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ABSTRACT 

I studied the foraging ecology of the world’s only population of the critically 

endangered Tasman parakeet (Cyanoramphus cookii) on Norfolk Island, from July 

2013 to March 2015. I characterised, for the first time in nearly 30 years of 

management, the diversity of foods consumed and seasonal trends in foraging 

heights and foraging group sizes. In addition to field observations, I also collated 

available information on the feeding biology of the genus Cyanoramphus, to 

understand the diversity of species and food types consumed by Tasman parakeets 

and their closest living relatives as a function of bill morphology. I discuss my findings 

in the context of the conservation of the Tasman parakeet, specifically the 

impending translocation of the species to Phillip Island. I demonstrate that Tasman 

parakeets have a broad and flexible diet that includes seeds, fruits, flowers, pollen, 

sori, sprout rhizomes and bark of 30 native and introduced plant species found within 

Norfolk Island National Park. Dry seeds (predominantly Araucaria heterophylla) are 

consumed most frequently during autumn (81% of diet), over a foraging area of ca. 

90 hectares, at 6.94 m above the ground. During winter, consumption of dry seeds 

remains high (61%) however over less than half the foraging area of autumn (46 

hectares). More importantly, foraging height during winter is significantly lower than 

any other season, at 2.16 m. Though overall 18% of all foraging registered occurs at 

ground level, the highest frequency occurs during winter (55.4%). I argue that this 

seasonal shift in foraging area and height has important consequences for the 

management of Tasman parakeets. In particular foraging close to the ground within 

a small area makes the world’s only population of Tasman parakeets highly 

vulnerable to predation by introduced cats, thus intensification of cat control during 

this period is crucial for safeguarding this species in situ.  
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CHAPTER ONE: GENERAL INTRODUCTION 

1.1 PSITTACIFORMES: A HIGHLY THREATENED GROUP OF BIRDS 

The order Psittaciformes (Parrots and cockatoos) includes 352 species divided 

into two families: Cacatuidae with 21 and Psittacidae with approximately 331 

(Koutsos et al., 2001; Munshi-South & Wilkinson, 2006). Despite this taxonomic diversity 

and a wide variety of sizes and colouration, the order is morphologically distinct, and 

one of its most distinguishing features is a keratinous beak adapted primarily to crack 

and grind seeds (Forshaw & Cooper, 1981). Beak morphological similarity however, 

does not correspond to dietary uniformity within the order. Within this group it is 

possible to identify secondary beak and tongue adaptations for feeding on pollen 

and nectar as in the tribe Loriini, (genera Chalcopsitta, Eos, Trichoglossus and Vini 

(Forshaw & Cooper, 1989) or beak and digestive system adaptations for feeding 

exclusively on soft fruits as in the Pesquet’s parrot (Psittrichas fulgidus) (Mack & Wright, 

1998; Pryor et al., 2001).  

Another remarkable feature of the order Psittaciformes is the high proportion 

of species threatened with extinction. Approximately 26% of all species are classified 

under an IUCN category of threat, from Vulnerable to Critically Endangered (Collar, 

2000). Furthermore, 78% of all endangered parrots are single country endemics 

(Collar, 2000), such as the kakapo (Strigops habroptilus) from New Zealand 

(Powlesland & Lloyd, 1994), and the swift parrot (Lathamus discolor) from Australia 

(Saunders et al., 2007). 

Parrots and cockatoos are threatened by a variety of factors including 

habitat loss (for example Australia’s migratory swift parrot (Lathamus discolour) 

(Saunders et al., 2007), poaching for the pet trade (Wright et al., 2001), and the 

threats associated with inhabiting small geographic ranges and reduced population 

sizes (Collar, 2000). Others are threatened by competition with introduced species. 
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For instance, common brushtail possums (Trichosorus vulpecula) and introduced 

wasps (Vespula spp.) compete for honeydew with the New Zealand kaka (Nestor 

meridionalis), limiting the availability of this high-energy resource and affecting the 

productivity of kaka (Beggs & Wilson, 1991). Pathogens and diseases also represent a 

threatening factor for wildlife, particularly for small populations (Cleveland et al., 

2002; Daszak et al., 2000). For parrots, the role of pathogens in threatening small 

populations is poorly understood. However, as a precautionary measure strict 

quarantine protocols are in place for small isolated populations to prevent 

transmission of highly contagious disease such as Psittacine Beak and Feather Disease 

(PBFD) (Jackson et al., 2014; Ortiz-Catedral et al., 2009c).  

The impact of the threats mentioned above varies geographically. There is a 

much larger illegal trade in rare and endangered species of parrots in South America, 

for example (Marini & Garcia, 2005; Nóbrega Alves et al., 2013), than in Australasia 

(Pain et al., 2006). With regards to habitat loss and the impacts of introduced 

predators, island parrots (as well as other animal groups) are disproportionately 

affected when compared to mainland species (Blackburn et al., 2004; Didham et al., 

2005). In fact 44% of parrot species threatened with extinction are island dwellers 

(Collar, 2000). Island ecosystems are particularly susceptible to the negative effects of 

introduced predators. For example, one of the most insidious introduced mammalian 

predators is the domestic cat (Felis catus), posing a major threat to many island 

vertebrates (Nogales et al., 2013), including parrots. For instance, domestic cats are 

considered one of the leading causes of local extinction of the Kermadec subspecies 

of red-fronted parakeet (Cyanoramphus novaezelandiae cyanurus) on Raoul Island 

(Ortiz-Catedral et al., 2009a). Also, domestic cats are likely to have caused the 

extinction of the Macquarie Island red-fronted parakeet (Cyanoramphus erythrotis) 

(Taylor, 1979). 
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The threatened status of many parrots has prompted research aimed at 

providing guidelines for management and conservation, to prevent the extinction of 

various species including the kakapo (Clout, 2006); eclectus (Eclectus roratus) and 

Pesquet’s parrots (Igag, 2002); and Malherbe’s parakeets (Cyanoramphus malherbi) 

(Ortiz-Catedral et al., 2012) to name a few. Nevertheless, there are still numerous 

gaps in knowledge that limit our ability to develop and implement management 

actions to improve the conservation status of many species (Collar, 2000).  

The majority of studies on Psittaciformes to date focus on a single species and 

traditionally, on a single aspect of their ecology. For instance, diet (scaly-headed 

parrot Pionus maximiliani (Galetti, 1993); kaka (Moorhouse, 1997)); nesting biology 

(lilac-crowned amazon Amazona finschi (Renton & Salinas-Melgoza, 1999); red-

fronted parakeet Cyanoramphus novaezelandiae novaezelandiae (Ortiz-Catedral, 

2006)) or habitat use (Swift parrot (Saunders & Heinsohn, 2008)). Collectively, these 

studies have provided an overview of the variety of threats affecting wild parrots and 

cockatoos as well as insights into promising management actions to prevent their 

extinction. However, one of the most significant gaps in knowledge relates to the 

spatial and temporal variability of food resources utilised by wild parrots. 

Understanding the diversity of dietary items of a given threatened species can 

provide important information about critical resources for its survival and 

reproduction. For example, the Cape parrot (Poicephalus robustus) is a habitat and 

dietary specialist, feeding predominantly on the kernels of yellow-wood (Podocarpus 

spp.) species (Wirminghaus et al., 2002). Clearly, the conservation of this food 

resource is linked to the conservation of the Cape parrot across its range.  

The dietary requirements of island parrots have received less attention when 

compared to mainland species. A notable example among island species relates to 

the food availability and reproductive output of the critically endangered kakapo, a 

species that only reproduces during “mast” seeding events on islands free of 

predators (Clout & Craig, 1995; Clout & Merton, 1998; Powlesland et al., 1995). These 
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observations led to a successful supplementary feeding program for this species, 

albeit with the undesirable effect of biasing sex ratios towards males (Clout et al., 

2002). The high proportion of threatened island parrot species (see above) and the 

scarcity of studies on their diet, warrants further investigations that can contribute 

towards saving critically endangered island species.  

 

In this thesis, I describe the diversity of food resources used by of a critically 

endangered island parrot: the Tasman parakeet (Cyanoramphus cookii). I also 

document the temporal and spatial variability in foraging by this species and discuss 

the implications of these findings for the management and conservation of this island 

endemic.  

1.2 THE GENUS CYANORAMPHUS 

Tasman parakeets (Fig. 1) belong to the genus Cyanoramphus, a 

monophyletic group with 14 taxa (Boon, 2000) distributed across the South Pacific 

(Higgins, 1999). Four of these taxa are extinct (Boon et al., 2001), (see Fig. 2).  Given 

that many Cyanoramphus parakeets are found on small, isolated islands they are 

considered vulnerable to extinction (Taylor, 1985). All extant members of the genus 

are classified under various categories of threat (Table 1) (Miskelly et al., 2008; Taylor, 

1985). 
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Figure 1. A Tasman parakeet foraging on the ground on Norfolk Island. Photo: L. Ortiz-

Catedral©. 

 

 

Table 1. Conservation status of Cyanoramphus parakeets according to IUCN. 

Common Name Species IUCN status 

Yellow-fronted parakeet C. auriceps Near Threatened 

Tasman parakeet C. cookii Critically Endangered* 

Macquarie parakeet C. erythrotis Extinct 

Chatham parakeet C. forbesi Endangered 

Reischek’s parakeet C. hochstetteri Not Recognised 

Malherbes parakeet C. malherbi Critically Endangered 

Red-fronted parakeet C. novaezelandiae Near Threatened 

New Caledonian parakeet C. saisseti Not Recognised 

Society parakeet C. ulietanus Extinct 

Antipodes Island parakeet C. unicolor Vulnerable D2 

Black-fronted parakeet C. zelandicus Extinct 

*See also Chapter Four for a discussion on recent reviews of this status. 
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Cyanoramphus parakeets have been studied more intensely in New Zealand 

than in other localities in the South Pacific, and there are various studies addressing 

aspects of their ecology and breeding biology (Elliott et al., 1996; Greene, 1998; 

Kearvell et al., 2002; Ortiz-Catedral & Brunton, 2009). These studies have contributed 

towards refining translocation protocols to reintroduce Cyanoramphus parakeets to 

offshore island sanctuaries in New Zealand (Dawe, 1979; Miskelly & Powlesland, 2013; 

Ortiz-Catedral, 2009; Ortiz-Catedral & Brunton, 2008, 2010). Two common threats to all 

Cyanoramphus parakeets are depredation from introduced mammalian species 

(Elliott et al., 1996) and habitat loss (Ortiz-Catedral, 2010). A common management 

intervention aimed at expanding the geographic range and population size of 

various Cyanoramphus parakeets, is the translocation to offshore islands free of 

introduced mammalian predators (Miskelly & Powlesland, 2013). Although 

translocations have been successful and resulted in range expansion and population 

increase of red-fronted (Ortiz-Catedral & Brunton, 2010), yellow-fronted 

(Cyanoramphus auriceps) (Gaze & Cash, 2008) and orange-fronted parakeets 

(Cyanoramphus malherbi) (Ortiz-Catedral et al., 2012), a common shortfall in the 

wider conservation of Cyanoramphus parakeets has been the lack or limited 

assessment of dietary resources at release sites, which often fall outside the historical 

range of the target species. For example, orange-fronted parakeets were historically 

restricted to mainland beech (Nothofagus spp.) forests in the South Island (although 

there is some controversy regarding their precise historical range (Kearvell et al., 

2003)); however, currently are being translocated to offshore islands with coastal 

forest and kanuka (Kunzea ericoides) / manuka (Leptospermum scoparium) patches 

(Ortiz-Catedral et al., 2009b). Both habitats are likely to exhibit marked differences in 

diversity of food items and their availability year-round, thus for effective conservation 

of Cyanoramphus parakeets translocation plans should include an understanding of 

the dietary items available at a given site and potential influence on the survival and 

lifespan of managed species.  
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Figure 2. Map showing the distribution of all Cyanoramphus parakeets (Boon, 2000) 

(including extinct taxa) in the South Pacific. Map modified from Free Vector Maps © 

(freevectormaps.com). Bird illustrations modified from Handbook of the Birds of the 

World (hbw.com); BirdLife International (birdlife.com); Gros-Becs (grosbecs.net) and 

untitled Tasman parakeet painting, kindly donated by Mrs. Beryl Evans, resident of 

Norfolk Island.  

 

The Tasman parakeet has been the subject of intense management since the 

1970’s (Hill, 2002), mostly focusing on provisioning of safe nesting sites, captive-

breeding and control of introduced rats (Rattus spp.) and domestic cats (Hicks & 

Greenwood, 1989). Although this management has prevented the extinction of the 

species (Butchart et al., 2006), the population of Tasman parakeets remains in low 

numbers (Ortiz-Catedral, pers. comm.). An ambitious plan to leap forward in the 

conservation of this island endemic considers its translocation to nearby Phillip Island, 

a site free of introduced mammals but with a vastly different vegetation structure and 

composition (Coyne, 2009, 2011; Director of National Parks, 2008). To date no study 

has been aimed at documenting in detail the dietary requirements of the Tasman 
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parakeet within the confines of the Norfolk Island National Park. The only available 

information comes from anecdotal observations of captive birds (see Chapter Three) 

and non-systematic records by residents and visitors of Norfolk Island (see Chapter 

Three). Thus the present study represents a significant contribution towards the 

integrated management of this species, by presenting the first detailed study on the 

diet of free-living Tasman parakeets.  

