given this history it is clearly important that management regimes in those places

where large parrots remain abundant need to be carefully considered.

4.2 Vegetation clearing in the Northern Territory

The forests and woodlands of the Northern Territory are relatively intact ecologically

(Woinarski & Braithwaite 1990) as the sparse human population and low levels

of industrial and agricultural development minimise the extent of land modification

(Whitehead et al. 1992). Between 1984 and 1994 only 40.8 km2 of native vegetation

was cleared for production in the Top End (Ahmad 1995). The timber production

rate is also low. Trees are most often damaged by termites and fire and thus are

mostly unsuitable for the timber industry (Lacey 1979). Forest vegetation is often

dense which makes harvesting difficult, the volume of commercially harvestable

wood is low, the wet season makes logging impossible and haulage costs are high

due to the dissected northern coastline (Lacey 1979).

Until recently, land utilisation in the Top End has not imposed a threat to the

nesting, foraging and roosting habitat of C. b. macrorhynchus. However, suitable

bird habitat is being slowly lost as the rate of native vegetation clearing accelerates

due to an increase in agricultural, horticultural, aquacultural, industrial, urban and

rural development (Cribb 1994). For instance 1400 km2 of eucalypt woodland has

been recently cleared for agricultural production in the Katherine-Daly region (Cribb

1994).

Currently the Iitchfield Shire, an area of approximately 308,500 ha and the area in

which my study was primarily focused, includes large areas of suitable Cockatoo

nesting and foraging habitat. However, the human population is currently increasing

at 4.9 % per annum with a total population of 24,400 expected by the year 2015
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(Bureau of Statistics 1995). To meet the demand for rural residential property and

associated development, large areas of land will be developed (DLPE 1990).

Here I examine the extent of native vegetation clearing planned for the Shire and

assess the implications for Cockatoo feeding and nesting habitat. I will do this by:

1. Determine the total area of suitable nesting and feeding habitat for C. b.

macrorhynchus in the Litchfield shire.

2. Determine the total area proposed for development in the Litchfield Shire

3. Determine the remaining area of suitable nesting and feeding habitat after

vegetation clearing has occurred.

4. Show the possible income created through land development.

5. Discuss the effects of the proposed development on the future survival of C. b.

macrorhynchus in the Litchfield Shire.

4.3 Methods

The digital version of the Litchfield Shire landunit map (DLPE 1999) (1: 550,000)

was used to determine the total area of suitable nesting and feeding habitat for C. b.

macrorhynchus, as defined in chapter 3, within the Litchfield Shire. Nesting habitats

included were Eucalyptus miniata / E. tetrodonta open forests and E. papuana /

E. polycarpa woodlands. Foraging habitat included were E. tetrodonta / E. miniata

woodlands, E. papuana / E. polycarpa woodlands and Melaleuca viridiflora /

Eucalyptus low open woodlands. The total feeding and nesting areas were calculated

using the Arc View program version 3.1.

To determine areas proposed for industrial, aquacultural, horticultural and agricultural

development, grazing, rural living, community uses and as district centres, the digital

version of the Land Use Structure Plan Map (DLPE 1990) (1: 550,000) was used.
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To determine the total area proposed for development that contained suitable nesting

and feeding habitat for C. b. macrorhynchus, the Litchfield Shire landunit map and

the Land Use Structure Plan Map were intersected. Overlapping areas of suitable

nesting and feeding habitat and areas proposed for development were then calculated

using the Arc View program.

The total remaining area of suitable nesting and feeding habitat for C. b.

macrorhynchus after vegetation clearing for development occurred was then

calculated by subtracting total areas proposed for development from total areas

of suitable nesting and feeding habitat. The intensity of clearing for industrial,

horticultural, aquacultural, agricultural, future urban development and for district

centres was assumed to be 100 % of the area identified as subject to development.

Land proposed for grazing was assumed to be developed for intensive grazing, thus

I assumed a 100 % clearing rate for these areas. A rate of 50 % clearing was

assumed for the total area designated for rural living development and community

uses (in accordance with Shire by laws prohibited clearing of more than 50 % of

large residential blocks).

To give some indication for the possible income created for landholders through

agricultural and horticultural land development and cattle production in the Top End,

the Crop Gross Margin Budgets for the Katherine - Daily Region (DPIF 2000) and

the Australian agricultural and grazing industries survey (ABARE 2000) was used.

4.4 Results

Currently, an area of 35,829 ha of suitable nesting, and an area of 272,527 ha

suitable foraging habitat for C. b. macrorhynchus exists in the Litchfield Shire (Fig.

22). Within suitable nesting vegetation a total area of 11939 ha and within suitable

foraging habitat a total area of 88,454 ha, is set aside for development (Fig. 23).
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Precise areas proposed for industrial, horticultural, aquacultural, agricultural, rural

living and future urban development, for community use, grazing and district centres

are shown in Table 7.

Fig. 22: Current feeding and nesting habitat of C. b. macrorhynchus in the Litchfield Shire.
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Fig. 23: Proposed Land Use Structure & Development Opportunities Plan (DPIF 1990) for the Litchfield Shire.

Table 7: Areas (ha) proposed for development within suitable nesting and foraging

habitat of C. b. macrorhynchus in the Litchfield Shire.

Landuse Area proposed for development

within suitable nesting habitat

(ha)

Area proposed for development

within suitable foraging habitat

(ha)

Industry 667 3324

Horticulture 1620 8699

Aquaculture 12 3596

Rural living 5679 48093

Future urban 199 3551

Community use 279 3234

District centre 44 941

Agriculture and grazing 3459 17026
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Assuming these areas will be developed, a total area of 26,848 ha (75 % of

originally present) of suitable nesting, and a total area of 209,726 ha (77 % of

the originally present) suitable foraging habitat will remain for C. b. macrorhynchus

within the Litchfield Shire in the future (Figs. 24, 25).

Fig. 24: Remaining nesting habitat for C. b. macrorhynchus within the Litchfield Shire after vegetation clearing has

occurred.
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Fig. 25: Remaining feeding habitat for C. b. macrorhynchus within the Litchfield Shire after vegetation clearing has

occurred.

Gross margin incomes per hectare/year for various land uses for the Top End are

shown in table 8.

Table 8: Gross margin incomes $/ha/yr for various landuses in the Top End. Income

created through cattle production is given as an average of all farms.

