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Figure 0.1. A male Tasman parakeet (Cyanoramphus cookii; top) perched at 

ground level, on a fallen niau (Rhopalostylis baueri) frond; and a crimson rosella 

(Platycercus elegans; bottom), perched on a Norfolk pine (Araucaria 

heterophylla) both in the Mount Pitt section of the Norfolk Island National Park. 

Photos: L. Whitwell and L. Ortiz-Catedral. 
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ABSTRACT 

Islands harbour a disproportionate amount of threatened vertebrate species and remain 

the focus of intense conservation research and management. Two important components of the 

ecological restoration of islands include revegetation and control of introduced animal species. 

The Tasman parakeet (Cyanoramphus cookii) endemic to Norfolk Island, is one of the rarest 

bird species in the South Pacific, with a long history of assisted conservation in particular 

during the breeding cycle. An introduced parrot, the crimson rosella (Platycercus elegans), is 

thought to compete strongly with Tasman parakeets for nesting and feeding resources, 

however, the degree of competition for feeding resources has not been quantified. No study has 

aimed at understanding the selection of available habitats by Tasman parakeets and crimson 

rosellas, or the relevance of restored vegetation patches for these species for foraging activities. 

In order to provide information to better manage a growing population of the Tasman parakeet 

within the Norfolk Island National Park, it is important to understand patterns of habitat use 

and key resources, as well as the degree of competition with the introduced crimson rosella. I 

studied the habitat use of Tasman parakeets and crimson rosellas during two seasons, autumn 

and spring 2017 by surveying 986 vegetation plots. I encountered a total of 80 woody plant 

species occurring on nine habitat types. The highest plant species richness was in forest edges 

(70 species), followed by remnant hardwood forest (43 species). The lowest plant species 

richness was on regenerating vegetation patches (26 species). Tasman parakeets and crimson 

rosellas used these habitats differently. In autumn and spring, Tasman parakeets preferred 

remnant hardwood forests (Manly Selectivity Index autumn: 0.50; Chi square 6.86, P < 0.001, 

n = 35; Manly Selectivity Index Spring: 0.32; Chi square 6.86, P < 0.001, n = 55).  Crimson 

rosellas preferred forest edge in autumn (Manly Selectivity Index Autumn: 0.34; Chi square 
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24.51, P < 0.001, n = 69) and remnant hardwood in spring (Manly Selectivity Index Spring: 

0.28; Chi square 4.56, P < 0.001, n = 130). In terms of feeding species, Tasman parakeets and 

Crimson rosellas exhibited a high degree of overlap in only one food type: ake ake (Dodonea 

viscosa) seeds and fruits. Opportunistic observations during summer, revealed a similar degree 

of overlap for consumption of seeds and pulp of red guava (Psidium cattleianum), although 

habitat preferences for summer or winter were not quantified in this study. I did not register a 

single instance of aggressive interactions between Tasman parakeets and crimson rosellas after 

nearly 300 hours of field observations. My results indicate that Tasman parakeets and crimson 

rosellas used the available habitats in the Norfolk Island National Park differently. In terms of 

foraging resources, Tasman parakeets and crimson rosellas do not appear to overlap greatly in 

food types or feeding species during autumn and spring. Future research should focus on the 

patterns of habitat use during summer and winter and the degree of competition for feeding 

resources during these seasons as well. While there has been evidence (prior to this research) 

of intense competition for nesting cavities between Tasman parakeets and crimson rosellas, my 

research reveals little inter-seasonal overlap in habitat use and feeding resource. From a 

management perspective, control of crimson rosellas in an around nest cavities of Tasman 

parakeets should be favoured over control on foraging areas. Nevertheless, crimson rosellas 

outnumber Tasman parakeets 3:1, and therefore my results need to be interpreted with caution 

as it is unclear whether foraging and habitat use patterns consistent with my research would be 

encountered in the future, as numbers of Tasman parakeets continue to increase.  
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Figure 1.1. A male Tasman parakeet (Cyanoramphus cookii) feeding on Red Guava (Psidium 

cattleianum) seeds.  

Photo: L. Ortiz-Catedral. 
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ABSTRACT 

Habitat loss and fragmentation affect many species worldwide by limiting the availability 

of critical foraging or habitat for reproduction. For island species, these effects can be 

compounded by the presence of introduced species in forest remnants that prey or compete 

with native and endemic species. One way to ameliorate the effects of introduced species, in 

particular on critical habitat for endangered species, is the large-scale control of introduced 

species via trapping or via the use of poisoned bait. Understanding how species of conservation 

interest utilise their managed habitats spatially and temporally can yield important insights into 

the relative importance of a range of habitats. This information is essential to refine 

management plans and to increase the efficiency of conservation funds and human-power 

available to implement and monitor the desired outcomes of a given program. A species that 

exemplifies the situation outlined above is the Tasman parakeet (Figure 1.1), a critically 

endangered species of parrot endemic to the last remaining fragment of sub-tropical rainforest 

on Norfolk Island, in the South Pacific. Norfolk Island has undergone progressive habitat loss 

and fragmentation since the arrival of the first settlers. This process has been accompanied by 

the introduction of feral cats (Felis domesticus), Pacific rat (Rattus exulans) and ship rat (Rattus 

rattus), known predators of various species, including the Tasman parakeet. Another 

introduced species, the Crimson rosella (Platycercus elegans), competes for nesting sites with 

Tasman parakeets but the degree of competition for other resources has not been quantified. In 

this chapter, I provide background information on the Tasman parakeet, challenges to its 

conservation and outline the general plan of this thesis. 
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HABITAT LOSS AND FRAGMENTATION 

Numerous research articles in the last decade, have highlighted the alarming rate of 

biodiversity loss in biomes worldwide as a result of human activities (Butchart, Walpole et al. 

2010, Cardinale, Duffy et al. 2012, Hooper, Adair et al. 2012, Doherty, Glen et al. 2016).  In 

fact habitat loss and fragmentation in terrestrial and marine environments are considered the 

chief drivers of biodiversity loss, in particular species extinctions. (Wallenius, Niskanen et al. 

2010, Silcock and Fensham 2018, Romero-Muñoz, Torres et al. 2019). Examples of activities 

that reduce the extent and connectivity of native habitats includes clearing of large tracts for 

agriculture or urban development (Reside, Beher et al. 2017, Xi Xu, Yujing Xie et al. 2018), 

expansion of infrastructure for fossil fuel extraction (Moran, Cox et al. 2015), fires (Henderson, 

Meunier et al. 2018), and overexploitation  (Specht, Pinto et al. 2015). As a result of these 

activities, the majority of terrestrial ecosystems have been anthropogenically altered (Ellis 

2013) and non-human species increasingly occupy a fragmented matrix that includes habitat 

patches of varying size and quality.   

Conservation biology, since late 20th century has focused on cataloguing biodiversity on 

reserves or national parks and lay the ground for conservation work on developing nations, 

focusing on “species” as the prime unit for conservation (Rojas 1992, Caldecott, Jenkins et al. 

1996). The importance of vast tracts of native habitat and their connectivity have since been 

recognised, thanks to the development of the species area-richness relationship, one of the core 

concepts in the Theory of Island Biogeography (MacArthur  and Wilson 1967). The rapid 

development of satellite-based assessment of forest fragmentation, in particular on tropical 

forests has helped conservation biologists assess priority areas to implement conservation 

programs as well as quantifying patch sizes of key areas for protection on continental areas as 
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well as islands (Skole and Tucker 1993, Kerr and Ostrovsky 2003, Harper, Steininger et al. 

2007, Watson, Trueman et al. 2010). 

Ongoing improvements in the production of satellite imagery coupled with the fast 

development of drone technology are revolutionising our ability to map, classify, prioritise and 

monitor areas for conservation and wildlife management (Glennon and Porter 1999, Koh and 

Wich 2012). While remote sensing technology helps us understand the scale of habitat 

fragmentation and habitat loss at local and global scales, the resolution of images and data 

layers has been criticised as inadequate to unravel significant attributes of biological 

communities and/or biological interactions (Turner, Spector et al. 2003), particularly if the 

species of conservation interest uses habitats at smaller scales than can be mapped by remote 

sensing. For example, in the Azurean Laurel forest of Azores Islands, Portugal an assessment 

of the extent of invasive plant species using satellite imagery, reports low indices of spectral 

separability  between two aggressive plant invasive species: Pittosporum undulatum and 

Clehtra arborea; and between pastures and bare soils (Gil, Yu et al. 2011). This situation can 

lead to erroneous management recommendations of fragmented habitats because the scenarios 

obtained by satellite imagery alone can be vastly different from those derived from traditional 

habitat assessments based on observer-collected data in the field.  For small forest remnants on 

islands, satellite imagery can be useful to characterise “coarse” habitat characteristics, like 

canopy cover, height of dominant tree species and above-ground biomass (Kennaway, Helmer 

et al. 2008). But that information needs to be complemented with field information of the 

patterns of fine-scale habitat use of target species or suite of species of conservation interest 

(see Chapter 2).  

Linking information about the size and characteristics of habitat fragments, and the ways 

in which species of interest use these can be relatively straightforward. For instance, Beier 

(1993) created a model that highlighted the need of corridors that allow for immigration 
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between different habitat patches for cougars (Felis concolor). For a population of cougars in 

California, access between habitats fragments via corridors was deemed crucial to lower the 

extinction risk locally. In addition to models of habitat use as in the previous example, actual 

estimations of movements of animals in man-modified habitat fragments can be obtained by 

the use of GPS technology. For instance, Gurarie, Suutarinen et al. (2011) tracked wolves fitted 

with GPS collars through modified boreal forest fragments in Finland. The authors discovered 

that the high density of roads within wolves’ territories constrained their patterns of habitat use 

during the pup-rearing season compared to wolves inhabiting less modified forest areas. Due 

to their large home ranges, cougars and wolves are model organisms that can help us understand 

animal movements across large habitat tracks. However, for cryptic species at more discrete 

spatial scales, and for species occurring in low densities or in remote locations, documenting 

even the most basic aspects of habitat use can be challenging.  

SPATIAL AND TEMPORAL VARIATION OF HABITAT USE 

The analysis of habitat features at the geographic scale can be complemented with analyses 

on the temporal variability of resources and how these fluctuations affect the species of interest. 

Animals utilise areas of different sizes or quality in relation to seasonal changes in availability 

or suitability of key resources (Blake and Loiselle 2002, Morrant and Petit 2012, Strøm, 

Thorstad et al. 2018). For example, the grey-cheeked mangabey (Lophocepbus albigena) 

adjusts its diet in response to changes in resource availability between February to December, 

and switches from a predominantly fruit-based diet to a diet consisting of seeds, leaves and 

flowers (Poulsen, Clark et al. 2001). Another species that exhibits seasonal changes in  response 

to variation in available feeding resources are Eastern grey kangaroos (Macropus giganteus) 

which adjust their foraging behaviours in response to available biomass and greenness of 
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vegetation, with significant effects in group sizes, levels of vigilance and reproductive output 

(Favreau, Goldizen et al. 2018). Assessing the movement patterns of animals through their 

annual cycles can provide valuable understanding of the seasonal importance of different 

habitats used.  Levey (1988) investigated the seasonal variation of the habitat use of Costa 

Rican fruit-eating birds, and discovered that the abundance of fruit varies through the year, 

with peak abundance from August to January, during the rainy season. The peak abundance of 

fruit eating birds was also within the rainy season, from October to January, and has been 

attributed to fruit availability. Also, during the breeding season for these birds, from February 

to April, the abundance of insects in the birds diets increases, as indicated by insect remains in 

faecal samples (Levey 1988). These studies, highlight the importance of understanding 

seasonal variation in patterns of habitat use on habitat fragments of different sizes, and its 

effects on the biology of the species.  

For species under conservation management, a detailed understanding of patterns of habitat 

use, seasonal variation in these patterns and maximum carrying capacity of their habitats is 

paramount to prioritise conservation funds and efforts.  For example, for the New Zealand 

endemic takahe (Porphyrio hochstetteri), translocation to predator-free islands of varying size 

and with different habitat types, has played an important role in protecting the species. Grueber, 

Maxwell et al. (2012) modelled the population density of takahē at four predator-free island 

locations: Kapiti Island, Tiritiri Matangi Island, Maud Island, and Mana Island. They found 

that although the population size of takahē on the islands had been increasing each year, the 

proportion of breeding individuals, and the number of successfully fledged juveniles, had 

decreased, directly affecting the viability of the meta-population. They determined that island 

populations of takahē had reached carrying capacity, and consequently, introducing new 

individuals would not have a net positive effect on the viability of those populations. A 

recommendation resulting from this research is removing “excess” individuals from island 
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populations and introduce them to the historical range of the species, the Murchinson 

Mountains (Grueber, Maxwell et al. 2012). 

There are many studies that utilise habitat use and resource availability data to demonstrate 

the importance of determining the carrying capacity of an environment for effective 

conservation management and species survival. For example, Plumb, White et al. (2009) 

acknowledged that with the increase in population size, the bison (Bison bison) from within 

the Yellowstone National Park had been seen moving outside of the parks boundaries, putting 

nearby livestock at risk of infection of the Brucella abortus pathogen. They wanted to 

investigate if the movements of bison were a response of the park reaching its carrying capacity 

for this species. Through calculations they found that the upper limit of bison that park could 

sustain could exist was 6200 individuals. They suggest that maintaining a smaller population 

than the true carrying capacity, from 2500 to 4500 individuals, would encourage the bison to 

remain within the park, thus avoiding exposure of livestock to B. abortus. Another example 

comes from research by Iijima and Ueno (2016), where they discovered that there is a spatial 

component to carrying capacity. They found that the carrying capacity for Japanese sika deer 

(Cervus nippon) varied between 1.34 and 98.4 deer/km2 across the study site, with altered 

habitats, such as artificial grassland, having the highest carrying capacities. These examples 

illustrate the types of management decisions that can be derived from studies that document 

patterns of habitat use by target species at various spatial scales. 

ISLAND BIODIVERSITY AND SPECIES CONSERVATION 

An interesting case for the exploration of ideas related to biodiversity at various spatial 

scales are islands. Two major factors contribute to an island’s biodiversity: size proximity to 

other landmasses. Small, isolated islands typically exhibit  low species richness in contrast to 
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large islands near other landmasses (Paulay 1994, Cody 2006). For example, Madagascar (587, 

000 km2, one of the most important conservation hotspots worldwide) located approximately 

400 km off the eastern coast of Africa, has roughly 10,800 species of endemic vascular plants, 

and more than 700 species of vertebrates. Of these vertebrate species 50% of the birds are 

endemic and more than 98% of the reptiles, mammals, and amphibians are endemic (Ganzhorn, 

Lowry et al. 2001). In contrast, Norfolk Island (34.6 km2), located 1400 km East of Australia 

has fewer species of flora and fauna: 182 species of native flora, 120 bird species and two 

native reptiles (Hermes, Evans et al. 1986, Director of National Parks 2018).  

The unique species of flora and fauna that are present on islands are often exposed to a 

greater risk of extinction than those that are found on large, mainland areas (Butchart, 

Stattersfield et al. 2006). In fact, the majority of extinction since the 1700s have occurred on 

islands  While biological extinctions are common in the geological record of the planet, 

anthropogenic factors, such as the introduction of pests and predators, and overexploitation, 

are increasing the rate at which those extinctions occur and do not allow for adaptive changes 

(Cafaro 2015, McCallum 2015). In a study conducted by Butchart, Stattersfield et al. (2006) it 

was found that 16 critically endangered bird species had a high probability of becoming extinct 

during the study period (1994-2004) if human intervention had not occurred. Of those 16 bird 

species, 63% were island dwelling. There is a consensus that the greatest threats to island birds 

are from the human impacts of habitat loss and the introduction of invasive species (Johnson 

and Stattersfield 1990, Blackburn, Cassey et al. 2004, Butchart, Stattersfield et al. 2006).  

Birds are not the only insular species that face extinction because of invasive species and 

habitat loss. Medina and Nogales (2009) investigated the impact that feral cats on endemic 

animal species in the Canary Islands. Cats were introduced by humans to the Canary Islands in 

the 15th Century and have since contributed to vertebrate extinctions on the islands. The 

researchers identified 71 species of prey items, 15 of which were endemic reptiles, 29 endemic 
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or native invertebrates, and 18 endemic or native bird species. The remaining species were 

introduced, including all of those in the mammalian group. Four of the endemic or native prey 

species were on the International Union of the Conservation of Nature’s Red List of Threatened 

Species, one endangered bird species, the Canary Island stonechat (Saxicola dacotiae), and 

three critically endangered giant lizards in the genus Gallotia (Medina & Nogales, 2009).  

Otto, Garzón‐Machado et al. (2017) used the Canary Islands to model the effects of human 

induced habitat loss on endemic species. Since the 15th Century settlement by the Castilians up 

to 95% of the natural habitat has been lost on the island archipelago. The research conducted 

by Otto and colleagues found that invertebrates and plants on the Canary Islands experienced 

a delay between the loss of habitat and extinction, which highlights the need for monitoring of 

endemic and at risk species after they have experienced habitat loss.  

The colonisation of islands by humans has resulted in an increase in the rate of consumption 

of critical resources due to habitat degradation, habitat loss, and the introduction of pests and 

predators (Cafaro 2015, McCallum 2015), affecting native and endemic island species, and 

their likelihood of extinction. In theory, population extinction is inversely proportional to 

population size, that is, the possibility of extinction increases as population size decreases 

(Harris 1984, Lande 1993, Kohn and Walsh 1994). Hanski, Moilanen et al. (1996) modelled 

the minimum number of individuals needed by a metapopulation in order to avoid extinction.  

They found that while some metapopulations may have the required minimum amount of 

individuals, they can still be at risk of extinction, unless provided with connected habitats that 

reduce the impacts of habitat fragmentation and loss. The increased extinction risk of small 

populations is due, in part, to the decreased genetic variability in small populations resulting in 

a lowered ability to adapt to changes in an environment (Lande and Barrowclough 1987). 

One way to increase a species’ population size is to reduce threats to the species such as 

controlling, and eradicating when possible, introduced predator and pest species. The 
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likelihood of successfully eradicating introduced species from an area is greater when the target 

area is isolated from potential source populations of introduced species, where they could re-

colonise. Island habitats, like Tiritiri Matangi Island in the Hauraki Gulf of New Zealand, 

provide an example of successful eradication of invasive Pacific rat or “kiore” (Rattus exulans) 

from islands (Graham and Veitch 2002, Simberloff 2002, Miskelly and Powlesland 2013). The 

nearest population of Pacific rats is approximately 3 km away, a distance greater than the 

maximum swimming distance for rats (Russell, Towns et al. 2005) One way to reduce the 

number of predator species that can invade a mainland area is to fence off that area create 

‘mainland islands’ or ‘mainland sanctuaries’ (Saunders and Norton 2001, Simberloff 2002). 

Tawharanui Regional Park in the north of Auckland, New Zealand, is an example of a peninsula 

that was actively developed to create a mainland island through the use of predator-proof 

fencing. This has led to an eradication of seven mammalian pests (Butler, Lindsay et al. 2014). 

The successful eradication of these predators has resulted in population increases of established 

species within the park as well as the natural recolonization of bellbirds (Anthornis melura) 

(Brunton, Evans et al. 2008). Further, movements of birds into and out of the park has been 

observed, and the reintroduction of native birds and reptile species is ongoing (Maitland 2011, 

Butler, Lindsay et al. 2014). 

In addition to the management of invasive species, revegetation and reforestation programs 

can increase the quality of habitats at target locations. Strategic revegetation programs can 

result in increased food resource abundance and availability (Coyne 2010, Morrison, Lindell 

et al. 2010, Belder, Pierson et al. 2018). Belder, Pierson et al. (2018) suggest that restoration 

plantings can increase habitat availability however, restored areas risk becoming ecological 

traps if they are preferred to remnant areas and they fail to produce adequate resources for the 

species, and therefore management of post-restoration areas is a key component of species 

conservation.  
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Many studies have investigated the effect of food abundance and food limitation on 

population size and individual health. One example is from Hořák, Tószögyová et al. (2015). 

The researchers demonstrated that the average clutch size of African passerine varies across 

their geographic range in relation to food availability. They found that when there were more 

food resources available to the population then more eggs were produced per clutch. A second 

example is provided by López-Alfaro, Coogan et al. (2015) where they investigated the dietary 

composition of brown bears (Ursus arctos) in North America. They found that bear body size 

and population size were dictated seasonally by food availability. They also discovered that 

whilst the bears were usually generalists, their productivity did change in response to the 

absence of normally available, high quality foods. These examples have shown that increased 

food resource availability results in increased population numbers, increased body size, and 

healthier individuals. The aforementioned examples have also demonstrated the importance of 

understanding how resource availability affects a population across their distribution, and how 

their behaviour and physiology changes in response to changes across the habitat and over 

time.  

While species that are endemic to islands are evolutionarily and geographically distinct 

from their mainland relatives, they are also vulnerable to disease, predators and episodic 

shortages of resources. This vulnerability is increased with the colonisation of island 

environments by humans (Blackburn, Cassey et al. 2004, Hutton, Parkes et al. 2007, Director 

of National Parks 2008, Nogales, Vidal et al. 2013). 

ISLAND PARROTS: A HIGHLY THREATENED GROUP 

Birds are diverse (ca. 10, 000 species) and widespread, occupying a wide range of habitats  

worldwide (Pough, Janis et al. 2013). Approximately 17% of the world’s bird diversity (1750 
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species) occurs on islands, yet over 90% of historic avian extinctions involve island species 

islands  (Johnson and Stattersfield 1990).   Further, approximately 39% of contemporary 

threatened bird species, mostly in the South Pacific, are island endemics (Johnson and 

Stattersfield 1990).  

Parrots are birds that can be found in three main geographic regions across the world, the 

Afro-Asian region, the Neotropical region, and the Australasian region (Forshaw 2010). They 

are members of the Psittacidae family (order: Psittaciformes) and consist of approximately 356 

species. Parrots, as a group, contain more threatened species than any other group of birds, with 

just over one third (123) of their extant species having the conservation status of near-

threatened or above (Collar 2000, Forshaw 2010, Parr and Juniper 2010). The majority of parrot 

species are forest dwelling animals, with 90% of known species requiring forested habitats, 

hence  deforestation and other forms of habitat destruction contribute highly to the threatened 

status of parrots (Collar 2000, Forshaw 2010). Consequently, the continual modification and 

loss of forested habitat can affect parrot populations. Two additional threats to parrots include 

illegal trading (particularly in South America and South-East Asia) (Herrera and Hennessey 

2007, Weston and Memon 2009, Pires 2012) and predation by introduced species (Taylor 1979, 

Powlesland, Roberts et al. 1995). 

New Zealand is an example of an archipelago where, historically, birds had no mammalian 

predators, however, this ended when Polynesian and European human settlers arrived (Parkes 

and Murphy 2003). New Zealand has three genera of native and endemic parrots; Nestor, 

Strigops and Cyanoramphus with the former two genera in the top 3% of threatened birds 

worldwide (Jetz, Thomas et al. 2014). Boon, Kearvell et al. (2001) recognise ten full species 

(three extinct) and four subspecies (one extinct) within the Cyanoramphus genus (Boon, 

Kearvell et al. 2001). Three of these species are found on the main islands of New Zealand. 

New Zealand examples of conservation techniques that have been successfully used to protect 
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New Zealand Cyanoramphus parrots include pest control, translocations, (Gaze and Cash 2007, 

Ortiz-Catedral and Brunton 2010, Miskelly and Powlesland 2013) and disease research (Ortiz-

Catedral, McInnes et al. 2009). The methodology used on New Zealand Cyanoramphus 

research can be applied to other parrots of this genus that have similar biological and habitat 

requirements (Ortiz-Catedral and Brunton 2010). 