1.3 STUDY SPECIES: THE TASMAN PARAKEET 

The Tasman parakeet is similar in appearance to other Cyanoramphus 

parakeets, and like the red-fronted parakeet, it exhibits diagnostic bright green 

plumage with a blue leading edge of the wing (Forshaw & Knight, 2010). It 

additionally has a red crown and a small red patch behind the eyes, in contrast to 

the continuous eye stripe of the red-fronted parakeet. Adults display a bicolour beak 

that is blue-silver in the upper portion and black towards the tip (Higgins, 1999) (see 

Fig. 1). 

For nearly 200 years, there has been taxonomic uncertainty surrounding the 

‘species’ status of the Tasman parakeet. Most authors consider it a subspecies of the 

red-fronted parakeet due to the remarkable similarity in plumage (Higgins, 1999). 

Molecular evidence supports the recognition of the Tasman parakeet as a species 

under the phylogenetic species concept (Boon et al., 2001). In their analysis Boon et 

al. (2001) found strong evidence supporting the divergence of Tasman parakeets 

from the red-fronted parakeet clade. On the basis of this evidence the Tasman 

parakeet has been treated as a distinct species for over a decade (Christidis & Boles, 

2008; Turbott, 1990). Despite these advances in molecular taxonomy, the debate 

continues (L. Ortiz-Catedral, pers. comm.). The recognition of the Tasman parakeet as 

a separate species is important beyond the traditional taxonomic debate. Norfolk 

Island, home to this island endemic, has a unique coastal forest type not found across 

the range of red-fronted parakeets in New Zealand. Thus, the diversity and availability 
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of food items on Norfolk Island is unlikely to match that of other species. Clearly this 

has important consequences for management and conservation: taxonomic 

uncertainty might obscure important differences in feeding ecology (see Chapters 

Two and Three). For the remainder of this document, the Tasman parakeet will be 

considered a separate species following Boon et al. (2001) criteria. 

The first detailed account of the behaviour of Tasman parakeets comes from 

Forshaw and Cooper (1981), who poetically describe the following: “[Tasman 

parakeets] are active in the early morning, when pairs or small parties may be seen 

flying to or from favoured feeding areas. Once they have settled to feed, these 

parrots are extremely difficult to detect, so well does their green plumage blend with 

the foliage, and their presence is betrayed only by the continuous clicking of their 

mandibles, the steady stream of debris falling to the ground below and the 

occasional emission of their characteristic call notes (…) mainly arboreal, but will 

come to the ground where they forage for fallen seeds (…) They are not shy and will 

usually allow a close approach.” This short description refers to an important aspect 

of the biology of Tasman parakeets, namely their vulnerability when foraging at 

ground level (see Chapters Three and Five).  Further, Forshaw and Cooper (1981) 

describe this species as extremely rare, and “[A] classic example of island population 

declining under a number of pressures, notably loss of habitat, competition from 

introduced species, predation by rats and feral cats, and disease.”. Tasman 

parakeets have been considered under threat for a long time. In particular during the 

1970’s when the population experienced a historical low number with 17 birds (Hicks 

& Greenwood, 1989), which has prompted ongoing management involving the 

monitoring and predator-proofing of nests (Fig. 4). 

Furthermore there is a baiting program in place targeting rats, and trapping 

targeting feral cats (Director of National Parks, 2008). Despite of all these actions, the 

world’s only population of Tasman parakeets is still small and recent efforts to 

estimate its precise numbers have failed (Dutson, 2013). Ortiz-Catedral and Skirrow 
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(2015 in prep.) provide an estimate of approximately 100-250 individuals based on 

fixed point counts. 

While ongoing predator control and protection of nesting sites has bolstered 

Tasman parakeet numbers, the long-term conservation of the species requires range 

expansion to two sites: Phillip Island, off the coast of Norfolk; and Lord Howe Island 

(Hutton et al., 2007) once introduced rats are removed. In this context the present 

study is timely because it provides information on the food types and feeding species 

of Tasman parakeets that can later be used to identify the most appropriate release 

sites based on vegetation characteristics. 

1.4 STUDY SITE: NORFOLK ISLAND 

Tasman parakeets are endemic to Norfolk Island (Fig. 3), where they are 

known locally as the “green parrot” (Chirstian, 2005). Until the 1800’s they also 

occurred on Lord Howe (see Fig. 2) (Director of National Parks, 2010). Unlike many 

other Cyanoramphus parakeets, Tasman parakeets do not exist in captive collections 

elsewhere in the world. During the 1940’s some Tasman parakeets were imported to 

Zoological collections like the Auckland Zoo (Museum specimen, see Chapter Two) 

but once theses individual died, no further specimens were sent abroad. Tasman 

parakeets are a micro-endemic species, with a single breeding population globally 

restricted to the Norfolk Island National Park (NINP, hereafter), a 465 ha area 

consisting of 30% ‘native forest’, 37% ‘weed infested native forest’ and 33% ‘exotic 

forest’ (Director of National Parks, 2010).  The species occasionally ventures outside 

the boundaries of the NINP to feed on orchard trees (see Chapters Three and Five).  

The Norfolk Island group comprises three main islands formed volcanically 

between 3.1 and 2.3 million years ago. They are located in the south pacific (29° 02’S, 

167° 57’ E), with the nearest landmasses being over 800km away (New Caledonia 

and Lord Howe Island), whilst the nearest population and travel centres of Auckland 

(1,100km) and Sydney (1,700km) are further afield (Director of National Parks, 2010).  
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The main landmass of Norfolk Island is 3455ha of plateaus cut with deep valleys, 

bounded by sheer 100m cliffs. The two highest points on the island, which are also 

forested, are Mount Pitt (316m) and Mount Bates (318m) both in the northern part of 

the island.  

Phillip Island, which is included in legislation as part of the National Park, is an 

entirely different environment. Phillip resides 6 km from the mainland, though at one 

stage the two were joined (Coyne, 2009), and has an area of 190ha with a peak of 

280m at the precipitous Jacky Jacky ridge.  

Phillip Island has been severely eroded due to vegetation loss in the presence 

of goats (Capra hircus), pigs (Sus scrofa) and rabbits (Oryctolagus cuniculus), which 

were introduced during the penal settlements to provide and alternate source of 

food in case of emergencies (Coyne, 2009). It is estimated that the soil has eroded 

5m in some parts. Though this creates a stunning and unique landscape (sometimes 

referred to as the Uluru of the pacific), this has come at the price of endemic species, 

(insert list of which ones are extinct and which are threatened). Since the last rabbit 

was eradicated in 1986, the island has been slowly re-vegetating, accelerated in 

some areas by on-going restoration works. Phillip Island provides a unique 

conservation opportunity, as the island is predator free it has potential to be a refuge 

for translocated species from Norfolk Island, particularly the Tasman parakeet. While 

Norfolk and Phillip Islands were formed from volcanic activity, Nepean Island (10ha) 

was not but is rather a calcarenite formation, with little vegetation, making it a haven 

for seabirds. It is also reserved as conservation land. 
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Figure 3. Map of Norfolk Island Group. Map modified from: (Director of National Parks, 

2008) 
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Figure 4. A) A Tasman parakeet emerging from the nest; B) Luis Ortiz-Catedral 

removing the predator-proof inspection hatch to check nest contents. (Photos 

courtesy of Luis Ortiz-Catedral© and Mark Delaney©). 

 

The climate of Norfolk Island is subtropical with dry summers and heavy rainfall 

in winter, typical patters for a subtropical oceanic island. Under the Köppen-Geirger 

classification it has a warm temperate, fully humid, with a hot summer (Cfa), 

comparable to the eastern coast of Australia (Kottek et al., 2006). Norfolk Island 

experiences an average annual rainfall of 1320mm, peaking in the winter months. 

Average temperatures range from minimums of 11 – 23.4 °C and maximums 15.8 – 

26.5 °C (Director of National Parks, 2010). As the island is an erosional remnant with a 

friable clay layer mass soil movements are common (Abell & Falkland, 1991; Director 

of National Parks, 2010).  There is little surface water on Norfolk island, though there is 

plenty of ground water, with residence times of up to 25 years (Stow & Dirks, 1998).  

The vegetation of NINP is characterised by an emergent canopy stratum of 

Norfolk pine (Araucaria heterophylla) up to 30 m; a thick understory of niau 
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(Rhopalostylis baueri) and a variety of woody plants including ironwood (Nestegis 

apetala); bloodwood (Baloghia inophylla) and white oak (Lagunaria patersonia). 

Other notable species include maple (Elaeodendron curtipendulum), ake ake 

(Dodonaea viscosa) and Meryta spp. A number of woody introduced plants are also 

found throughout NINP, including cherry guava (Psidium cattleianum), African olive 

(Olea europea cuspidata) and tobacco (Solanum mauritianum) (see (Coyne, 2011) 

for a detailed account of plant species). 

The prevailing view regarding human occupation of Norfolk Island is that 

Polynesians settled there temporarily around 500 years ago. However, by the time of 

the islands rediscovery by Captain James Cook in October 1774 there was no 

evidence of permanent dwellings, and no Polynesians living on the island (Anderson, 

1996). Hence, their occupation has been inferred from the presence of bones of two 

animal species commonly associated with the diaspora of Polynesians across the 

South Pacific: the Pacific rat or kiore (Rattus exulans) and the domestic dog (Canis 

familiaris) (Anderson, 1996), as well as bananas (Musa spp.) and stone adzes (Director 

of National Parks, 2010).  

Shortly after Cooks discovery, Norfolk Island was settled in 1788. Early accounts 

from settlers described very dense vegetation, and a great abundance of pines. In 

the first 75 years of settlement much of this forest was cleared for agriculture (Director 

of National Parks, 2010). The anthropological history of Norfolk Island is fascinating, as 

it was settled twice as a penal colony, once from England, and a second time 

receiving prisoners from New South Wales. Following these periods of settlement the 

land was finally settled by the Pitcairn Islanders, descendants of the Bounty mutineers, 

as their population size had outgrown Pitcairn, and Queen Victoria had offered them 

a place on the newly vacant land. Arriving in 1856, 194 people made the island their 

permanent home (Christian, 1982). 
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Today the island is home to approximately 2000 residents made up of native 

islanders, and Australian and New Zealand immigrants. The island also has a floating 

population of around 300 tourists at any time. 

1.5 AIMS OF THE PRESENT STUDY 

The research presented here represents two years of data collected in the 

field, primarily by me, with the help of volunteers and fellow scientists. I also had 

access to six months of data collected using the same methodology by my thesis 

supervisor Dr. Luis Ortiz-Catedral from June to December 2013. These data were part 

of the pilot phase of this project. This project was designed to document the diversity 

of food items consumed by Tasman parakeets in the wild, and to describe the 

temporal changes in dietary diversity between seasons. Additionally I present a pilot 

study on the seasonal variation in foraging areas, using data gathered in the field. 

The overall aim of this research was to integrate published information and field data 

on the diet of Tasman parakeets to present an overview of the temporal variability of 

the foraging ecology of the species and its relevance for conservation management. 

To achieve this aim, I obtained information from published studies and field 

observations. 

1.6 THESIS OUTLINE 

1.6.1 Chapter One 

The present chapter provides a general introduction into the conservation of 

Psittaciformes and the relevance of diet studies to advance the conservation of 

island parrot species. It highlights the need for research using the critically 

endangered Tasman parakeet as a study species and includes a description of the 

study species and site. Finally, this chapter summarises the content and sequence of 

all chapters. 
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1.6.2 Chapter Two  

In chapter two, I explore the dietary diversity of Cyanoramphus parakeets using 

published studies and information collected from Museum specimens. Specifically I 

was interested in determining if there is a relationship between bill morphology (a 

variable feature among Cyanoramphus) and the prevalence of seed consumption.  

In this chapter I discuss the state of knowledge about the dietary diversity of 

Cyanoramphus parakeets, and how the diet of the Tasman parakeet compares to 

this genus. 

1.6.3 Chapter Three 

The focus of chapter three is an analysis of the seasonal changes in the food types 

and food species of wild Tasman parakeets in the Norfolk Island National Park. I also 

investigated the inter-seasonal differences in foraging heights and foraging group size 

to produce the first detailed study on the feeding ecology of this critically 

endangered species. 

1.6.5 Chapter Four 

Chapter four focuses on a pilot investigation of seasonal variation in foraging 

locations of Tasman parakeets using incidental spatial information obtained during 

my field research, and a brief discussion how further investigation of these patterns 

can aid conservation of the Tasman parakeet. I also describe some interesting 

foraging behaviours observed in the field.  

1.6.4 Chapter Five 

In this chapter I discuss conservation management of the Tasman parakeet in relation 

to other Cyanoramphus species, and how my findings can help to reduce the 

extinction risk of this critically endangered species. 