Landuse Year Gross Margins $/ha/yr Average farm

cash income $

Agriculture    

Legume pasture seeds    

Seca 1996 694  
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Landuse Year Gross Margins $/ha/yr Average farm

cash income $

Verano 1996 1325  

Grass seeds    

Rice 2000 409  

Sorghum 2000 170  

Sabi 1996 1303  

Gamba 1996 1121  

    

Horticulture    

Mangoes 1997 14038  

Rockmelons 1997 18000  

    

Cattle production 1998/99  10000

    

    

4.5 Discussion

Currently, large areas within the Litchfield Shire represent suitable nesting and

foraging habitat for C. b. macrorhynchus. However, based on the Litchfield Land

Use Structure Plan (1990), approximately 71,782 ha of this vegetation will be cleared

for future urban property and associated developments. As a result of such extensive

clearing, available nesting and foraging habitat will be reduced by 25 % and 23 %

respectively. However, the proposed Litchfield Land Use Structure and Development

Opportunities Plan (DLPE 1990) is currently under revision and major changes

regarding vegetation clearing may apply (David Howe, pers. comm).

During this study, an average of 100 birds were observed using the Lee Point area

and adjacent areas for nesting and foraging. The total size of the used area was

calculated to be 1575 ha. These observations might be used as an indication of the
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minimum size of an area required to support a small population of birds during one

breeding season. However, large suitable feeding sites within the area were burnt

during the study period, providing sufficient food for the birds. This might not be

the case on an annual basis or might not be the case for other areas. Thus, areas

required for the birds might be much larger under varying conditions. However,

in the Litchfield Shire a remaining area of 26,848 ha of nesting habitat might be

sufficient to support a large number of nesting trees ensuring the future survival of

the birds in the area although reductions in regional populations are probable.

However, C. banksii is believed to have traditional nesting sites and thus depends

on the continuous existence of those habitats. Garnett (1997) sees the loss of

these nesting habitats on private land as the major threat for the birds as 50% of

the vegetation on private land within the Shire can currently be removed without

a permit (DLPE 1990). On horticultural land no restrictions regarding vegetation

clearing exist at all and only guidelines established by the Pastoral Land Act (1992)

govern clearing on pastoral land. The implications for biodiversity are not explicitly

considered under these guidelines ratified by the Pastoral Land Board. Permits can

be obtained for partial vegetation clearing on deep red massive soils suitable for

improved pasture. However, these are the soils where nesting habitat occurs (pers.

obs.). Moreover, possible incomes created through horticultural, agricultural practices

or cattle production as shown in table 8 rather encourages than reduces vegetation

clearing on private land.

Rural tree dieback, defined as the premature and rapid decline and death of

native trees in pastoral and agricultural environments, is accelerating tree loss in

agricultural landscapes (Old et al. 1981). The reasons for rural dieback are stress or

injury from high fertiliser or herbicide concentrations, redistribution of nutrition by
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grazing animals, mechanical damage by stock and increased exposure to wind, soil

compaction and erosion, soil salinity from irrigation or clearing (Boyd 1965; Day

1980; Kile 1981; Hobbs 1993; Midmore et al. 1996; Smith 1997). also, overgrazing

is responsible for reduced recruitment rates of young trees (Garnett 1997; Tonnesen

& Ebersole 1997).

During this study, the Humpty Doo nesting site was completely cleared for rural

development (pers. observation). The Lee Point nesting site that is located on private

land was also subject to clearing. It was only because the landowner's permit expired

that the area avoided being cleared (B. Panton pers. comm.). Moreover, in 1994 a

nesting area of 1 km2 Eucalyptus woodland containing approximately thirty C. b.

macrorhynchus nests was cleared for rice production at Tortilla Flats (P. McGrath

pers. comm.). Activity affecting Red-tailed Black Cockatoo nesting sites appeared to

be accelerating in the region.

Maintaining native habitat on privately owned or managed land is a significant

goal for the protection of Cockatoos in Australia (Saunders 1979; Joseph 1982;

Saunders 1986; Joseph et al. 1991; Rowley & Chapman 1991; Saunders 1994). For

the maintenance of important habitat features, common interests for landowners and

regulatory agencies need to be created (PWCNT 1997). To achieve this goal, the

Parks and Wildlife Commission of the Northern Territory developed a harvesting

program for the birds which aimed to discourage land clearing of Red-tailed Black

Cockatoo habitats.

4.6 The concept of sustainable wildlife harvest

The importance of fostering sustainable practice as an integral component of

economic development was recognised in the 1980's when strong emphasis was

placed on using economic incentives and mechanisms to reduce habitat degradation
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and sustain biodiversity (Jenkins 1995; Tisdell 1995). The aim of sustainable

development is to link sustainable land and resource use with wildlife conservation

(Goodland 1987; Shaffer & Saterson 1987). The concept is based on the acceptance

of wild animals as a renewable natural resource (Preuss & Rogers 1995). An

economic value is placed on that resource so that conservation efforts are supported

financially (Armstrong & Abbott 1995). Access to commercial wildlife use can

encourage landholders to maintain and manage wildlife habitat on private land

(IUCN/UNEP/WWF 1980; Moran 1992; Hale 1994; Bridgewater & Walton 1996;

Choquenot et al. 1998). This can leads to significant conservation gains for wildlife

species on land not included in national parks and reserves (Preuss & Rogers 1995).

For instance landholders will be compensated for grazing reduction or exclusion

of grazing in certain areas (Davis 1995). However, the landholder will only agree

to protect and manage habitat if an income is received in return. Therefore the

practice will not be effective if returns from commercial harvests are not sufficient

(Davis 1995).

Sustainable harvest should be practiced by using the resource without depleting it

(Robinson & Redford 1991; PWCNT 1994). This can only be achieved if harvesting

occurs at the same or a lower rate than that at which the population would otherwise

increase (Caughley 1977; Robinson & Redford 1992; Caughley & Sinclair 1994;

Caughley & Gunn 1996). Therefore it is necessary to understand the rate of change

in the abundance of the harvested population before setting any harvesting levels

(Beissinger & Bucher 1992; Choquenot et al. 1998). This should be achieved by

applying sound and scientifically - based monitoring mechanisms (Hale 1994).

Wildlife management by sustainable harvesting has already been successfully applied

in the Northern Territory with commercial crocodile ranching. Ranching is based
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on the collection of saltwater crocodile eggs from the wild and rearing hatchlings

rearing for slaughter for meat and leather (King 1995). The landowner benefits as he

or she receives a payment for each harvested egg. In return, he manages and protects

crocodile habitat to ensure the ongoing survival of the species (PWCNT 1994). Other

trial management programs for cycads, magpie geese and native timber conservation

are in development in the Top End (PWCNT 1994).

Here I will examine the feasibility of the proposed management program for C. b.

macrorhynchus. First, I will briefly look at the availability of relevant biological

background information on C. b. macrorhynchus required for the successful

management of the species. I will also examine in detail the costs and benefits

involved for landholders in managing suitable feeding and nesting habitat of C.

b. macrorhynchus. Finally, I will discuss nest densities required to make cockatoo

harvests feasible and compare the possible income from these harvests to incomes

obtained from alternative landuse practices.