This genus was historically distributed throughout the islands of the South Pacific, from 

New Caledonia in the north, to the Macquarie Islands in the south. However, due to a number 

of extinction events, their historic range was greatly reduced (Boon, Daugherty et al. 2001, 

Boon, Kearvell et al. 2001, Gaze and Cash 2007). There have been four extinctions of this 

genus, all of which have occurred between in the last 250 years. As described by Forshaw and 

Knight (2017) all four of the extinctions can be directly attributed to the presence of humans 

within their environment.  

The first in the Cyanoramphus genus to go extinct was the Society parakeet (C. ulietanus), 

which was found on Raiatea Island, in the Society Islands. It was discovered in 1774 during 

Captain Cook’s second voyage of the Pacific Islands, and is assumed have to become extinct 

shortly thereafter. There are no records of the cause of extinction, however, as with most parrot 

extinctions on Pacific Islands, and with other of this genus, it is thought that the introduction 

of mammalian predators, as well as the destruction of natural habitats, contributed to its 

extinction.  

The second parrot within this genus to experience extinction was the black-fronted parakeet 

(C. zealandicus), which was found on Tahiti, in the Society Islands. The last specimen of this 

species was collected in 1844, with extinction assumed a short time afterwards. The extinction 

of the black-fronted parakeet had two main causes: they were hunted by humans, for their 

feathers, and they were also killed by introduced mammalian predators.  
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The third Cyanoramphus species to go extinct was a sub-species of the New Zealand red-

crowned parakeet (C. novaezealandiae), the Lord Howe Island red-crowned parakeet (C. n. 

subflavescens), that was found on Lord Howe Island. The last known siting of this parrot was 

in 1869 when it was observed by E.S Hill as being ‘a nuisance to the cultivators’ (Forshaw and 

Knight 2017). Hill also noted that the birds were once numerous, but only observed a single 

pair on the 1869 excursion to Lord Howe Island. The damage that the parakeets caused to fruit 

trees was so bad that the residents of Lord Howe Island considered this bird a pest, hunting 

them to extinction some time before 1907.  

The most recent Cyanoramphus extinction was the Macquarie Island red-crowned parakeet 

(C. erythrotis), that was located on Macquarie Island. Most species within the Cyanoramphus 

genus live in established forests, however, due to the absence of trees on their home island, the 

Macquarie Island red-crowned parakeets were documented as ground-nesting birds that 

preferred tussock habitats near the coastline. This species was highly prized and was often 

captured and sent to Sydney for the pet trade. In an 1880 trip to the island the birds were 

reported as being numerous, however, by 1891 there were none to be found. Predator species 

on Macquarie Island, feral cats and wekas (Gallirallus australis), had low densities as they 

were limited by their over-winter food species. When rabbits were introduced to the island 

there was a spike in predator numbers, ultimately leading to the loss of species such as the 

Macquarie Island landrail (Gallirallus phillippensis macquariensis) and the Macquarie Island 

red-crowned parakeet. While Forshaw and Knight (2017) refer to the Macquarie Island red-

crowned parakeet as Cyanoramphus novaezealandiae erythrotis, I follow the nomenclature as 

set out by Boon, Kearvell et al. (2001) where they consider this a full species, hence the 

scientific name Cyanoramphus erythrotis. 

The accounts of the Cyanoramphus extinctions serve as a reminder that this genus is very 

sensitive to the impacts of human induced changes to their landscape including hunting, 
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predation by introduced predators, and habitat loss. Forshaw and Knight (2017) consider the 

Tasman parakeet (C. cookii), a parrot that is endemic to Norfolk Island in the South Pacific, to 

be one of Australia’s most endangered parrots, and as such, faces a high risk of extinction from 

the same threats as the aforementioned extinct birds. 

THE PRESENT STUDY 

My study aims to contribute to the current knowledge of the biology of one of the world’s 

rarest parrots, the Tasman parakeet, in order to assist its conservation. To date, research on this 

species have mainly focussed on identifying key food resources and presenting management 

plans (Hill 2002, Waldmann 2016, Director of National Parks 2018). No study has measured 

simultaneously the patterns of habitat use of Tasman parakeets and Crimson rosellas, due to 

the low numbers of Tasman parakeets. Since 1969 it has been suggested that Tasman parakeets 

and crimson rosellas compete for resources and habitat on Norfolk Island (Smithers and Disney 

1969). While there is evidence in support of this for nesting resources (Director of National 

Parks 2018) little attention has been paid to the degree of overlap (temporal and spatial) of both 

species on the different habitat types of the Norfolk Island National Park.  

In this thesis, I document the seasonal patterns of habitat use of Tasman parakeets and 

Crimson rosellas within the Mount Pitt section of the Norfolk Island National Park. The overall 

aim of my study was to provide information about seasonal habitat use and the relative 

importance of the various habitats on the Mount Pitt section of the Norfolk Island National 

Park for Tasman parakeets.  This information may assist in assessing the carrying capacity of 

the Norfolk Island National Park, develop targeted plans for control of Crimson rosellas and 

ultimately advance the conservation of the Tasman parakeet. Initially, this project contemplated 

the following components: 
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1) Gross estimation of habitat availability for Tasman parakeets based on records of 

individual birds, pairs or groups across different habitat types.  

2) Quantification of overlap in habitat use by Crimson rosellas and Tasman parakeets via 

records in summer, autumn, winter and spring. 

3) Assessment of dispersal behaviour and critical habitat of recently fledged Tasman 

parakeets in the Mount Pitt section of the Norfolk Island National Park. 

4) Researching the dispersal behaviour and diet of juvenile Tasman parakeets on Phillip 

Island, as part of the first attempt to reintroduce the species to that site (see Chapter 4, 

see Appendix A) 

 

Due to unforeseen logistical difficulties that resulted in the suspension of the reintroduction 

program for Tasman parakeets to Phillip Island (see Chapter 4), I was unable to carry out 

components three and four, and I could only obtain data for a pilot project in Summer. I was 

able however, to study the patterns of habitat use of Tasman parakeets and Crimson rosellas in 

autumn and spring. Also, I developed a preliminary vegetation map of the Mount Pitt section 

of the Norfolk Island National Park to explore habitat characteristics and plant associations 

than might prove useful in the management of Tasman parakeets. In spite of these challenges 

I conducted a study that quantifies for the first time the patterns of habitat use by Tasman 

parakeets and their competitor, the introduced Crimson rosella. I also characterised the 

vegetation of the Mount Pitt Section of the Norfolk Island National Park via rapid ground 

surveys. Taken together, this thesis contributes to the knowledge base for management of the 

Tasman parakeet in particular and of the Norfolk Island National Park. 
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Study Species: Tasman Parakeet 

The Tasman parakeet, known locally as the Green Parrot, or the Norfuk Ailen griin paerat 

in Norfolk language, is a critically endangered bird endemic to Norfolk Island. Historically, a 

second subspecies (flavescens) occurred on Lord Howe Island, but became extinct there by the 

late 1800s (Forshaw 2010). The taxonomy of Cyanoramphus has been the focus of extensive 

reviews over the last 30 years, which have seen there have been many taxonomical reviews of 

this species.  Morphological similarities with New Zealand’s red-crowned parakeet, or kakariki 

(Cyanoramphus novaezealandiae), saw the Tasman parakeet classed as a sub-species of this, 

along with the New Caledonian red-crowned parakeet (Cyanoramphus saisetti). In 2001 a 

study conducted a molecular phylogenetic analysis using mitochondrial DNA and found that 

the two parakeets should each be re-classed as their own species (Boon, Daugherty et al. 2001, 

Hill 2002, Threatened Species Scientific Committee 2016). Research conducted since the 

taxonomic change has cited the Tasman parakeet as its own species and given it the threat level 

of critically endangered. This is despite the persistent use of the sub-species classification by 

the IUCN (Collar 2000, Parr and Juniper 2010, Szabo, Butchart et al. 2012). 

The conservation status of the Tasman parakeet has undergone multiple reviews over time. 

In 1990, it was listed as critically endangered, which was then downgraded to endangered in 

2000, and before being finally upgraded to its current status of critically endangered in 2010 

(Snyder 2000, Szabo, Butchart et al. 2012). The population of the Tasman parakeet has 

experienced large fluctuations since the 1960s (Figure 1.2.). The earliest estimates suggest a 

population of between 10 and 20 breeding pairs. Between 1978 and 2007 the population 

increased, peaking in 2007 when the estimated population size was between 200 and 400 

individuals (Smithers and Disney 1969, Hermes, Evans et al. 1986, Hill 2002, Butchart, 

Stattersfield et al. 2006, Brooke, Flower et al. 2010, Director of National Parks 2010). It is 
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unclear if this increase was due to Tasman parakeet population growth, or an inaccurate 

sampling method. During a 2009 survey of Norfolk Island birds Dutson (2013) experienced 

difficulty in distinguishing Tasman parakeets from the background vegetation, and so 

suggested a targeted species survey for the Tasman parakeet. Following this suggestion, an 

intensive Tasman parakeet bird count was conducted in 2013 and found that the maximum 

number of individuals to be 96 (Figure 1.2, red data point) (Higgins 1999, Threatened Species 

Scientific Committee 2016, Ortiz-Catedral, Nias et al. 2018, Department of the Enivronment 

2019). The most recent estimate of population size is approximately 438 individuals, with an 

estimated 27 females of reproduction age (Skirrow 2018). This increase can be largely 

attributed to the management of rats and feral cats within the park. 
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Prior to the arrival of European settlers the Tasman parakeet occurred commonly 

throughout Norfolk Island and the nearby Phillip Island (Hill 2002). When European settlers 

first arrived on Norfolk Island in the late 1700s, they introduced pests such as feral cats (Felis  

catus) and Polynesian rats (Rattus exulans), that preyed on the birds and their young and 

reduced their numbers significantly (Director of National Parks 2010). The first settlers also 

cleared land for grazing animals (Director of National Parks 2010), which further restricted the 

habitat of the Tasman parakeet. Another species that has affected the numbers of Tasman 

parakeets is the introduced crimson rosella (Platycercus elegans), which aggressively 

competes for and destroys parakeet nests (Hill 2002, Dutson 2013, Baker, Harvey et al. 2014, 

Threatened Species Scientific Committee 2016, Director of National Parks 2018, Skirrow 

Figure 1.2. Population of Tasman parakeets displaying maximum estimates.  

The red point indicates the year 2013, when intensive management began. Graph uses data from 

Smithers and Disney (1969), Hermes et al. (1986), Butchart et al. (2006), Brooke et al. (2010), 

Dutson (2013), Ortiz-Catedral et al. (2018), Skirrow (2018). 
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2018). Parks Australia carries out high levels of pest control within the Norfolk Island National 

Park and Botanic Gardens, which has given rise to a lower concentration of predators, an 

abundance of food resources, and a higher availability of nest sites. Because of this the Tasman 

parakeet is largely restricted to the park, although it is occasionally seen in other areas of the 

island (Director of National Parks 2010, Threatened Species Scientific Committee 2016). 

Both the male and female Tasman parakeets are very similar in appearance, having a bright 

green plumage, a red crown and lores, red ear-coverts, and blue edging on the wings. The 

females are slightly smaller in size, with smaller crowns and slimmer beaks. Juveniles appear 

similar to adults, with a duller red crown and a flesh coloured beak (Hill 2002, Threatened 

Species Scientific Committee 2016). Nests are typically low to the ground and clutch size 

varies between one and eight eggs, with incubation lasting 21 days on average. Once hatched, 

a juvenile will stay in the nest for up to seven weeks, being fed by the father while the mother 

leaves the nest to incubate a new clutch of eggs (Hill 2002). After fledging, the juvenile will 

stay near the parents, being fed, for a further three to seven weeks before it becomes 

independent and sexually mature (Hill 2002, Ortiz-Catedral, Nias et al. 2018). During this time 

the juveniles are incredibly vulnerable to predation by cats and rats as they feed near the 

ground,  and as a result many do not reach breeding age (Hill 2002). 

The diet of adult Tasman parakeets includes seeds, fruit, flowers, and sometimes even the 

bark and leaves, of both native and introduced species, with studies observing at least thirty 

different species of flora as part of the diet (Hill 2002, Waldmann 2016). The most common 

examples of food types include the Norfolk pine (Araucaria heterophylla), ake ake (Dodonaea 

viscosa), Norfolk Island palm (Rhopalostylis bauerri), African olive (Olea europaea) and red 

guava (Psidium attleianum) (Waldmann 2016). Adults of this species exhibit spatial variety in 

their foraging behaviour and feed on a large variety of vegetation from different forest levels. 

In comparison, the juveniles tend to feed on the ground almost exclusively on the fallen fruits 
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of the African olive and red guava, while also consuming Norfolk pine seeds and bloodwood 

(Baloghia inophylla) seeds (Waldmann 2016). The Tasman parakeet also exhibits temporal 

variation to their feeding patterns. In winter, for example, the adult birds will feed mainly on 

the fallen fruits and seeds of the Norfolk pine, African olive and red guava (Hill 2002, 

Threatened Species Scientific Committee 2016). The spatial and temporal variation seen in the 

diet of these birds can be attributed to the variation of food availability in the different seasons 

(Waldmann 2016). 

Management plans for the Tasman parakeet include the “Threatened Species Management 

Plan” (Director of National Parks 2010), “Approved Conservation Advice” (Threatened 

Species Scientific Committee 2016), “20 birds by 2020” plan (Australian Government 2015), 

and the “Norfolk Island National Park and Norfolk Island Botanic Garden Management Plan 

2018-2028” (Director of National Parks 2018). The overall goal of these plans is to increase 

the Tasman parakeet population and the downgrading of its threat status. The common 

objectives in all of the plans are to increase predator management and control, thereby 

decreasing the amount of predators in the park, and to increase the protection around nests, 

ensuring the nesting parakeets are safe from both predators and competitors. However, even if 

both of these objectives are achieved, and the Tasman parakeet numbers increase, their 

population may be limited by the resources available within their environment, which is a factor 

that none of the plans address. 

 

 

Study Species: Crimson Rosella 

The Tasman parakeet and the crimson rosella are classified within the subfamily 

Platycercinae (Joseph, Toon et al. 2011, Joseph, Toon et al. 2012, Schweizer, Guentert et al. 
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2013). These two species overlap in their distribution on Norfolk Island, and can be found in 

using similar habitat types and locations around the park. Crimson rosellas are more numerous 

than Tasman parakeets and outnumber these by 3:1 ratio (Skirrow 2018). Over the last 50 years 

there have been multiple observations of the competition between Tasman parakeets and 

crimson rosellas for nest sites and nesting materials, as presented by Smithers and Disney 

(1969), Hill (2002), Dutson (2013) and Director of National Parks (2018). Dutson and Director 

of National Parks also suggest that there may be competition for food resources between the 

two species. Waldmann (2016) noted some of the food species consumed by the crimson 

rosellas on Norfolk Island and identified several as key resources that the Tasman parakeet 

uses, such as red guava, African olive, Norfolk Island pine, and niau. The diet of the crimson 

rosella, presented by Waldmann, has been the only research that has reported on the crimson 

rosella diet and how it relates to the diet of the Tasman parakeet. However, the research was 

based on observations alone, and hence to date, there has been no published studies that have 

systematically quantified the crimson rosella diet. 

The crimson rosella is a medium size parrot that is native to the east and south-east coasts 

of Australia (Forshaw 2010, Ornithological Society of New Zealand 2010, International 2016). 

The crimson rosella has also been found in New Zealand after it was introduced to Dunedin in 

1910 and separately to Wellington in 1963. Both of these introductions were the outcome of 

caged pets escaping, and by the late 1990s it was assumed that both populations died out and 

the species became extinct in the wild (Ornithological Society of New Zealand 2010, Galbraith 

2013). 

The crimson rosella most likely was introduced to Norfolk Island as a cage bird 1830s 

(Higgins 1999, Christian 2005, Ornithological Society of New Zealand 2010). The eventual 

introduced population on Norfolk Island is assumed to be the result of escaped birds 

establishing and breeding in large numbers by the 1900s (Higgins 1999). Crimson rosellas can 
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be found across Norfolk Island: from the Norfolk Island National Park, to the coast in Kingston 

(Smithers and Disney 1969, Dutson 2013).  

The crimson rosella is known to locals on Norfolk Island as the ‘red parrot’, in reference to 

its bright crimson plumage. As well as the red colouration, the species also sports a blue chin, 

throat, and primary wing and tail feathers.  Sexes display little sexual dimorphism, with the 

female exhibiting a duller plumage and a slightly smaller bill (Higgins 1999, Forshaw 2002, 

Skirrow 2018). The crimson rosella is a larger bird than the Tasman parakeet, ranging from 

35cm-38cm in length compared to the Tasman parakeet’s average length of 30cm (Margrath 

and Lill 1985, Christian 2005, Collar and Kirwan 2018, Skirrow 2018). 

The Study Site: Norfolk Island 

Norfolk Island (Figure 1.3) is an Australian territory that is located between Australia (1700 

kilometres from Sydney), Fiji (1420 kilometres) and New Zealand (1100 kilometres from 

Auckland), at latitude 29°02’ S and longitude 167° 57’ E, with the closest inhabited landmasses 

to Norfolk Island being New Caledonia (875 kilometres) and Lord Howe Island (900 

kilometres) (Director of National Parks 2008). Norfolk Island is part of a volcanic land mass 

that was formed between 3.05 and 2.3 million years ago (Jones and McDougall 1973, Anderson 

and White 2001). The main landmass covers an area of 3455 hectares, while the territory’s two 

unoccupied islands, Phillip Island (6 kilometres south) and Nepean Island (1 kilometre south), 

consist of 190 and 10 hectares respectively (Director of National Parks 2008, Director of 

National Parks 2010). 

Both of these nearby islands are important conservation sites for the Norfolk archipelago, 

as they provide habitat for endemic species, such as the Phillip Island cricket (Nestitathra 

philipense). Some reptile and invertebrate species, such as the Lord Howe gecko (Christinus 

guentheri) (Phillip Island) and the Phillip Island centipede (Cormocephalus coynei) (Phillip 



 

 

 

38 

and Nepean Island), were once also found on Norfolk Island, but they became extinct in this 

area after the introduction of rats and cockroaches (Blattella germanica, Periplaneta 

americana and P. australasiae) (Director of National Parks , Director of National Parks 2008). 

Norfolk Island is bordered by 32 kilometres tuff and basalt cliffs, due to the islands volcanic 

history. Both of the island’s peaks are located in the north, with Mount Bates sitting at 318 

metres above sea level, and Mount Pitt sitting at 316 metres above sea level, (Director of 

National Parks 2010). 

Norfolk Island and Phillip Island are of volcanic origin, while Nepean Island is a limestone 

formation. While both Norfolk and Phillip Island have soft, easily crumbled soil that is ideal 

for the root growth of plants, the two islands experience differences in the density of vegetation 

present. Norfolk Island’s soil is nutrient filled and able to support an abundance of vegetation, 

while Phillip Island has limited top soil that is mainly restricted to tuff and ash beds, leading to 

very little vegetation. Where vegetation is sparse on Norfolk Island the soil is prone to slips. 

(Coyne 2010, Director of National Parks 2010). The only freshwater available to the flora and 

fauna on Phillip Island is rain water, as unlike Norfolk Island, which has three permanent 

streams and groundwater systems, Phillip Island has no permanent source of freshwater. The 

temperature range in Norfolk Island can be described as moderate, with lows of down to 11.0oC 

and highs of up to 26.5oC (Director of National Parks 2010). 
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The Settlement of Norfolk Island by Europeans occurred in three waves, with the first two 

settlements as penal colonies. In 1774, Captain James Cook visited and named it Norfolk 

Island, admiring the tall pines and the abundance of flax plants (Coyne 2011). Although 

uninhabited at the time, evidence was later found of Polynesian settlement in the form of 

banana (Musa sp.) plantations, stone tools, and Pacific rats (Rattus exulans) (Anderson 1996, 

Anderson 2001, Anderson and White 2001). In 1788, the first penal settlement arrived, and the 

prisoners farmed and cleared the land. This first settlement lasted for 26 years before 

agricultural breakdown caused an evacuation of the island. The second penal colony began in 

1825 in response to overcrowded prisons on mainland Australia, and lasted until 1856, when 

the prisoners were deported to Hobart. The third settlement began in 1856 with the arrival of 

the Pitcairn Islanders, the descendants of the HMAV Bounty mutineers. All three settlements 

changed the habitat of Norfolk Island. The first settlement cleared most of the pine and 

hardwood forest that occupied the island, leaving only a small patch of remnant forest near the 

peaks towards the north of the island, in what is now the Norfolk Island National Park. The 

second settlement gave way to historic buildings and structures, and the third settlement was 

the backbone to the modern day culture on the island with its introduction of tourism, 

agriculture and recreation (Best 2007). 

The vegetation of Norfolk Island varies temporally and spatially (Smithers and Disney 

1969). The main land mass has approximately 550 plant species, of which a third are native 

and approximately 9% are endemic. The island shares 51% of its vegetation with Australia, 

39% with Lord Howe Island, and 33% with New Zealand (Mills 2010). The original vegetation 

on the island has been categorised in to ten groups that occur in different geographic locations 

and overlap in the type of species they support, for example, seven out of the ten vegetation 

types contain Norfolk pine trees (Director of National Parks 2010). The vegetation types are 

comprised of a variety of plants, including invasive species that are either predominant in that 
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vegetation type, or are dispersed amongst the native vegetation. The most common invasive 

species in Norfolk Island are the red guava and the African olive, both of which are food 

resources for the Tasman parakeet and other bird species (Director of National Parks 2010). 

While weed species within the park are actively being managed they are still being spread 

through invasive fauna such as rats (Rattus exulans and Rattus rattus.), which are introduced 

pests (Director of National Parks 2010). 

Phillip Island had introduced mammalian pests such as pigs (Sus scrofa), goats (Capra 

hircus) and rabbits (Oryctolagus cuniculus) (Bomford and O'Brien 1995). The presence of 

these pests had led to the lack of original vegetation that is seen today. Since the eradication of 

the pests (pigs and goats in the early 1900s and rabbits in 1986) there has been regeneration of 

the vegetation on Phillip Island (Coyne 2010). The island is now home to 102 plant species, 

less than half of which are indigenous, that support both resident and migratory birds, amongst 

other faune  (Director of National Parks 2010). 

The Norfolk Island territory is home to 120 bird species (seven endemic), two native 

reptiles, two native bats, as well as many endemic invertebrate species (Hermes, Evans et al. 

1986, Director of National Parks 2018). Also present in the Norfolk Island territory are 

introduced species, who have negatively impacted native and endemic flora and faune. A few 

examples of these introduced and damaging species include the crimson rosellas, feral cats, 

Polynesian and black rats, the house mouse (Mus musculus) and the Argentine ant 

(Linepithema humile) (Director of National Parks 2010). One example of at risk species is 

provided by land snails, invertebrate species that contribute to the native and endemic diversity 

of flora and fauna on Norfolk Island. There are five critically endangered species of land snail 

present on Norfolk Island that belong to three genera Advena, Mathewsoconcha, and Quintalia. 

These species are at risk of extinction due to the presence of rats and introduced snails, along 

with habitat disturbance.  
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The effect that the aforementioned invasive species have on the biodiversity of Norfolk 

Island is negatively impacting a range of species, from birds, to invertebrates, and to plants, 

and as such, much of the islands biodiversity is confined to the northern region of the island. 