 

My research was conducted under full approval by: Norfolk Island National Park and 

Department of Environment Australia (Appendix 1).  
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CHAPTER TWO: DIETARY NICHE AND BILL 

MORPHOLOGY IN CYANORAMPHUS 

2.1 INTRODUCTION 

The bill is an important feature of all birds and, along with feathers, can be 

considered one of the most diagnostic features of this group of vertebrates. The 

primary purpose of the bill is food selection and feeding (Soobramoney & Perrin, 

2007). Bills perform a range of other functions and constitute an additional 

appendage used for constructing nests (Hansell, 2000), helping birds move through 

the canopy (i.e. parrots) (Juniper & Parr, 1998), preening and plumage maintenance 

(Barbosa, 1996), and heat exchange (for example thermoregulation in toucans 

(Tattersall et al., 2009)). The bill exhibits a remarkable morphological radiation across 

the class Aves, from the primitive Paleognathae bill of Ratites and Tinamous (Dyke & 

Leonard, 2001) to the more derived Neognathae bill plan that includes simple seed-

crushing bills as in finches (Herrel et al., 2005) to highly specialised structures; for 

example, the sword-billed hummingbird (Ensifera ensifera), which due to the 

exaggerated length of the pollen tubes of its food species possesses a bill longer than 

its body (Lindberg & Olesen, 2001)). 

 

2.1.1 Bill Morphology And Diet 

Bill morphology has a strong impact on diet. Different selective pressures have 

resulted in diverse bill morphology even among closely related species (Herrel et al., 

2010). The resulting differences in size and shape allow for differentiation of the 

dietary niche, where individuals or species with overlapping distributions exploit 

different resources to reduce competition (Hardin, 1960). The huia (Heteralocha 

acutirostris) is a classic example of sexual dimorphism in bill morphology (Burton, 1974) 
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allowing dietary niche differentiation within the same species, specifically the size and 

shape of the bill allowed male and female huia to probe for invertebrates at different 

depths in decaying wood (Jamieson & Spencer, 1996; Moorhouse, 1996). The 

structure of the bill strongly correlates to the resources a given species uses. For 

instance Darwin’s finches (Geospizinae) show speciation from selection on 

differences in bill size and shape which are suited for different feeding modes (Herrel 

et al., 2010) including seed crushing species (Geospiza spp.), insect feeding species 

(Certhidia spp.), fruit feeding species (Camarhynchus spp.) and even foliage and 

leaf eaters (Platyspiza crassirostris) (De León et al., 2014). 

Sympatric crossbills (Loxia spp.) show dietary niche differentiation: with smaller-

billed species (L. curvirostra) responding to phenological changes in availability of 

conifer seeds (feeding on spruce (Picea abies) and larch (Larix spp) through summer 

and winter, then taking advantage of opening cones of Scots pine (Pinus sylvestris) in 

spring and early summer), and larger-billed species (L. pytyopsittacus) feeding on 

Scots pine year round (Marquiss & Rae, 2002). Additionally white-winged crossbills 

(Loxia leucoptera) and red crossbills (Loxia curvirostra) show differences bill structure 

which relate to differences in seed foraging efficiencies (Benkman, 1987).  

Some parrot species are dietary specialists due to their bill structure. For 

example, Pesquet’s parrot (Psittrichas fulgidus) feeds largely on figs (Ficus spp.) using 

its long slender bill (Juniper & Parr, 1998), and occasionally other soft fruits (Mack & 

Wright, 1998). Flowerpiercers (Diglossa spp. and Diglossopis spp.) possess a specialised 

hook on the maxilla that enables them to exploit the same resource: nectar. Size of 

the hook is variable and among sympatric species there is dramatic difference in 

relative hook sizes which facilitates coexistence (Mauck & Burns, 2009). 

Food selection and feeding methods are well studied in granivorous birds 

(Koves Hrabar & Perrin, 2002), most notably finches (E.g. Fringillidae and Emberezidae 

(Diaz, 1990), Fringillidae and Estrildidae (Van der Meij & Bout, 2006)) partly because 

they are easy to study in captivity as well as in the field. Because of their taxonomic 
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diversity and overlapping geographic distributions they offer an opportunity to study 

various aspects of their feeding ecology such as resource partitioning between 

closely related species (Pulliam & Enders, 1971); bio-mechanics (for example there is 

a significant positive correlation between bill dimensions (especially width) and bite 

force (Koves Hrabar & Perrin, 2002) and ecological speciation (Herrel et al., 2009) and 

vocal evolution (Podos & Nowicki, 2004). Within species, besides the well studied 

Darwin’s finches, polymorphism in bill morphology facilitates resource partitioning for 

the Black-bellied seedcracker (Pyrenestes ostrinus), particularly during the dry season 

when food resources are low (Smith, 1987, 1990). 

Among passerines, niche differentiation is well studied, and there is evidence 

indicating that this is due to changes in body size and bill size, which have 

measurable impacts on foraging behaviour (Benkman, 1991).  Further, sympatric 

species posses greater differences in bills the allopatric species (Schoener, 1965). For 

example, in Vanuatu, finches (Erythrura spp.) occupy different feeding niches 

between fig specialists (E. cyaneovirens regia) to seed generalists in open habitat (E. 

trichroa cyanofrons) and there are marked morphological differences between taxa 

that experience these dietary changes (Diamond & Marshall, 1977). In the Vinous-

throated parrotbill (Paradoxornis webbianus) birds with larger more slender bills feed 

at a higher trophic level than those with smaller less slender bills, and therefore 

populations with greater bill-size variation also show greater variation in trophic niche, 

(Hsu et al., 2014).  

Studying differences in bill morphology of closely related species with diverse 

dietary niches can be useful to determine the relationship between bill morphology 

and resources used. Passeriformes (perching birds) have been the focus of much 

study on this relationship as outlined above, however one group that remains 

unstudied is the order Psittaciformes (parrots and cockatoos). The morphological 

diversity of parrot and cockatoo bills has received little attention, possibly because of 

the perceived general morphological uniformity of the group (see Chapter One). 
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However, as more field studies are conducted it becomes clear that parrot and 

cockatoos use a wider range of resources (Boyes & Perrin, 2009; Galetti, 2013) and 

form part of more intricate food webs than previously acknowledged (for example 

the New Zealand Kaka (Nestor meridionalis) feeding on honey dew from beach scale 

insects (Beggs & Wardle, 2006)). As outlined in Chapter One, as a group parrots are 

morphologically uniform. Despite this, their high diversity warrants an investigation into 

the associations between bill size and shape and feeding niche. One group of 

parrots, with various sympatric species, that can serve as a model to explore these 

topics is the genus Cyanoramphus that includes the New Zealand species commonly 

referred to as “kakariki”.  

 

2.1.2 The Genus Cyanoramphus 

The genus Cyanoramphus has its centre of diversity in New Zealand, with a 

few species on other islands of the South Pacific (see Fig. 2, Chapter One). This genus 

belongs to the tribe Platycercini, a group that contains other diverse genera like 

Platycercus and Psephotus (Higgins, 1999). Cyanoramphus parakeets are very similar 

in size and colour and for many years the actual number of species has remained 

obscured. The development of molecular techniques has helped solve the identity of 

some taxa.  For instance, until the year 2000 the orange-fronted parakeet (or 

Malherbe’s parakeet) (Cyanoramphus malherbi) was considered a morph of the 

more widespread yellow-fronted parakeet (Cyanoramphus auriceps) (Boon et al., 

2000). Besides obscuring the actual diversity of any animal group, incomplete 

taxonomies might also obscure significant differences in resource use, niche 

differentiation and feeding ecology. This has profound consequences for 

conservation management of Cyanoramphus parakeets since a commonly used tool 

for protecting species involves their translocation to predator-free sites ((Miskelly & 

Powlesland, 2013), see also Chapter One). These predator-free sites often have a very 

different habitat structure and composition than the original species’ range (for 
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example, orange-fronted parakeets, see Chapter One). Thus, understanding the 

variability among and within species in Cyanoramphus and its relationship to the 

feeding ecology of this group of birds has relevance in a conservation context (see 

Chapters Three and Four). 

The bill morphology of Cyanoramphus has received a lot of attention in 

studies describing sexual dimorphism (with males having longer bills (Elliott et al., 1996; 

Higgins, 1999)) and morphological traits of the various species (for example despite 

sexual dimorphism yellow-fronted (C. auriceps) and orange-fronted parakeets (C. 

malherbi) can be reliably differentiated by bill length (Young & Kearvell, 2001)). The 

degree of sexual dimorphism in Cyanoramphus parakeets means they can be sexed 

by sight in the field, as observed in Chatham Island red-fronted parakeets 

(Cyanoramphus novaezelandiae chathamensis) (Nixon, 1982). 

Cyanoramphus parakeets exhibit a broad generalist diet that consists of 

seeds, leaves, flowers, nectar, etc. Of all food types they consume however there is a 

marked reliance on seeds across species. For example, seeds constituted over 70% of 

the autumn diet of the red-fronted parakeet on Little Barrier Island/Hauturu during a 

survey in 1987 (Greene, 1998). This reflects generally the diet of other species in the 

tribe Platycercini (Cannon, 1981; Higgins, 1999).  

Previous studies have established that sympatric Cyanoramphus species 

occupy different feeding niches. On Little Barrier Island/Hauturu in the Auckland 

region red-fronted parakeets (C. novaezelandiae) and yellow-fronted parakeets (C. 

auriceps) feed on various plant species and invertebrates, but yellow-fronted 

parakeets consumed significantly more invertebrates (Greene, 1998). Unique 

amongst parrots, the Antipodes Island parakeet (Cyanoramphus unicolor; which has 

the largest bill of the genus), has been reported to depredate grey-backed storm 

petrels (Oceanites nereis) (Greene, 1999). 

This dietary and bill morphological diversity make the Cyanoramphus genus 

an ideal model to explore the relationships between bill morphology, dietary diversity 
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and prevalence of seed consumption, especially as Cyanoramphus parakeets are 

distributed across the pacific with both sympatric and allopatric species available for 

comparison. 

In this Chapter, I explore the differences in dietary diversity among 

Cyanoramphus species using published information on diet and my own 

measurements on bill morphology. My study represents the first attempt at 

synthesising existing dietary knowledge for this diverse genus, integrating all available 

published studies. I propose that Cyanoramphus parakeets offer a model to 

understand dietary overlap and bill morphology for a diverse South Pacific group of 

Psittaciformes. 

2.2 OBJECTIVES 

The general objective of this chapter is to explore the diversity of bill morphology 

across the Cyanoramphus genus. I also attempt to identify trends between dietary 

diversity, bill morphology and the prevalence of consumption of the predominant 

food type (seeds) using information available in the literature. The specific objectives 

developed in this chapter are: 

1. Quantify and describe the bill morphology across Cyanoramphus species. 

2. Determine the diversity of food species consumed by Cyanoramphus species 

as a proxy for dietary niche using published and unpublished datasets. 

3. Explore the relationship between bill morphology and the prevalence of 

consumption of the predominant food type (seeds) among Cyanoramphus 

species. 

2.3 METHODS 

2.3.1 Definition Of Terms 

Dietary Diversity: The number of different plant species consumed by a given 

Cyanoramphus parakeet. This is measured as plant species richness in a given 
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parakeet diet, but note it does not take into account the relative importance or 

frequency of consumption of a given plant species in the overall dataset. This is 

because many studies simply report “presence” of a given plant species in a 

Cyanoramphus species diet, without providing data on frequency of consumption, 

often during short periods of observation. I considered this measure a useful for 

comparison because even the most basic studies on parakeet diet include a list of 

species consumed. I focused on plant species because often where animal material 

was observed as part of the diet the species was not determined. I considered this a 

reasonable approach given that overall, the consumption of animal matter 

(invertebrates, carcass, etc.) was less common, and has not been thoroughly 

documented among Cyanoramphus parakeets.. 

Dietary Overlap: The percentage or degree of overlap in dietary diversity (or 

the number of species consumed) by pairs of Cyanoramphus species relative to their 

dietary diversity. I used the Jaccard similarity coefficient (Jaccard, 1912) as it is a 

measure that can easily be obtained from datasets using simple species richness (see 

above).  

For the diet of two given species, A and B:  

J = 
M11 

M01 + M10 + M11 

M11 represents the total number of attributes where A and B both have a value of 1. 

M01 represents the total number of attributes where the attribute of A is 0 and the 

attribute of B is 1. 

M10 represents the total number of attributes where the attribute of A is 1 and the 

attribute of B is 0. 

This measure has been used in other analyses of dietary similarity in other parrot 

groups (Sosa-Asanza, 2000). 
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2.3.2 Dietary Diversity And Analyses 

To determine the dietary diversity of the genus Cyanoramphus I used 

published accounts to compile a database of all plant species consumed by six 

species: Antipodes Island parakeet (Cyanoramphus unicolor), Forbes’ parakeet 

(Cyanoramphus forbesi), orange-fronted parakeet (Cyanoramphus malherbi), red-

fronted parakeet (Cyanoramphus novazelandiae), Tasman parakeet 

(Cyanoramphus cookii), and the yellow-fronted parakeet (Cyanoramphus auriceps). 