4.7 The management of C. b. macrorhynchus in the Top End

4.7.1 Background of the management program

In 1997 the Parks and Wildlife Commission of the Northern Territory introduced

a sustainable management program for C. b. macrorhynchus. The main goal of the

program is to maintain a viable population of C. banksii and conserve the habitats

upon which their survival depends. To achieve this aim, retention and favourable

management of habitat on private lands is to be promoted by advancing the concept

with landowners that wildlife habitats and biodiversity are valuable economic assets

worth conserving. The program is based on eggs or nestlings being harvested on

an annual basis. The landholder will benefit from habitat protection by getting a
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proportion of the total harvest quota for eggs or hatchlings (total of 600 eggs or

nestlings are subject to harvest per annum).

Landowners are required to enter an agreement to protect and manage nesting,

feeding and roosting habitat of C. banksii if they wish to harvest eggs or

nestlings. In specific areas subject to protection, no clearing of native vegetation

or introduction of exotic species is allowed. Moreover, appropriate fire regimes

have to be adopted. Harvests are only allowed in designated areas based on all

available information. Landowners may obtain a permit to harvest their quota or

nominate other collectors. Charges will be levied for each harvesting permit issued

and royalties will be payable to the PWCNT for all eggs and nestlings harvested

(PWCNT 1997).

To put the program into practice a trial management zone has been established

including the Darwin Coastal, Daly Basin and Pine Creek biogeographic regions.

Harvesting is only permitted within this zone. Each year the impacts on the previous

harvest will be reviewed and trends in changes of abundance and the impact

on recruitment and survivorship of C. banksii will be assessed in consecutive

years (PWCNT 1997). For the marketing of birds, the Northern Territory aviculture

industry will be linked to the management program. Thus, aviculturists will be

responsible to raise and trade the harvested nestlings. Permits for raising and

exporting harvested Cockatoos from the Northern Territory will be granted (PWCNT

1997).

4.7.2 Critique of the C. b. macrorhynchus management program

The trial management program for C. b. macrorhynchus has provoked severe

criticism since its introduction in 1997 (Garnett 1997; Franklin 1999; Garnett 1999).

For the program to be successful it must satisfy a basic test, namely that any
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detriment to populations associated with harvest is small, or at least offset by better

protection of habitat than would occur in its absence. If this test is failed then the

program can produce no net conservation benefit. Initial and ongoing monitoring

to provide information on population responses to harvest is essential. To assess

whether the program can meet this test, the following factors need to be considered:

1. The balance between the costs and benefits of managing Cockatoo habitat.

2. Availability of sufficiently high nest densities for harvesting to be sustainable

economically and biologically.

3. High and stable market prices for C. b. macrorhynchus to maintain ongoing

interest in harvesting eggs or nestlings from wild populations.

4. Availability of large enough areas to manage and maintain viable populations of

C. b. macrorhynchus.

4.7.2.1 Biological background and harvesting quotas

Currently, the poor knowledge of C. banksii biology does not allow for confident

setting of harvesting quotas (Beissinger & Bucher 1992). This certainly also applies

for C. banksii in the Top End.

No survey to determine C. b. macrorhynchus abundance was conducted within the

management zone prior to the setting of harvesting quotas. The only information

made available by PWCNT on the abundance of C. b. macrorhynchus was obtained

through an aerial survey conducted in the Victoria River District in October 1996, at

the end of the breeding season, when birds of local populations amalgamate to large

flocks. Harvest effects will not be measurable through such broad - scale surveys and

thus an adaptive management approach seems unachievable.
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To properly assess the impacts and long term implications of the proposed harvest

regimes further research perhaps including well - designed monitoring programs is

required. However, it is unclear how research and ongoing monitoring programs

should be financed. Even if the Commission earned the $91,500 in royalties

achievable the program is implemented in full (harvest of 600 eggs or nestlings per

annum), this income may be insufficient to cover the costs for ongoing monitoring

and administration costs such as staff wages, staff negotiating agreements with

landholders or the writing of management programs (Garnett 1997). So far there has

been no agreements made under the program so all investments in the program have

been at a net cost to the public.

However, some impacts of harvests on populations might be acceptable if it

could be shown that the conservation benefits outweigh that detriment. This would

require some assessment of the area of nesting habitat brought under conservation

management under the terms of the plan. There are no data available on agreements

(if any) reached and it is therefore necessary to analyse the financial returns that

landholders might expect to gain by participation.

4.7.2.2 Cost and benefit of managing C. b. macrorhynchus

The management program is based on the premise that the loss of Cockatoo nesting

habitat will have a worse affect on C. b. macrorhynchus than the harvest of eggs

and nestlings. However, the program will only be feasible if for a given harvest the

income gained by a landholder exceeds the income foregone from alternative land

use (Choquenot et al. 1998). Thus long-term habitat protection and management only

works as long as the economic value of the resource remains high (Webb 1995;

Garnett 1997; Franklin 1999; Garnett 1999). For C. banksii this is currently the case

as prices are high on both the national and international markets (Garnett 1999).
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However, high prices also make breeding of birds in captivity attractive (Garnett

1999). An established captive population will consequently lower the market prices,

thus undermine the economic incentive to harvest from wild populations (Sheppard

1994; Garnett 1999; Franklin 1999). This has previously happened with the Gouldian

Finch (Franklin 1999) and Carnaby's Cockatoo, C. latirostris (Mawson 1997).

The prospect of decreasing prices is further supported as bird prices have decreased

by more than 50 % in America as imports are reduced and breeding programs are

established (Garnett 1997). Thus, there would only be a potential for a one time

trade of several Red-tailed Black Cockatoos to set up a breeding program (Garnett

1997). On the other hand, it is also argued that demands for birds are high and

as C. b. macrorhynchus requires a minimum age of six years before breeding, no

oversupply will occur and market prices will not drop (P. McGrath, pers. comm.).

However, assuming prices will decrease, the incentive for habitat conservation

disappeares as the landholders will no longer get a return from the birds (Garnett

1997). Thus collecting the species from the wild will become uneconomical, thus

making the management program ineffective. To assess the commercial feasibility of

Cockatoo harvesting in the long term, detailed market research is required. For the

purposes of this discussion, I assume that values of breeding pairs are at $6000.