The Norfolk Island National Park and Botanic Gardens contain most of the remnant native and 

endemic flora of the island, while covering only 18% of the landmass of the three islands in 

the Norfolk Group (Smithers and Disney 1969, Director of National Parks 2008, Director of 

National Parks 2010, Mills 2010). The Botanic Gardens consist of 5.5 hectares of land, the 

Mount Pitt section of the Norfolk Island National Park consists of 460 hectares of land, and the 

Phillip Island section of the park consists of 190 hectares of land (Director of National Parks 

2018). There are twenty reserves on Norfolk Island, including Nepean Island, that are important 

areas for conservation (Director of National Parks 2010). The diverse range of vegetation seen 

in the Norfolk Island National Park and Botanic Gardens is due to them being free of the 

residential and agricultural land use that is seen outside of the park and garden areas. This 

means that they are home to many micro-endemic species, making them a target for many 

conservation management plans that have been introduced to the territory. 

The management plans in place for Norfolk Island have been implemented to outline 

conservation goals, such as maintaining and preserving the biodiversity of island. Some of 

these plans include the National Park Forestry Zone (Byron 2012), the Threatened Species 

Recovery Plan (Director of National Parks 2010), the Climate Change Strategy 2011-1016 

(Director of National Parks 2011), and the Norfolk Island National Park and Norfolk Island 

Botanic Garden Management Plan 2018-2028 (Director of National Parks 2018). 
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THESIS STRUCTURE 

Thesis Aims 

The overall aim of this thesis is to investigate seasonal activity patterns and habitat use of 

Tasman parakeets and crimson rosellas within the Mount Pitt Section of the Norfolk Island 

National Park in order to quantify the degree of seasonal habitat overlap between both species. 

This information adds to the growing research on the critically endangered Tasman parakeet 

and fills a significant gap in knowledge for the species. The thesis structure and chapter 

contents are listed as follows: 

Chapter One: Introduction 

- In chapter one I provide a general introduction to outline how studies of the spatial and 

temporal variation of a species habitat preference and use may contribute to the 

conservation of the species. I also identify the need for researching these concepts for 

island species as they often face unique threats that mainland species do not. I introduce 

the critically endangered Tasman parakeet, a competitor species the crimson rosella, 

and isolate the need for this current study by outlining the gap in the current knowledge. 

I then provide an outline of the structure and aims of this thesis. 

Chapter Two: Vegetation Characterisation of the Last Subtropical Rainforest Fragment on 

Norfolk Island 

- In chapter two I present a characterisation the vegetation in the Mount Pitt section of 

the Norfolk Island National Park using circular plots and estimating plant species 

richness. I also present an updated map and estimation of minimum population size for 

native plant species of conservation significance on Norfolk Island.  
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Chapter Three: Habitat Preference and Feeding Ecology of the Norfolk Island Parrots 

- In chapter three I quantify the spatial and temporal variation of habitat preference of 

Tasman parakeets and crimson rosellas. This chapter also presents an account of the 

habitat use of the two species as estimated by the frequency of behavioural states. This 

chapter examines the degree of niche overlap between the two species. The research in 

this chapter details and compares the seasonal diets of the Tasman parakeet and the 

crimson rosella within the Mount Pitt section of the Norfolk Island National Park. Also 

determined is the degree of overlap of food resources consumed and the habitat type in 

which they are consumed. 

Chapter Four: Future Research Needs 

- Chapter four provides a general discussion of the relevance of this thesis for the 

conservation of the Tasman Parakeet. I also identify the limitations of this research, 

aspects of this thesis that were unable to occur, and key topics for future research to 

maintain the survival of this critically endangered species. 
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 : VEGETATION CHARACTERISATION OF THE LAST 

SUBTROPICAL RAINFOREST FRAGMENT ON NORFOLK ISLAND 

 

 

 

 

 

 

 

 

 

  

Figure 2.1.1. Typical Canopy in a niau (Rhopalostylis baueri) forest, Mount Pitt section of the 

Norfolk Island National Park.  

Photo: L. Ortiz-Catedral 
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ABSTRACT 

Islands are home to 37% of the world’s critically endangered species and so characterising 

the habitats on small islands is an important step for setting up conservation priorities and 

understanding the relative abundance of species on different habitats. In this Chapter I describe 

a rapid characterisation of woody vegetation, and habitat types, within the Norfolk Island 

National Park. This was a prerequisite to subsequently analyse the patterns of habitat use by 

Tasman parakeets and Crimson rosellas (Chapter 3). In this Chapter, I also provide an update 

on minimum population sizes of threatened woody plants relative to a 2003 baseline. I 

measured the diversity of woody plant species on 988 plots each with an area of 314 m2, and 

identified woody species with at least one individual of fruiting age (DBH > 3 cm). I identified 

nine habitat types: remnant hardwood, remnant Araucaria forest, niau forest, regenerating 

vegetation, paddock, forestry, forest edge, olive forest, and guava forest. The most common 

habitat was Forest edge and it was also the habitat with the highest plant diversity (70 species). 

For native habitats, remnant Araucaria and remnant hardwood forests shared nearly half of 

their woody plant species (Sorenson average: 45.86%), and are thus the most similar habitats 

in terms of woody species composition. Niau forest and regenerating vegetation shared the 

lowest number of species, (Sorenson average: 40.40%), and are thus considered the least 

similar habitats in terms of woody plant species. For non-native habitats, Olive forest and 

paddocks shared the highest number of species (Sorenson average: 65.31%), while forestry 

habitat and Guava forest shared the least number of species (Sorenson average: 33.33%).  

Relative to the 2003 baseline of woody native plants, I found that five species show an 80% 

larger minimum population size within the area sampled. The rapid characterisation of woody 

plant species described here represents a useful method to measure similarities between native 

and non-native habitat types, and to detect temporal changes in woody species of fruiting age. 
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 INTRODUCTION 

Habitat loss and fragmentation largely resulting from human activities, in particular 

agricultural expansion, are processes affecting ecosystem functioning worldwide (Fahrig 2003, 

Haddad, Brudvig et al. 2015, Yue, Brodie et al. 2015). Recent estimates on remnant global 

forest cover indicate that 70% of today’s forest are in close proximity to forest edges (Haddad, 

Brudvig et al. 2015). Although edge habitats can harbour higher diversity for certain animal 

groups (i.e. beetles and neuropterans) (Molnár, Magura et al. 2001, Duelli, Obrist et al. 2002), 

increased edge habitat resulting from fragmentation can significantly alter species richness and 

biomass, as well as dynamics of trophic levels (Laurance, Lovejoy et al. 2002). Areas with high 

levels of fragmentation, have less habitat and space available to organisms, resulting in a loss 

of species richness and biodiversity (Tilman and Kareiva 2018). The rate of habitat loss 

worldwide is staggeringly fast: in 2005 it was estimated that 21.8% of the earth’s natural 

habitats were lost to anthropogenic activities, increasing in 2009 to 51.4% (Hoekstra, Boucher 

et al. 2005, Watson, Jones et al. 2016). Overall, the global loss and increased fragmentation of 

natural habitats has caused numerous recent extinctions and is a major contributing factor to 

the current high number of endangered species today (Cafaro 2015). 

Islands harbour the largest proportion of endangered species worldwide, with 

approximately 37% of all critically endangered taxa found in these environments. In addition, 

most of the recorded land-based extinctions during the last few hundred years have occurred 

on islands (Tershy, Shen et al. 2015). Further, islands represent just over 5% of the landmass 

of the planet, yet they harbour over 1000 highly threatened species of vertebrates, and exhibit 

a higher rate of population decline and species extinction than mainland areas (Spatz, Zilliacus 

et al. 2017). Numerous conservation efforts worldwide focus on islands, and often involve the 

control of invasive species, in particular mammals. An analysis of the benefits to local 
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biodiversity following eradications of invasive mammals found a range of biological gains 

including: recovery of local populations, recolonization to formerly extirpated ranges and new 

colonisations predominantly on human uninhabited islands (Jones, Holmes et al. 2016). What 

are the prospects, however, for critically endangered species found on human inhabited islands, 

with high levels of habitat fragmentation and where the eradication of invasive mammals is not 

yet feasible? A number of Pacific Islands fall into the latter category.  

Pacific Islands represent a unique assemblage of ecosystems with no analogous 

counterparts on the mainland (Mueller-Dombois and Fosberg 1998). It is therefore important 

to promote studies on the diversity of plants and plant communities in Pacific Islands. Since 

the majority of the literature concerning the effects of habitat loss and fragmentation has 

focused on mainland forest ranges (Montejo-Kovacevich, Hethcoat et al. 2018, Taubert, 

Fischer et al. 2018, Vijay, Reid et al. 2018), the generalisation of these patterns to island 

ecosystems has been questioned. For instance, the scale of isolation between fragments is at 

the landscape level on mainland ranges (hundreds or thousands of kilometres), while on islands 

it occurs at the patch level (dozens to hundreds of kilometres) ((Martin-Queller, Albert et al. 

2017). Thus, the effects at the species level resulting from habitat fragmentation and isolation 

operate at more discrete scales than mainland environments. Therefore, the conservation of 

species inhabiting habitat fragments on Pacific Islands requires an understanding of the types 

and composition of current habitats and their distribution to assess the potential effects of 

isolation between habitat patches. For a range of small Pacific Islands however, very little 

information exists on the range of current habitats, their composition, and dynamics. Therefore, 

a first step towards understanding how species of conservation interest use the different habitats 

on an island, is to characterise the range of habitats and the vegetation associations within them. 

There is a disparity in the literature regarding the methodologies used on mainland and 

island habitats for vegetation diversity sampling (Fan, Fei et al. 2011, Shafie, Amiri et al. 2011, 
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Peña and Ulloa 2017). Whilst most methods can be applied at both location types, the level of 

detail required and the constraining factors of the focal environment must be taken into account 

when regarding appropriate methodology. Methodology choice will also impact the type of 

data produced by the study, hence care must be made during planning to select a sampling 

process that will produce relevant data.  

Two common approaches to vegetation sampling are remote sensory methods, such as 

satellite imagery (Lu and Weng 2007), and ground-based methods, such as relevés sampling 

(Alcántara, Garrido et al. 2019). Where only qualitative, broad-scale data are required, the use 

of aerial photography and satellite imagery are appropriate as they provide a time sensitive 

approach by capturing the whole sample site in one image (Kim 2016). This type of sampling 

technique is also used on larger islands, or islands where access is limited as a result of difficult 

and dangerous terrain, as remote images may be accessed from anywhere in the world 

(Wangchuk, Bolch et al. 2019). Further, images produced by satellites are stored on a database 

that may be accessed for comparisons in temporal patterns (Ford 2013).  

Conversely, ground-based methods require a larger input of time, and often occur at a 

greater cost, as many sample sites are needed to create an effective assessment of the vegetation 

present. However, the benefit of this sampling method is that vegetation can characterised at 

finer scales, yielding quantitative data on the diversity of strata within habitats (Zhou, Robson 

et al. 1998, Ruiz, Fandiño et al. 2005, Zegeye, Teketay et al. 2006). The information produced 

via this method can be used as a benchmark for studies that quantify the spatial and temporal 

patterns of a species’ preferred habitat use within fragmented habitats, and as a baseline of the 

vegetation available for the species of interest. 

When time constraints prevent a thorough measurement of several aspects of the plant 

community structure, a rapid characterisation of the presence/absence of woody plant species 

may be an ideal alternative that will still produce quantitative data for use in habitat preference 
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studies (see Chapter 4). This broad-scale sampling was practical in this thesis, for 

characterising the vegetation composition in the Mt Pitt section of the Norfolk Island National 

Park (henceforth referred to as NINP), as this data would subsequently be used to compare 

patterns of habitat use between two competing parrots that are found primarily within stands 

of woody plant species (see Chapter 2). Tasman parakeets (Cyanoramphus cookii) and crimson 

rosellas (Platycercus elegans) feed predominantly on fruits, flowers, leaves and seeds of woody 

plants (Waldmann 2016). Therefore, analyses of patterns of habitat use in woody vegetation 

can reveal the degree of competition or overlap across habitat types within NINP (see Chapter 

3). 

Norfolk Island Vegetation 

Norfolk Island harbours a high diversity of flora and fauna, with numerous endemic species  

(Coyne 2011). There are a number of publications describing the vegetation composition on 

Norfolk Island (Smithers and Disney 1969, Mueller-Dombois 2002, Coyne 2011), however, 

prior to this research there has not been a large-scale characterisation of habitat types and local 

species richness of woody plant species within the NINP. Historically, the vegetation of 

Norfolk Island prior to the arrival of the first Europeans comprised primarily of sub-tropical 

rainforest, with obvious stands of tall Norfolk pines along the ridges, ferns and palms 

throughout the gullies, and flax (Phormium tenax) bushes along cliff edges (Smithers and 

Disney 1969, Mueller-Dombois 2002, Coyne 2011). Major changes to the vegetation 

composition since the 1770s included the clearing native bush for agriculture (Coyne 2011) 

and the planting of Eucalyptus species and other hard wood trees for construction (Smithers 

and Disney 1969, Byron 2012).  

Today the vegetation of Norfolk Island is highly fragmented, with the majority of the 

islands’ 182 native plant species confined to the NINP and Botanic Gardens, two areas that 
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occupy approximately 13% of the islands landmass (Director of National Parks 2018). The 

restricted distribution of these endemics can be attributed to the lack of urbanisation and 

agriculture within these areas, as well as intense pest management of both animals and plants 

within them, making NINP and the Botanic Gardens the last strongholds for these species 

(Director of National Parks 2018). Three general habitat types had been identified within the 

park: Araucaria stands, fern and palm gullies, and mixed hardwood forest (Coyne 2011). In 

general, native forest fragments are interspersed between patches of invasive plant species. 

While Norfolk pines continue to be a prominent feature of the park, several changes over the 

course of 200 years have altered the profile of the landscape. Soil-stabilising flax bushes have 

been lost from cliff edges, white oak stands across exposed lower slopes have been replaced 

by African olive (Figure 2.2), and hardwood forests are now less prevalent throughout the park, 

replaced by guava on foot slopes, and shrubbery and grass invasive types on mountain summits 

(Mueller-Dombois 2002).  

The prevalence of invasive plants on Norfolk Island was largely made possible by the 

clearance of native vegetation by early settlers, giving way for the establishment of species 

such as red guava (Psidium cattleianum), one of the worst vegetative pests in Hawaii, and 

Figure 2.2. Cliff edges and low slopes with African olive, where once would have stood flax 

and white oak.  

Photos: L. Ortiz-Catedral. 
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African olive (Olea europaea) (Coyne 2011). Red guava was introduced to Norfolk Island as 

a fruiting plant, however, the dense bush thickets and wide ranging root systems of this species 

that restrict the growth of any native plants around them, allowed the guava to quickly spread 

throughout the island. The fruits also have a negative impact on the environment as they alter 

the chemical composition of downstream soil (Lowe, Browne et al. 2000, Director of National 

Parks 2010). The African olive is another prominent invasive species that has become 

established, not only on the main island, but also nearby Phillip Island, where it has developed 

monoculture forests as a characteristic of the plants ability to survive in low light levels (Cuneo 

and Leishman 2006, Director of National Parks 2010, Cuneo and Leishman 2013). 

Current management action for invasive plants aims to limit spread and distribution African 

olive and red guava via mechanical removal (Director of National Parks 2018). However, while 

these actions may result in an eventual reduction of these invasive species, the seedbank can 

be very persistent and affect moisture levels of soil surrounding native plants’ root systems. 

For instance, African olive seeds can remain viable for over two years ( (Cuneo, Offord et al. 

2010). Changes in soil moisture dynamics can prevent native plant species, such as ferns, from 

regenerating, furthering the fragmentation of native vegetation (Hill 2002, Director of National 

Parks 2010, Coyne 2011). 

While the available literature on vegetation of Norfolk Island attempts to calssify the 

diversity of habitats on the islands, no measures of association and similarity have been 

calculated for the invasive and native species and habitat types within the NINP. These 

measures of plant community structure can provide valuable information into patters of 

association or dissimilarity of forest stands helpful to prioritize weed control at various spatial 

levels. This type of information can also be used to understand temporal and spatial patterns of 

habitat use of animal species of interest (Chapter 3). 
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Rare species within the Norfolk Island National Park 

Norfolk Island is home to 45 species of rare plants that fall into three categories: threatened, 

endangered, and critically endangered (Coyne 2011). As of 2003 11 of those species were 

identified as having less than 50 individuals (Table 2.7).  Before the present there had not been 

an update on the location or abundance of individuals of fruiting age of these rare species since 

their initial identification in 2003. A key task in the conservation management of the threatened 

species on Norfolk Island is the monitoring and risk assessment of these species (Director of 

National Parks 2018). Taking into consideration the effect invasive species may have on native 

populations, and the limited population size of some of these highly threatened species, it was 

proposed that this study would provide a baseline assessment of the location of these species 

within the NINP. 

Tasman parakeet diet 

Tasman parakeets are distributed within NINP and forage on a range of food types 

including the seeds, fruits, bark and leaves of both native and introduced species (Hill 2002, 

Waldmann 2016). Plant species associations for feeding resources of the Tasman parakeet are 

currently unknown, however, previous research into the utilisation of plant species by this 

parrot have identified five key food resources that are a mix of native and invasive species: 

Norfolk pine (Araucaria heterophylla), ake ake (Dodonea viscosa), African olive (Olea 

europaea), niau (Rhopalostylis baueri), and red guava (Psidium cattlieanum) (Waldmann 

2016) (Figure 2.3). While these food species contributed to a large proportion of the Tasman 

parakeet diet (82%), the total diet of the Tasman parakeet only includes 15% of the total plant 

species present on Norfolk Island.  
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Figure 2.3. Tasman parakeets feeding on unripe red guava (top left), niau fruits (top right), 

Norfolk pine seeds (bottom left) and ake ake fruits (bottom right). 

Photos: L. Ortiz-Catedral. 
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Aims 

In order to investigate the patterns of habitat use of Tasman parakeets and Crimson rosellas, 

and to better understand the relative importance of habitats across a spectrum of restoration 

from weedy edges to mature forest remnants, I conducted a vegetation classification focusing 

on plants of fruiting age, using a systematic sampling of radial plots of fixed diameter (relevés). 

My aim was to produce an updated vegetation map that can be used to understand areas of 

greater seasonal activity by Tasman parakeets. Also, I aimed at comparing the diversity of 

different habitat types within the Mount Pitt section of the Norfolk Island National Park and 

the fine scale associations of species to investigate the relationships between habitat 

characteristics and patterns of habitat use by Tasman parakeets and Crimson rosellas (Chapter 

3). The results presented in this chapter can also be used as a baseline to assess changes in 

habitat distribution over time and to inform decisions regarding restoration efforts in a range 

of habitat types. The specific aims of this chapter are as follows: 

1. Create a detailed map that characterises the composition of the vegetation within the 

Norfolk Island National Park 

2. Provide associative measures of key food species of the Tasman Parakeet and the 

Crimson Rosella. 

3. Provide an updated account of the location of rare plants of fruiting age within NINP. 
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METHODS 

Data Collection 

Relevés (sample plots of vegetation) were selected for sampling from an existing network 

of rat bait stations (henceforth bait stations that follow established transect lines throughout the 

NINP, provided by the Parks Australia staff. The actual bait station was used as the center for 

the vegetation plot. Previous research on the Tasman parakeet (Skirrow 2018) has used the 

same bait station grid to monitor population numbers (Figure 2.4). I visited 988 bait stations 

out of the total 1800 (55%). Due to logistical constraints, such as risk levels and accessibility, 

I was not able to sample the remaining stations but the locations visited constitute a 

representative sample of the main areas where Tasman parakeets occur, and across all habitat 

types of woody vegetation (Waldmann 2016). A team of two people surveyed vegetation 

independently at each of the stations and registered each woody plant species of fruiting age: 

plants with a stem of at least 3 cm DBH within a 10 m radius (314 m2) of the bait station. This 

plant size class was chosen based on a pilot study in 2014-2016 (Ortiz-Catedral pers. comm.). 

I registered the presence of plant species of fruiting age but did not estimate the density or 

absolute number of individual plants within the plots. This is because during a pilot conducted 

early in this study, I determined that it would take roughly one to two hours per plot to 

characterise the vegetation in detail, which would require over 200 field-days to complete.  

Instead observers and I registered the presence of woody plant species (species richness per 

plot) as this measure allowed me to compare richness between plots and vegetation types. No 

herbaceous plants, shrubs, non-woody ferns, or mosses were recorded, however, at sample sites 

located in open areas where grass was the only plant in the area ‘grass sp’ was recorded for the 

vegetation composition. Registering the vegetation per plot required approximately 15 minutes 

on average. Most plant species were easily identified by their flowers, fruits and leaves, 
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however at sites with high canopy or low light levels the bark and buttresses of the tree were 

used to assist the identification process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each plot was also assigned to a habitat type based on the dominant species (canopy cover 

of 50% or more). These habitat types are: niau forest, foresty, remnant Araucaria forest, 

remnant hardwood forest, paddock, guava forest, olive forest, forest edge, regenerating 

vegetation less than five years old, and regenerating vegetation more than five years old (Figure 

2.5). The last two categories were identified based on feedback from staff of the Norfolk Island 

National Park in relation to the number of years elapsed since removal of weeds and replanting 

of native woody plant species. Any plot classified as “forest edge” was further subdivided into 

0 km 0.5 km 1 km 

Figure 2.4. Map of all bait stations present in the Mt Pitt Section of the Norfolk Island National 

Park and Botanic Gardens. 
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subtypes according to the dominant canopy species. That is, a forest edge could have the 

subtype Auracaria remnant, niau forest, and so on. 
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Figure 2.5. Habitat types within the Mt Pitt section of the Norfolk Island National Park 

Remnant Araucaria (A), remnant hardwood (B), niau forest (C), forestry and forest edge (D), 

regenerating vegetation (E), guava forest (F), olive forest (G) and paddock (H).  

A 

C 

B 

G H 

E F 
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The total area surveyed during this researched was 31.04ha (6.75% Mt Pitt NINP). Most 

bait stations were between 25m and 50m apart, meaning that 5m-30m between each station 

was not surveyed (Figure 2.6). An estimated 181 hours was spent on the field component of 

this chapter. 

 

Statistical Analysis 

Five maps were created in R Studio (Version 1.1.463). The first map displays the 

distribution of the nine identified habitat types across the NINP. The remaining four maps 

present the distribution of five rare plant species that have demonstrated an increase in the 

minimum number of mature individuals per hectare of 80% or greater between the 2003 survey 

and the 2017 survey. There are five species displayed across four maps due to the high level of 

overlap between locations of individuals.  

10m 

25-50m 

5-30m 

A B 

Figure 2.6. Line diagram showing bait station set up.  

A and B represent bait stations. The grey area between them represents the non-surveyed, 

continuous habitat between stations. 
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Simple, descriptive statistical analyses were undertaken for this chapter as the data 

collected consisted of presence and absence observations. The descriptive analyses allow for 

the identification of patterns in the community structure of the NINP. 

The proportion of each habitat type was calculated, along with the area that the habitat 

occupied. Simpson’s Diversity Index (D) (Kent 2011) is an index that calculates the probability 

that two observations will belong to the same species. The complement of this index (1-D) is 

used to calculate the diversity between multiple areas (Kent 2011, Morris, Caruso et al. 2014). 