Data for the Tasman parakeet includes observations made during this study 

(see Chapter Three). Observations on the Chatham Island red-fronted parakeet (C. 

novaezelandiae chathamensis) from Nixon (1982, 1994) were combined with the red-

fronted parakeet, as well as data for the Kermadec red-fronted parakeet (C. 

novazelandiae cyanurus) from Higgins (1999). Reischek's parakeet (C. hochstetteri) 

and the New Caledonian parakeet (C. saisetti) were excluded from the final analysis 

due to a lack of published information on these species. I also excluded extinct 

species (For extinct species see Fig. 2, Chapter One).  

I recorded all published plant species consumed by the different species of 

parakeet and I also classified if seed from that species is consumed. I excluded 

records where the species of plant consumed was not specified or was given only to 

the genus level. I then compared the dietary richness with the prevalence of seed 

consumption, determining the proportion of richness accounted for by seeds in each 

species diet. I used a proportional measure to limit bias introduced by differences in 

level of knowledge of richness and consumption of seeds created by differing levels 

of study effort between species. To compare these proportions, I used Fisher exact 

test on R© version 2.15.3, StatView © and SAS© Version 9.4. 

To determine the degree of overlap in species consumed by different 

parakeet species I used Jaccard’s similarity coefficient (described above), which 

provides a useful measure of similarity for qualitative datasets of ecological 

communities (Jaccard, 1912). For my analysis, I used this coefficient as an extension 
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of its classical use to compare between pairs of “communities” (i.e. number of plant 

species consumed per parakeet species). 

To investigate if there is a relationship between bill morphology and the 

prevalence of seeds in the diet, I conducted simple linear regressions using the 

software packages mentioned above. 

 

2.3.3 Bill Morphology 

To characterise the bill morphology in the genus Cyanoramphus I measured 

seven characteristics, using specimens held at the Auckland War Memorial Museum 

(aucklandmuseum.com). I used digital callipers to obtain all measurements. The bill 

characteristics I considered include: upper mandible; length, width, depth and for 

the lower; basal width, distal width, length, and depth (Fig. 1). 

 

 

Figure 1. Diagrams showing bill morphology measurements. 1) Upper mandible 

length;  2) Upper mandible width;  3) Upper mandible depth; and 4) Lower mandible 

basal width; 5) Lower mandible distal width; 6) Lower mandible length;  7) Lower 

mandible depth. (Drawing courtesy of Giselle Keenleyside©) 

 

These specimens are kept in a humidity and temperature controlled 

environment. They vary in age with some as old as 1889, ranging through to recently 

collected specimens. I measured a total of 122 specimens from the Platycercini tribe, 

of which 78 were Cyanoramphus species (64%). I then reduced the final dataset to 

the six species for which information on dietary diversity was available. The final 
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dataset includes 65 of these museum specimens. I did not distinguish between sex of 

birds because often this data was not recorded on museum specimens and I was 

unable to conduct molecular analyses to determine the sex of birds where it was not 

specified, and because I wanted to determine dietary trends for species as a whole. 

 

Table 1. Sample size of bill measurements from Auckland War Memorial Museum. 

Common Name Species n 

Antipodes Island Parakeet Cyanoramphus unicolor 5 

Forbes’ Parakeet Cyanoramphus forbesi 1 

Orange-fronted or Malherbe's Parakeet Cyanoramphus malherbi 1 

Red-fronted Parakeet Cyanoramphus novaezelandiae 38 

Tasman Parakeet Cyanoramphus cookii 3 

Yellow-fronted Parakeet Cyanoramphus auriceps 17 

 

Due to logistical difficulties I did not have access to more specimens from 

other museum collections. Also, it was not possible to obtain measurements from 

specimens held at other museums or collections by a third party; hence the present 

analysis is restricted to a limited sample size. Further, this restricted sample size 

precluded the use of transformations such as principle components analysis (PCA). 

 

To determine differences in bill size I used Tukey’s honest significant difference 

(HSD, hereafter) test, using R© version 2.15.3, to perform multiple comparisons to test 

for significant differences in means of the seven bill characteristics between pairs of 

Cyanoramphus species. I used this test because it accounts for the increase chance 

of type I error caused by multiple comparisons, and the method is conservative when 

there are unequal sample sizes. For these comparisons I used measurements for the 

yellow-fronted parakeet, red-fronted parakeet, Tasman parakeet and Antipodes 

Island parakeet, as they had a large enough sample size (Table 1). 
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As a PCA was not viable, I decided to combine the measurements for the 

upper mandible into a composite measure “bill surface area” (BSA) to compare the 

bill morphology with the prevalence of seed in a Cyanoramphus parakeets diet 

across species, instead of using multiple linear measurements. To this end I used the 

following formula, which has been used in previous studies on Australian parrots 

(Campbell-Tennant et al., 2015; Greenberg et al., 2012): 

BSA = (depth+width)/4*length 

I used the average length, depth and width from the upper mandible (see 

Fig. 1) of each species to obtain a BSA measurement that would describe the 

average size of the bill for each species, to reduce the impact of variation 

introduced by the sex of specimens. 

I used all upper bill morphological data in the calculation of bill surface area. 

For the Forbes’ parakeet additional data used to calculate a robust bill surface area 

(BSA) was obtained from individuals captured and measured as part of the 2014 

annual monitoring activities in the Chatham Islands by staff of the New Zealand 

Department of Conservation, bringing the sample size for the BSA of the Forbes’ 

parakeet to 65. 

2.4 RESULTS 

2.4.1 Dietary Diversity 

The six species considered in this analysis (Table 1) consume food items from a 

total of 214 plant species, within 141 genera and 72 families (Table 4). Dietary diversity 

ranged from 10 species for Forbes parakeet (C. forbesi) (Nixon, 1982); to 145 for red-

fronted parakeets (Cyanoramphus novaezelandiae) (Dawe, 1979; Greene, 1998; 

Higgins, 1999) (see Fig. 2). 
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Of the 214 plant species recorded 38 are consumed by more than one 

Cyanoramphus species. Dietary overlap ranged from 0% to 34.15% between pairs of 

species (Table 2). The orange-fronted and yellow-fronted parakeets showed the 

greatest degree of overlap (34.15%), while several pairings showed no overlap (Table 

2). For sympatric species dietary overlap ranged from 3.05% to 34.15%. While for 

species without overlapping distributions the range was 0%-8%. The highest degree of 

overlap between allopatric species was between the Antipodes Island parakeet and 

Forbes’ parakeet (8%, Table 2).  

 

Table 2. Jaccards similarity coefficient for the diets of Cyanoramphus parakeet pairs. 

(species pairs with overlapping distributions are highlighted). 

Species C. auriceps C. forbesi C. malherbi C. novaezelandiae C. unicolor C. cookii 

C. auriceps - 0% 34.15% 6.02% 0% 0% 

C. forbesi - - 0% 6.16% 8.00% 0% 

C. malherbi - - - 3.05% 0% 1.96% 

C. novaezelandiae - - - - 1.25% 0.58% 

C. unicolor - - - - - 0% 

C. cookii - - - - - - 

 

Of the 214 plant species that are consumed by the different Cyanoramphus 

species, 89 have seeds consumed by at least one (Table 5). The prevalence of seed 

consumption in a given parakeets diet ranged from 17% (orange-fronted parakeet) 

to 70% (Forbes parakeet). Intermediately prevalence of seed consumption increased 

from 26% (yellow-fronted parakeet), 39% (red-fronted parakeet), 47% (Antipodes 

Island parakeet), and 54% (Tasman parakeet) (Fig. 2). 

The prevalence of seed consumption for the six Cyanoramphus species 

differed significantly from what would be expected by chance (Chi-sq test (X-

squared = 16.4, p-value = 5.8 e-03); Fishers exact test (p= 0.004)). 
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Figure 2. Dietary diversity of different Cyanoramphus species (as per published 

studies), including prevalence of seed consumption (measured by percentage of 

food species from which seed is consumed).  

 

2.4.2 Bill Morphology 

The bill of the yellow-fronted parakeet is significantly smaller than that of the 

Antipodes Island parakeet in all characteristics (Tukey HSD test: all p-values ≤ 0.01), 

and the bill of the Tasman parakeet (Tukey HSD test: p-values ≤ 0.005, except upper 

depth p = 0.37) The bill of the yellow-fronted parakeet was smaller than the red-

fronted parakeet in four characteristics; upper width (C. auriceps = 8.39 ± 0.17 mm, C. 

novazelandiae = 9.85 ± 0.15 mm, Tukey HSD test: p = < 0.0001), lower basal width (C. 

auriceps = 8.15 ± 0.3 mm, C. novazelandiae = 9.76 ± 0.33 mm, Tukey HSD test: p = 0. 

018), lower distal width (C. auriceps = 8.86 ± 0.21 mm, C. novazelandiae = 9.98 ± 0.2 

mm, Tukey HSD test: p = < 0.005), and lower length (C. auriceps = 8.84 ± 0.41 mm, C. 

novazelandiae = 10.71 ± 0.28 mm, Tukey HSD test: p = < 0.001) (see Tables 3 and 4).  

The red fronted parakeet has a smaller bill than the Antipodes Island parakeet 

in five characteristics; upper length (C. novazelandiae = 15.29 ± 0.32 mm, C. unicolor 

= 20.33 ± 0.26 mm, Tukey HSD test: p = <0.0001), upper width (C. novazelandiae = 9.85 

± 0.15 mm, C. unicolor = 13.27 ± 0.09 mm, Tukey HSD test: p = <0.0001), upper depth 
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(C. novazelandiae = 12.98 ± 0.51 mm, C. unicolor = 19.92 ± 0.36 mm, Tukey HSD test: p 

= <0.0001), lower distal width (C. novazelandiae = 9.98 ± 0.2 mm, C. unicolor = 12.21 ± 

0.25 mm, Tukey HSD test: p = < 0.0001), lower depth (C. novazelandiae = 9.46 ± 0.21 

mm, C. unicolor = 11.75 ± 0.57 mm, Tukey HSD test: p = < 0.003). The Tasman parakeet 

is larger than the red-fronted parakeet in four characteristics; upper length (C. cookii 

= 19.33 ± 1.09 mm, C. novazelandiae = 15.29 ± 0.32 mm, Tukey HSD test: p = < 0.003), 

upper width (C. cookii = 12.33 ± 1.09 mm, C. novazelandiae = 9.85 ± 0.15 mm, Tukey 

HSD test: p = <0.0001), lower distal width (C. cookii = 11.92 ± 0.22 mm, C. 

novazelandiae = 9.98 ± 0.2 mm, Tukey HSD test: p = 0.023), and lower length (C. cookii 

= 14.75 ± 0.88 mm, C. novazelandiae = 10.71 ± 0.28 mm, Tukey HSD test: p = <0.001).. 

The Tasman parakeet and Antipodes Island parakeet differ in lower length; which is 

shorter in the Antipodes Island parakeet (C. cookii = 14.75 ± 0.88 mm, C. unicolor = 

11.57 ± 0.24 mm, Tukey HSD test: p = 0.05), and upper depth; which is shallower in the 

Tasman parakeet (C. cookii = 11.08 ± 0.96 mm, C. unicolor = 19.92 ± 0.36 mm, Tukey 

HSD test: p = <0.001). (See Tables 3 and 4 for ranges and non-significant comparisons) 

 

Table 3. Means ± standard error and ranges of bill characteristics (mm). Numbers for 

measurement in parentheses correspond to Fig. 1 see Table 1 for common names. 

Sample size in parentheses. 