4.7.2.2.1 Incomes from cockatoos

This study shows that densities of trees supporting large enough hollows for C. b.

macrorhynchus are as low as 0.5 to 1 tree per hectare. Of those trees an average of

5.8 % are suitable nesting trees representing only 0.03 % of the total trees (0.03 to

0.06 trees per hectare) in the area. Thus, even if all suitable hollows were occupied

in typical nesting habitat, then harvesters could take an average up to one egg or

hatchling from an area of about 16 hectares. Moreover, not all suitable hollows are
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used for nesting. Therefore, the landholder would need to manage large areas to

gain access to a small number of nesting trees. The density of thirty Cockatoo nests

in a 10 ha area at Mt. Ringwood Station seemed to be an exception and is the

highest nest density ever recorded (P. McGrath, pers. comm.). In table 8 I compared

the returns per hectare/year from other landuses. At the average nest densities my

studies indicate, to compete with other landuses an egg or nestling would need to

be worth $2420 for the least rewarding alternative land use and $288000 for the

most rewarding. In the Litchfield Shire area the land use most favoured is among

the most rewarding (horticulture).

Moreover, this study suggested that the protection of one nesting site might only be

relevant for one season as previously suggested by Garnett (1997). Birds appear to

respond to variation in local food availability by either failing to nest or shifting

nesting attempts to new sites. Over the two year study period the population size

of C. b. macrorhynchus varied substantially between sites. For instance, in the

breeding season of 1998 a flock of more than a thousand Cockatoos was observed

feeding on rice at Tortilla Hats (pers. obs.). However, in 1999 only small flocks

of approximately 20 birds visited the area as no rice was produced (B. Moon,

pers. comm). The same applied for the Howard Springs area. In 1998, a flock of

approximately 20 birds frequented the area and two active nests were found, while

in 1999 no birds were present at all (pers. obs.).

4.7.2.2.2 Costs of managing for cockatoos

To make maintenance of cockatoo habitat a sufficiently rewarding activity for

landholders, returns from birds also need to meet the costs of maintaining habitat,

as well as income foregone. The management of C. b. macrorhynchus would

require compromising conventional land use to a substantial extent. Nesting trees
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and breeding birds would need to be protected. As nesting C. b. macrorhynchus

were found to tolerate high levels of disturbance it might be suggested that activities

such as vegetation clearing and cattle grazing around nesting trees would be feasible.

However, grazing intensities may need to be reduced to avoid tree destruction

resulting from soil erosion or other damage by stock. To solely protect trees with

large enough hollows for Red-tailed Black Cockatoos is not sufficient, as termites,

fire and cyclones are responsible for the regular destruction of such trees. Thus

to ensure the continuous supply of hollows, trees of all size classes need to be

protected. This is also necessary to ensure that competition for large nesting hollows

does not increase. If the availability of trees containing smaller hollows is reduced,

animals that usually utilise those hollows may be forced to occupy larger hollows.

Thus the competition for such hollows may increase. As Red-tailed Black Cockatoos

are thought to be relatively poor competitors for nest sites (P. McGrath, pers. comm.)

the effect of increased competition for hollows on their breeding success might be

detrimental. Although not stated in the management program, landholders may also

need to eradicate feral animals such as cats to prevent egg and nestling predation.

Moreover, a permanent water source needs to be available. As C. b. macrorhynchus

remain extremely cautious while drinking, the landholder needs to keep the area

free of any disturbance.

Feeding and roosting habitat also need to be managed and protected. Observations

from the Lee Point area suggest that an approximate minimum area of 1575 ha

(including nesting, feeding and roosting habitat) was used by a population of

approximately 100 birds between April and September. The important features of the

feeding habitat are grasses such as Sorghum intrans and Mnesethia rottboelloides.

To protect these areas, native vegetation clearing or pasture improvement would

need to be excluded. Cattle grazing intensity would need to be reduced to ensure
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the ongoing presence of the grasses as cattle grazing has been shown to cause

significant declines in abundance of individual species (Fleischner 1994). C. banksii

prefers foraging in the vicinity of the nesting site (pers. obs.). Thus special attention

regarding management should be given to those foraging sites. As C. banksii was

observed feeding on woody vegetation to some extent, this vegetation would also

need to be protected on the feeding sites.

Moreover, an appropriate fire regime should be adopted for foraging sites. As this

study shows the birds require open areas for feeding. These sites are used for

approximately four weeks after a fire occurs. Therefore, patchy burning should be

practiced on a monthly basis during the breeding season. This should ensure the

continuous supply and accessibility of high densities of food as seed availability

decreases in utilised areas over time. However, the use of fire and maintenance of

conditions under which fire use is practicable would conflict with many land uses

(eg horticulture) and thus would make appropriate Cockatoo habitat management

very difficult except on large area set - asides. Moreover, foraging areas need to be

kept free of environmental weed invasion such as Gamba grass to ensure the ongoing

presence of Sorghum intrans and Mnesethia rottboellioid.es grasses, which might be

extremely time consuming and costly.

A further problem is that nesting, foraging and roosting habitat might not occur

on the same property. Therefore a property might retain Cockatoos only if there

is a foraging and roosting area maintained nearby. This restricts the applicability

of the management plan to larger properties or areas where reserves are retained

among smaller holdings. Thus, any action from landholders would most likely need

to be complemented by action from land administration, conservation authorities and

neighboring private landholders. An incentive based system is unlikely to be viable
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unless strongly supported by such complementary actions. Thus for the landholder

to ensure that he maintained conditions suitable for Red-tailed Black Cockatoos may

require 6that he or she become a de facto forest or wildlife manager. This may

be a desirable outcome, but it seems unlikely that the associated income will be

congruent with the effort.

4.7.2.2.3 Landholder income

For a landholder entering a management agreement, the question remains whether

Cockatoo harvests would be profitable compared to conventional land use practices

such as cattle grazing or horticulture. This would depend on the market prices for C.

b. macrorhynchus, whether the landholder harvests the eggs and rears the nestlings

himself, the time involved in habitat and bird management, the amount paid in

royalties for the birds and the harvest quota for a particular area.

Currently a breeding pair of C. banksii sells for approximately $6000 in Australia. A

landholder not raising and trading the birds himself would only receive a proportion

of the market price for each egg or nestling. Payments are not fixed but will be

negotiated between the landholder and the egg collector and might range from $100

to $500 per egg or nestling (S. Stirrat, pers. comm.). A landholder deciding to rear

and trade the birds himself would make the maximum total income stated above.

However, the landholder would be required to dedicate a lot of time to raising the

nestlings that he would usually spend on conventional land use practices. During the

first week, a nestling requires full time care as it needs to be fed on a two hourly

basis. After the initial week, nursing time required slowly decreases (P. McGrath,

pers. comm).