Simpson's Diversity Index uses abundance measurements to assess the diversity of different 

plots (Kent, 2011). As this study did not record abundance, the observations across each habitat 

type were combined, to provide as an estimation of the 'relative abundance' between habitat 

types. The complement of Simpson’s Diversity Index was used to calculate the diversity 

between three main habitat types in NINP: ‘Native’, ‘Invasive’, and ‘Forest Edge’. The 

‘Native’ type was a combination of all of the observations recorded in the remnant araucaria, 

remnant hardwood, regenerating vegetation, and niau forest habitat types, while the ‘invasive’ 

type was comprised of all of the observations recorded in the paddock, olive forest, guava 

forest, and forestry habitat types. The ‘forest edge’ type consisted only of the observations 

made within the forest edge habitat type. The square proportion of species richness (pi
2) was 

calculated for each habitat type, and then combined for each overall type, to give the Simpson’s 

Diversity Index per overall habitat type. The complement for each overall habitat type was then 

calculated. 

Simpson Diversity Index was calculated using the formula: 

D= Σpi
2 

where D= Simpson’s Diversity Index, and pi
2= proportion of i species within the habitat. The 

complement of Simpson’s Diversity Index was calculated using the formula: 

1-D 
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The complement of Simpson’s Diversity Index ranges from 0-1 where 0 represents low 

diversity and 1 represents high diversity. 

The Sorensen-Dice coefficient is a method of calculating the similarity of the species 

present within two areas or habitat types (Kent 2011). The purpose of using this statistical tool 

was to both provide a descriptive measure of vegetative composition within the park and to 

identify potential explanations for the variation of bird presence within the park. That is, if the 

habitat preference of a specific bird was high for one habitat type, then it would be expected to 

be high for a habitat type with a similar assemblage of species. The Sorensen-Dice coefficient 

between pairings of habitat types was calculated using the formula: 

Ss=2a/(2a+b+c) 

where Ss= Sorensen’s similarity, a= number of species in common, b= number of species in 

habitat type 1 and c= number of species in habitat 2. The Sorensen-Dice coefficient ranges 

from 0-1, where 0 is no similarity and 1 is complete similarity. A percentage of similarity was 

obtained for each habitat type pairing. 

Researchers have identified the five plant species that have the highest contribution to the 

Tasman parakeet diet (Hill 2002, Waldmann 2016). These species are Norfolk pine, red guava, 

African olive, ake ake, and niau. The association between each species was calculated using a 

chi-square test for association, corrected using Yates correction for small cell frequencies (Kent 

2011). Chi-square associations were calculated for these species to identify areas where the 

focal bird species may be present, that is, a bird may be found more times in an area where two 

feeding resources are found, as compared to one feeding resource. Also, this information may 

be of importance in the continued management of invasive plant species within the park as it 

will identify if key native species are found in association with invasives. A contingency table 

was created for each species pairing, and the association was then calculated using the formula:  

X2= ((|ad-bc|- 0.5N2)*N)/(a+b)(c+d)(a+c)(b+d) 
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where X2= the association between species x and species y, a= number of locations where both 

species are together, b= number of locations of species x only, c=number of locations of species 

y only, d= the number of locations where neither species are found, and N= the total number 

of locations. |ad-bc|= is the absolute difference between ad and bc, regardless of the sign (Kent 

2011). 

The contingency table had one degree of freedom, and so for an association between two 

species to be significant the value of X2 must be greater than 3.84 at significance level of 0.05 

(or X2>6.64 at p=0.01) (Kent 2011). For significant associations the direction (positive or 

negative) of the association was calculated by comparing the observed frequency (both species 

occurring together, a) and the expected frequency. The expected frequency was calculated 

using the formula: 

E=(a+b)(a+c)/N 

There is a positive association between the two species if the observed frequency is greater 

than the expected frequency, and the association is negative if the observed frequency is lower 

than the expected frequency (Kent 2011). 
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RESULTS 

I sampled a total of 988 relevés during this research after approximately 181 hours of 

sampling. This effort totalled to an area of approximately 31.04 hectares. If I account for 

continuity between sample sites the total area sampled  amounts to approximately 90 hectares. 

5422 individual plants of fruiting age were identified in this research that belonged to 80 plant 

species. Each habitat type had between 15 - 70 plant species present, and occupied an area 

between 0.41ha and 4.59ha, with the exception of forest edge, which occupied nearly half of 

the sample area  (area=14.61ha) (Table 2.1). A location in the park was left without survey, in 

the northern section (Figure 2.7), due to the dangerous steep mountainside and the dense thicket 

of olive forest. 

Distribution and species composition of habitat types 

Forest Edge 

The forest edge habitat type could be found all across the park, but is concentrated most 

densely around the park edges. This was the most common habitat type, with its presence 

identified at 465 sample locations. This habitat type also had the highest species richness of 

any of the nine habitat types (richness=70). 

Remnant Araucaria 

This was the second most common habitat type found within the park as it was identified 

at 146 of the sample locations. This type was dispersed across the park, however, it was less 

common on the northern and western edges of the park. There were 43 species found within 

remnant Araucaria. 

Forestry  
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This habitat type was found clustered around the south-western edge of the park. This 

habitat type was identified at 92 sample locations, and had 20 plant species within it. 

Guava Forest 

This habitat type was the fourth most common habitat type, with 88 sample locations being 

of this type. Guava forest was mostly found on the eastern and south-eastern edges of the park, 

having a total of 32 species. 

Remnant Hardwood 

The remnant hardwood habitat type was found throughout the centre of the park, more so 

towards the eastern edge. While this habitat type was the fifth most common, identified at 79 

sample sites, it had the second highest species richness, with 43 species identified within it.  

Niau Forest 

Niau forest was present at 53 sample locations. This type had present 25 plant species, and 

was found clustered around the centre and southern sections of the park. 

Olive Forest 

There are 33 sample locations in which olive forest was found. Within this type was found 

19 species. This type was located around the edges of the park and less so in the centre. 

Paddock 

The paddock habitat type was found at 19 sample locations, and had present only 15 plant 

species. This type was found primarily in the north-west section of the park. 

Regenerating Vegetation 

Regenerating vegetation was the least common of the nine habitat types found within the 

NINP during this research, found at only 13 sample locations, which represent only 1.32% of 

the total sample locations surveyed. This type has present 26 species of plants, and could be 

found across the east and central parts of the park. 
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Figure 2.7. Distribution of habitat types across the Norfolk Island National Park for each relevé (sample location) 

0 km 0.5 km 1 km 

Habitat Type 
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Table 2.1. Diversity of species with each habitat type. 

The diversity index, pi
2, indicates how similar the species are within each habitat type. 

This value ranges from 0-1, where 0 is a high diversity and 1 is a low diversity. 

Habitat types are RV= regenerating vegetation, NF= niau forest, RA= remnant 

Araucaria, RH= remnant hardwood, F= forestry, GF= guava forest, OF= olive forest, 

P= paddock, FE= Forest edge. 

 

Habitat 

type 

Obs Area 

(ha) 

Area % Species 

richness 

pi pi
2 

Native RV 13 0.41 1.32 26 0.33 0.10 

 NF 53 1.67 5.36 33 0.41 0.17 

 RA 146 4.59 14.78 42 0.53 0.28 

 RH 79 2.48 8.00 43 0.54 0.29 

Invasive F 92 2.89 9.31 20 0.25 0.06 

 GF 88 2.76 8.91 32 0.40 0.16 

 OF 33 1.04 3.34 19 0.24 0.06 

 P 19 0.60 1.92 15 0.19 0.04 

Forest 

Edge 
FE 465 14.61 47.07 70 0.88 0.77 

Total  988 31.04 100    



 

 

 

68 

Diversity of habitat types 

The ‘Invasive’ habitat type had the highest Simpson’s complement (1-D=0.69) while the 

‘Native’ habitat type had the lowest (1-D=0.16). This means that the ‘Invasive’ habitat type 

has a higher diversity of species than the ‘Forest Edge’ and ‘Native’ habitat types (Table 2.2). 

One relevés had no recorded plant species of fruiting age within the 10 metre radius of the 

station. This sample location was found in the forest edge habitat in a young, regenerating 

forest and represented 0.1% of the total relevés surveyed. It was noted that outside of the 10 

metre survey radius were Araucaria heterophylla and Elaeodenderon curtipendulum trees. 

 

 

 

 

 

Table 2.2. Simpson's Diversity Index (D) for native, invasive and forest edge habitat 

types. 

Simpson’s Complement (1-D) is a measure of diversity between the species found at 

each habitat type ranging from 0-1, where 0 is low diversity and 1 is high diversity. 

Habitat 

Type 

Obs (n) Area % Total 

Richness 

D 1-D 

Native 291 29.46 50 0.84 0.16 

Invasive 232 23.48 45 0.31 0.69 

Forest Edge 465 47.07 70 0.77 0.23 

Total 988     
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Measures of similarity between habitat types 

The measures of similarity between habitat types ranged from 27.50% (olive forest -

paddock) to 65.31%. (paddock - remnant hardwood). The ‘Native’ habitat type pairings 

(xn,,Table 2.3) had high similarities of species found within them, ranging from 40.40%-

45.86%. The ‘Invasive’ habitat type pairings (xi Table 2.3) were over a larger range than the 

‘Native’ types, ranging from 33.33%-65.31%. 
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Table 2.3. Sorensen-Dice coefficients for each habitat type pairing.  

Number of shared species (a) is top-right. Sorensen-Dice coefficients are the measure of how similar the species are between two 

habitat types, expressed as a percentage and located bottom-left (Ss).  Habitat types are RV= regenerating vegetation, NF= niau forest, 

RA= remnant Araucaria, RH= remnant hardwood, F= forestry, GF= guava forest, OF= olive forest, P= paddock, FE= Forest edge. 

Habitat 

Type 
F GF OF P NF RV RA RH 

F  13 13 10 10 12 16 13 

GF 33.33i 
 13 14 22 21 28 29 

OF 40.00i 33.77i 
 32 10 13 18 15 

P 36.36i 37.33i 65.31i  8 10 11 11 

NF 29.33 42.48 33.33 25.00  18 25 25 

RV 34.29 42.00 36.62 32.79 40.40n  25 25 

RA 34.04 43.08 37.11 27.85 44.44n 42.37n 
 36 

RH 29.21 43.61 32.61 27.50 44.93n 42.02n 45.86n 
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Tasman parakeet feeding species  

The most commonly occurring species from the previously identified five key food 

resources for the Tasman parakeet was the Norfolk pine, which was found at 619 sample 

locations. The next two species that were most commonly occurring were the African olive, 

found at 430 sample locations, and the red guava, which was found at 417 sample locations. 

The fourth species was niau, which was found at 207 surveyed sample locations, and the least 

common out of the five was the ake ake which was found at 149 sample locations (Table 2.4). 

 

Table 2.4. All plant species with a DBH of 3cm or greater identified within the Mt Pitt section 

of the Norfolk Island National Park.  

* Species found in 5% or more of the total relevés, ^ Known food species that are also found 

on Phillip Island, + Key Tasman parakeet food resource. 

Species Sample size Percentage 

Achyranthes arborescens  5 0.51 

Achyranthes margaretum  3 0.30 

Alyxia gymopogon * 54 5.47 

Araucaria heterophylla * ^ + 619 62.65 

Asplenium australasicum  1 0.10 

Baloghia inophylla * 218 22.06 

Banana sp.  1 0.10 

Boehmeria australis  13 1.32 

Caesalpinia bonduc  2 0.20 

Capparis nobilis  6 0.61 

Cedrella sinesis  1 0.10 
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Celtis paniculata  20 2.02 

Citrus jambhiri  46 4.66 

Coprosma baueri  1 0.10 

Coprosma pilosa  6 0.61 

Cordyline fruticosa  1 0.10 

Cordyline obtecta * ^ 308 31.17 

Cyathea australis  11 1.11 

Cyathea brownii * 141 14.27 

Delarbrea paradoxa  2 0.20 

Dodonaea viscosa * +  149 15.08 

Dracaena sp.  1 0.10 

Dysoxylum bijugum *  76 7.69 

Elaeodendron curtipendulum * 280 28.34 

Eriobotrya japonica  3 0.30 

Eucalyptus sp. * 118 11.94 

Exocarpos phyllanthoides *  81 8.20 

Fabacea sp.  21 2.13 

Freycinettia baueriana  48 4.86 

Grass sp.  24 2.43 

Hakea salicifolia * 94 9.51 

Hibiscus sp.  1 0.10 

Hibiscus tiliaceus  9 0.91 

Homalanthus populifolius  1 0.10 

Howea forsteriana  2 0.20 
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Lagunaria patersonia * ^ 216 21.86 

Lantana camara ^ 42 4.25 

Macademia sp.  3 0.30 

Macropiper excelsum  32 3.24 

Melia azedarach  2 0.20 

Melicope littoralis  26 2.63 

Melicytus latifolius  18 1.82 

Melicytus ramiflorus  12 1.21 

Meryta angustifolia *  170 17.21 

Meryta latifolia  42 4.25 

Metrosideros excelsa  2 0.20 

Milletia australis  4 0.40 

Muehlenbeckia australis  2 0.20 

Musa acuminate  1 0.10 

Myoporum obscurum  1 0.10 

Myrsine ralstoniae * 387 39.17 

Nerium oleander  1 0.10 

Nestegis apetala * 355 35.93 

Nisperus japonica  1 0.10 

Ochna serrulata  1 0.10 

Olea europaea * ^ + 430 43.52 

Passiflora sp.  1 0.10 

Pennantia endlicheri *  52 5.26 

Persea americana  1 0.10 
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Pinus sp.  2 0.20 

Pisonia brunoniana  17 1.72 

Pittosporum bracteolatum *  219 22.17 

Pittosporum undulatum  7 0.71 

Plumeria sp.  1 0.10 

Pouteria costata  4 0.40 

Prunus persica  1 0.10 

Psidium cattleianum * + 417 42.21 

Psidium guajava  5 0.51 

Rhopalostylis baueri * ^ + 207 20.95 

Ricinus communis  1 0.10 

Sarcomelicope simplicifolia  20 2.02 

Schinus terebinthifolius *  230 23.28 

Solanum mauritianum * ^ 63 6.38 

Streblus pendulinus  16 1.62 

Ungeria floribunda  45 4.55 

Washingtonia robusta  1 0.10 

Leucaena leucocephala 2 0.20 

Wikstroemia australis 1 0.10 

Zanthoxylum pinnatum  13 1.32 

Total 5442  
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There are ten pairings between the five key food resources. Six pairings exhibited high 

associations, while the other four showed very low associations (Table 2.5). The strongest 

association was between niau and African olive (X2=172.11, p<0.01). Niau also had a strong 

association with Norfolk pine (X2=35.17, p<0.01), and a weaker association with red guava 

(X2=3.67, p<0.1). Red guava also had a strong association with African olive (X2=271.2, 

p<0.01). The association between ake ake and red guava, and ake ake and Norfolk pine, were 

very similar (X2=18.46, X2=18.00, respectively. Both p<0.01).  

 

 

There were only two associations in a positive direction, and none were between invasive 

and native pairings (Table 2.6). African olive and red guava had a positive association, as well 

Table 2.5. Associations (X2) between key food species. 

The greater the value the more likely they are to be found at the same location. 

Species Norfolk pine Ake ake Red guava African olive Niau 

Norfolk 

pine 

     

Ake ake 18.00** 
    

Red guava 1.86 18.46** 
   

African 

olive 

1.49 0.03 27.12** 
  

Niau 35.17** 0.08 3.67* 172.11** 
 

Note: df=1 

*p<0.1   ** p<0.01 
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as Norfolk pine and ake ake. All of the species that niau was associated with were negative 

associations. 

 

 

 

Distribution of rare plants 

Forty-five species of plants had been identified as rare in 2003, including woody plants, 

ferns, and shrubs. During the surveys of vegetation plots that were conducted as a part of my 

research, 23 of those threatened species were identified. As the results from my research only 

indicated the presence or absence of mature individuals at each relevés surveyed, the number 

of each species that was reported represented the minimum number of mature individuals of 

that species.  

Table 2.6. Direction of association for significant pairings.  

Pairings are listed from high to low association. 

Species pairs Expected frequency Observed frequency Association 

African olive-niau 89.40 6 Negative 

Norfolk pine-niau 129.12 92 Negative 

Red guava-African 

olive 

275.77 317 Positive 

Ake ake-red guava 62.29 38 Negative 

Norfolk pine-ake ake 92.46 116 Positive 

Niau-red guava 90.73 78 Negative 
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There were fifteen species which demonstrated an increase in the minimum number of 

mature individuals per hectare located within the NINP (Table 2.7). Only five species saw an 

increase in individuals per hectare of 80% or more: Cordyline obtecta (increase=95.60%), 

Melicytus latifolius (increase=93.64%), Myrsine ralstoniae (increase=90.22%), Boehmeria 

australis (increase=82.90%), and Meryta angustifolia (increase=81.02%) (Figure 2.8).  

Figure 2.8. Distribution of rare plants.  

Threatened plants showing an increase of individuals per hectare of 80% or greater from the 

2003 survey to the 2017 survey. 
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Table 2.7.  Minimum number of individuals of fruiting age per hectare of rare plants. 

Plant species identified as threatened in 2003 (Coyne 2011) and the associated 2017 values. The 2003 study counted all individuals within the 

Mt Pitt section of the Norfolk Island National Park (NINP) (area surveyed=460 ha), while the 2017 study noted only one mature individual at 

each bait station the species was present, at within the confines of the NINP (area surveyed=30.98 ha). ‘+’ :percentage increase; ‘-’ :percentage 

decrease. CR: Critically Endangered, E: Endangered, V: Vulnerable. 

Species Status 2003 2017 Difference (%) 

Achyranthes arborescens CR 0.12 0.16 +23.22 

Achyranthes margaretum CR 0.04 0.10 +55.10 

Boehmeria australis CR 0.07 0.42 +82.90 

Coprosma baueri E 0.50 0.03 -93.49 

Coprosma pilosa E 0.41 0.19 -52.36 

Cordyline obtecta V 0.43 9.88 +95.60 

Dysoxylum bijugum V 1.89 2.45 +22.90 

Melicope littoralis V 0.59 0.84 +29.28 

Melicytus latifolius CR 0.04 0.58 +93.64 
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Melicytus ramiflorus V 0.95 0.39 -59.13 

Meryta angustifolia V 1.04 5.49 +81.02 

Meryta latifolia CR 0.32 1.36 +76.11 

Muehlenbeckia australis E 0.22 0.06 -70.30 

Myoporum obscurum CR 0.01 0.03 +66.33 

Myrsine ralstoniae V 1.22 12.49 +90.22 

Pennantia endlicheri E 0.37 1.68 +78.24 

Pittosporum bracteolatum V 2.00 7.07 +71.68 

Pouteria costata E 0.38 0.13 -66.25 

Streblus pendulinus E 0.41 0.52 +21.29 

Ungeria floribunda V 1.09 1.45 +24.87 

Wikstroemia australis CR 0.34 0.03 -90.42 
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DISCUSSION 

Due to logistical constraints only 55% of the total bait station grid within the NINP in 2017 

was surveyed (n=988). The data that has been presented in this chapter will be used in Chapter 

3 as a baseline for the comparison of patterns of habitat use between the Tasman parakeet and 

the crimson rosella, two parrot sympatric parrot species that are known to compete for other 

resources, such as nesting materials (Director of National Parks 2018). The map of habitat types 

that has been created in this chapter will be used to determine the habitat types for parrot 

observations, as well as providing an estimate of the habitat types available to these bird 

species.  

Composition 

The data that I gathered for this chapter has been used to create the first fine-scale map of 

habitat types and woody vegetation associations that are present within the NINP (Figure 2.7). 

The Norfolk Island National Park and Norfolk Island Botanic Gardens Management Plan 

2018-2028 (Director of National Parks 2018) lists African olive and red guava as the top 

priority weeds to control within the park, and so the vegetation map created in this chapter can 

assist park management in the undertaking of invasive plant control through the identification 

of areas of invasive species presence. We were also able to identify which rare plants have 

increased in numbers (individuals of fruiting age) between 2003 and 2017 (Table 2.7). While 

this study did not account for abundance, this information can provide park management with 

a baseline estimate on how the populations of rare and endangered plants have changed over 

time. In assessing the rare plants we also discovered certain plant species that seemed to 

experience a decrease density of mature individuals, with Wikstroemia australis experiencing 

a decrease of 90.42%. These results may be an outcome of our sampling methodology, as not 
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all possible sample locations in the NINP were surveyed. Identifying the presence of these rare 

plant species can allow managers within the park to tailor developments and upgrades of paths, 

recreation, and facilities around these species. 

I identified nine main habitat types within the NINP. During the analysis stage, I discovered 

that the two regenerating habitat types consisted of similar plant species and were both 

represented by small sample sizes, so I combined these two types into a single one. Forest edge 

was the predominant habitat type, as can be expected in an area affected by habitat 

fragmentation and loss (Fagan, Cantrell et al. 1999). Forest edge sub-types were disregarded 

for analytical purposes as only a broad-scale identification of habitat types was required. Forest 

edges within the NINP are characterised by a lack of canopy, and often occupy road sides and 

the edges of visitor and maintenance tracks. Many of the forest edges found within the park are 

the cause of anthropogenic modification, and as such, the behaviours expressed within this 

habitat type may be a result of habitat modification. Much of the plant life that comprises the 

edge habitat is that of younger individuals, as many of these trees have been replanted (self-

seeded) since the creation of the tracks. Edges can have impacts on the dispersal of organisms 

who use that habitat (Chapter 3), but they can also have an effect on the composition of the 

plants present, through the dispersal of the seeds of those plants, changes in the behaviours of 

pollinators, and changes to the soil (Fagan, Cantrell et al. 1999, Harper, Macdonald et al. 2005). 

Diversity 

I grouped the habitat types into three main sections, native, invasive, and forest edges. 

Invasive habitat types had the highest plant diversity (1-D=0.69), even though they account for 

the lowest area of the park that we surveyed (23.48%). Forest edge was comprised of the largest 

area of the park (47.07%), however, this type had a medium level of diversity (1-D=0.23). 

Native habitat type was the second most common habitat (29.46%), but it had the lowest 



 

 

 

83 

diversity out of the three types (1-D=0.16). The invasive group was formed of forestry, guava 

forest, olive forest, and paddock, many of which were found along road edges and in forestry 

areas. These areas are ideal growing sites for a variety of pest plants, which could be a leading 

cause of the high diversity found in these areas. 

Similarities 

Measures of similarity between habitat types identified that all of the native types were 

within close to 5% similarity of each other (40.40% - 45.86%). The remnant hardwood and 

remnant Araucaria habitat types shared the highest amount of plant species within the native 

groupings (45.86%), while the olive forest and paddock habitat types shared the highest number 

of plant species within the invasive groupings (65.31%). The two habitat types that shared the 

highest amount of plant species between the native and invasive groupings was the remnant 

hardwood and guava forest types (43.615%). Due to the invasive nature of such plants, areas 

of predominantly red guava and African olive do not allow for the growth of new plant species, 

however, if there are mature trees that established prior the introduction of the invasive species, 

then those pre-existing species may survive, hence the high association between these two 

types. 

Key feeding resources 

From previous research I identified five key food resources, Norfolk pine, ake ake, African 

olive, red guava, and niau (Waldmann 2016). During this research I identified 5442 individual 

plants of 80 different species. The five key resources accounted for 33.48% (n=1822) of those 

individuals identified, with one third of those feeding resources consisting of Norfolk pine 

(n=619). A chi-square analyses was conducted on the association between each plant species 

and I found that only two pairings were positively associated with each other, African olive 



 

 

 

84 

and red guava (X2=27.12, p<0.01), and Norfolk pine and ake ake (X2=18.00, p<0.01). All other 

significant pairing were negative associations, meaning that there was a strong likelihood that 

the two species were not found in the same location. Niau and Norfolk pine had a strong 

negative association (X2=35.17, p<0.01), even though they are both native species. This is 

likely due to the preference of Norfolk pine for ridge lines, and niau for deep soils found in 

valley areas. These associations may account for the preference of Tasman parakeets and 

crimson rosellas towards certain habitat types, as is mentioned in Chapter 3. 