Measurement Species C. auriceps (17) C. cookii (3) C. novaezelandiae (38) C. unicolor (5) 

Upper Length Mean 14.16 ± 0.4  19.33 ± 1.09 15.29 ± 0.32 20.33 ± 0.26 

(1) Range 10.93-17.15 18-21.5 11.85-18.38 19.88-21.28 

Upper Width Mean 8.39 ± 0.17 12.33 ± 1.09 9.85 ± 0.15 13.27 ± 0.09 

(2) Range 7.09-9.42 11-14.5 8.06-11.75 13.11-13.6 

Upper Depth Mean 13.76 ± 0.36 11.08 ± 0.96 12.98 ± 0.51 19.92 ± 0.36 

(3) Range 11.2-16.9 10-13 7-17.6 19-20.68 

Lower Basal Width Mean 8.15 ± 0.3 12.17 ± 1.69 9.76 ± 0.33 11.34 ± 0.29 

(4) Range 6.72-11 10-15.5 7.41-18.75 10.6-12.03 

Lower Distal Width Mean 8.86 ± 0.21 11.92 ± 0.22 9.98 ± 0.2 12.21 ± 0.25 

(5) Range 7.13-10.76 11.5-12.25 7.9-13 11.48-13 

Lower Length Mean 8.84 ± 0.41 14.75 ± 0.88 10.71 ± 0.28 11.57 ± 0.24 

(6) Range 6.68-12.77 13.75-16.5 7.92-16 11.08-12.2 

Lower Depth Mean 8.90 ± 0.29 11.17 ± 1.42 9.46 ± 0.21 11.75 ± 0.57 

(7) Range 7.05-11.25 9.5-14 6.9-11.64 10.83-13.96 
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Table 4. Tukey HSD 95% confidence intervals for mean difference in bill size 

characteristics between pairs of species (mm). Numbers for measurement in 

parentheses correspond to Fig. 1, see Table 1 for common names. Sample size: C. 

auriceps = 17, C. cookii = 3, C. novaezelandiae = 38, C. unicolor = 5. (For visual 

comparisons see Figs 1-7, Appendix 3) 

Upper Length (1) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps                2.16 5.17 8.18 <0.001 

C. novaezelandiae-C. auriceps  -0.28 1.13 2.53 0.16 

C. unicolor-C. auriceps              3.72 6.16 8.61 <0.0001 

C. novaezelandiae-C. cookii       -6.93 -4.04 -1.16 <0.003 

C. unicolor-C. cookii               -2.52 0.99 4.51 0.88 

C. unicolor-C. novaezelandiae  2.75 5.04 7.33 <0.0001 

Upper Width (2) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps                2.46 3.95 5.43 <0.0001 

C. novaezelandiae-C. auriceps  0.77 1.46 2.15 <0.0001 

C. unicolor-C. auriceps              3.68 4.89 6.09 <0.0001 

C. novaezelandiae-C. cookii   -3.90 -2.48 -1.06 <0.0001 

C. unicolor-C. cookii               -0.79 0.94 2.67 0.48 

C. unicolor-C. novaezelandiae  2.30 3.42 4.55 <0.0001 

Upper Depth (3) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps              -7.03 -2.68 1.68 0.37 

C. novaezelandiae-C. auriceps  -2.81 -0.78 1.24 0.74 

C. unicolor-C. auriceps              2.62 6.16 9.70 <0.001 

C. novaezelandiae-C. cookii  -2.28 1.89 6.06 0.63 

C. unicolor-C. cookii               3.76 8.84 13.91 <0.001 

C. unicolor-C. novaezelandiae  3.64 6.94 10.25 <0.0001 

Lower Basal Width (4) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps               1.01 4.02 7.03 0.005 

C. novaezelandiae-C. auriceps  0.21 1.61 3.02 0.018 

C. unicolor-C. auriceps             0.75 3.20 5.64 0.005 

C. novaezelandiae-C. cookii  -5.29 -2.41 0.48 0.13 

C. unicolor-C. cookii            -4.34 -0.82 2.69 0.92 

C. unicolor-C. novaezelandiae  -0.71 1.58 3.87 0.27 

Lower Distal Width (5) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps  1.24 3.05 4.87 <0.001 

C. novaezelandiae-C. auriceps  0.27 1.12 1.96 <0.005 

C. unicolor-C. auriceps 1.88 3.35 4.82 <0.0001 

C. novaezelandiae-C. cookii  -3.67 -1.94 -0.20 0.023 

C. unicolor-C. cookii -1.82 0.30 2.41 0.98 

C. unicolor-C. novaezelandiae  0.85 2.23 3.61 <0.001 
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Lower Length (6) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps 3.18 5.91 8.64 <0.0001 

C. novaezelandiae-C. auriceps  0.60 1.87 3.14 <0.001 

C. unicolor-C. auriceps  0.51 2.73 4.94 0.01 

C. novaezelandiae-C. cookii  -6.65 -4.04 -1.42 <0.001 

C. unicolor-C. cookii -6.37 -3.18 0.00 0.05 

C. unicolor-C. novaezelandiae  -1.22 0.85 2.93 0.69 

Lower Depth (7) Lower 95% Mean Difference Upper 95% P-value 

C. cookii-C. auriceps  0.10 2.27 4.44 0.037 

C. novaezelandiae-C. auriceps  -0.45 0.57 1.58 0.45 

C. unicolor-C. auriceps  1.09 2.85 4.61 <0.001 

C. novaezelandiae-C. cookii  -3.78 -1.71 0.37 0.14 

C. unicolor-C. cookii  -1.95 0.58 3.11 0.93 

C. unicolor-C. novaezelandiae  0.64 2.28 3.93 <0.003 

 
There is a near-significant relationship between BSA and body mass (linear 

regression: F-statistic = 7.29, p-value = 0.05, Fig. 3, conducted in R© version 2.15.3). 

Increase in body mass predicts an increase in BSA with an increase in surface area of 

0.85 mm2 for every additional gram of body weight. However, as body weight only 

explains 65% of variation other factors are involved. 

 

Figure 3. Linear regression (conducted in R© version 2.15.3) of bill surface area (BSA) 

and average body weights. (Body weight data from: nzbirdsonline.org.nz, and field 

data for the Tasman parakeet (Ortiz-Catedral, unpublished)) Sample size for BSA 

measure: C. auriceps = 17, C. cookii = 3, C. novaezelandiae = 38, C. unicolor = 5, C. 

forbesi = 65, C. malherbi = 1.  
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2.4.3 Bill Morphology And Seed Consumption 

I found no relationship between bill surface area (BSA) and the prevalence of 

seeds in the diet of a given Cyanoramphus parakeet (F-statistic = 0.09, p-value = 

0.77). Additionally bill surface area was not correlated with the prevalence of seed 

consumption, explaining only 2% of variation, with species with similar bill surface 

areas varying considerably in the prevalence of seeds in their diets (Fig. 4).  

I found correlations between body mass and bill width and the prevalence of 

seed consumption. In general species with a larger body mass had a higher 

prevalence of seed consumption (Fig. 5). Upper bill width was also correlated to the 

prevalence of seed consumption (Fig. 6). 

 

 

 

Figure 4. Relationship between BSA and prevalence of seeds in diet with reference of 

bill shapes for Cyanoramphus species. A) Forbes’ parakeet, B) Tasman parakeet, C) 

red-fronted parakeet, D) Antipodes Island parakeet, E) yellow-fronted parakeet and 

F) orange-fronted parakeet (see Table 1 for scientific names). Modified from Forshaw 

(2006). Linear regression conducted in R© version 2.15.3. Sample size for BSA measure: 

C. auriceps = 17, C. cookii = 3, C. novaezelandiae = 38, C. unicolor = 5, C. forbesi = 

65, C. malherbi = 1. 
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Figure 5. Linear regression (conducted in R© version 2.15.3) of the prevalence of seed 

consumption in a parakeets diet (measured as % of richness) against average body 

weights (grams). (Body weight data from: nzbirdsonline.org.nz, and field data for the 

Tasman parakeet (Ortiz-Catedral, unpublished)). 

 

 

Figure 6. Linear regression (conducted in R© version 2.15.3) the prevalence of seed 

consumption in a parakeets diet (measured as % of richness) against average upper 

bill width (mm). Sample size for bill width measure: C. auriceps = 17, C. cookii = 3, C. 

novaezelandiae = 38, C. unicolor = 5, C. forbesi = 65, C. malherbi = 1.  
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2.5 DISCUSSION 

2.5.1 Dietary Diversity And Overlap 

For many parrot species dietary niche breadth has been studied with respect 

to the relative proportions of food species utilised and often in relation to the 

phenological abundance (see (Contreras-González et al., 2009; Renton, 2001)). The 

inter-species differences I observed likely reflect geographical patterns and research 

effort as dietary niche breadth is a significant positive correlate of geographical 

range (Slatyer et al., 2013). For instance, the red-fronted parakeet is well studied 

relative to other Cyanoramphus species (Bellingham, 1987; Dawe, 1979; Greene, 

1988, 1998; Higgins, 1999) and the species occurs across a large geographical range, 

but only on island refuges, rather than it’s historic range of the New Zealand mainland 

(Miskelly & Powlesland, 2013). In contrast, Forbes’ parakeet has a restricted range; 

occurring only on Mangere and Little Mangere Islands in the Chatham Island group 

(20 hectares) (Higgins, 1999), and limited data were available; only one detailed 

study (conducted over a four year period) identified foods to the species level (Nixon, 

1982, 1994). Another two species I investigated are also have restricted ranges, which 

may explain the limited richness of their diets. The Antipodes Island parakeet inhabits 

the isolated subantarctic Antipodes Island group (totalling over 2000 hectares) and 

the Tasman parakeet, inhabits 300 ha of remnant forest on Norfolk Island in the South 

Pacific (Director of National Parks, 2010). Hence, for the Tasman parakeet dietary 

knowledge prior to this study was limited ((Higgins, 1999), see also Chapter Three).  

The yellow-fronted parakeet, like the red-fronted parakeet, has a broad 

geographical range, but is still present on the New Zealand mainland (Kearvell et al., 

2002). The number of studies available was limited, sampling only three locations: 

Fiordland (Elliott et al., 1996) and Little Barrier Island/Hauturu (Greene, 1998) and Lake 

Sumner Forest Park in the South Island of New Zealand (Kearvell et al., 2002). 

Additionally many studies (such as (Greene, 1998)) only report items which 
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constituted 5% or more of diet, so my analysis may exclude some rarely consumed 

species, or infrequent cases of seed consumption. The orange-fronted parakeet is a 

critically endangered species (see Table 1, Chapter One), with three mainland 

remnant and three translocated island populations (Ortiz-Catedral et al., 2012). The 

studies which provided the most information on the diet of this species were from 

Lake Sumner Forest Park in New Zealand (Kearvell et al., 2002) and Maud Island (Ortiz-

Catedral & Brunton, 2009) report a diverse diet consisting of 14 species combined. 

This species serves as an example on the effect of research effort. Up until the 2000’s 

the diet of orange-fronted parakeets was considered narrow with seeds of three 

beech species (Nothofagus spp.) as the main dietary component (Harrison, 1970; 

Kearvell et al., 2002). The only available study on an offshore island (Ortiz-Catedral & 

Brunton, 2009) revealed a broader diet, adding items from 11 species, and 

highlighted the importance of ongoing research on the diet of parakeet species in 

different locations. 

Among sympatric species the dietary overlap is in general low, for example, 

the yellow-fronted and red-fronted parakeet overlap 6.02% in species consumed 

(Table 2). While Greene (1998) found significant differences between red-fronted and 

yellow-fronted parakeet in a sympatric population on Little Barrier Island/Hauturu, the 

percentage in overlap for dietary plant richness is much higher than my result. 

Greene (1998) observed red-fronted parakeets feeding on 57 species, and yellow-

fronted parakeets items from 17 species, of which 13 species were shared; giving a 

Jaccard’s coefficient of 21%, which may be a more realistic figure when looking 

closely at sympatric populations. These findings show that differences between 

populations are also important, and might reflect the vegetation composition at the 

locations studied. If the species consumes a wide variety of food species across its 

geographic range the species dietary diversity is likely to be higher than that of a 

single population. The focus of my data was on overall dietary diversity of each 

species, and we might expect there to be less overlap when considering foods 
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consumed by across the species range, as infrequent food species are given the 

same weight as those that might be consumed by multiple populations. 

There was no overlap in diet between the Tasman parakeet and Forbes’ 

parakeet (Table 2) or between the Tasman parakeet and Antipodes Island 

parakeets, both allopatric combinations. The Tasman parakeet does not share an 

overlapping distribution with any other species examined. However, they have 

dietary overlap with orange-fronted, red-fronted parakeets. These are plant species 

that occur both on Norfolk Island and New Zealand. Shared species are peach 

(Prunus persica), and ake ake (Dodonaea viscosa), (see Table 5) but only contribute 

minor similarity to the diet. Only one of these species is an important seasonal 

component to the Tasman parakeets diet (ake ake (D. viscosa), see Chapter Three). 

 

2.5.2 Bill Morphology 

The bill morphology of the Tasman parakeet is significantly different to the red-

fronted parakeet (of which it has previously been considered a subspecies (see 

Chapter One)). While overlap was present in three characteristics, upper depth, 

lower basal width, and lower depth it is occurs between the upper ranges of the red-

fronted parakeet and the lower ranges of the Tasman parakeet, so the smallest of the 

Tasman parakeets overlap with the largest of the red-fronted parakeets. While I did 

not distinguish between sexes in my analysis I suspect, given the sexual size 

dimorphism found across the Cyanoramphus group (Young & Kearvell, 2001), that the 

overlap is between large red-fronted males and smaller female Tasman parakeets. In 

the four characteristics that differ the red-fronted parakeets bill is significantly smaller 

(Tables 3 and 4). The bill of the Tasman parakeet is of a similar size to that of the 

Antipodes Island parakeet (overlapping in five characteristics, see Tables 3 and 4). 

Differences between the two reveal that the Tasman parakeet has significantly a 

longer lower bill, but a shallower upper bill (Table 4). In fact, the Tasman parakeet has 

an unusually shallow upper bill for a Cyanoramphus parakeet, even overlapping with 
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the upper bill depth of the much smaller yellow-fronted parakeet (see Tables 3 and 4, 

and Fig. 3, Appendix 2). 

 

2.5.3 Bill Morphology And Seed Consumption 

In general granivorous birds with over-all larger bills have the ability to crack 

harder seeds. There is a significant positive correlation between bill dimensions 

(especially width) and bite force (Koves Hrabar & Perrin, 2002). Darwin’s finches differ 

in their ability to handle the seeds of Tribulus cistoides as a direct result of bill size 

(Grant, 1981). As mentioned previously, Cyanoramphus parakeets differ significantly 

in many aspects of bill morphology, I have identified trends between size 

characteristics (body weight, and upper bill width) and the prevalence of seed 

consumption in their diets, versus other plant material (Figs. 5 and 6).  