Thus, for a landholder to make a profit exceeding the costs and time involved for

habitat management and raising the birds, a substantial number of eggs or nestlings
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would need to be harvested. However, in most cases this seems difficult, as nest

densities are low. Only in cases such as at Mt Ringwood Station, where 30 nests

were found within a 10 ha area, might harvesting be economically feasible as a

supplementary income source. However, other records of such high nest densities do

not exist, suggesting that the Mt. Ringwood Station case might be an exception.

Although not stated in the management program, an important target of harvested

Cockatoos is the international pet market (S. Stirrat, pers. comm.), where their price

is assumed to be up to four times as much as in the national pet trade (Vardon

et al. 1997). Currently, a total export ban exists for the international market as the

Convention on International Trade in Endangered Species of Wild Fauna and Flora,

the US Wild Bird Conservation Act and New European legislation on wild bird

trade require a Federally - endorsed management plan for species, like the Red-tailed

Black Cockatoo (Garnett 1997). Moreover, the International Air Traffic Authority

forbids transport of birds without an approved management program (Garnett 1997).

The Federal Government is unlikely to lift the export ban in the near future (Senate

Rural and Regional Affairs and Transport References Committee 1998). As long as

this is the case, the aviary industry is not interested in harvesting more cockatoos

from the wild as the national market does not guarantee a high enough income

(P. McGrath, pers. comm.). This situation will not encourage landholders to enter

management agreements.

Moreover, the management program and local sales of Cockatoos will not reduce

incentives for illegal harvests. As long as legal international trade is banned, illegal

trading will continue, as overseas prices paid for the birds are high. Garnett (1999)

suggested that although illegal trapping might not directly represent a threat to the

existing population of Cockatoos, they might present an indirect threat to the birds
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as nesting habitat gets destroyed. Only recently a hurried illegal raid for the overseas

market resulted in the destruction of many nest sites of C. banksii in Western

Australia (Garnett 1999). However, assuming the export ban was lifted, market

prices might decrease as suggested by Sheppard (1994), Garnett (1999) and Franklin

(1999) and the economic value of habitat reduced as work involved in managing

nesting, feeding and roosting habitat may exceed the economic returns from the birds

(Shephard 1994; Garnett 1999).

4.7.2.4 Horticulture and Cockatoo harvesting

Pastoralism and Red-tailed Black Cockatoo habitat management may be capable of

being managed compatibly but other land uses such as horticulture presents greater

incompatibilities. Horticulture requires native vegetation clearing on a large scale.

Although known nesting trees could remain between horticulture plants, a reduction

in available foraging habitat would be inevitable. Regarding the average farm size,

profits made from horticulture will greatly exceed the profits made from the birds

and hence provide little incentive to leave natural foraging sites unexploited. For

example, rockmelon production is valued at approximately $18,000 per ha per year

with an average farm size of 10 ha in the NT (McColc 1990). Moreover, cockatoos

are pests of many crops and farmers are therefore unlikely to favour mixed farming

enterprises.

4.8 Conclusion

Considering the current rate of vegetation clearing in the Top End. it is likely that

large areas of suitable nesting and foraging habitat of C. b. macrorhynchus will

disappear. Although at this stage the birds arc still abundant in the Darwin region.

nesting habitat loss, especially on private owned land, is accelerating and might

threaten their existence in the future.
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The management program for C. b. macrorhynchus aims to prevent a population

decline by protecting nesting habitat on privately owned land. However, the program

seems to fail in its purpose as it was developed without detailed biological

background information on C. b. macrorhynchus. As suggested by this study, nesting

in the Darwin area mostly occurs at relatively low densities and nest sites might not

be used on an annual basis. This presents two significant problems. First, it is all

but impossible to currently estimate the impacts of harvests. Second, the hoped -

for incentives for landholders to protect nesting habitat may not be realised because

nest densities are too low, returns may vary from year to year and an international

export ban exists.

Income from royalties paid may not suffice to cover further research and monitoring

costs to fill the knowledge gaps on harvesting effects, bird abundance and trade

market development, and prevent any adverse harvest effects. Apart from possible

effects harvesting will have on the birds, it appears to be economically unfeasible for

a landholder in the Darwin area to enter a management agreement considering the

low density of Cockatoo nests, the effort and time involved in managing the birds

and its habitats, and the uncertainty of a regular and stable income. Even with a

high nest density, harvesting enough eggs or nestlings to gain returns exceeding the

income obtained from conventional land use might not be economically sustainable

in the long term. Moreover, the program is restricted in applicability to larger

properties or smaller sites with complimentary land - use on adjoining properties,

as small ones might not contain enough feeding habitat, and on the land use

practiced on the property as in many cases Cockatoo management will conflict with

conventional land use practices.



hdl:1780.01/6333

112

To sum up, at least in the Darwin management zone, the management program

seems unlikely to succeed in its major goal to provide economic incentives for

landholders to protect Cockatoo habitat. In some cases it might be feasible to

practice Cockatoo management as an additional income source for landholders.

Considering the accelerating rate of development, alternative management and

protection methods are needed to prevent the future decline in Cockatoo abundance

in the Top End. including:

1. Careful protection of remnant vegetation

2. Planning of set aside (reserves) and limiting land clearing to more productive soils

so that significant parts of woodland and forest remain.

3. Further studies to determine the minimum areas needed to maintain viable

populations.
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Appendix 1. Appendix 1: List of plant species found at the nest and random

sites.

Stratum Life form Family Species

Upper Tree Caesalpinniaceae Erythrophleum

chlorostachys (F.

Muell.) Baillon

Upper Tree Myrtaceae Eucalyptus alba

Reinw. ex Blume

Upper Tree Myrtaceae Eucalyptus bleeseri

Blakely (F. Muell.)

Baillon

Upper Tree Myrtaceae Eucalyptus

foelscheana F. Muell.

Upper Tree Myrtaceae Eucalyptus

grandifolia R. Br. ex

Benth.

Upper Tree Myrtaceae Eucalyptus miniata

Cunn. ex Schauer

Upper Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Upper Tree Myrtaceae Eucalyptus porrecta

S.T. Blake

Upper Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Mid Tree Anacardiaceae Buchanania obovata

Engl.
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Stratum Life form Family Species

Mid Palm Arecaceae Livistona humilis R.

Br.

Mid Shrub/tree Bixaceae Cochlospermum

fraseri Planchon

Mid Tree Caesalpinniaceae Erythrophleum

chlorostachys (F.

Muell.) Baillon

Mid Tree Combretaceae Terminalia

erythrocarpa F.

Muell.

Mid Tree Combretaceae Terminalia

ferdinandiana Exell

Mid Tree Combretaceae Terminalia

grandiflora Benth

Mid Tree Combretaceae Terminalia

platyphylla F. Muell.

Mid Shrub/tree Combretaceae Terminalia

pterocarya F. Muell.