Track use 

Due to its popularity as a tourist destination the visitor tracks within the park often 

experience a high volume of foot traffic as compared to facility and maintenance tracks, which 

are only visited by Parks Australia staff. A review of the literature finds that non-motorised 

tourist activities can have negative impacts on bird behaviour, physiology, breeding, and 

population levels (Steven, Pickering et al. 2011). The presence and behaviour of parrots along 

the visitor tracks may therefore be affected by the number of visitors present upon these, and 

hence behaviours recorded in Chapter 3 may not be an accurate reflection of their natural 

behaviours at those locations. Having the vegetation characterised at more sample locations 

may have provided us with a more accurate account of the habitat use of the Tasman parakeets 

and crimson rosellas in Chapter 3. 

Alternative methodology 

The decision to sample the presence/absence of woody plants only in the present Chapter 

is justified as we only compared broad-scale differences in habitat use for the analyses Chapter 

3, however, there have been instances of Tasman parakeets feeding on non-vascular plants, 

grasses, and ferns that may call for a fine-scale study. The patterns of habitat use that derive 
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from the data presented in Chapter 2 are not conclusive of the total dietary behaviours of the 

parrot species, and as such, conducting a study with the inclusion of non-woody plants, may 

expose new patterns in the habitat use and dietary behaviours of these birds.   

Studies of New Zealand parrots indicate just how extensive and informative vegetation 

studies can be. One such example is provided by Joyce (2008) in which they presented an in 

depth vegetation analysis that comprised of aerial photographic maps, quadrat sampling during 

which vegetation cover was established, and presence/absence sampling. The vegetation data 

collected was used to quantify habitat preference of the kakapo, a critically endangered parrot. 

This study was able to provide a clear understanding of how kakapo utilise their habitat across 

the whole study island with the application of mixed sampling methods. Where one method 

may have lacked detail or precision, other methods ensured this detail was not lost. 

To provide weight to the presence of plant species within the NINP the abundance of woody 

plant species, along with the abundance of fruiting resources, should be quantified. As the 

availability of resources often follows seasonal trends, assessing the temporal fruit abundance 

may provide another layer of detail in understanding habitat use of the two parrot species. 

Pavey, Nano et al. (2014) were able to correlate the decrease in Princess parrot (Polytelis 

alexandrae) population to the decrease in the abundance and availability of feeding resources, 

in particular, flowering plants, through the use of extensive ground-based abundance sampling.  

The detail provided by these examples demonstrates the importance of this level of research 

for the conservation of critically endangered species, particularly when extinction risk is 

amplified by the presence of that species in only one location. A more thorough undertaking 

of vegetation assessment, focussing on non-visitor areas, may provide a level of detail that time 

did not allow for in my research. Applying mixed methods of aerial and ground-based sampling 

may allow for a more discrete level of detail to be obtained from the sample site, consequently 
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leading to a clear depiction of the total habitat available to Norfolk Island species, in particular, 

the Tasman parakeet. 
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 : HABITAT PREFERENCE AND FEEDING ECOLOGY 

OF THE NORFOLK ISLAND PARROTS 

 

  

Figure 3.1. Tasman parakeet feeding on unripe peach fruit.  

Photo: L. Ortiz-Catedral. 
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ABSTRACT 

Resource availability and competition pressure are both factors that contribute to patterns 

of habitat use. Determining the proportion of available vs. used habitats may highlight the 

relative importance of habitat types in fragmented environments where species of conservation 

concern occur. Tasman parakeet and crimson rosella coexist in the Mount Pitt section of the 

Norfolk Island National Park (NINP). Evidence suggests nesting competition between both 

species but there is limited information on the degree of competition for other resources. I 

conducted a temporal analysis of habitat use patterns of Tasman parakeets and crimson rosellas 

in autumn and spring, 2017. I compared the spatial location of individual birds of each species 

in a matrix of nine habitat types on sections of NINP open to the public and sections closed to 

the public, during targeted surveys (on-survey transects) as well as opportunistic encounters 

(off-survey transects). These observations, and the data on habitat availability within the NINP 

prepared in Chapter 2, were used to identify patterns of habitat use for the two species. I also 

examined the dietary composition between species and season. During autumn Tasman 

parakeets displayed significantly higher selection for remnant hardwood (Bi = 0.51, X2 = 6.86, 

p < 0.01), and the crimson rosella displayed significantly higher selection for forest edge (Bi = 

0.34, X2 = 24.51, p < 0.001). During spring the Tasman parakeet displayed significantly higher 

selection for remnant hardwood (Bi = 0.32, X2 = 8.92, p < 0.001), and the crimson rosella 

displayed significantly higher selection for Forest Edge (Bi = 0.25, X2 = 23.89, p < 0.001). 

During spring on-survey transects the crimson rosella and the Tasman parakeet overlapped in 

feeding species, predominantly feeding on fruits of ake ake (Dodonea viscosa) (73% and 54%, 

respectively). During autumn on-survey transects there was no overlap between feeding 

species. My results indicate that during spring and autumn crimson rosellas used a wider variety 

of habitats than Tasman parakeets within NINP.  
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INTRODUCTION 

Worldwide conservation projects often focus on areas with a high abundance of threatened 

species. Successful management of these species often involves understanding how they 

interact with other taxa, including introduced or invasive species, in a matrix of fragmented 

habitats (Lindenmayer, Cunningham et al. 2002, Ni, Liang et al. 2018). The increase of human 

activity in an area decreases the availability of suitable habitat (Andren 1994), hence, many 

species may experience a reduction in the size of their home ranges and territories (Prugh, 

Hodges et al. 2008). Population size is negatively associated with the proportion of suitable 

habitats in a landscape (Andren 1994). As a result, island endemic species will feel the effects 

of fragmentation greater than migratory, or mainland species, as islands have a limited range 

of suitable habitats available. 

Often, species will avoid areas of anthropogenic development, however, during periods of 

low food availability some species might forage in human-occupied habitats to some degree 

(Matuzak, Bezy et al. 2008).  Researchers have found that when foraging away from disturbed 

habitats animals appear to feel safer, as evidenced by an increase in foraging effort and a 

decrease in observation of surroundings. Conversely, when forced to forage near areas of 

disturbed habitat it has been shown that animals are increasingly vigilant and may be at risk of 

a lowered foraging efficiency (Speziale, Lambertucci et al. 2008). Consequently, an increase 

of species mortality as a result of lowered food consumption can be compounded by the 

isolation of populations within fragment patches (Reed 2004). Identifying the processes 

underlying habitat choice can contribute to the active conservation of endangered species, 

while also providing valuable information on the relative importance of various available 

habitats by the target species. 
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Habitat use and availability 

Species often occur in more than one habitat type, and different habitats are used for 

different purposes, often as a reflection of the resources available within them (Manly, 

McDonald et al. 2004). Some examples of habitat use include feeding (Hatase, Sato et al. 2006), 

passage (Recio, Seddon et al. 2015, Berg, Bergman et al. 2016), resting (Tyne, Johnston et al. 

2015), and nesting (Hart, Zawada et al. 2016). Research regarding habitat use can provide 

insight into the relative importance of each habitat type for the focal species, and can illustrate 

the preference for various habitat compositions, such as if the species prefers native or invasive 

vegetation, if the species prefers older or younger vegetation, or, if the species prefers deep 

forest or forest edges (Gurarie, Suutarinen et al. 2011, Centeno‐Cuadros, Hulva et al. 2017, Ni, 

Liang et al. 2018). 

The relative importance an organism places upon certain habitat types can be measured on 

a scale of preference, ranging from low preference, indicating that the habitat is less desirable, 

to high preference, indicating that the habitat that is more desirable (Manly, McDonald et al. 

2004). For many animal species preference is often low for habitats that have experienced some 

degree of human alteration, as seen in the preference for winter foraging habitats of lesser 

kestrels (Falco naumanni) (Tella and Forero 2000). While forest margins (the natural habitat) 

were the least available habitat type to the kestrels (area=0.8% of total space), the birds 

exhibited the greatest selection for this type (selection index=14.22, preference=very high). 

Contrastingly, modified habitats were more abundant than natural habitats (area=82.3% of total 

space), and yet only one modified habitat was selected for (selection index=3.05, 

preference=low), whilst all other modified habitats were avoided (selection index <1, 

preference= very low). 
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The connectivity between habitat patches has been demonstrated to be of importance to the 

survival of individuals within a population, more so in areas of anthropogenic modification and 

fragmentation (Ni, Liang et al. 2018). Some species, with narrow niche requirements, are at a 

higher risk of extinction if their area of occupancy is small (Slatyer, Hirst et al. 2013), however, 

the area of occupancy can be greater if there are corridors that connect suitable habitat patches, 

as they allow for the movement of individuals between areas of low and high abundance of 

resources (Andren 1994). Conversely, if the fragmentation is so great that there is a 

disconnection between habitat patches then individuals in a population are at risk of a 

disproportionate amount of time being spent searching for resources as they move through 

areas of unsuitable habitat (Ni, Liang et al. 2018). 

Habitats that are suitable for herbivores are those with a high abundance of plant species 

(Scherber, Eisenhauer et al. 2010), and habitats that are suitable for carnivores are those with 

a large number of prey species (Carbone and Gittleman 2002). The suitability of habitat types 

may change in response to seasonal resource abundance, such as during the annual reproductive 

cycle of plants. As plants progress through their reproductive cycle, the types of food available 

from these plants, such as flowers, fruits, and seeds, will vary in their availability throughout 

the year (Kudo, Ida et al. 2008), and so as a reflection of diet preference many animal species 

will utilise other habitat types within their home range.  Monthly fruiting phenology transects 

found that food resources of the lilac-crowned parrot (Amazona finschi) exhibited seasonal 

changes to their food resource output, that is, the amount of seeds, fruits, and flowers that they 

produced (Renton 2001). It was found that the seasonal patterns of habitat use for this parrot 

species could be attributed to the availability of resources, as the parrots had shown almost no 

overlap of dietary items between seasons.  
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Competition and niche choice 

Factors affecting the survival of a population not only include the abundance of resources 

or the degree of fragmentation of their habitat, but also competition for limited resources within 

that habitat. Competition exists within all environments, for both plants and animals, with the 

most common resources fought over being food, mates, and territories (Dvoretsky and 

Dvoretsky 2011, Hawkins and Crawford 2018). Competition comes in two forms that can be 

distinguished based upon the species that are competing: intraspecific if the two organisms are 

of the same species, and interspecific if the two organisms are of separate species.  

Species often exhibit generalist or specialist feeding strategies, with specialists tending to 

show preference for a narrow range of resources, and generalists consuming resources from 

within a wider range (Mihuc 1997). Generalist feeders experience will experience a lower 

number of interspecific interactions as there is less direct competition for the same resources 

(Mihuc 1997). When food resources are low the range of resources utilised will increase for 

many species as the number of preferred feeding species decreases. As a consequence of 

diminishing resources, many species will occupy a greater range than normal, furthering the 

number of interspecific interactions between those species that may now experience an overlap 

of habitats. In some areas, such as in fragmented forests within Thailand, species with similar 

habitat requirements may alter their spatial and temporal distributions during seasons of low 

resources in order to avoid the potentially harmful interactions (Petersen, Savini et al. 2018). 

Animals may also avoid competitive interactions by exploiting physical traits, as is the case of 

the common noctule bat (Nyctalus noctula), which avoids interspecific competition with 

Nathusius’s pipistrelle (Pipistrellus nathusii) when hunting prey through the use of different 

echolocation frequencies (Roeleke, Johannsen et al. 2018).  
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However, not all interactions may be avoided, resulting in competition that may prove fatal 

to one or both of the species involved. As noted by Palomares and Caro (1999), up 68% of the 

deaths of mammalian carnivores studied could be attributed to interspecific competition. While 

some outcomes of these interactions are directly fatal, others can induce stress, which may lead 

to an increase in mortality over time. For example, a study found that one species of goby, the 

tidewater goby (Eucyclogobius newberryi),  experienced its highest stress levels during its 

juvenile phase, when in the presence of the threespine stickleback (Gasterosteus aculeatus), as 

evidenced by an increase in cortisol levels (Chase, Flynn et al. 2016). The researchers found 

that the increased stress levels as a result of the abundance of competitors coupled with a low 

number of food resources may lead to a high mortality, through limited metabolism and 

lowered bodily functions, such as, the development from the juvenile to the adult life stage. 

When two heterospecific species compete for finite resources,  one is likely to outcompete 

the other unless there is some distinguishable difference between the realised niches of two 

species (Hardin 1960, Michielsen 1966). This concept known as the competitive exclusion 

theory  and states that for the co-existence of two species with similar habitat requires within 

the same geographic location there must be some way in which they utilise their habitats that 

offers an avoidance of complete competition (Hardin 1960, McLean, Hölzer et al. 1994). 

Often the resources that an organisms utilises within its environment are not an accurate 

reflection of the resources it is physically able to use. The fundamental niche of an organism is 

described by Kearney and Porter (2004) as ‘a set of conditions and resources that allow a given 

organism to survive and reproduce in the absence of biotic interactions’. The realised niche of 

an organism refers to the actual resources and conditions that the organism has access to, in the 

presence of such biotic interactions as resource competition (Chase and Leibold 2003). 

Research has found that an organisms realised niche is not fixed, rather, species are able to 
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shift their occupancy to new habitats if competitors are removed and the new habitat falls 

within the species’ fundamental niche (Alatalo, Gustafsson et al. 1985). 

While the idea that a fluid realised niche may allow for species survival is of conservation 

benefit, this idea relies on connectivity between habitat patches, and may not apply on islands 

where the available habitat is already limited by the islands size. Losos and Ricklefs (2009) 

propose a theory regarding why insular species with similar resource requirements may be able 

to coexist in the same geographic space. They theorise that as shared resources are used over 

time their abundance decreases, with the patches of resources becoming increasingly further 

apart. Consequently, interspecific competition will lessen over time as species disperse in 

search of resources, while intraspecific competition is likely to increase within patches. While 

this may be true of islands large enough to allow for such dispersal of species, some islands are 

small and only offer limited suitable habitat. How, then, do species with similar patterns of 

habitat use avoid competition? The literature suggests that sympatric species in areas with 

limited foraging resources, such as islands, are able to avoid interspecific competition through 

the partitioning of available resources within chosen habitats (Arlettaz 1999, Comte, 

Cucherousset et al. 2016), that is to say, that when resource portioning is high, the level of 

interspecific competition will be low (Pacala and Roughgarden 1982). 

The parrots of Norfolk Island and their competition for resources 

Parrots experience both intraspecific and interspecific competition due to the overlap of 

territories, and the similarities between species in both physical and behavioural characteristics. 

Interspecific interactions can lead to population decline, hybridisation with closely related 

species, such as between the Forbes’ parakeet (Cyanoramphus forbesi) and the Chatham Island 

red-crowned parakeet (C. novaezelandiae chathamensis) (Chan, Ballantyne et al. 2006), and 

an overall reduction in reproductive output, as is the outcome of competition between glossy-
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black cockatoos (Calyptorhynchus lathami), galahs (Eolophus roseicapilla) and little corellas 

(Cacatua sanguinea) (Garnett, Pedler et al. 1999). Interspecific interactions are highest when 

species are competing for the same resources, such as nesting sites and materials. Three 

sympatric parrot species, the sulphur-crested cockatoo (Cacatua galerita), the palm cockatoo 

(Probosciger aterrimus) and the eclectus parrot (Eclectus roratus), share similarities in 

breeding behaviours. While all three species nest in tree cavities, differences in the habitat 

chosen and the physical properties of the nests allow for competition avoidance. However, 

where there was a high similarity between nesting habits competition was also high. This 

competition had the potential for reproductive failure, in one instance, the eclectus parrot lost 

25.8% of its nests to the sulphur-crested cockatoo (Heinsohn, Murphy et al. 2003). 

When two species are competing the one that faces extinction is the one with the lower 

breeding potential (Hardin 1960). There are two parrot species in residence on Norfolk Island, 

the Tasman parakeet (endemic) and the crimson rosella (invasive), both of which are known to 

compete for nesting sites (Director of National Parks 2018). There is evidence that out of the 

two species, the Tasman parakeet has the lower breeding potential, and therefore faces 

extinction as a result of competition with the invasive parrot (Dutson 2013). Due to the threat 

posed by the crimson rosella to the Tasman parakeet Parks Australia, the leading government 

body on Norfolk Island protecting the native and endemic flora and fauna, actively attempts to 

control the crimson rosella population by destroying any active nests when found, and 

conducting shootings of individual rosellas within the park (Hill 2002, Director of National 

Parks 2018, Skirrow 2018). 

The Tasman parakeet and the crimson rosella share many behavioural and physical 

characteristics, for example, both are cavity nesters (Director of National Parks 2018). A cavity 

is formed when a tree limb falls off of a mature tree, leaving behind a small hole that eventually 

hollows out to become a cavity (Edworthy, Trzcinski et al. 2018). Early land clearance on 
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Norfolk Island reduced the abundance of mature forest trees around the island, with their 

current range restricted to the Mount Pitt section of the Norfolk Island National Park, hereafter 

referred to as the NINP. Anthropogenic modification of native habitats has many impacts on 

local wildlife, including restricting species to areas of habitat suitability (Saunders, Smith et al. 

1982, Gurarie, Suutarinen et al. 2011, Centeno‐Cuadros, Hulva et al. 2017). Consequently, 

Tasman parakeets are similarly restricted, as are the majority of the reproductive age crimson 

rosellas (Hill 2002, Director of National Parks 2018).  

Tasman parakeets and crimson rosellas interact in a competitive manner for available 

resources, with the crimson rosella often displaying aggressive tendencies towards the native 

parrot (Director of National Parks 2010, Dutson 2013). The Tasman parakeet is a territorial 

species, with the males holding the territories and calling to attract females (Hill 2002). The 

species will breed all year round, however, breeding will peak between December and March, 

and slow between September and November (Hill 2002, Director of National Parks 2018). This 

loss of breeding potential during these months has been attributed to the peak in the crimson 

rosella breeding at this time (Hill 2002). During these months the crimson rosella will behave 

aggressively during interactions with the Tasman parakeet, expelling adults from their 

territories, and even going as far as to remove Tasman parakeet chicks and eggs from natural, 

protected, and artificial nests (Hill 2002, Director of National Parks 2018). 

On mainland Australia the crimson rosella will often win in aggressive interactions with 

other parrots, such as the eastern rosella (Platycercus eximius) (Pell and Tidemann 1997). The 

crimson rosella is approximately 120g-150g and the eastern rosella is between 100g and 110g 

(Magrath and Lill 1983, Higgins 1999, Galbraith 2013, Galbraith 2013). The size difference 

between the two birds may be influencing the outcome of those interactions, and therefore size 

may be a contributing factor to the aggression displayed by crimson rosellas towards Tasman 

parakeets on Norfolk Island. 
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Since its introduction to Norfolk Island the crimson rosella has established itself as a pest 

that affects not only the Tasman parakeet, but other birds as well, such as the Norfolk boobook 

(Ninox novaeseelandiae undulata) with which it is also a nest competitor (Higgins 1999, 

Director of National Parks 2010, Baker, Harvey et al. 2014). Crimson rosellas have also had a 

negative impact on the local community, as large numbers of these birds have been seen to eat 

and destroy fruit from private fruit trees, and are also known to nest in chimneys (Smithers and 

Disney 1969). 

While crimson rosellas are seen all over the island Tasman parakeet range of occupancy 

has been restricted to the NINP by the presence of humans in their environment. The habitat of 

the Tasman parakeet was described by Higgins (1999) as mature native forests, mainly 

comprised of Araucaria stands. Higgins also recorded Tasman parakeets as occasionally being 

present in Eucalyptus forest. More recent research into the habitat of the Tasman parakeet 

observed that the species exhibits variation in their habitat preference as a reflection of the 

seasonal abundance of resources (Waldmann 2016). In winter the Tasman parakeet was 

identified as primarily feeding on fallen pine seeds along the ridges within the park, while in 

summer the birds were found in areas such as Palm Glen and along the exposed, northern coasts 

that contain of high densities of invasive species, like red guava and African olive. 

While minimal research has been published regarding the foraging patterns of crimson 

rosellas on Norfolk Island, there is literature that describes the species preferred habitat types 

on mainland Australia. The fundamental niche of crimson rosellas encompasses a wide array 

of habitat types, as detailed by Higgins (1999). In their native habitat on the eastern coasts of 

Australia crimson rosellas can be found at almost any altitude from subalpine forests down to 

sea level. Habitat types this species occupies include pristine woodlands and forests, human-

altered environments (such as logged areas), riparian forests, and regenerating spaces. The 
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habitat types with the highest occupancy of rosellas, as identified by Higgins, were older and 

wetter forests. 

Published works that have documented the habitat types preferred by the crimson rosellas 

on Norfolk Island have mostly come from observational reports. The birds have been observed 

in almost all habitat types on Norfolk Island, and while they are most abundant inside of the 

park, they can also be found amongst houses and farmland, along the southern coast of the 

island, and on small islets close to the shore (Smithers and Disney 1969). Dutson (2013) 

conducted a study of Norfolk Island forest birds and found that higher rates of crimson rosellas 

were found in invasive, rather than native patches (Figure 3.2). Within the invasive vegetation 

Dutson had encountered no crimson rosellas in African olive (encounter rate=0, measured as 

records per point count), and only small numbers of rosellas in red guava (encounter rate=0.13). 

Many of the dietary records of the crimson rosella are from mainland reports from the late 

1970s to the 1990s. The records include data from a variety of habitat types, and provide 

information on plant species composition and what part of the plant that is eaten, such as leaves, 
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Figure 3.2. Population Density of Crimson Rosella in different vegetation types. 

Data obtained from (Dutson, 2013). 
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sori, and bark (Magrath and Lill 1983, Recher, Holmes et al. 1985, Osborne and Green 1992). 

Eucalyptus has been recorded as the main component of the crimson rosella diet, along with 

the gall insect larvae found on Eucalyptus sp., Acacia sp. seeds, and Dicksonia fern sori 

(Bridgewater 1934, Magrath and Lill 1983). This research also demonstrates that there are 

seasonal changes to the diet of mainland crimson rosellas, with Dicksonia antarctica sori the 

key species in autumn (30.5%) and gall insect larvae and buds the key food resource in Winter 

(45.9%) (Magrath and Lill 1983). Seasonal changes in the diet of mainland birds have also 

been observed by Osborne and Green (1992) where the found that crimson rosellas will adjust 

their feeding habits response to the amount of snow present. To date there has been no 

published research that details the dietary composition or seasonal feeding behaviours of the 

crimson rosella on Norfolk Island. 

By comparison, the Tasman parakeet has a dietary profile that is documented in both 

published articles and books (Forshaw and Cooper 1981, De la Motte and Hall 1988, Hicks 

and Preece 1991, Davidson 1997, Higgins 1999, Hill 2002, Waldmann 2016). Hill (2002) 

compiled the dietary research from Forshaw and Cooper (1981), Hicks and Preece (1991), and 

Davidson (1997)  to create a list of the key items of an adult Tasman parakeet diet. These key 

food items were Norfolk pine, ironwood, Ti tree, niau, bloodwood and Norfolk Island hibiscus. 