The prevalence of seed consumption varied considerably among 

Cyanoramphus species. Species with the smaller body weight and bill width had a 

low prevalence of seed consumption in their diet. Tasman parakeets have a large bill 

width and body mass and a have a high prevalence of seed consumption (50% of 

plant species). Specifically the Tasman parakeet relies heavily on Norfolk pine seed 

(Araucaria heterophylla) during winter (see Chapter Three). At the opposite end of 

the scale yellow fronted and orange-fronted parakeets, which have a small bill 

widths and small body mass, have a low prevalence of seed consumption in their 

diet. One possible explanation is the energetic requirements of these species, with 

species with a larger basal metabolic rate having a higher prevalence of seed 

consumption. In finches larger body size relative to bill size reduced the range of 

possible bill sizes, and the increased metabolic demands of a larger body lessened 

the ability to specialise (Benkman, 1991). Of the species I investigated basal 

metabolic rate data is available for three: Antipodes Island parakeet, 194.1 cm3 O2/h; 

red-fronted parakeet, 94.8 cm3 O2/h; and the yellow-fronted parakeet, 88.3 cm3 O2/h 

(McNab & Salisbury, 1995). Basal metabolic rate is associated with body mass 
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(McNab, 1988), and I found Cyanoramphus species larger body mass have a higher 

prevalence of seed consumption in their diet. That the Antipodes Island parakeet 

does not consume a significantly greater seed variety in it’s diet compared with the 

red-fronted parakeet despite having a larger upper bill width and body mass might 

be explained by the species predominantly herbivorous habit, feeding on the seeds 

of grasses and sedges (Greene, 1999). The Forbes parakeets has a much greater 

prevalence of seed in its diet than might be expected for its body size and mass, but 

this is likely due to its habit of feeding on the ground (Higgins, 1999; Nixon, 1982). 

Specific populations of a species may utilise a greater proportion of seeds 

than is present in the species overall diet, for example, the yellow-fronted parakeet 

population in the beech (Nothofagus spp) forests of Fiordland (Elliott et al., 1996). The 

two species with the highest prevalence of seed consumption in their diet are 

isolated populations that spend a large proportion of time feeding on the ground; 

Forbes’ parakeet (Higgins, 1999; Nixon, 1994), and the Tasman parakeet (see Chapter 

Three).Forbes’ parakeets have also previously been described a forest specialists, 

where as red-fronted parakeets (C. novaezelandiae), and the Chatham Island red-

fronted parakeet (C. n. chathamensis) often forage in more open areas (Greene, 

1998; Nixon, 1994). In contrast the yellow-fronted parakeet and orange-fronted 

parakeet have the lowest prevalence of seed consumption in their diet, and have 

small upper bill widths and small body masses. However, dietary information for these 

two species comes from two very different kinds of habitat. Both species are found in 

remnant Nothofagus forest, where they both exhibit low dietary diversity, and a high 

proportion of seed consumption (both orange-fronted and yellow-fronted parakeets 

consume seeds of five species as their main plant resources (Kearvell et al., 2002)). In 

contrast, when these species are found on islands they exhibit greater dietary 

diversity, and a lower prevalence of seed consumption (orange-fronted parakeets on 

Maud Island consume fruits, leaves and flowers (Ortiz-Catedral & Brunton, 2009), 

yellow-fronted parakeet on Little Barrier Island/Hauturu consumed seed from 18% of 
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major plant resources (Greene, 1998)). As not all foods are available in all locations 

when the data is combined in a presence absence index, these species have a low 

prevalence of seed consumption overall. 

My results show that similarities in bill morphology and body size might obscure 

non-overlapping dietary diversity. For example, the yellow-fronted, and orange-

fronted parakeet are very similar in terms of bill morphology and body size (Fig. 3), yet 

have limited overlap in diet (Table 2) and prevalence of seed consumption (Figs. 5 

and 6). Likewise Forbes’ parakeets and red-fronted parakeets are also similar in these 

traits (Fig. 3), however these pairs of species show a considerable non-overlapping 

dietary diversity (Table 2) and also show a vastly different prevalence of seed 

consumption with respect to these traits (Figs. 5 and 6). This highlights the idea that 

unresolved taxonomic affinities resulting from morphological similarities could mask 

considerably differences in dietary diversity. 

While I examined the prevalence of seed consumption, investigating the 

proportions of woody seeds in a Cyanoramphus parakeets diet may reveal a greater 

degree of specialisation. For example, for red-fronted parakeets a large number of 

the species consumed as seeds are from the family Poaceae, as such the size of the 

bill will not be a limiting factor for consumption of this type of seed. Tasman parakeets 

feed on the seeds of the Norfolk Pine (Araucaria heterophylla) whilst there is no 

record of red-fronted parakeets consuming this species, likely due to its limited 

presence in their geographical range. Red-fronted parakeets do however consume 

seeds of another member of the family Araucariaceae, the kauri (Agathis australis) 

(Higgins, 1999). This is particularly important because Tasman parakeets rely heavily 

on the seeds of the Norfolk pine during the winter months (see Chapter Three), it is 

possible that if their bills were smaller they might be unable to take advantage of this 

abundant food source. 

Overall the dietary diversity and prevalence of seed consumption in the diet 

of the Tasman parakeet fits the generalist trend of other Cyanoramphus species. 
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2.6 LIMITATIONS AND FUTURE DIRECTIONS 

The type of published data available constrained the type of analysis that I 

was able to conduct. Due to variation in reporting I was only able to determine the 

presence of plant species in the diets of different Cyanoramphus species. 

Furthermore due to variation in number of studies on Cyanoramphus species, as well 

as variation in study length, I was not able to estimate the importance of plant food 

species or items in the diets of a given Cyanoramphus species. Therefore, this analysis 

takes into account only the proportion of dietary plant species that are consumed as 

seed rather than their relative importance. For example, in this analysis Norfolk pine 

represents 6% of the species that are consumed as seed, where as it constitutes 24.6% 

of the total diet for the Tasman parakeet (see Chapter Three). Ideally a more 

detailed analysis would take into account relative importance of food species and 

types. 

My conclusions regarding bill morphological trends are limited by the sample 

size I was able to obtain and while I was able to identify trends in the relationships 

between bill size and seed consumption a greater sample size, which also accounts 

for sexual dimorphism, is required to prove these statistically. Future research into bill 

morphological trends within this genus could take several directions. Investigating bill 

size correlation with latitude (Allens rule) as has been observed in salt marsh sparrow 

taxa (Family Emberizidae) (Greenberg et al., 2012)). This would require more detailed 

sampling, as some species (C. novazelandiae and C. auriceps in particular) occur 

over a large latitudinal range. Bill morphology could be compared to measures of 

seed size, such as raw dimensions or measures of hardness. Potential seeds could 

even be presented to captive populations to examine morphologically driven 

differences in utilisation or handling. 

Future research into dietary overlap amongst this genus might take into 

account geographic variation in plant species, and the effect of geographic range 

size on dietary breadth. 
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2.7 CONCLUSIONS 

Cyanoramphus parakeets exhibit measurable differences in bill morphology 

between species (Tables 3 and 4), high dietary diversity (Table 5) and a low degree of 

overlap in the plant species consumed (Table 2). Further, the estimated prevalence 

of seeds in the diet of Cyanoramphus parakeets is significantly different, ranging from 

a predominant seed diet (i.e. Forbes parakeet, 70%) to a low seed diet (i.e. orange-

fronted parakeets (17%)) (Fig. 2). The Tasman parakeet has very little dietary overlap 

with other Cyanoramphus parakeets (Table 2), with a high prevalence of seed 

consumption (50%) (Fig. 2). The bill morphology of Cyanoramphus species is 

correlated with the prevalence of seed in their diets (Fig. 6). 
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CHAPTER THREE: SEASONAL CHANGES IN THE DIET 

OF THE TASMAN PARAKEET 

3.1 INTRODUCTION 

Understanding the temporal and spatial variability in the diet of species 

threatened with extinction is an important component of their conservation 

management. Identifying key resources during the breeding season, for instance, 

can help managers devise interventions to boost productivity, thus increasing the size 

of target populations. For example, the New Zealand endemic kakapo (Strigops 

habroptilus) only reproduces during masting events of key food resources like rimu 

(Dacrydium cupressinum) (Powlesland & Lloyd, 1994). This observation has led to a 

supplementary feeding program since the mid 1990’s that promotes successful 

reproduction and has almost doubled the population size of kakapo (Powlesland & 

Lloyd, 1994). 

Intensive, science based management has resulted in an increase in the 

kakapo population to 86 individuals, of which 41 were female, as of 2006 (Clout, 2006; 

Ralph et al., 2006). Research played an important role in the construction of the 

supplementary feeding program as the initial diet was found to skew the sex ratio 

towards male chicks (Clout et al., 2002). Demographic models suggests that thanks to 

this management the population may reach 150 females within 31 years, at which 

point a much lower intensity of management will be required (Elliott, 2006).  

For highly mobile threatened species, the mapping of feeding resources 

along migration paths can assist planning for creating key protected areas for re-

fuelling (Ford, 2013). Also, this information can be used to prioritize areas for 

ecological restoration to ensure feeding resources are available across a wide area. 

The swift parrot (Lathamus discolour), which maximise areas of high Eucalyptus nectar 

availability in their annual migrations across Australia and Tasmania (Stojanovic et al., 
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2015), provides a good example of this landscape level approach to understanding 

spatial and temporal variability of feeding resources and the dietary requirements of 

threatened species.  

Dietary resource availability affects productivity. Often abundance of key 

resources limits the number of breeding attempts made (For example; productivity of 

black-throated blue warblers (Setophaga caerulescens), is highly linked to caterpillar 

abundance (Rodenhouse & Holmes, 1992); and kakapo productivity linked to mast 

fruiting of the rimu (D. cupressinum) (Elliott et al., 2006; Whitehead et al., 2012)). 

Growth rates of lilac-crowned parrot (Amazona finschi) nestlings vary significantly with 

food availability, increasing in size and growth rate is years of abundant food 

production (Renton, 2002). Supplementary feeding is a common management 

strategy to counter food limitation, and has been effective in increasing the 

productivity of many species in different ways (as discussed in (Heath et al., 2008)). 

Currently most conservation interventions involving supplementary feeding occur by 

providing a artificial supplement (For example, provision of a complete honey eater 

food, as well as jam and sugar solutions to hihi (Notiomystis cincta) (Castro et al., 

2003)), rather than increasing the abundance of limiting resources. For more 

integrated management, conservation of key habitats and resources is needed to 

boost productivity and effectively conserve at risk species (Renton, 2001).  

Despite the clear link between information on the feeding requirements of 

species of interest and successful conservation interventions (Reuleaux et al., 2014), 

there is a dearth of studies describing even the most basic aspects of diet of some of 

the world’s most endangered species. For instance, the order Psittaciformes (Parrots 

and Cockatoos), contains one of the largest proportions of species threatened with 

extinction (26% of 352 species; (Collar, 2000), see Chapter One). Nevertheless, studies 

on the diet of Psittaciformes are limited (see Chapter One). In general, parrots and 

cockatoos are renowned for the high diversity of their diets, exploiting various 

resources such as flowers (Galetti, 1993; Ragusa-Netto & Fecchio, 2006); leaves 
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(Kristosch & Marcondes-Machado, 2001); invertebrates (Kearvell et al., 2002); fruits 

(Pryor et al., 2001) and seeds (Boyes & Perrin, 2010; Higgins, 1979) (see also Chapter 

One). A few species are highly specialized in their diets, for instance Pesquet’s parrots 

(Psittrichas fulgidus) in Papua-New Guinea and Indonesia, feed exclusively on soft fig 

(Ficus spp) fruits (Igag, 2002; Juniper & Parr, 1998). On mainland Australia, red-capped 

parrots (Purpureicephalus spurius) feed exclusively on seeds of various Eucalyptus 

species (Higgins, 1999). For many parrot species seeds constitute the predominant 

food type, for instance 70.4% of the diet of the scaly-headed parrot (Pionus 

maximiliani) (Galetti, 1993), and 81.8% of the diet of the lilac-crowned parrot 

(Amazona finschi) (Renton, 2001) consist of seeds. 

The lack of detailed studies on the diet of threatened parrot species is due in 

part to the challenges associated with studying these birds. As Collar (2000) states 

“(parrots) represent everything that is anathema to the fast-track academic research 

study”. Parrots can be cryptic in the field (Murphy et al., 2011), occur at low densities 

(Ortiz-Catedral et al., 2009) or spend a significant amount of time high in the forest 

canopy (e.g. Meyers Parrot (Poicephalus meyeri)(Boyes & Perrin, 2010), 70% of 

observations were in top canopy level) making observations from the ground in a 

field situation difficult.  

In general parrots on islands are better studied, possibly due to a bias towards 

studying at risk species. One group that has many at risk species on islands is the 

genus Cyanoramphus (Miskelly et al., 2008). This highly diverse genus is spread across 

islands of varying sizes and climates across the pacific (see Fig. 2, Chapter One). 