Mid Tree Combretaceae Terminalia

sericocarpa F. Muell.

Mid Palm-like Cycadaceae Cycas armstrongii

Miq.

Mid Tree Lecythidaceae Planchonia careya (F.

Muell.) Knuth

Mid Tree Mimosaceae Acacia auriculiformis

Cunn. ex Benth.
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Stratum Life form Family Species

Mid Shrub/tree Mimosaceae Acacia difficilis

Maiden

Mid Shrub/tree Mimosaceae Acacia holosericea

Cunn. ex G. Don

Mid Tree Mimosaceae Acacia latescens

Benth.

Mid Shrub Mimosaceae Acacia oncinocarpa

Benth

Mid Tree Moraceae Ficus opposita Miq.

Mid Shrub Myrtaceae Calytrix exstipulata

DC.

Mid Tree Myrtaceae Eucalyptus

foelscheana F. Muell.

Mid Tree Myrtaceae Eucalyptus

grandifolia R. Br. ex

Benth.

Mid Tree Myrtaceae Eucalyptus miniata

Cunn. ex Schauer

Mid Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Mid Tree Myrtaceae Eucalyptus porrecta

S.T. Blake

Mid Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Mid Tree Myrtaceae Melaleuca cajuputi

Powell
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Stratum Life form Family Species

Mid Tree Pandanaceae Pandanus spiralis R.

Br.

Mid Tree Protaceae Grevillea pteridifolia

Knight

Mid Shrub/tree Proteaceae Persoonia falcata R.

Br.

Low Tree Anacardiaceae Buchanania obovata

Engl.

Low Palm Arecaceae Livistona humilis R.

Br.

Low Shrub/tree Bixaceae Cochlospermum

fraseri Planchon

Low Tree Caesalpinniaceae Erythrophleum

chlorostachys (F.

Muell.) Baillon

Low Tree Combretaceae Terminalia

ferdinandiana Exell

Low Tree Combretaceae Terminalia

platyphylla F. Muell.

Low Shrub/tree Combretaceae Terminalia

pterocarya F. Muell.

Low Tree Combretaceae Terminalia

sericocarpa F. Muell.

Low Palm-like Cycadaceae Cycas armstrongii

Miq.

Low Herb Dilleniaceae Hibbertia sp.
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Stratum Life form Family Species

Low Shrub Dilleniacea Pachynema junceum

Low Shrub Euphorbiaceae Antidesma

ghaesembilla

Gaertner

Low Tree Euphorbiaceae Drypetes deplandei

(Brongen. and Griso)

Merr.

Low Tree Euphorbiaceae Glochidion

xerocarpum (O.

Schwarz) Airy Shaw

Low Tree Euphorbiacea Petalostigma

pubescens Domin

Low Herb Fabaceae Flemingia lineata

(L.) Roxb. ex Aiton

f.

Low Tree Hernandiaceae Gyrocarpus

americanus Jacq.

Low Tree Mimosaceae Acacia auriculiformis

Cunn. ex Benth.

Low Shrub/tree Mimosaceae Acacia difficilis

Maiden

Low Shrub/tree Mimosaceae Acacia dimidiata

Benth.

Low Shrub/tree Mimosaceae Acacia holosericea

Cunn. ex G. Don
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Stratum Life form Family Species

Low Tree Mimosaceae Acacia latescens

Benth.

Low Shrub Mimosaceae Acacia oncinocarpa

Benth

Low Tree Moraceae Ficus opposita Miq.

Low Shrub Myrtaceae Calytrix exstipulata

DC.

Low Tree Myrtaceae Eucalyptus

foelscheana F. Muell.

Low Tree Myrtaceae Eucalyptus miniata

Cunn. ex Schauer

Low Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Low Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Low Tree Myrtaceae Melaleuca viridiflora

Sol. ex Gaertner

Low Herb Oleaceae Jasminum molle R.

PR.

Low Tree Pandanaceae Pandanus spiralis R.

Br.

Low Grass Poaceae Alloteropsis

semialata (R. Br.) A.

Hitchc.

Low Grass Poaceae Aristida holanthera

Domin
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Stratum Life form Family Species

Low Grass Poaceae Aristida

inaequiglumis Domin

Low Grass Poaceae Chrysopogon fallax

S.T. Blake

Low Grass Poaceae Eriachne burkittii

Jansen

Low Grass Poaceae Eriachne holanthera

Domin

Low Grass Poaceae Eriachne obtusa R.

br.

Low Grass Poaceae Hetweropogon

contortus (L.) P.

Beauv. ex Roemer &

Schulte

Low Grass Poaceae Heteropogon triticeus

(R. Br.) Staph

Low Grass Poaceae Pennisetum

basedowii Summerh.

& C.E. Hubb.

Low Grass Poaceae Pennisetum

pedicellatum Trin.

subsp. pedicellaturn

Low Grass Poaceae Pennisetum

polystachion (L.).I.A.

schultes subsp.

polystachion
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Stratum Life form Family Species

Low Grass Poaceae Setaria apiculata

(Scribner and Merr.)

Schum.

Low Grass Poaceae Sorghum intrans F.

Muell. ex Benth.

Low Grass Poaceae Sorghum plumosum

(R. Br.) Beauv.

Low Tree Protaceae Grevillea dryandri

R. Br. ssp. dasycarpa

McGillivray

Low Shrub/tree Proteaceae Persoonia falcata R.

Br.

Low Tree Rhamnaceae Alphitonia excelsa

(Fenzl) Benth.

Low Tree Rubiaceae Gardenia

megasperma F.

Muell.

Low Tree Sapindaceae Ganophyllum

falcatum Blume

Low Tree Sapotaceae Planchonella

pohlmaniana (F.

Muell.) Pierre ex

Dubard

Low Herb Scrophulariaceae Buchnera linearis R.

Br.
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Stratum Life form Family Species

Low Climber Smilacaceae Smilax australis R.

Br.

Low Tree Sterculiaceae Brachychiton

paradoxum Schott

Low Shrub Sterculiaceae Heliceteres isora L.

Low Tree Sterculiaceae Sterculia quadrifida

R. Br.

Low Herb Sterculiaceae Waltheria indica L.
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Appendix 2. Appendix 2: List of plant species found at the feeding sites.

Stratum Life form Family Species

Upper Tree Lecythidaceae Planchonia careya (F.

Muell.) Knuth

Upper Tree Myrtaceae Eucalyptus alba

Reinw. ex Blume

Upper Tree Myrtaceae Eucalyptus bleeseri

Blakely (F. Muell.)