Research has stated that while adults only occasionally consume African olive and red guava 

(Hill 2002) almost half the diet of juvenile Tasman parakeets comprised of the fallen seeds of 

African guava and red olive (Davidson 1997).  

More recent research conducted by Waldmann (2016) found 30 species of plants comprised 

the diet of the Tasman parakeet, including nine invasive species (Figure 3.3). The five key food 

species that were identified during that research were Norfolk pine, African olive, niau, red 

guava, and ake ake. These plants comprised 88% of the feeding observations of this study 

(Waldmann 2016). 
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Gap in the knowledge 

Assessing the degree of overlap in food resources and habitat use between the Tasman 

parakeet and the crimson rosella has important conservation implications as the former species 

exists in only one population and has a significantly low population size in comparison to the 

latter (Director of National Parks 2018, Skirrow 2018). While interactions regarding nest 

competition are well documented there is a gap in the current knowledge regarding the extent 

Figure 3.3. Some examples of Tasman parakeets feeding on invasive plant species, tobacco 

(Solanum mauritianum) (top), and wattle (Leucaena leucocephala) (bottom) 
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to which the Tasman parakeet and the crimson rosella share, and compete for, food resources 

in a limited space (Director of National Parks 2018). 

The habitat data presented by Waldmann (2016) on the Tasman parakeet were from 

incidental observations and were limited to areas of public access only. The research 

highlighted the need for a systematic study to quantify the seasonal movements of this species 

across a wider range of their habitat. The aforementioned study conducted by Dutson (2013) is 

the only published research that describes the vegetation that the crimson rosellas inhabits on 

Norfolk Island. All other descriptions of their habitat are from observations only. To date there 

has been no published record of feeding species for the crimson rosella on Norfolk Island.   

Most of the research on the Tasman parakeet has been on the composition of diet and 

population size (Dutson 2013, Waldmann 2016, Skirrow 2018). There is currently no published 

research that has quantified the degree of seasonal habitat preference for the Tasman parakeet 

across the Mount Pitt section of the Norfolk Island National Park, nor has there been any 

research that has compared the dietary requirements of the Tasman parakeet and the crimson 

rosella. The seasonal preference of habitat also remains undefined for the crimson rosella. Also 

currently unknown is the degree to which the seasonal movements of Tasman parakeets and 

crimson rosellas overlap and the similarity of habitat use between the two species. 

 

 

 

 

Aims 

According to the competitive exclusion theory (Hardin 1960), for the Tasman parakeet and 

the crimson rosella to co-exist in the same environment there must be some spatial or temporal 
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measurable difference in the niche of the two species, whether it is the foods they consume, the 

food parts consumed, or how and when they use their habitat. The research presented in this 

chapter aims to provide the first assessment of interspecific competition for food resources 

between the Tasman parakeet and the crimson rosella. This research will also provide the first 

account of habitat preference and habitat use of both the Tasman parakeet and the crimson 

rosella. This research will aid in understanding if the habitat chosen by Tasman parakeets is by 

its own choice, or if it is a reflection of competitive avoidance with crimson rosellas.  The 

specific objectives of this chapter are: 

1. Quantify the seasonal variability, and the degree of overlap, of the diet of the 

Tasman parakeet and the crimson rosella 

2. Quantify changes in inter-seasonal habitat preference and habitat use of Tasman 

parakeets and crimson rosellas 

3. Determine if there is a significant overlap between Tasman parakeet niche and 

Crimson rosella niche 
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METHODS 

This research was conducted across three seasons in 2017: summer, autumn, and spring. 

The summer collection was in March and was conducted over a two week period, the autumn 

collection was in May and was conducted over a three week period, and the spring collection 

was in October and November and was conducted over a two week period. The autumn and 

spring surveys followed systematic sampling methods (detailed below), while the data 

collected during summer was from incidental observations only whilst collecting data for 

Chapter 2. Data collected outside of the systematic survey periods was labelled ‘non-survey’ 

and was not used for statistical analysis. 

Study site 

While the Tasman parakeet has been observed in areas outside the NINP (Parr and Juniper 

2010) we chose to limit our surveys to the park as that is where most of this parrots breeding 

and foraging occurs. The Forestry section of the NINP was included in this sample area as the 

eucalyptus stands have been observed providing habitat to the Tasman parakeet (Director of 

National Parks 2018). 

The surveys were conducted across different transects within the park, which comprised of 

all visitor tracks, some bait lines, and some maintenance access paths. Access paths and bait 

lines that were located off of the visitor tracks were labelled as ‘non-visitor transects’. A total 

of 27.8km of transects were chosen for this research (Figure 3.4), with 13.69km of those being 

visitor transects (Figure 3.4, dark grey) and 14.11km of those being non-visitor transects 

(Figure 3.4, light grey). There were 10 visitor transects that ranged from 0.47km to 2.5km in 

length and 11 non-visitor transects that ranged from 0.82km to 1.9km in length. 
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The paths that were chosen as transects passed through a representative of each of the nine 

habitat types that were identified in Chapter 2 and met safety and access requirements. The 

planning stage of this chapter identified that some of the potential transect lines that were too 

close to private property, were by cliff edges, or passed through other dangerous obstacles such 

as gullies, and so were excluded from the observation study. 

All transects were surveyed between one and four times each season. To limit observing 

the same bird twice within a search session (and therefore collecting the same information 

twice) each transect was only surveyed once during each morning or afternoon session of the 

same day. 

Figure 3.4. Norfolk Island National Park showing the visitor (dark grey) and non-visitor (light 

grey) tracks that were surveyed. 
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Data collection 

Transects were surveyed at a slow walking speed  (Approx. 3 km hour) to ensure work effort 

was consistent across all transects and seasons. One to three observers walked the transects 

between 06:00-12:00 hours and 14:00 to 18:00 hours, corresponding with the peak activity 

time of the Tasman parakeets (Hill 2002, Waldmann 2016). In heavy rain and high winds no 

surveying was conducted due to low parrot activity, low visibility, and the safety of observers. 

The visibility along each transect was dependent on the degree of thickness of the 

vegetation present. In areas that were predominantly comprised of invasive vegetation, such as 

red guava and African olive, the visibility was up to 5m. Visibility extended to approximately 

15m-20m in hardwood, niau and fern patches, and up to 100m in open areas. If the bird was 

more than 1m from the edge of the path a range finder was used to accurately estimate the 

distance from the observer. 

Surveys were conducted for both the Tasman parakeets and crimson rosellas concurrently 

to maximise the limited field time available. For each observation, regardless of species, the 

observer noted the GPS location using a Garmin GPS unit, transect name, time of day, and 

weather conditions. The observer also noted the species being observed, the size of the flock, 

and the bird’s state, that is, if they were flying, perching or on the ground, or feeding. To avoid 

psuedoreplication data that was collected during each observation was of the individual (or 

group) as it was first sighted. If the birds were flying the flight direction, and the distance and 

direction from the observer were recorded and if they were perching then height and perch 

species were identified. The behaviour of each individual upon sighting was noted, however 

this information was not used for subsequent analyses. If the individual was feeding upon first 

being observed, then the plant species, the part of the plant eaten (seeds, fruits, or leaves), and 

the approximate height they were feeding at, were all recorded. 
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The Tasman parakeets exhibit cryptic colouration (Figure 3.5, top), making them a difficult 

species to distinguish from a background of predominantly green vegetation in forest habitats. 

A combination of watching for movement, listening for calls, and listening for the cracking 

sounds of seeds were used to locate the birds. Contrastingly, crimson rosellas were easily 

distinguishable from the background as they have bright colours that contrast with their 

surrounds (Figure 3.5, bottom). Whilst easily observed at a distance, the flighty nature of the 

crimson rosella often resulted in the birds flying away if disturbed. Crimson rosellas were only 

approached if the feeding item was unable to be identified from a distance, with the observer 

moving slowly and quietly as to not disturb the birds. 

Only visual observations were used for the analyses component of this research as feeding 

species and locations needed to be identified. Therefore audio observations were only used as 

a method for locating birds. 
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Figure 3.5. A male Tasman parakeet (top) feeds on fruits of the introduced tobacco (Solanum 

mauritianum) on the side of a road on Norfolk Island. A crimson rosella (bottom) perched on 

Norfolk pine (Araucaria heterophylla). 

Photo: L. Ortiz-Catedral 
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Statistical analysis 

Habitat use and selection preference 

Observations made of birds in flight were not included in the analysis of habitat selectivity 

as the selection of birds within the habitat, not those passing through, was to be quantified. 

To determine which habitat types that the Tasman parakeets and crimson rosellas were 

using we overlaid the GPS data of locations for both species with the habitat type data from 

Chapter 2. Each bird observation was assigned the habitat type of the closest relevé, as habitats 

were assumed continuous between sample locations (maximum distance of 50m), due to 

observations of vegetation cover in the field. 

The design for the research presented in this chapter follows design 1, sampling protocol 

A (SPA) as laid out by Manly, McDonald et al. (2004). Design 1 details that habitat use shall 

be assessed for the population as a whole, as opposed to identifying individual animals. 

Sampling protocol A involves comparing a sample or census of available habitat to the used 

units of that resource. This design has the assumptions that no data is associated with individual 

animals, the proportions of available units are known for different resource categories, and the 

used resource units that are sampled are random. 

Savage’s selectivity index was used to quantify the relative selection and avoidance for the 

nine habitat types presented in Chapter 2, for the Tasman parakeet and the crimson rosella in 

autumn and spring, 2017 (Manly, McDonald et al. 2004). This index was calculated using the 

formula: 

wi=Ui/pi 

where wi= the Savage selectivity index for the ith species, Ui= the proportion of observations 

recorded in the ith habitat, and pi= the proportion of the ith habitat against the total available 

habitat. Ui is the number of units of category i in a sample of used units divided by the size of 
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a sample of used resource units, while pi is the number of available units in category i in a 

sample of available units divided by the size of a sample available resource units (Tella and 

Forero 2000). This index ranges from 0 to infinity, where 0 represents maximum avoidance, 1 

represents no selection, and infinity represents maximum selection (Tella and Forero 2000). 

The results of the selectivity index were standardised using Manly’s Standardised Selection 

Index (Bi) in order for selection to be compared between seasons and bird species (Manly, 

McDonald et al. 2004). Manly’s standardised selection index calculates the probability that the 

selected used resource is from the same category, assuming all categories are equally available 

with the same frequency. Bi was calculated using the formula: 

Bi=wi/Σwi 

where Bi= Manly’s standardised selection index, wi= Savage’s selectivity index, Σwi= the sum 

of wi  across all values of  n, where n=number of habitats available. A Bi of (1/n) represents no 

preference, with values below and above this representing avoidance or preference respectively 

(Manly, McDonald et al. 2004, Lardeux, Loayza et al. 2007). 

The frequency of observations for each bird state (on the ground, perching, flying from a 

perch, or flying overhead) was quantified for both autumn and spring, for the Tasman parakeets 

and crimson rosellas. 

Feeding ecology 

For the statistical analyses of feeding observations, only those where the feeding species 

and feeding part were positively identified were use. Feeding species identified during on-

survey sampling were compared between season and bird species. Feeding species identified 

during non-survey (summer, spring, and autumn) sampling were presented for both species to 

indicate further feeding species, however, these were not used for analysis purposes. The 
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frequency of the part of the plant eaten (bark, fruit pulp, or seeds) was quantified for the autumn 

and spring seasons for both the Tasman parakeet and the crimson rosella. 

The seasonal diversity of feeding species for Tasman parakeets and crimson rosellas was 

calculated using the complement of Simpson’s diversity. The Simpson’s complement (1-D) 

represents the probability that two individuals taken from within the same data set are different 

species. The Simpson’s complement was calculated using the formula: 

1-D= 1- ∑pi
2 

where ∑pi
2 = the sum of the square proportions of feeding plants within that data set. A measure 

of evenness (E) was also obtained for the Tasman parakeet and the crimson rosella in autumn 

and spring, using the formula:  

E=D/n 

where D= Simpson’s diversity index, and n= the number of plant species fed on, also known 

as the Dmax. The value of evenness ranges from 1/Dmax to 1, where 1/ Dmax indicates an unequal 

representation of feeding species within the sample, and 1 indicates a sample with an equal 

representation of feeding species within a sample. 

The frequency of foraging height and flock size for each species within each season was 

quantified. As foraging height is an aspect of habitat use a t-test was conducted to determine if 

there was a significant difference between the foraging heights of each bird species, in the two 

sampling seasons. A t-test was also conducted between the two seasons for each bird species 

to determine if there was a significant difference in the seasonal foraging heights of the two 

bird species. 

 The variability of foraging height was determined for the Tasman parakeet and the crimson 

rosella in each season by calculating the coefficient of variation using the formula: 

ĉv = σ / µ 
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where σ= sample standard deviation, and µ= sample mean. This value was then expressed as a 

percentage.  
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RESULTS 

In autumn the total length of visitor transects that were surveyed was 33.13km, and the total 

length of non-visitor transects that were surveyed was 24.19km. In spring the total length of 

visitor transects that were surveyed was 49.71km and the total length of non-visitor transects 

that were surveyed was 41.99km (Table 3.1). 

 

 

Non-survey observations were those made while moving between survey transects, and 

those made outside of research hours while moving about the park. During the summer survey 

there were 51 Tasman parakeet and 51 crimson rosella observations, all of which were non-

survey. The autumn season consisted of 61 non-survey and 37 on-survey observations for the 

Tasman parakeet, and 71 non-survey and 85 on-survey observations for the crimson rosella. 

Table 3.1. Transect lengths per season for on-survey observations only.  

Summer is excluded. V= visitor tracks, N= non-visitor tracks. 

 
Autumn Spring 

 
V (km) N (km) V (km) N (km) 

AM 26.81 12.98 29.43 19.6 

PM 6.32 11.21 20.28 22.39 

Total 33.13 24.19 49.71 41.99 

Seasonal Total 57.32 91.7 

On- (off-) survey 

observations 
122 (132) 210 (130) 
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The spring season consisted of 63 non-survey and 56 on-survey observations for the Tasman 

parakeet, and 67 non-survey and 154 on-survey observations for the crimson rosella. 

Habitat preference 

There were 35 observations of the Tasman parakeet during the autumn survey for which 

there was habitat data collected (Table 3.2). These observations were in three habitat types, 

forest edge, remnant Araucaria, and remnant hardwood. Tasman parakeet observations were 

highest in forest edge (n = 23), and lowest for remnant Araucaria (n = 5). For the autumn 

survey of the Tasman parakeet the threshold for preference was Bi = 0.33. The Tasman parakeet 

displayed a significant relative selection for remnant hardwood (Bi = 0.51, X2 = 6.86, p < 0.01), 

and a significant relative avoidance for forest edge (Bi = 0.29, X2 = 4.89,  p < 0.05). 

During the spring survey a total of 52 observations were made of the Tasman parakeet for 

which there were habitat data collected (Table 3.3). These observations were made within five 

habitat types, forest edge, olive forest, regenerating vegetation, remnant Araucaria, and 

remnant hardwood. As with the autumn survey, the majority of observations made were in the 

forest edge habitat type (n = 30). For the spring survey of the Tasman parakeet the threshold 

for preference was Bi = 0.2. Manly’s standardised forage ratios indicated significant relative 

preference for remnant hardwood habitat (Bi =  0.32, X2 =  8.92, p < 0.001). 

During the autumn survey there were a total of 69 observations of the crimson rosella 

recorded for which habitat data was collected (Table 3.4). The crimson rosellas were observed 

in six habitat types: forest edge, forestry, niau forest, paddock, remnant Araucaria, and 

remnant hardwood. The majority of these observations were in the forest edge habitat (n = 53), 

with the remaining habitats having between 1 and 6 observations. For the autumn survey of 

crimson rosellas a Manly Index of Bi=0.17 indicated the threshold for preference. The results 

for the autumn survey indicated a significant relative preference for forest edge (Bi = 0.34, X2 
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= 24.51, p < 0.001). Relative avoidance for forestry (Bi=0.06, X2=3.36, p<0.1) and remnant 

Araucaria (Bi=0.10, X2=3.11, p<0.1) were significant to an alpha level of 0.1. 

During the spring survey there were a total of 130 observations of the crimson rosella 

(Table 3.5). The crimson rosellas were observed in all nine habitat types in spring, with the 

majority of observations in the forest edge habitat (n=89).  The second most common habitat 

type for crimson rosellas was in remnant hardwood (n=17), followed by remnant Araucaria 

(n=15). The other habitat types had observations that ranged between one and three 

observations. The preference threshold for the spring survey of crimson rosellas was 0.11. The 

crimson rosella displayed significant selection for forest edge (Bi = 0.25, X2 = 23.89, p < 0.001), 

remnant hardwood (Bi = 0.28, X2 = 4.56, p < 0.05). The crimson rosella displayed significant 

relative avoidance for guava forest (Bi = 0.03, X2 =  8.70, p < 0.01) and forestry (Bi = 0.01, X2 

= 11.23, p < 0.001). 

In both autumn and spring the crimson rosella occupied more habitat types than the Tasman 

parakeet. In all overlapping habitat types in autumn, apart from forest edge, the Tasman 

parakeet displayed higher preference for those sites (Figure 3.6).  
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Table 3.2. Habitat selection for the Tasman parakeet for autumn. 

mi = available habitat,  ui= used habitat,  πi= proportion of available habitats,  oi= proportion of used habitats, wi= Savage selectivity index,  Bi= Manly 

selectivity index, X2= chi-square. Preference threshold: Bi=0.33 (above= relative preference, below= relative avoidance). 

Habitat type mi ui πi oi wi Bi SE X2 

Forest edge 465 23 0.47 0.66 1.40 0.29* 0.18 4.89 

Remnant Araucaria 146 5 0.15 0.14 0.97 0.20 0.41 0.01 

Remnant hardwood 79 7 0.08 0.20 2.50 0.51** 0.57 6.86 

Total 988 35   4.86 1.00   

Preference is significant when X2 is greater than the critical value for X2 at df=1  

At α level of *0.05 X2 = 3.84, **0.01 X2 = 6.64, ***0.001 X2 = 10.83 
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Table 3.3. Habitat selection for the Tasman parakeet for spring.  

mi = available habitat,  ui= used habitat,  πi= proportion of available habitats,  oi= proportion of used habitats, wi= Savage selectivity index,  Bi= Manly 

selectivity index, X2= chi-square.  Preference threshold: Bi=0.20 (above= relative preference, below= relative avoidance). 

Habitat type mi ui pi oi wi Bi X2 

Forest edge  465 30 0.47 0.58 1.23 0.17 2.36 

Olive forest 33 2 0.03 0.04 1.15 0.16 0.04 

Regenerating 13 1 0.01 0.02 1.46 0.20 0.15 

Remnant Araucaria 146 9 0.15 0.17 1.17 0.16 0.26 

Remnant hardwood 79 10 0.08 0.19 2.41 0.32** 8.92 

Total 988 52   7.42 1.00  

Preference is significant when X2 is greater than the critical value for X2 at df=1  

At α level of *0.05 X2 = 3.84, **0.01 X2 = 6.64, ***0.001 X2 = 10.83 
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Table 3.4. Habitat selection preference for the Crimson rosella in autumn. 

mi = available habitat,  ui= used habitat,  πi= proportion of available habitats,  oi= proportion of used habitats, wi= Savage selectivity index,  

Bi= Manly selectivity index, X2= chi-square.  Preference threshold: Bi=0.17 (above= relative preference, below= relative avoidance). 

Habitat type mi ui pi oi wi Bi X2 

Forest edge 465 53 0.47 0.77 1.63 0.34*** 24.51 

Forestry 92 2 0.09 0.03 0.31 0.06 3.36 

Niau forest 53 2 0.05 0.03 0.54 0.11 0.83 

Paddock 19 1 0.02 0.01 0.75 0.16 0.08 

Remnant Araucaria 146 5 0.15 0.07 0.49 0.10 3.11 

Remnant hardwood 79 6 0.08 0.09 1.09 0.23 0.05 

Total 988 69   4.82 1.00  

Preference is significant when X2 is greater than the critical value for X2 at df=1  

At α level of *0.05 X2 = 3.84, **0.01 X2 = 6.64, ***0.001 X2 = 10.83 
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Table 3.5. Habitat Selection preference for the Crimson rosella in spring. 

mi = available habitat,  ui= used habitat,  πi= proportion of available habitats,  oi= proportion of used habitats, wi= Savage selectivity index,  

Bi= Manly selectivity index, X2= chi-square.  Preference threshold: Bi=0.11 (above= relative preference, below= relative avoidance). 

Habitat type mi ui pi oi wi Bi X2 

Forest edge  465 89 0.47 0.68 1.45 0.25*** 23.89 

Forestry 92 1 0.09 0.01 0.08 0.01*** 11.23 

Guava forest 88 2 0.09 0.02 0.17 0.03** 8.70 

Niau forest 53 3 0.05 0.02 0.43 0.07 2.39 

Olive forest 33 1 0.03 0.01 0.23 0.04 2.66 

Paddock 19 1 0.02 0.01 0.40 0.07 0.92 

Regenerating 13 1 0.01 0.01 0.58 0.10 0.30 

Remnant Araucaria 146 15 0.15 0.12 0.78 0.14 1.08 

Remnant hardwood 79 17 0.08 0.13 1.64 0.28* 4.56 

Total 988 130   5.77 1.00  

Preference is significant when X2 is greater than the critical value for X2 at df=1  

At α level of *0.05 X2 = 3.84, **0.01 X2 = 6.64, ***0.001 X2 = 10.83 
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Figure 3.6. Habitat preference of the Tasman parakeet and crimson rosella in autumn (top) and 

spring (bottom).  

Forage Ratio indicates relative preference for each habitat type. F= forestry, FE= forest edge, 

GE= guava forest, NF= niau forest, OF= olive forest, P= paddock, RA= remnant araucaria, 

RH= remnant hardwood, and RV= regenerating vegetation. The lines represent no preference 

for each species, above the line is relative selection, and below the line is relative avoidance. 
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Bird state 

Tasman parakeets were observed perching more than any other state in both autumn (62%) 

and spring (75%). Crimson rosellas were observed flying overhead more than any other state 

in both seasons (60% autumn, 48% spring). Crimson rosellas would fly from their perch and 

fly overhead more than the Tasman parakeet in both seasons (Figure 3.7). In autumn, the 

Tasman parakeet was found on the ground more than the crimson rosella (TP=8%, CR=1%), 

however, in spring, the Tasman parakeets were not found on the ground at all (TP=0%, 

CR=3%). 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.7.  Bird state at first sighting. 
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Parrot feeding species 

There were a total of 217 total observations of the Tasman parakeet, of those, 96 were of 

feeding observations. On-survey observations made up 38.5% of the feeding observations and 

were during autumn and spring only (n=37). There were a total of 377 observations of the 

crimson rosella, of which 34 were feeding observations. Of these feeding observations, 52.9% 

where on-survey collected during autumn and spring only (n=18). 

During autumn both the Tasman parakeet and the crimson rosella would spend a majority 

of their time foraging in forest edge habitats (TP=64%, CR=67%), however, neither parrot had 

an overlap in the plant species that they were feeding on. During autumn the Tasman parakeets 

would feed on three species within two habitats. Norfolk pine was a feeding species that the 

Tasman parakeet would feed on in both habitats that it was observed in during autumn. 