While the genus is spread around the pacific, it has a centre of diversity in 

New Zealand territories, with eight taxa across New Zealand, the Chatham Islands, 

the Antipodes Islands, and the Kermadec islands (see Fig. 2, Chapter One). Across 

these locations there is variation in morphology and diet between taxa (see Chapter 

Two). Since many of these species are well studied (e.g. red-fronted parakeets 

(Cyanoramphus novaezelandiae) (Dawe, 1979; Greene, 1988, 1998), See also 
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Chapter Two), the rarity and lack of information available for the endangered 

Tasman parakeet (Cyanoramphus cookii) makes it an ideal candidate for a dietary 

study. 

 

3.1.1 Generalities Of The Diet of Cyanoramphus Parakeets  

The diet of Cyanoramphus is relatively well known in contrast to other parrot 

genera (Dawe, 1979; Elliott et al., 1996; Greene, 1988, 1998, 1999; Nixon, 1982; Ortiz-

Catedral & Brunton, 2009) thanks to their occurrence of large populations at some 

locations (i.e. Macauley Island (Greene et al., 2014)) which enable multiple 

observations in low vegetation; their habit of foraging on the ground (i.e. Antipodes 

Island parakeets (Cyanoramphus unicolor) (Greene, 1999)) and also the high 

proportion of threatened species, which has promoted field studies since the 1970’s 

(Dawe, 1979; Greene, 1988; Harrison, 1970; Nixon, 1982). Cyanoramphus species have 

a generalist diet (Higgins, 1999) (see also Table 3, Chapter Two), but some species are 

known to exploit unique resources, for example, the Antipodes Island parakeet (C. 

unicolor) is the only parakeet in the world known to actively depredate, feeding on 

grey-backed storm petrels (Oceanites nereis) and their chicks (Greene, 1999). On 

mainland New Zealand the yellow-fronted parakeet (Cyanoramphus auriceps) utilises 

beech scales for their energy rich honeydew contents (Taylor, 1985). Additionally the 

yellow-fronted parakeet and red-fronted parakeet (C. novazelandiae) include 

insects as seasonally important components of their diet (Kearvell et al., 2002). Red-

fronted parakeets (C. novazelandiae) on Macauley Island have been observed 

feeding on limpets when exposed by the tides (Taylor, 1985). Feeding height has 

been noted to change seasonally in Cyanoramphus species (Greene, 1998). 

Among Cyanoramphus one of the least studied and most threatened species 

is the Tasman parakeet (Cyanoramphus cookii). Traditionally considered a subspecies 

of the widespread red-fronted parakeet (Cyanoramphus novaezelandiae), Tasman 

parakeets are now considered a separate species under the phylogenetic species 
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concept (Boon et al., 2001) (see also Chapter One). Despite nearly 30 years of 

intense captive and in situ management (Hicks & Greenwood, 1989; Hill, 2002), the 

diet of the Tasman parakeet on Norfolk Island remains poorly known. Previous 

conservation efforts have successfully prevented the extinction of this species 

(Butchart et al., 2006). However, a new phase in Tasman parakeet conservation 

involves a translocation to Phillip Island. In the light of this, and given the extent of 

habitat modification from introduced species within the Norfolk Island National Park, it 

is important to obtain data on which resources the parakeets rely on in each season. 

Detailed information of the species diet in the wild is needed to increase the 

likelihood of a successful translocation.  

Previous knowledge of the diet of the Tasman parakeet is limited, and very 

little of it has been published. Due to its previous status the Tasman parakeet is often 

incorporated in dietary publications as a subspecies of the red-fronted parakeet (C. 

novazelandiae), and information on the diet is treated as such (e.g. (Higgins, 1999)), 

though species are identifiable (see Table 1). 
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Notes taken during 1977, 1982 and 1983 by Norfolk Island resident Beryl Evans 

are from voluntary reporting by community members. They provide some record of 

numbers and location, but information on diet is limited. I identified the following 

species consumed: 

 

Table 2. Dietary items from voluntary reporting during 1977, 1982, and 1983. 

Species Part Percent Observations Native/Introduced 

Baloghia inophylla Not Identified 6.0% N 

Lagunaria patersonia Flowers 12.5% N 

Lantana camara Berries 12.5% I 

Olea europaea cuspidata Fruits 19.0% I 

Prunus persica Fruits 6.0% I 

Psidium cattleianum Fruits 44.0% I 

 

Together these sources of data suggest the Tasman parakeet feeds on a 

minimum of 13 species, of which 6 are introduced and 7 are natives. However, other 

Cyanoramphus parakeets show a greater diversity of diet (see Chapter Two) and 

there is a lack of understanding regarding temporal variation of the Tasman 

parakeets diet. 

 

In this chapter, I present an analysis of the differences in food type 

consumption and diversity of food items of the Tasman parakeet in the Mount Pitt 

section of the Norfolk Island National Park. Specifically, my study sought to identify 

changes in the diversity and food types between seasons. This chapter represents the 

first multi-year study on the seasonal diet of the Tasman parakeet and provides 

detailed information about key seasonal resources and the different forest strata in 

which these are foraged on. 
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3.2 OBJECTIVES 

The general objective of this chapter is to analyse the diversity of food species 

consumed by Tasman parakeets between seasons; the changes in food types 

ingested (i.e. seeds, flowers etc.); and the variability on foraging heights at which 

these resources are foraged by free-living Tasman parakeets. The specific objectives 

developed in this chapter are: 

1. Determine the minimum number of plant species consumed by Tasman 

parakeets per season (Spring, Summer, Autumn, Winter). 

2. Estimate the feeding niche breadth of Tasman parakeets and quantify 

differences in the seasonal diversity of food species and food types. 

3. Determine seasonal variability in the size of foraging groups and foraging 

heights. 

3.3 METHODS  

3.3.1 Data Collection 

For a detailed description of the study species and location refer to Chapter 

One. Observations were collected in all seasons. At the beginning of this study the 

Tasman parakeet had a very low population level (between 46-92 individuals (Ortiz-

Catedral, 2014)). For this reason a methodology was chosen that would maximise the 

amount of data that could be collected from infrequent sightings (Reuleaux et al., 

2014). Therefore the methodology used is less systematic, instead favouring intensive 

search effort. While this imposes some limitations on the conclusions I could draw (see 

section 3.6 Limitation and Improvements), this data presents a large advance in the 

state of knowledge of the foraging ecology of the Tasman parakeet. 

Four to five days a week, from 7:00 to 12:00 hours and from 14:00 up to 18:00 

hours, up to four observers walked along all accessible tracks and roads within the 

Mount Pitt section of the Norfolk Island National Park. These tracks and roads add up 

to 9 km, and range in width from 1 m to 3 m. This was done to maximise the area 
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covered in a single day. Observations were not conducted during inclement 

weather. The two-hour break from midday corresponds to a period of lesser Tasman 

parakeet activity (L. Ortiz-Catedral, pers. comm., 2014) which is also common in other 

related parrot species (Legault et al., 2012). 

Visibility on either side of the road during sampling periods varied, from about 

5 m in dense guava patches, to approximately 20 m in niau palm (Rhopalostylis 

baueri) stands and up to 100 m from vantage points. Observations were made either 

by the naked eye (in cases where parakeets were located within a metre of 

observers, or for greater distances by binoculars or 300 mm and 400 mm fixed length 

Canon lenses. Observers recorded; time, location (GPS coordinates), flock size, 

foraging height of parakeets in the forest strata (estimated visually to the nearest 0.5 

m, as has been used in other Pacific parrot species (Legault et al., 2012)), and the 

type and species of food consumed. Only items an observer could confirm as 

ingested were registered as dietary items. In cases where parakeets were observed 

billing but not ingesting leaves or fruits, these observations were excluded from the 

dietary analysis.  

Approximately, each observer walked 18 km day over an 8-hour sampling 

period, walking at approximately 2-5 km hour. Whenever a parakeet was detected, a 

feeding-bout was recorded. Bouts consisted of parakeets either feeding singly, or in 

groups on the same plant species, observation of a bout ended if the same item was 

fed on for 5 minutes A separate bout was recorded if the same bird, a member of the 

foraging group or the entire group moved to a different feeding plant. This sampling 

methodology falls under the general Ad Libitum sampling discussed by Altmann 

(1974).  Observers used this methodology because it is particularly suitable for rare 

species such as the Tasman parakeet, which occur at low densities and often in 

complex environments. This methodology has been successfully used for other 

species of parrot feeding high in the forest canopy (Galetti, 1993; Renton, 2001). Ad 

Lib. sampling is less restrictive than “First-food eaten” (Taylor, 1975), where focal 
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individuals are observed only until their first feeding record. While Ad Lib. Sampling 

increases the chances of pseudoreplication, it has yielded substantial information for 

other rare parakeets closely related to Tasman parakeets, such as Malherbe’s 

parakeet, occurring at low densities on Maud Island, New Zealand (Ortiz-Catedral & 

Brunton, 2009). Specifically for the Tasman parakeet study, the advantage of Ad Lib. 

sampling is that allowed the rapid assessment of dietary diversity when a parakeet or 

group of parakeets are located, allowing us to gather a greater amount of 

information from this small population.  

 

3.3.2 Statistical Analyses 

For my analysis, I include observations on the diet of Tasman parakeets 

collected by colleagues and volunteers using the same methodology from June 2013 

to November 2013. 

Statistical analysis was conducted using only observations of dietary intake; 

observations of feeding on bark and grit were excluded from the analysis. 

To determine seasonal variability in the diversity of feeding species consumed 

by Tasman parakeets I estimated Shannon Index of diversity for each season on a 

reduced data set comprising only seasonally important species (Shannon & Weaver, 

1949). Important species are defined as species that contribute to more than 5% of 

feeding observations in a given season. This index was chosen because it takes into 

account not only the number of species registered per sampling event, but also their 

relative importance in the overall dataset. Also the Shannon index allows 

comparisons between heterogeneous datasets, accounting for variation in number 

of observations per season. 

To compare the variability in seasonal food types and changes in size of 

foraging groups across the seasons I conducted Fishers exact test, using SAS© Version 

9.4.  
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To determine variation in seasonal foraging height I estimated coefficients of 

variation across the seasons. I used the formula: 

ĉv = 
s 
x ̄ 

 

Where s = sample standard deviation and x ̄ = sample mean. 

I also conducted an anova on seasonal change in foraging heights.  

Statistical test were carried out using SAS© Version 9.4, and confidence level was set 

a-priori to a = 0.05. Any averages are presented as mean ± SE. 

3.4 RESULTS 

The Tasman parakeet was observed in a total of 512 bouts on 30 plant species 

(21 native, 9 introduced) (Table 3). Records were made during all seasons. These 

feeding bouts were obtained after over 2328 hours in the field. Of these observations, 

29 represent non-dietary intake (bark n = 27, and grit n = 2) and no observations of 

Tasman parakeets feeding on insects have been made to date. Of dietary items, I 

registered a total of 483 feeding bouts on 25 plant species from 24 genera in 22 

families. These 483 observations were used for all statistical analyses. 

 

When weighted for sample size the five species most commonly consumed by 

the Tasman parakeet were: Norfolk pine (Araucaria heterophylla) (24.6%), African 

olive (Olea europea cuspidata) (22.7%), niau/Norfolk Island palm (Rhopalostylis 

baueri) (20.4%), cherry guava (Psidium cattleianum) (12%), and ake ake (Dodonaea 

viscosa) (8.9%). These five species comprise 88.6% of all feeding observations. 

Additionally Tasman parakeets were observed feeding on the following species, 

comprising between 1-5% of diet: Nestegis apetala (2.3%), Myrsine ralstoniae (1.8%), 

Prunus persica (1.4%), and Melia azedarach (1.3%) The remaining species; Solanum 

mauritianum, Pennantia endlicheri, Baloghia inophylla, Korthalsella disticha, Pyrrosia 

confluens, Zanthoxylum pinnatum, Meryta angustifolia, Hakea salicifolia salicifolia, 
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Hibiscus sp, Elaeodendron curtipendulum, Meryta latifolia, Oplismenus hirtellus, 

Capparis nobilis, Lagunaria patersonia patersonia, Macropiper excelsum psittacorum, 

and Melodinus baueri comprised less than 1% of the diet of the Tasman parakeet (for 

raw observations see Table 1, Appendix 3). 
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Figure 1. Tasman parakeets feeding on fleshy fruits (f) or dry seeds (s) of the following 

species (from to left to right, then bottom left to right): peachf (Prunus persica), 

peachs, shade treef (Meryta angustifolia), African olivef (Olea europea cuspidata), 

Norfolk Island pines  (Araucaria heterophylla) and lilacf (Melia azedarach). Photos by 

L. Ortiz-Catedral© 

 

3.4.1 Seasonal Variation in Dietary Diversity 

Total dietary richness between seasons ranges from 18 species in spring to 4 in 

summer (Table 4). The Tasman parakeet also exhibits changes in diversity of important 

food species (i.e. those comprising over 5%of the seasons total) across the seasons. 