Baillon

Upper Tree Myrtaceae Eucalyptus clavigera

Cunn. ex Schauer

Upper Tree Myrtaceae Eucalyptus miniata

Cunn. ex Schauer

Upper Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Upper Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Upper Tree Myrtaceae Eucalyptus papuana

F. Muell.

Upper Tree Myrtaceae Melaleuca viridiflora

Sol. ex Gaertner

Upper Tree Pandanaceae Pandanus spiralis R.

Br.

Mid Tree Anacardiaceae Buchanania obovata

Engl.

Mid Palm Arecaceae Livistona humilis R.

Br.
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Stratum Life form Family Species

Mid Shrub/tree Bixaceae Cochlospermum

fraseri Planchon

Mid Tree Caesalpinniaceae Erythrophleum

chlorostachys (F.

Muell.) Baillon

Mid Tree Combretaceae Terminalia

ferdinandiana Exell

Mid Tree Combretaceae Terminalia

grandiflora Benth

Mid Palm-like Cycadaceae Cycas armstrongii

Miq.

Mid Tree Lecythidaceae Planchonia careya (F.

Muell.) Knuth

Mid Tree Loganiaceae Strychnos lucida R.

Br.

Mid Tree Mimosaceae Acacia aulacocarpa

Cunn. ex Benth.

Mid Tree Mimosaceae Acacia auriculiformis

Cunn. ex Benth.

Mid Shrub/tree Mimosaceae Acacia difficilis

Maiden

Mid Shrub Mimosaceae Acacia oncinocarpa

Benth

Mid Tree Moraceae Ficus opposita Miq.

Mid Tree Myrtaceae Eucalyptus alba

Reinw. ex Blume
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Stratum Life form Family Species

Mid Tree Myrtaceae Eucalyptus clavigera

Cunn. ex Schauer

Mid Tree Myrtaceae Eucalyptus

grandifolia R. Br. ex

Benth.

Mid Tree Myrtaceae Eucalyptus papuana

F. Muell.

Mid Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Mid Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Mid Tree Myrtaceae Lophostemon

grandiflorus (Benth.)

Peter Wilson &

Waterhouse

Mid Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Mid Tree Myrtaceae Lophostemon

grandiflorus (Benth.)

Peter Wilson &

Waterhouse

Mid Tree Myrtaceae Melaleuca viridiflora

Sol. ex Gaertner

Mid Tree Myrtaceae Syzygium

eucalyptoides (F.

Muell.) B. Hyland
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Stratum Life form Family Species

ssp. bleeseri (O.

schwarz) B. Hyland.

Mid Tree Pandanaceae Pandanus spiralis R.

Br.

Mid Tree Protaceae Grevillea sp.

Mid Shrub/tree Proteaceae Persoonia falcata R.

Br.

Mid Tree Sapotaceae Planchonella

pohlmaniana (F.

Muell.) Pierre ex

Dubard

Low Tree Anacardiaceae Buchanania obovata

Engl.

Low Palm Arecaceae Livistona humilis R.

Br.

Low Shrub/tree Bixaceae Cochlospermum

fraseri Planchon

Low Tree Caesalpinniaceae Erythrophleum

chlorostachys (F.

Muell.) Baillon

Low Tree Combretaceae Terminalia

ferdinandiana Exell

Low Tree Combretaceae Terminalia

grandiflora Benth

Low Palm-like Cycadaceae Cycas armstrongii

Miq.
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Stratum Life form Family Species

Low Shrub Euphorbiaceae Antidesma

ghaesembilla

Gaertner

Low Tree Euphorbiacea Petalostigma

pubescens Domin

Low Herb Fabaceae Crotalaria novae-

hollandiae D.C.

Low Tree Lecythidaceae Planchonia careya (F.

Muell.) Knuth

Low Tree Mimosaceae Acacia aulacocarpa

Cunn. ex Benth.

Low Shrub/tree Mimosaceae Acacia difficilis

Maiden

Low Shrub/tree Mimosaceae Acacia dimidiata

Benth.

Low Shrub/tree Mimosaceae Acacia holosericea

Cunn. ex G. Don

Low Tree Mimosaceae Acacia latescens

Benth.

Low Shrub Mimosaceae Acacia sp.

Low Tree Moraceae Ficus opposita Miq.

Low Tree Myrtaceae Eucalyptus clavigera

Cunn. ex Schauer

Low Tree Myrtaceae Eucalyptus papuana

F. Muell.
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Stratum Life form Family Species

Low Tree Myrtaceae Eucalyptus polycarpa

F. Muell.

Low Tree Myrtaceae Eucalyptus sp.

Low Tree Myrtaceae Eucalyptus

tetrodonta F. Muell.

Low Tree Myrtaceae Melaleuca viridiflora

Sol. ex Gaertner

Low Tree Myrtaceae Syzygium

eucalypoides (F.

Muell.) B. Hyland

ssp. bleeseri (O.

schwarz) B. Hyland.

Low Tree Pandanaceae Pandanus spiralis R.

Br.

Low Grass Poaceae Chrysopogon falla.x

ST. Blake

Low Grass Poaceae Eriachne aristidae

Low Grass Poaceae Eriachne burkittii

Jansen

Low Grass Poaceae Eriachne squamosa

Low Grass Poaceae Heteropogon triticeus

(R. Br.) Staph

Low Grass Poaceae Pennisetum

basedowii Summerh.

& C.E. 1 lubb.
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Stratum Life form Family Species

Low Grass Poaceae Pennisetum

pedicellatum Trin.

subsp. pedicellatum

Low Grass Poaceae Sorghum intrans F.

Muell. ex Benth.

Low Grass Poaceae Mnesethia

rottboellioides

Low Tree Protaceae Hakea sp.

Low Shrub/tree Proteaceae Persoonia falcata R.

Br.

Low Tree Sapindaceae Atalaya hemiglauca

(F. Muell.) F. Muell.

ex Benth.

Low Herb Scrophulariaceae Stemodia lythrifolia

F. Muell. ex Benth.
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Appendix 3. Appendix 3: Red-tailed Black Cockatoo feeding observations.

Sites, dates, site conditions, species. species components fed on and feeding

locations are given.

Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Adelaide

river rice

farm

21.5.1998 Unburnt Oryza saturia Seed Ground

Adelaide

River rice

farm

30.5.1998 Unburnt Oryza saturia Seed Ground

Holmes

Jungle

3.6.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Holmes

Jungle

3.6.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Holmes

Jungle

3.6.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Holmes

Jungle

3.6.1998 Unburnt Cochlospermum

fraseri

Planchon

Fruit Tree

Holmes

Jungle

3.6.1898 Unburnt Eucalyptus

miniata

Cunn. ex

Schauer

Unripe fruit Tree

Berry

Springs

7.6.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 29.6.1998 Burnt Sorghum

intrans F.

muell. ex

Benth

Seed Ground

Howard

Springs

11.7.1998 Unburnt Eucalyptus

polycarpa F.

muell.