Consequently, this plant species was also the most prominent in the autumn diet of the Tasman 

parakeet, making up 82% of the dietary species. Conversely, the crimson rosella fed on only 

one species, eucalyptus sp., within two habitat types (Table 3.6). During spring the both the 

Tasman parakeet and the crimson rosella shared three habitat types during foraging 

observations, forest edge, remnant hardwood, and remnant Araucaria. Forest edge habitat was 

the most foraged in habitat type during spring for both the Tasman parakeet and the crimson 

rosella, who each spent 57% of their time there. Furthermore, both parrots fed on the most plant 

species within this habitat type (TP=5, CR=3). Ake ake was the most common component of 

the spring diet for both parrot species (TP=75%, CR=58%), and was foraged upon in more 

habitat types than any other plant species during spring, for both the Tasman parakeet 

(habitats=4) and the crimson rosella (habitats=2) (Table 3.6). There were three on-survey 

observations of the Tasman parakeet in which the part eaten was unknown. The plant species 

these observations were made on were Nestegis apetala (autumn), Araucaria heterophylla 
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(autumn), and Baloghia inophylla (spring). Crimson rosellas only had one on-survey 

observation where feeding part was unknown and this was on Myrsine ralstoniae in spring. 

Non-survey observations were included in the results to present all dietary species observed 

during this research (Table 3.7). As can be seen from figures 3.9 and 3.10 the trend of species 

present remains the same between on-survey only (Figure 3.9), and all species present (Figure 

3.10). There were species present in the off-survey observations, such as holly, maple (Figure 

3.8) and red guava, which were not present in on-survey alone. During spring and summer the 

crimson rosellas and the Tasman parakeets had a large overlap of feeding species. In spring the 

Tasman parakeet and the crimson rosella shared three feeding species, with the Tasman 

parakeet feeding mostly on ake ake (86%), as did the crimson rosella (83%). During summer 

there was an overlap of two feeding species that the two birds shared. The majority of 

observations for both species were on red guava, which made up 84% of the Tasman parakeets 

summer diet and 96% of the crimson rosellas summer diet. The season in which there was the 

least overlap between the two parrots was autumn. 

 

 

Figure 3.8. Crimson rosella feeding on holly fruits (left), maple fruits (right). 

Photos: L. Ortiz-Catedral. 
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Table 3.6.  All on-survey seasonal feeding species of the Tasman parakeet and the crimson rosella and the associated habitat types. 

Only using feeding observations where GPS data was present. Part eaten: S= seeds, F= fruit pulp, B= bark, U= unknown. 

Season Bird species Habitat Type Plant Species Frequency Part Eaten 

Autumn CR Forest Edge Eucalyptus sp. 0.67 S 

  Forestry Eucalyptus sp. 0.33 S 

 GP Remnant Hardwood Nestegis apetala 0.09 U 

   Araucaria heterophylla 0.18 U 

   Myrsine ralstoniae 0.09 B 

  Forest Edge Araucaria heterophylla 0.64 S 

Spring CR Remnant Hardwood Dodonea viscosa 0.29 F 

  Forest Edge Dodonea viscosa 0.29 F 

   Pittasporum bracteolatum 0.14 F 

   Morus sp. 0.14 F 

  Remnant Araucaria Myrsine ralstoniae 0.14 U 



 

 

 

124 

 GP Forest Edge Dodonea viscosa 0.33 S, F 

   Baloghia inophylla 0.08 F, U 

   Olea europaea 0.08 F 

   Solanum mauritianum 0.04 F 

   Leucaena leucocephala 0.04 S 

  Remnant Araucaria Dodonea viscosa 0.25 F, S 

  Olive Forest Dodonea viscosa 0.04 F 

  Remnant Hardwood Dodonea viscosa 0.13 F 
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Figure 3.10. Top food species observed (on and off survey) across all three seasons for both 

the Tasman parakeet and the crimson rosella. 

Figure 3.9. All on-survey feeding species during autumn and spring for the crimson rosella 

(CR) and the Tasman parakeet (GP) 
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My results indicate a large overlap in the plant part consumed for both autumn and spring, 

for the Tasman parakeet and crimson rosella (Figure 3.11). In spring the crimson rosella diet 

Table 3.7. Off-survey feeding observations of Tasman parakeets and crimson rosellas within the 

Norfolk Island National Park. 

Season: S=summer, A=autumn, Sp=spring. Number of observations in brackets. 

Plant Species Tasman parakeet Crimson rosella 

Red guava S (26), A (2) S (46), A (3) 

Ake ake S (1), A (1), Sp (20) Sp (3) 

Lilac S (1), Sp (2) - 

Maple S (1) - 

Isaacwood S (1) - 

Beech S (1) - 

Peach S (1), Sp (1) - 

Niau S (2) - 

Schinus sp. S (1) - 

Norfolk pine S (2), A (24), Sp (1) S (1), A (2) 

Lichen sp. Sp (1) - 

Tobacco Sp (1) - 

Ironwood Sp (1) S (1), A (1) 

Wattle Sp (1) - 

Dianella intermedia - S (1) 

Oplismenus hirtellus - S (1) 

Lantana camara - Sp (1) 

Grass - Sp (3) 

Eucalyptus sp. - A (1) 

Paspalum aviculare - S (1) 
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was comprised of 82% fruit pulp and the Tasman parakeet diet was comprised of 87% fruit 

pulp. In autumn the crimson rosella diet contained 75% seeds and the Tasman parakeet diet 

contained 89% seeds. In autumn both species fed on the same two plant parts (during the on-

survey transects): fruit pulp and seeds, while in spring each species fed on two plant parts, 

however they only shared consumption of one plant part, seeds, with the Tasman parakeet also 

consuming bark and the crimson rosella also consuming fruit pulp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Feeding diversity 

Both the Tasman parakeet and the crimson rosella fed on more species during spring than 

autumn. In both autumn and spring the crimson rosella has a more diverse diet than the Tasman 

parakeet, and both species exhibited higher diversity in their diets during spring (Table 3.8). 

Figure 3.11. Plant part consumed on-survey by the crimson rosella and the Tasman parakeet 

within the Norfolk Island National Park during both seasons. 
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During spring there was a 67% likelihood that crimson rosella diet species were varied, while 

in autumn there was less than half of the amount of diversity present (1-D=0.67, 0.32 

respectively). During spring the Tasman parakeet experienced higher diversity in their diet (1-

D=0.44) as compared to autumn (1-D=0.31), however, the diversity of the Tasman parakeet 

diet was less than that of the crimson rosella diet for both seasons. The diet of the Tasman 

parakeet was more even in autumn (E=0.49), while the diet of the crimson rosella was more 

even in spring (E=0.44).  

Forage height and flock size 

There was no significant difference between the foraging heights during autumn, of the 

crimson rosella (µ=19.2m; σ=9.83m) and the Tasman parakeet (µ =10.5m, σ=7.72m); 

t(7)=1.73, p=0.13. There was also no significant difference between the foraging heights of the 

crimson rosella (µ =4.14m, σ=4.57) and the Tasman parakeet (µ =4.48m, σ=3.23m) during 

spring; t(21)=-0.24, p=0.81. The crimson rosella displayed a significant seasonal difference in 

its foraging height; t(5)=3.30, p=0.02. Likewise, the Tasman parakeet displayed a significant 

seasonal difference in its foraging height; t(10)=2.37, p=0.04. The average and maximum, 

heights were lower in spring than in autumn for both the Tasman parakeet and the crimson 

rosella (Figure 3.12, top). The crimson rosella displays both the highest and the lowest 

variability in foraging heights, the highest was in spring (cv=110%) and the lowest was in 

Table 3.8. Simpson's diversity indices for each season and each species 

Season Autumn Spring 

Species 
Tasman 

parakeet 

Crimson 

rosella 

Tasman 

parakeet 

Crimson 

rosella 

Species Richness (S) 3 2 5 7 

Simpson's complement (1-D) 0.31 0.32 0.44 0.67 

Evenness 0.49 0.29 0.36 0.44 
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autumn (cv=51%). The Tasman parakeet has a similar variability in both autumn and spring 

(cv= 74% and 72%) (Table 3.9). 

 

Table 3.9. Forage height (m) of the Tasman parakeet and the crimson rosella during autumn and 

spring for on-survey observations only. 

 Autumn Spring 

 Crimson rosella Tasman parakeet Crimson rosella Tasman parakeet 

µ 19.2 10.5 4.14 4.43 

Sample size 5 10 14 23 

σ 4.40 2.44 1.22 0.66 

Min 2 0 0 1.5 

Max 26 25 14 13 

Mode NA 10 0 3 

Cv 51% 74% 110% 72% 
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Figure 3.12. Average forage height (top) and flock size (bottom) for the Tasman parakeet and 

the crimson rosella in autumn and spring. 
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There was no significant difference during autumn between the flock size of the crimson 

rosella (µ =1.40, σ=0.55) and the Tasman parakeet (µ =1.45, σ=0.93); t(13)=-0.15, p=0.89, nor 

was there any significant difference in flock size during spring between the crimson rosella (µ 

=1.64, σ=0.63) and the Tasman parakeet (µ =1.69, σ=0.79); t(32)=-0.22, p=0.83. There was no 

significant difference in the seasonal flock size of the crimson rosella; t(8)=-0.82, p=0.44, nor 

was there a significant difference in the seasonal flock size of the Tasman parakeet; t(16)=-

0.74, p=0.47 (Figure 3.12, bottom). 
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DISCUSSION 

The literature available on parrot competition has mostly involved the competition between 

sympatric species for nesting sites and materials (Heinsohn, Murphy et al. 2003, Kearvell and 

Van Hal 2016). Literature that does identify patterns of competition for food sources are mostly 

of mainland species (Kearvell, Young et al. 2002), and therefore the competition for food 

resources of insular parrot species are underrepresented in the current literature.  The Tasman 

parakeet is a critically endangered parrot that is extremely limited in its breeding range. As 

such, this species is highly affected by nesting competitors and predators (Director of National 

Parks 2018). While predator nest competitor control is a key goal of the NINP management 

plan (Director of National Parks 2018) little is understood on the effect these predators and nest 

competitors may have on the foraging behaviours of the Tasman parakeet. 

The results of my study support those presented by Waldmann (2016) during a pilot study 

of the seasonal and temporal foraging behaviours of the Tasman parakeet. In that study 

Waldmann found that the Tasman parakeet exhibits clear seasonal patterns of habitat use within 

the NINP. While the Waldmann study presented data for four seasons, the current research 

only presents data for two. However, the sampling method by Waldmann used only incidental 

observations on visitor tracks, while my research used a method of systematic sampling over a 

larger area of the NINP. 

The overlap of habitat use and foraging behaviours 

The habitat preference for the Tasman parakeet does not exhibit a seasonal pattern, as in 

both seasons surveyed this species displayed a preference for remnant hardwood. In contrast, 

the habitat preference of the crimson rosella is seasonal, with the birds preferring forest edge 

in both seasons, remnant hardwood in spring only, while also displaying relative avoidance for 
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guava forests and forestry in spring. The results that indicated relative avoidance for certain 

habitat types did not mean those habitats were not used, rather, that the use was relatively low 

in comparison to the use of other habitats by this species during that season. 

Autumn presented the lowest overlap between the Tasman parakeets and the crimson 

rosellas as they neither fed on the same species, nor foraged in the same habitat, as seen both 

in the habitat preference analysis and that of the feeding species analysis. As the overlap of 

used habitats and feeding resources was significantly low during this season it has been shown 

that a high overlap in shared resources results in higher levels of interspecific interactions 

(Petersen, Savini et al. 2018). The two species displayed a high overlap in habitats used and 

species fed on during spring. During spring the parrots show a preference for hardwood habitats 

and they both feed on the fruits of ake ake in remnant hardwood and forest edge habitat types. 

These results indicate that not only is there likely to be competition for ake ake during spring, 

but this plant species is also a critical component of the seasonal diet for both Tasman parakeets 

and crimson rosellas, as the majority of feeding observations were on this plant species for both 

parrots. 

Regenerating vegetation is a habitat type that comprises of a variety of native species, most 

of which were planted less than ten years ago. Across all 286 observations (all on-survey, both 

feeding and not feeding) regenerating vegetation was only chosen as a habitat twice, once by 

the Tasman parakeets in spring and once by the crimson rosellas in spring. This represents only 

0.7% of the total observations for this research, indicating that regenerating vegetation is not a 

preferred habitat for either the Tasman parakeet or the crimson rosella. However, while this 

habitat type may not currently provide food, shelter, or nesting sites for the parrots, there is 

potential for preference once the trees have become established. As this habitat type does not 

provide any current benefit for the Tasman parakeet population conservation managers need to 
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carefully assess the process of removing invasive species, of which the Tasman parakeet feeds 

on (Table 3.6, Table 3.7), to replace with young native species. 

Forest edge is the habitat types that is chosen for the most out of any of the nine assessed 

habitat types. In autumn the Tasman parakeet was observed in this type 65.7% of the time, and 

the crimson rosella was observed 76.8% of the time, while in spring the Tasman parakeet was 

observed in this type 57.7% of the time and the crimson rosella 68.5% of the time. The presence 

of the parrots within this habitat type may be because forest edges are open habitats that may 

allow for easier observations of prey species. Out of the nine habitat types, forest edge is both 

the most common and most species rich habitat type, which could be another factor resulting 

in such a high abundance of parrot observations. The forest edges in the Norfolk Island National 

Park are largely due to the modification of the landscape, such as the cutting of paths for roads, 

visitor tracks and maintenance tracks. Some research indicates that species avoid humanly 

impacted habitats while other research indicates that species don’t seem to mind (Speziale, 

Lambertucci et al. 2008, Gurarie, Suutarinen et al. 2011). The high frequency of parrot 

observations within this habitat type could be an outcome of high foot traffic through forest 

edges, leading predator species to avoid these areas. 

Bird state 

The position that an individual bird takes within a habitat, perching or flying, can give an 

indication of its preference for that type of habitat. Two further categories, on the ground and 

flying from perch indicate selection for that particular habitat, however these two categories 

were not used as often as the former two. Many of the observations of Tasman parakeets were 

of the birds perching, while the majority of crimson rosella observations were made of the birds 

flying overhead. The flight nature of the crimson rosella is reinforced by results, as they were 

most often observed flying. If the individual was seen to be flying from its perch it often meant 
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that it had been disturbed by the observer and no feeding observation could be made. 

Observations of individuals flying overhead did not indicate an avoidance for a certain habitat, 

rather that the birds were travelling between habitat types, however more research would need 

to be conducted to assess the flight patterns of each species and how that affects the birds 

habitat use. In autumn there were more records of both Tasman parakeets and crimson rosellas 

on the ground, as a likely reflection of the abundance of Norfolk pine seeds present on the 

ground during that season. 

Forage height and flock size  

One way species can partition resources and reduce interspecific competition is through the 

use of different foraging heights (Dziba, Scogings et al. 2003, Makhabu 2005). My research 

found that height is not a factor reducing interspecific competition in autumn or spring, with 

both the Tasman parakeet and the crimson rosella foraging at similar heights. 

Research by Dutson (2013) estimated the mean group size of both crimson rosella and 

Tasman parakeet to be 2.0. My research found that the average flock size for Tasman parakeets 

and crimson rosellas was lower than 2.0 for both autumn (TP=1.45, CR=1.40) and spring 

(TP=1.69, CR=1.64), however during both autumn and spring there were observations where 

the flock size was higher, such as up to a flock size of four during autumn and spring for the 

Tasman parakeet and up to eight during spring for the crimson rosella. 

Conclusions 

My research identifies that there is a seasonal component to the habitat preference and 

foraging behaviours of the Tasman parakeet and the crimson rosella. While the two species 

share aspects of their behaviours, such as foraging height and spring feeding species, there are 

significant differences in the habitat that they feed on, the diversity and richness of their diets, 
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and the parts of the plant eaten. While the crimson rosella does feed on some of the same plant 

species as the Tasman parakeet, it is not considered a significant overlap. However, the crimson 

rosella is an aggressive nest competitor (Director of National Parks 2018) and it is 

recommended that current management of this species should remain. With the high levels of 

pest management within the NINP the population size of the Tasman parakeet is increasing 

yearly (Skirrow 2018). As a consequence of continued rosella management more habitat 

options may become available to the Tasman parakeet population, which may decrease the 

need for the movement of this species out of the park and into the private fruit stock of nearby 

residents. 

The results presented within this thesis can be of use in the conservation management of 

the critically endangered Tasman parakeet as it has identified both species and habitats that are 

critical for the survival of the species. While I identify that this species is a generalist in terms 

of diet I also note that some seasonal food species are of more importance than others, which 

may provide conservation managers with the information needed to protect such feeding 

species and ensure that these species are present at future relocation sites (see Chapter 4). 

Limitations 

There were less feeding observations of the crimson rosella as they are a flighty bird that 

will often fly away before you get close enough to see what they are consuming. Research by 

Magrath and Lill (1983) state that crimson rosellas drop debris whilst feeding and that this 

debris is an accurate representation of feeding species. To better understand the complete diet 

of the crimson rosella on Norfolk Island an analysis of debris located under feeding crimson 

rosellas could be included to ensure food species could be identified, even if the individual 

birds have flown away on approach of the researcher. 
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Only two seasons were systematically surveyed for bird observations, autumn and spring. 

Due to time constraints and the accessibility of the location we were not able to survey during 

summer and winter. We were also unable to survey in more than one year, and so we did not 

have more than one replicate in each season surveyed. Sampling all four seasons will be critical 

to creating a complete understanding of the seasonal importance of various food species. 

Small sample sizes (less than 30 on-survey feeding observations of each bird in each 

season) may have led to results that aren’t significant. To obtain significant results analyses 

should be conducted on larger sample size of each species in each season, especially for forage 

height, part eaten, and habitat preference.  
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 : AVENUES FOR FUTURE RESEARCH 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 4.4.1. Lookout at sunrise from the Bridle Track.  

Photo: L. Ortiz-Catedral 
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ABSTRACT 

Historically, Tasman parakeets have undergone significant fluctuations in population size 

according to the degree of management targeting introduced species and shortages of safe 

nests. Despite intense management, several aspects of the biology of this island endemic 

remained unstudied.  Since 2013, Tasman parakeets have increased steadily in numbers and 

important aspects of the biology of the species can be documented, to fine tune management 

and achieve more ambitious conservation milestones. Tasman parakeets co-exist with the 

introduced Crimson rosella within the Mount Pitt section if the Norfolk Island National Park 

and nearby private properties and reserves, although it has been suggested that Crimson rosellas 

strongly compete for resources with Tasman parakeets, there is only limited evidence of 

competition for feeding resources at present. Both species exhibit significant seasonal changes 

in patterns of habitat use and preferences. Likewise, both species show significant changes in 

food types and feeding species. In this Chapter, I present and discuss potential areas for future 

research including a component originally considered as part of this thesis, but that I could not 

develop in the field: the monitoring of translocated Tasman parakeets to Phillip Island to 

characterise their patterns of dispersal and habitat use. There is a range of topics that deserve 

attention including analyses of pathogen prevalence, the potential for human conflict and the 

nutritional requirements of Tasman parakeets.  Together, these elements can assist the 

development of a second translocation attempt to Phillip Island to establish a self-sustaining 

population of Tasman parakeets. The breeding, feeding, and habitat use information that we 

can gain from the post-release monitoring of translocated parakeets would be invaluable, and 

would help to conserve and ensure the survival of this species. 

 

 



 

 

 

140 

INTRODUCTION 

Tasman parakeets have increased in numbers thanks to the assisted nesting program 

implemented by staff from the Norfolk Island National Park, as discussed in Chapter 1 of this 

thesis. This management program has consisted of supplementing the Tasman parakeet with 

predator-safe nests, maintaining large-scale predator control and restoring key areas with native 

plant species (Ortiz-Catedral, Nias et al. 2018). These actions are fundamental for the long-

term survival of the species. Prior to this research however, it was unclear whether Tasman 

parakeets strictly required forest remnants for foraging or if they used all available habitats 

equally, also it was unclear to what extent Tasman parakeets and Crimson rosellas overlapped 

in habitat use and feeding resources. Chapter 3 includes an analysis of habitat use and a 

comparison of food types and feeding species for Tasman parakeets and Crimson rosellas that 

address these topics. In this Chapter I discuss priority areas of research for an integrated 

management of the Tasman parakeet in the long-term. Recent successes on translocations of 

Cyanoramphus parakeets in New Zealand (Ortiz-Catedral and Brunton 2008, Brunton and 

Ortiz–Catedral 2009, Collen, Cash et al. 2014) have laid the basis for a translocation of the 

Tasman parakeet to Phillip Island, which is considered the next stage in the conservation of the 

species (Ortiz-Catedral, Nias et al. 2018). Species that exist in small and isolated populations 

face a higher risk of extinction as there is no option of migration or movement between 

populations (Hobbs, Jones et al. 2010, Weeks, Stoklosa et al. 2016). Factors that contribute to 

species loss include inbreeding, lack of migration, and exposure to disease and predators 

(Terrell, Crosier et al. 2016, DeVivo, Edmunds et al. 2017). One way to address this issue is 

by assessing viable locations for the translocation of suitable individuals (likely areas of closely 

related habitat, or areas where they were once known to exist) to create insurance populations 

(Rout, Baker et al. 2018). An insurance population is a proportion of a population of healthy 
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individuals that has been translocated to an area that will help aid in the prevention of the total 

extinction of a species if any event was to occur in their native environment, such as a disease 

outbreak or a severe weather event (Ortiz-Catedral, Nias et al. 2018). A critical step in ensuring 

the survival of the Tasman parakeet is to establish an insurance population on nearby Phillip 

Island, as suggested in the 2010 Threatened Species Management Plan  (Director of National 

Parks 2010, Ortiz-Catedral, Nias et al. 2018). 

PHILLIP ISLAND: POTENTIAL FOR ECOLOGICAL RESTORATION  

Phillip Island is the second largest of the Norfolk Island Group with 190 hectares of 

uninhabited land, comprised of many tuff and basal lava cliff valleys with few plateaus (Mills 

2009, Coyne 2010). The island was included into the protected area of the Norfolk Island 

National Park in 1996 and under the Environment Protection and Biodiversity Conservation 

Act 1999 is considered a heritage site (Mills 2009). Phillip Island is an important area for 

biodiversity as it supports two native reptile species (Christinus guentheri and Cyclodina 

lichenigera) and an endemic centipede (Cormocephalus coynei). The survival of these species 

can be attributed to the absence of rats (Rattus spp) and cats (Felis catus) on the island (Mills 

2009, Coyne 2010, Director of National Parks 2018). Phillip Island shares many of the same 

environmental characteristics as Norfolk Island, such as climate and soil structure, as they were 

formed from the same volcanic eruptions 3.1 and 2.3 million years ago that formed the Norfolk 

Ridge (Director of National Parks 2010). Prior to human settlement the Tasman parakeet was 

found throughout Norfolk Island, and possibly on Phillip Island (Hill 2002, Forshaw and 

Knight 2017). Phillip Island is located 6 km south of the coast of Norfolk Island, well within 

the flying and dispersing range of Cyanoramphus parakeets (Ortiz-Catedral 2009, Ortiz-

Catedral, Ismar et al. 2009).  Phillip Island was once covered with native vegetation similar to 
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the subtropical rainforest found on Norfolk Island (Coyne 2010) including common tree 

species like Norfolk Island pine (Araucaria heterophylla), Norfolk Island palm (Rhopalostylis 

baueri) and Ironwood (Nestegis apetala) (Hill 2002, Mills 2009, Coyne 2010). When the first 

settlers arrived on Norfolk Island in the late 1700s they introduced pigs (Sus scrofa) to Phillip 

Island as a food resource. By 1830 both rabbits (Oryctolagus cuniculus) and goats (Capra 

hircus) were introduced as game (Coyne 2010). As these pests are all intensive browsers they 

removed the native vegetation cover of Phillip Island, causing erosion and leading to vast 

exposed areas of soil that can still be seen today (Figure 4.2). The lack of mechanical anchoring 

from tree roots would have likely exacerbated the effects of erosion on the top layers of soil on 

Phillip Island.  