Unripe fruit Tree

Lee Point 12.7.1998 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree

Escott

Station

1.8.1998 Unburnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree



hdl:1780.01/6333

131

Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Lee Point 6.9.1998 Burnt Grevilla

pteridiflora

Knight

Fruit Tree

Howard

Springs

9.9.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 23.9.1998 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

dekoning&

M.S.M.

Sosef

Seed Ground

Lee Point 23.9.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 23.9.1998 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 23.9.1998 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

dekoning&

M.S.M.

Sosef

Nightcliff 25.1.1999 Unburnt Casuarina

equisetifolia

Forster &

Forster f.

Fruit Tree

Gunn Point 10.4.1999 Unburnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Leanyer

swamp

24.5.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 27.5.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 28.5.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Lee Point 28.5.1999 Burnt Eucalyptus

polycarpa F

Muell.

Unripe fruit Tree

Lee Point 28.5.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground/tree

Lee Point 28.5.1999 Burnt Melaleuca

viridiflora

Sol. ex

Gaertner

Fruit Tree

Lee Point 30.5.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 30.5.1999 Burnt Sorghum

intrans F.

muell. ex

Benth

Seed Ground

Leanyer 1.6.1999 Burnt Terminalia

ferdinandiana

Excell

Unripe fruit Tree
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Lee Point 8.6.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Ground

Humpty Doo 13.6.1999 Unburnt/log

ged

Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 5.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 6.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Holmes

Jungle

6.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 18.6.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Holmes

Jungle

6.7.1999 Burnt Acacia sp. Fruit Tree

Lee Point 6.7.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree

Lee Point 13.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 13.7.1999 Burnt Sorghum

intrans F.

muell. ex

Benth

Seed Ground

Lee Point 13.7.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree

Lee Point 13.7.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

dekoning&

M.S.M.

Sosef

Seed Tree

Holmes

Jungle

14.7.1999 Burnt Sorghum

intrans F.

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Muell. ex

Benth

Lee Point 14.7.1999 Burnt Mnesethia -

rottboellioides

(CR.Br.) R.

dekoning&

M.S.M.

Sosef

Seed Ground

Lee Point 14.7.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

dekoning&

M.S.M.

Sosef

Unripe fruit Tree

Coconut

Grove

14.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

seed Ground

Coconut

Grove

14.7.1999 Burnt Grevillea

pteridifolia

Knight

Fruit Tree

Coconut

Grove

14.7.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Fruit Tree



hdl:1780.01/6333

137

Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Coconut

Grove

14.7.1999 Burnt Grevillea

pteridifolia

Knight

Flower Tree

Coconut

Grove

14.7.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree

Lee Point 14.7.1999 Burnt Eucalyptus

polycarpa F.

Muell.

Unripe fruit Tree

Holmes

Jungle

14.7.1999 Burnt Grevillea

heliosperma

R. Br.

Fruit Tree

Coconut

Grove

20.7.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Palmerston 18.8.1999 Unbumt Acacia

oncinocarpa

Benth.

Unripe fruit Ground/tree

Palmerston 18.8.1999 Unbumt Grevillea

pteridifolia

Knight

Fruit Tree

Kakadu 22.8.1999 Unbumt Eucalyptus

miniata

Unripe fruit Tree
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Cunn. ex

Schauer

Kakadu 22.8.1999 Unburnt Eucalyptus

miniata

Cunn. ex

Schauer

Unripe fruit Tree

Berrimah 25.8.1999 Burnt Grevillea

pteridifolia

Knight

Fruit Tree

Casuarina

costal reserve

26.8.1999 Burnt Casuarina

equisetifolia

Foster &

Foster f.

Fruit Tree

Casuarina

costal reserve

26.8.1999 Burnt Casuarina

equisetifolia

Foster &

Foster f.

Fruit Tree

Casuarina

costal reserve

26.8.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning

& M.S.M.

Sosef

Fruit Tree
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Casuarina

costal reserve

28.8.1999 Burnt Casuarina

equisetifolia

Foster &

Foster f.

Fruit Tree

Casuarina

costal reserve

28.8.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning

& M.S.M.

Sosef

Fruit Tree

Casuarina

costal reserve

28.8.1999 Burnt Acacia

difficiiis

Maiden

Unripe fruit Tree

Lee Point 31.8.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Casuarina

Costal

Reserve

31.8.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning

& M.S.M.

Sosef

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Lee Point 31.8.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 31.8.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Holmes

Jungle

31.8.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee point August 1999 Burnt Eucalyptus

tetrodonta F.

Muell.

Unripe fruit Ground/tree

Palmerston August 1999 Burnt Eucalyptus

tetrodonta F.

Muell.

Unripe fruit Ground/tree

Palmerston August 1999 Burnt Grevillea

pteridifolia

Knight

Fruit Tree

Lee Point 7.9.1999 Burnt Sorghum

intrans F.

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Muell. ex

Benth

Lee Point 7.9.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Casuarina

Costal

Reserve

7.9.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning &

M.S.M Sosef

Seed Ground

Casuarina

Costal

Reserve

8.9.1999 Burnt Casuarina

equisetifolia

Foster &

Foster f.

Fruit Tree

Casuarina

Costal

Reserve

8.9.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning

& M.S.M.

Sosef

Seed Ground

Holmes

Jungle

8.9.1999 Burnt Sorghum

intrans F.

Seed Ground
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Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Muell. ex

Benth

Casuarina

Costal

Reserve

17.9.1999 Burnt Mnesethia

rottboellioides

(CR.Br.) R.

de koning

& M.S.M.

Sosef

Seed Ground

Casuarina

Costal

Reserve

17.9.1999 Burnt Eucalyptus

tetrodonta F.

Muell.

Unripe fruit Tree

Lee Point 17.9.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Lee Point 28.9.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground

Coconut

Grove

28.9.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground



hdl:1780.01/6333

143

Site Date Site conditionSpecies Species

component

fed on

Feeding

location

Casuarina

Costal

Reserve

September

1999

Burnt Casuarina

equisetifolia

Foster &

Foster f.

Fruit Tree

Lee Point September

1999

Burnt Eucalyptus

tetrodonta F.

Muell.

Unripe fruit Ground/tree

Palmerston September

1999

Burnt Eucalyptus

tetrodonta F.

Muell.

Unripe fruit ground/tree

Palmerston September

1999

Burnt Grevillea

pteridifolia

Knight

Fruit Tree

Casuarina

Costal

Reserve

2.10.1999 Burnt Sorghum

intrans F.

Muell. ex

Benth

Seed Ground
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