Pigs and goats were eradicated by the 1900s (Mills 2009, Coyne 2010), while rabbit 

eradication did not begin until 1953 when the Myxoma was introduced with little impact. By 

1978 it was determined that rabbits were contributing to the decline of native flora and fauna 

and so intensive eradication began. A mix of poisoning and shooting had Phillip Island declared 

pest free in 1988 (Coyne 2010).  
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At present, no browsing pests remain on the island, but the ecological damage they caused 

is still tangible: the endemic Phillip Island glory pea (Streblorrhiza speciosa), has become 

extinct due to browsing feral pigs and rabbits (Melville 1969, De Lange and Murray 2001) and 

Figure 4.2. Phillip Island. Exposed soil on the hillsides of the island. The light green vegetation 

(top left) is African olive (Olea europea).  

Photos: S. Simmonds and L. Ortiz-Catedral.  
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in some places up to two metres of soil was lost due to the lack of vegetation holding the soil 

in place (Mills 2009). In normal environmental conditions the root systems of Norfolk pines 

are underground, however, on Phillip Island some of the roots of these mature trees are exposed 

and give an example of where the topsoil has eroded (Figure 4.3Error! Reference source not 

found.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Invasive plant species are widespread on Phillip Island. African olive (Olea europea) , one 

of the 60 exotic plant species that can be found on Phillip Island, is considered the most 

threatening. As mentioned in Chapter Two, the canopy of this species is so dense that it creates 

monoculture forests, preventing native species from growing underneath (Weber 2017). While 

Figure 4.3 Norfolk pine (Araucaria heterophylla) on Phillip Island showing loss of soil and 

exposed roots. Photo: S. Simmonds 
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it is a pest species, its root system helps to stabilise the loose topsoil to prevent further erosion 

(Director of National Parks 2018). 

Since the eradication of browsers, the island has undergone revegetation that has seen the 

return of many flora species to the island including 17 native species. Current revegetation 

efforts continue and include weed management as well as the reintroduction of native flora 

(Director of National Parks 2010). Seabirds that bred on Phillip Island prior to the eradication 

of the browsers, such as the red-tailed tropic bird (Phaethon rubricauda), showed an increase 

in breeding individuals on the island post-eradication. Some birds that weren’t previously 

known to breed on the island, such as the Kermadec petrel (Pterodroma neglecta), were 

recorded breeding after rabbit numbers had decreased (Coyne 2010). The present-day 

vegetation on Phillip Island was broadly assessed in 2013 and 2014 with the aim of determining 

whether the recovering patches of Norfolk Pine and White oak (Lagunaria patersonii) would 

provide feeding resources for Tasman parakeets (Ortiz-Catedral and Whitwell, pers. com.).  

Despite obvious differences in vegetation structure between the Mount Pitt section of NINP 

and Phillip Island, the later has been suggested as a potential site for reintroduction of the 

Tasman parakeet at least since the 1970s (Forshaw 2002, Ortiz-Catedral, Nias et al. 2018). In 

2014, following extensive discussions between staff from NINP, members of the Flora and 

Fauna Society of Norfolk Island, Island Conservation, BirdLife Australia and Massey 

University it was determined that the high fledgling survival of Tasman parakeets in the Mount 

Pitt section of NINP,  would allow for a translocation of Tasman parakeets to Phillip Island. 

Having only one population restricted to a small area puts the species at risk if any disease 

outbreak was to occur or if predators, weather, or other events were to cause a population 

collapse. The Tasman parakeet, as detailed in previous chapters, has come close to extinction 

twice, with an estimated four breeding pairs in 1988 and six breeding pairs in 2006/7 (Garnett, 

Szabo et al. 2011, Ortiz-Catedral, Nias et al. 2018). Thus having a second population 
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established on Phillip Island would be beneficial for this species as having an additional 

population would help to ensure the survival of this species in the unfortunate event something 

was to happen to the original population on Norfolk Island (Martin, Nally et al. 2012, 

Australian Government 2017, BirdLife Australia 2017). At the time I began my data collection, 

the translocation of Tasman parakeets to Phillip Island was planned using chicks of pre-

fledging age soft-released into an aviary on site, based on experiences for translocating the 

closely related Red-fronted parakeet (Cyanoramphus novaezelandiae) in New Zealand (Collen, 

Cash et al. 2014).  

Originally, this thesis project considered a field component on Phillip Island in the context 

of a recent reintroduction attempt of Tasman parakeet nestlings and from 2016-2017 (Jones 

2016, Verhagen 2017). I planned a study to monitor the dispersal of fledglings and compare 

their patterns of habitat use on Phillip Island. This component was a significant element of my 

thesis (see Appendix A). In April 2017 eight pre-fledged juvenile Tasman parakeets were 

transferred successfully to Phillip Island, however shortly after their transfer the birds’ health 

deteriorated and the attachment of radio-transmitters and subsequent monitoring of fledglings 

was cancelled. No further attempts have been made since to transfer Tasman parakeet juveniles 

or adults to Phillip Island. The causes behind the health deterioration of Tasman parakeet 

juveniles has not been established (Jones C. in litt.). Therefore research on potential pathogens 

and diseases is crucial before a second attempt to translocate parakeets to Phillip Island takes 

place.  

PATHOGENS AND DISEASES 

Pathogens and disease have the potential to be a key threatening process to island endemics 

that have not evolved to form resistances to them. One example of disease presented to a 
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community that became disastrous was the spread of avian malaria (Plasmodium relictum) to 

the islands of Hawaii. Avian malaria only became transmissible through the accidental 

introduction of the southern house mosquito (Culex quinquefasciatus) to the island of Maui in 

1826. This mosquito acts as a vector (carrier) for avian malaria, allowing the disease to spread 

quite quickly throughout the lowland areas (>600m) encompassed by the mosquito’s habitat. 

This was the most probable cause of avian extinctions below the altitude of 600m (Warner 

1968, Beadell, Ishtiaq et al. 2006, Atkinson and Samuel 2010). This example gives an image 

of just how damaging diseases can be in the absence of natural resistance and understanding. 

Pathogens are viruses, microorganisms, or bacterium that cause disease and can prove fatal 

if contracted. There are two pathogens that have had a large impact on the flora and Psittacine 

populations present on Norfolk Island. The Tasman parakeet is affected by Psittacine Beak and 

Feather Disease (PBFD) and recent testing of chick and adult samples has revealed a 

prevalence of approximately 10% in the population (Ortiz-Catedral L. pers. comm.). PBFD is 

caused by the Beak and Feather Disease Virus (BFDV), a common circovirus found in 

numerous parrot species in the wild as well as captivity (Fogell, Martin et al. 2018). The family 

to which this pathogen belongs to contains the smallest known pathogens that infect animals 

and are usually host specific. Symptoms of this disease are caused by necrosis of the epidermal 

cells and include feather loss or deterioration, and deformities of the beak such as lengthening 

and breakages (Rahaus and Wolff 2003). This disease can either develop over time or have 

sudden onset, and has the potential to be fatal (Pass and Perry 1984, Department of the 

Enivronment and Heritage 2005). 

There are three parrots listed by the Department of Environment (an extension of the 

Australian Government; hence the parrots listed are Australian species) as most at risk of this 

disease; the orange-bellied parrot (Neophema chrysogaster), the swift parrot (Lathamus 

discolor), and the Tasman parakeet (Department of the Enivronment and Heritage 2005, Das, 
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Sarker et al. 2015). In these parrots this disease could be exaggerated because of their small 

population sizes, which are at risk if their food supply decreases or if there are changes to the 

habitat (Department of the Enivronment and Heritage 2005).  

In a small population, like the Tasman parakeet on Norfolk Island, it is important to ensure 

that this disease does not become prevalent as any deaths of this species can seriously inhibit 

population growth. Increasing stress levels can increase the susceptibility of birds contracting 

the disease. On Norfolk Island, Tasman parakeets are placed under considerable stress during 

the breeding season as there are more males than females, most likely due to predation of 

females on the nest (Hill 2002, Ortiz-Catedral, Nias et al. 2018). Young birds have a higher 

likelihood of infection as the virus is excreted in faeces and feather dust, which is prevalent in 

a nest (Department of the Enivronment and Heritage 2005). 

In 1976, PBFD caused the deaths of many crimson rosellas and in 1977 there was what 

appeared to be a Tasman parakeets with the disease (Hill 2002, Invasive Species Council and 

Island Conservation 2017). In 1995, the disease was confirmed in the Tasman parakeets as 

there was an outbreak within this species and the crimson rosellas, with two Tasman parakeets 

dying from the disease, both of which were captive birds (Hill 2002). 

It is likely that many more birds carry the disease than are seen dying of it, as the symptoms 

are not always expressed. A study of kākāriki on Te Hauturu o Toi (Little Barrier) Island found 

that 28% of birds sampled (15 out of 54) contained the DNA of the PBFD, but only two 

individuals expressed any symptoms (Ortiz-Catedral, McInnes et al. 2009). Research 

conducted at Taronga Zoo prior to 2001 concluded that the entire population of Tasman 

parakeets contains the DNA of the disease but it is only expressed when the birds are under 

stress (Hill 2002). The Director of National Parks has stated that approximately 8% of Tasman 

parakeets studied are affected by PBFD (of a n=50 study size) (Director of National Parks 

2018). 
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Due to the risk PBFD poses it is important to conduct thorough research into how many 

individual Tasman parakeets may have it. It is also critical to assess the population of crimson 

rosellas also, as this disease may pass from one species to the other. It is crucial that biosecurity 

measures prevent its spread into Norfolk Island and across to Phillip Island. Any birds 

considered for release to Phillip Island that do not show signs of PBFD may still be carriers, 

and as such, may still be at risk. The disease may be expressed in birds once they have been 

translocated and exposed to stress. Ensuring that PBFD does not become rampant in the Phillip 

Island population will be key to their survival in this new environment. 

 

HUMAN CONFLICT WITH PARAKEETS  

One of the results of recovering populations of threatened species, is their expansion into 

human habituated areas. An example is the New Zealand kaka (Nestor meridionalis) and its 

interactions with the residents surrounding the Zealandia Wildlife Sanctuary (henceforth 

Zealandia) in Wellington, New Zealand (Cote, Durand et al. 2013). A 2013 study conducted 

interviews and surveys with residents in the suburbs around the sanctuary and reported that 

18% of those surveyed had damage to their roof structures, and 15% reported damage to trees 

on their property (Cote, Durand et al. 2013). This example demonstrates the need of careful 

planning when increasing the number of bird populations close to residential areas. 

With the increase in population size of the Tasman parakeet over the last five years there 

has also been an increase in human interaction outside of their range within NINP. Over the 

course of my research I had the opportunity to talk to members of the public about these birds 

and many were excited to see the increase of numbers in the park, with some even seeing the 

birds on their properties (Figure 4.4). However, greater numbers of Tasman parakeets on local 
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gardens on Norfolk Island can cause conflict with orchardists. In the early 1900s Tasman 

parakeets were shot by locals if they were caught eating and damaging fruit trees, which 

resulted in a reduced population size (Higgins 1999). The Lord Howe red-crowned parakeet 

was hunted to extinction due to their reputation as agricultural pests (Forshaw and Knight 

2017). The species was last seen in 1869 (Higgins 1999, McAllan, Curtis et al. 2004). 

The degree to which negative interactions between the residents of Norfolk Island and the 

Tasman parakeet could occur needs to be examined as the parakeet population is increasing, 

making it more likely that an increase in crop damage will occur. One suggestion is to place 

nets over trees to protect fruit crops, with one or two trees being left uncovered for the birds to 

eat, so they leave the protected trees alone. Conducting a survey and interviews in a similar 

way to address the impact of kaka in Wellington (Cote, Durand et al. 2013) will allow managers 

to understand the extent of the issue and to figure out appropriate ways to ensure a balance 

between the Tasman parakeet population and the local community. 
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NUTRITIONAL ECOLOGY 

My research assessed the different food resources available to the Tasman parakeet at 

different times of the year. Some of the information that we gathered included what part of the 

plant was fed upon by this species and included flowers, fruits and seeds. To understand how 

Figure 4.4. Unripe peach fruit (Prunus persica) showing damage caused by a Tasman Parakeet 

(top left); a Tasman parakeet feeding on an unripe peach fruit (top right); a Tasman parakeet 

feeding on a peach stone (bottom left); Residents of a property neighbouring the Norfolk Island 

National Park indicating a peach tree regularly visited by Tasman parakeets. Photos: S. 

Simmonds and L. Ortiz-Catedral. 
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important different food items are, it is essential to understand how abundant they are in 

different times of the year and what nutritional value they provide to the birds. One aspect to 

consider is if the Tasman parakeets are choosing food species because of their accessibility or 

because of their abundance and nutritional value. Such information may contribute to 

understanding how their daily energy expenditure relates to energy gained from resources and 

how they may behave in absence of different food species. 

There has been research that demonstrates a positive correlation between food abundance 

and species abundance, that is to say, the numbers of the target species in a given area will 

increase if food production increases (Stevenson 2001). Whilst conducting my research I 

observed that there was local variation in the fruiting development for some species of plants 

across the park. It is also likely that there is variation in how much fruit is provided by trees in 

different sections of the park. 

Knowing how feeding patterns are linked with abundance of a feeding resource can help 

determine where birds may be in different times of the year, which may help provide an 

estimate of carrying capacity of the Norfolk Island National Park for the Tasman parakeet. If 

this population keeps increasing it is important to be aware of how many individuals the 

environment can sustain before the carrying capacity is reached. 

Conducting phenology transects and calculating the diameter at breast height (DBH) of 

trees containing mature fruits can provide an estimate of abundance across an area (Chapman, 

Wrangham et al. 1994, Ragusa-Netto 2007). Determining the maturity of fruits across the 

phenology transects will also provide a measure of how abundance changes within species 

across the Norfolk Island National Park. 

Pest management within the Norfolk Island National Park includes the removal of invasive 

plant species and the revegetation of certain areas with native species (Director of National 

Parks 2018). Two of the main invasive weeds that contribute to the diet of the Tasman parakeet 
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are the red guava (Psidium cattleianum) and the African olive (Olea europaea) (Hill 2002, 

Waldmann 2016). 

Creating a nutrition profile of the key food species for the Tasman parakeet will help with 

management decisions in regards to plant removal, supplementary feeding during a 

translocation, and revegetation. Key questions about their feeding behaviours can be answered 

with this research. If a high energy food was to be removed from the ecosystem would the birds 

be able to supplement this with a new food source or would they increase their uptake of an 

existing food? Do foods that they consume more of provide them with more energy or are they 

low energy foods chosen as they are highly abundant (Hill 2002)? 

Previous research on the nutritional requirements of parrots has highlighted the importance 

of assessing the nutritional needs for a species, especially if it is to be held in captivity (Koutsos, 

Matson et al. 2001). A potential study would be to quantify the variation in fruit abundance of 

key Tasman parakeet food resources across the park, while assessing the nutritional content of 

those key resources. This study would contribute crucial information, not only about feeding 

resources for the Tasman parakeet, but also about the vegetative structure and composition of 

the park. 

TRACKING AND DISPERSAL 

A component of this thesis that did not occur for reasons outside of my control was the 

post-release monitoring of juvenile Tasman parakeets on Phillip Island. As detailed in this 

chapter, Phillip Island is an ideal location for the translocation of a small population of Tasman 

parakeets. A number of studies have examined aspects of Tasman parakeet biology and 

conservation including preferred diet, nest requirements and the most significant predators and 

competitors (Garnett, Szabo et al. 2011, Dutson 2013, Waldmann 2016). However, one aspect 
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of their biology that is relatively unknown is the dispersal methodology in post-fledged 

juveniles.  

Post-release monitoring is an important component of avian translocation as it allows 

managers to track long-term success, and to assess how the newly established population has 

responded to the translocation in regards to health and dispersal (Parker, Ewen et al. 2013). 

Due to the nature of the habitat and terrain at many translocation sites it can be difficult to find 

birds easily post-release, especially if individuals have dispersed away from the release site. 

Radio-tracking provides a way to find the birds in a time-efficient manner. The monitoring of 

juvenile dispersal can reveal critical information about factors that contribute to dispersal and 

survival between fledging and recruitment (Drummond 2017, Irwin 2017). 

Studies have shown that most birds exhibit female biased dispersal, with the female 

dispersing over a greater distance, and males exhibiting philopatric tendencies (Clarke, Sæther 

et al. 1997). However, a study in the Zealandia on juvenile dispersal of a closely related species 

to the Tasman parakeet, the New Zealand kakariki, showed that they exhibited a male-biased 

post-fledgling dispersal method (Irwin 2017). This may prove an important aspect in 

understanding the biology of this species as there is an assumed sex-ratio imbalance in the 

Tasman parakeets, with more adult males than adult females, as evidenced by a low amount of 

breeding pairs (Hill 2002). Understanding if the dispersal system in this species is male or 

female biased could help in determining probable causes for the sex-ratio imbalance, and 

therefore could contribute in the increase of breeding pairs. 

Juvenile Tasman parakeets tend to feed on the ground for up to five weeks, primarily on 

invasive species within the park (Hill 2002). This puts the young at risk of predators, such as 

feral cats (Felis catus), rats, and off-leash dogs (Canis lupus familiaris) (Hill 2002). Tracking 

juvenile dispersal may provide quantitative evidence of interactions between juvenile Tasman 

parakeets and those species that threatens them. 
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The tracking of adult Tasman parakeets may contribute towards creating a clearer picture 

of how this species utilises its environment. Information that can be gained from tracking adult 

birds can include: what influences the birds when choosing territories, mates and nest sites, 

where they go when they leave the park and what habitat corridors they use when travelling 

between patches of habitat outside of the park. Tracking adults may also lead researchers to 

find nesting sites outside of the park, if there are any, and ensure that they are protected. 

Tracking dispersal after a translocation can give crucial information about habitat use in a new 

environment, while also providing insight into possible causes of dispersal. This information 

can provide knowledge of species biology such as if dispersal a product of parental learning, if 

it is an effect of food and territory availability, or if it is an outcome of inter- and intra-specific 

competition. 

Patterns of Tasman parakeet dispersal may not be limited to areas of high food availability, 

but may also depend predators and competitors, such as crimson rosella (Platycercus elegans) 

territories, black rat (Rattus rattus) densities and the presence of cats (Hill 2002). Management 

decisions for the Tasman parakeet have been determined through observation of the species in 

their current habitat, and through comparison with similar species as it is unknown how the 

these birds use their environment in absence of predators, competitors and introduced food 

resources (Higgins 1999, Director of National Parks 2018). Radio-tracking the dispersal of 

newly translocated Tasman parakeets will allow us to see if the juveniles use their habitat in a 

similar way to juveniles of comparable developmental stage living on Norfolk Island, or if on 

Phillip Island dispersal methods differ. Suggested methods of post-release monitoring include 

radio-tracking via tail or harness mount transmitters, locating birds using telemetry gear and 

geo-referencing to assess home-range. Bird identification should be collected along with 

monitoring perch and food species, pair bonding, and location. The vegetation composition 

should be analysed in a similar way to the methods set out in Chapter 2, however, less overall 
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vegetation types would be needed as Phillip Island has a more homogenous pattern of 

vegetation than Norfolk Island. 

If the avenues of research outlined in this chapter are undertaken it can provide critical 

information into the biology of the Tasman parakeet, including the availability of food 

resources in its habitat, the affect a growing population has on the residents of Norfolk Island, 

and what role pathogens play in the mortality of this species. These research opportunities will 

provide Tasman parakeet managers with the tools needed to ensure a continuing increase in 

population size, and to prevent any major population decrease.   

Dispersal may also depend on appropriate nest sites available. Crimson rosellas were 

thought to be introduced to Norfolk Island as aviary pets in the 1830s and the first sighting of 

the European starling was in 1913 (Christian 2005, Director of National Parks 2010). It is likely 

that since their arrival on Norfolk Island these two species have been in competition with the 

Tasman parakeet for nests. The starlings fill the nests with materials that the Tasman parakeets 

find unattractive, and the crimson rosellas directly compete for nesting sites. The breeding 

season for the crimson rosella peaks between September and November. Consequently the 

breeding efforts of the Tasman parakeet will decrease during this time as the crimson rosellas 

react aggressively towards competitors within their territories (Hill 2002, Director of National 

Parks 2018). 

Both the crimson rosella and the European starling are absent from Phillip Island. Radio-

tracking of translocated juveniles once they come of breeding age would allow researchers to 

understand how the Tasman parakeet chooses nest sites in the absence of interspecific 

competitors. As these birds would be the first of their species on Phillip Island in recent history, 

it will also provide insight as to how the young choose sites in the absence of pre-claimed 

territories. It has been reported that the Tasman parakeet will occasionally nest in ground 

burrows, however, the presence of predators would cause most ground burrows to be 
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unsuccessful. There is the chance that on Phillip Island they would find ground hollows and 

burrows to nest in and that they would be successful (Threatened Species Scientific Committee 

2016). 

Assessing the responses of the Tasman parakeet to differing food resource ecology is of 

equal importance in understanding the biology of this species. While the majority of the 

Tasman parakeet food resources can be found on Phillip Island, some of the plant species that 

comprise the diet on Norfolk Island are missing from the Phillip Island ecology. The Norfolk 

Island plant species that I observed the Tasman parakeet feeding on in the duration of my study, 

and the food species recorded in previous studies, that are present on Phillip Island can be seen 

in Table 2.4 (Higgins 1999, Waldmann 2016). Some of the key diet species of the Tasman 

parakeet that are absent from Phillip Island are native while others are invasive. 

 In the Norfolk Island Group there are 368 species of invasive plants and only 60 of these 

are found on Phillip Island. The Norfolk Island National Park and Botanic Garden 

Management Plan 2018-2028 lists 11 key weed species that present the greatest threat to the 

natural biodiversity on Norfolk Island (Director of National Parks 2018). Only six of these are 

found on Phillip Island, three of which are food resources for the Tasman parakeet. African 

olive and (Olea europaea) and red guava (Psidium cattlianum) are considered two of the most 

prolific invasive species on Norfolk Island and they are both key components of the Tasman 

parakeet diet.  The African olive is in abundance on Phillip Island while the red guava is absent. 

Other invasive species consumed by parakeets such as, wild tobacco (Solanum mauritianum) 

and lantana (Lantana camara), have been recorded in such low numbers on Phillip Island that 

they may have since been eradicated (Director of National Parks 2008, Mills 2009). Therefore 

they are not expected to be a key component of the diet of parakeets on Phillip Island. 

Native plant species that are absent from Phillip Island that contribute to the diet of the 

Tasman parakeet include the ake ake (Dodonea viscosa), maple (Elaeodendron curtipendulum) 
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and beech (Myrsine ralstoniae). Given that these species are key food resources for the Tasman 

parakeet it is important to assess how the birds behave in their absence. Radio-tracking of 

juvenile Tasman parakeets can answer some questions about diet choice and feeding behaviour: 

are these actually an important food species for the Tasman parakeet, or are they only consumed 

because they are available? Will the birds replace the absent food resources with a new food 

species or will they consume more of an already known food resource? Will there be any 

noticeable difference between the diet of the Norfolk Island birds and the Phillip Island birds, 

or will the majority of the diet remain the same? 
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