The highest index of diversity (Shannon-Weiner) of important species was registered in 

autumn and spring, both with 4 important species, while the lowest were registered in 

winter and summer, both with only 3 important species (Table 4). These differences 

are driven by the different proportions of important species consumed (Fig. 2) rather 

than by richness of significant species, which remained relatively constant across the 

year.  

The relative importance of feeding species varied between seasons  (see Fig. 

2): the Norfolk pine (A. heterophylla) was the most important species in winter (65.3%), 

and autumn (28.3%). African olive (O. e. cuspidata) was a key species in summer 
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(54.7%), and important in autumn (22%). In spring niau (R. baueri) and ake ake (D. 

viscosa) were equally important (34.3% and 35.7% respectively). Niau also contributed 

significantly to autumn (25.2%). 

 

Table 4. Shannon-Weiner indices of diversity for important food sources each season 

(species constituting more the 5% of seasonal observations). 

Season Winter Spring Summer Autumn 

Shannon Index 0.79 1.12 0.88 1.36 

Richness - Important Species 3 4 3 4 

Sample Size - Important Species  92 172 40 114 

Total Dietary Richness 7 18 4 11 

Total Sample Size (n) 101 213 42 127 

 

 



 
82 

Fi
g

u
re

 2
. F

o
o

d
 s

p
e

c
ie

s 
a

s 
a

 p
e

rc
e

n
ta

g
e

 o
f 

d
ie

t 
p

e
r s

e
a

so
n

. S
h

o
w

in
g

 p
e

rc
e

n
ta

g
e

s 
fo

r s
e

a
so

n
a

lly
 im

p
o

rt
a

n
t 

sp
e

c
ie

s 
(>

5%
),

 S
a

m
p

le
 s

iz
e

 f
o

r e
a

c
h

 

se
a

so
n

 (
W

in
te

r =
 1

01
, S

p
rin

g
 =

 2
14

, S
u

m
m

e
r =

 4
2,

 A
u

tu
m

n
 =

 1
27

).
 

65
.3

%
 

28
.3

%
 

35
.7

%
 

5.
2%

 

10
.9

%
 

54
.8

%
 

22
.0

%
 

5.
6%

 

33
.3

%
 

14
.2

%
 

14
.9

%
 

34
.3

%
 

7.
1%

 

25
.2

%
 

0%
 

10
%

 

20
%

 

30
%

 

40
%

 

50
%

 

60
%

 

70
%

 

W
in

te
r 

Sp
rin

g
 

Su
m

m
e

r 
A

u
tu

m
n

 

A
ra

u
c

a
ria

 h
e

te
ro

p
h

yl
la

 
Ba

lo
g

h
ia

 in
o

p
h

yl
la

 
C

a
p

p
a

ris
 n

o
b

ili
s 

D
o

d
o

n
a

e
a

 v
isc

o
sa

 

El
a

e
o

d
e

n
d

ro
n

 c
u

rt
ip

e
n

d
u

lu
m

 
H

a
ke

a
 s

a
lic

ifo
lia

 s
a

lic
ifo

lia
 

H
ib

isc
u

s 
sp

 
Ko

rt
h

a
lse

lla
 d

ist
ic

h
a

 

La
g

u
n

a
ria

 p
a

te
rs

o
n

ia
 p

a
te

rs
o

n
ia

 
M

a
c

ro
p

ip
e

r e
xc

e
lsu

m
 p

sit
ta

c
o

ru
m

 
M

e
lia

 a
ze

d
a

ra
c

h
 

M
e

lo
d

in
u

s 
b

a
u

e
ri 

M
e

ry
ta

 a
n

g
u

st
ifo

lia
 

M
e

ry
ta

 la
tif

o
lia

 
M

yr
sin

e
 ra

lst
o

n
ia

e
 

N
e

st
e

g
is 

a
p

e
ta

la
 

O
le

a
 e

u
ro

p
a

e
a

 c
u

sp
id

a
ta

 
O

p
lis

m
e

n
u

s 
h

irt
e

llu
s 

Pe
n

n
a

n
tia

 e
n

d
lic

h
e

ri 
Pr

u
n

u
s 

p
e

rs
ic

a
 

Ps
id

iu
m

 c
a

tt
le

ia
n

u
m

 
Py

rr
o

sia
 c

o
n

flu
e

n
s 

R
h

o
p

a
lo

st
yl

is 
b

a
u

e
ri 

So
la

n
u

m
 m

a
u

rit
ia

n
u

m
 

Za
n

th
o

xy
lu

m
 p

in
n

a
tu

m
 



 83

3.4.2 Seasonal Variation In Food Types  

Tasman parakeets consume a variety of food types that includes dry seeds, 

dry and fleshy fruits, flowers, leaves, pedicels, sprouts, pollen and sori. In addition, they 

ingest two non-dietary items: bark and grit (Table 3). Weighting for the varying sample 

sizes per season (see Table 4) food types (n = 483) varied in their relative importance: 

dry seeds comprised 63.1% of overall diet, followed by fleshy fruits (30.9%), dry fruit 

(2.4%), and flowers (1.1%) with the remaining food types; pedicels, pollen, leaves, 

rhyzomes, sori and sprouts, which were contributed to diet only in one season, making 

up 2.5% (for raw data see Table 2, Appendix 3). 

 

 

Figure 3. Percentage of food types from all observations weighted for seasonal 

sampling effort (Winter = 101, Spring = 214, Summer = 42, Autumn = 127) (Other 

represents combination of categories which were only consumed in one season (see 

also Table 1, Appendix 2)). 

 

The relative proportions of food types varied significantly between seasons 

(Table 5). Seeds were more frequently consumed in autumn than in other seasons 

(autumn: 35.64%, n = 289, 2 = 51.36, p < 0.0001). Fleshy and dry fruits were more 

frequently consumed in spring than in other seasons (Fleshy fruit: 54.55% n = 154; 2 = 

76.96, p = <0.0001), Dry fruit: 94.74% n = 19; 2 = 49.42, p = <0.0001. Other food types 
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were most frequently consumed in spring (spring: 68.75%, n = 16, 2 = 18.5, p = 

0.0003). Proportions of flowers consumed did not differ significantly between seasons 

(n = 5, 2 = 3.8, p = 0.28). 

 

 

Figure 4. Food types as a percentage of seasonal diet, sample sizes (Winter = 101, 

Spring = 214, Summer = 42, Autumn = 127). Other represents combination of food 

types that were only consumed in one season (for raw data see Table 2, Appendix 3). 

 

3.4.3 Foraging Height 

Tasman parakeets showed significant differences in mean foraging height 

across the seasons (anova: F-value = 16.65, n = 483, p = < 0.0001, see also Fig. 5); 

specifically they forage at lower heights during winter than in any other season 

(winter 2.55 ± 0.25 m, p = <0.005). Foraging height in autumn was significantly higher 

than in winter and summer (6.94 ± 0.61, p = <0.0001). Winter had the greatest variation 

in foraging height, followed by autumn. Conversely, summer and spring showed low 

variability as measured by their coefficients of variation (Table 6). In winter the most 

common observation was ground feeding with 55.4% (n=56) of observations (i.e. 

mode = 0 m, Table 6) resulting in high variability from a skewed distribution with many 

low height values (min and median = 0 m) and fewer larger values (max = 20) (Table 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Winter Spring Summer Autumn 

Dry Seed 

Fleshy Fruit 

Dry Fruit 

Flowers 

Other 



 85

6). No other season showed such a marked bias toward ground feeding. The total 

number of observations of ground feeding was 87, representing 18% of all feeding 

observations. Of the 56 ground feeding events recorded in winter, the greatest 

proportion of these was of A. heterophylla seeds (89.2%, n = 50). 

 

 

Figure 5. Average foraging heights (m) per season, sample sizes (Winter = 101, Spring 

= 214, Summer = 42, Autumn = 127). 

 

Table 5. Breakdown of foraging height (m) for each season 

Season Winter Spring Summer Autumn 

Average 2.55 4.75 5.08 6.94 

Sample Size 101 213 42 127 

Standard Error 0.25 0.32 0.78 0.61 

Coefficient Of Variation 156% 59% 37% 108% 

Mode 0 6 6 4 

Min 0 0 2 0 

Median 0 4.5 5 5 

Max 20 20 9 35 

 

 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Winter Spring Summer Autumn 

H
e

ig
h

t 
(m

) 



 86

3.4.4 Foraging Group Size 

I found significant inter-seasonal differences in flock size (F-value = 9.62, n = 

483, p = < 0.0001). Flock size in autumn was significantly larger than in other seasons  

(mean flock size: autumn 1.7 ± 0.08 individuals, p = <0.001), other seasons did not 

differ significantly. The smallest mean flock size was registered in summer (mean flock 

size: summer 1.2 ± 0.064 individuals). No larger flock sizes were observed in winter 

(mean flock size: winter 1.27 ± 0.052 individuals) or summer, while larger groups were 

observed in both autumn and spring (mean flock size: spring 1.36 ± 0.043) (Fig. 6). The 

largest group size registered was a group of 9 in autumn. A group of 8 was also 

registered in spring.  

 

 

Figure 6. Percentage of observations for each group size per season (observations of 

groups of 5 and above are combined), sample sizes (Winter = 101, Spring = 214, 

Summer = 42, Autumn = 127). 
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3.5 DISCUSSION 

I found seasonal variation in the diet of the Tasman parakeet, both in richness 

and diversity of species from which both food items consumed and the proportions of 

different food types. I also found significant variation in feeding height and group size 

between the seasons. 

This study has added to the dietary knowledge of the Tasman parakeet. 

Where previously food items from 13 species were known, there are now 25 species 

with food items confirmed as dietary intake, and another five species have been 

observed with the Tasman parakeet feeding only on the bark (see Table 3). 

 

3.5.1 Seasonal Variation In Food Species 

The Tasman parakeet shows contraction and expansion of its feeding niche, 

and incorporates dietary switching (switching between important food species 

(Renton, 2001)) across the seasons.  

There is low richness in the number of important food species consumed 

(Table 4). Despite this, richness in the total number of food species varies between 

seasons, minor dietary components contributed to the greater total dietary richness in 

spring and autumn (total richness = 18 and 11 species respectively), than for winter 

and summer (total richness = 7 and 4 species respectively). This difference between 

richness and diversity of important species might suggest the Tasman parakeet is 

more specialised in diet than the red-fronted parakeet (C. novaezelandiae). In the 

Little Barrier Island population red-fronted parakeets fed on 17 important species, with 

a richness of 57 different food species (Greene, 1998), indicating a much broader 

diet. The yellow-fronted parakeet (C. auriceps) on Little Barrier Island displayed less 

total richness (17 species) of diet, but greater richness of important species (14) 

(Greene, 1998) than the Tasman parakeet. Opportunistic observations on the much 

smaller (see Chapter Two) orange-fronted parakeet (C. malherbi) show they 

consumes at least 14 plant species (Ortiz-Catedral & Brunton, 2009). In contrast 
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orange-fronted parakeets in Nothofagus forest had diets with a richness of three 

important species; red beech (N. fusca), silver beech (N. menzeisii) and black beech 

(N. solandri) (Kearvell et al., 2002), whilst the sympatric yellow-fronted parakeet 

additionally having mountain toatoa (Phyllocladus alpinus) as an important species. 

The native niau palm (R. baueri) is an important component of the Tasman 

parakeets diet in all seasons. In contrast there are no published accounts of 

Cyanoramphus parakeets feeding on items from this species or genus (see Chapter 

Two). Anecdotal observation has been made of the Kermadec red-fronted parakeet 

(Cyanoramphus novaezelandiae cyanurus) feeding on niau palms on Raoul Island in 

March 2008 (L. Ortiz-Catedral, pers. comm., 2016). This species is available on Norfolk 

Island in all seasons (Pers. Obs.) as sprays in different stages of ripeness are constantly 

available and able to be utilised by the Tasman parakeet. 

The Norfolk pine (A. heterophylla) is a critical component of Tasman parakeet 

diet in winter, and an important component in autumn (Fig. 2). The majority of this 

species occurs within the existing Tasman parakeet habitat within the NINP (Director 

of National Parks, 2010). Historically there has been some concern about dieback of 

this critical resource (Benson, 1980).  

Ake ake (Dodonaea viscosa) is utilised in correlation with its availability. The 

species produces ‘bracts’ (flower like capsules containing seed) during spring, the 

seeds from these made up 35.7% of the spring diet observations (Fig. 2). This shows a 

strong resource use shift in accordance with seasonal availability. 

The weed African olive (Olea europea cuspidata) provides another significant 

food resource for parakeets in 3 seasons (summer, autumn, and winter). Olive fruits 

prolifically, with initial estimates suggesting a seed bank in the order of millions (Mills, 

2015), and the species is found in a significant proportion of the Tasman parakeets 

current range within the NINP (Director of National Parks, 2010). 

Cherry guava (Psidium cattleianum) made up a third of observation in 

summer, and was also an important resource in autumn. This species is an abundant 
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weed within the NINP, and is the subject of a control program as it forms 

monocultures preventing the regeneration of native vegetation (Director of National 

Parks, 2010).  

Together these five species constitute over 85% of the Tasman parakeets diet. 

Two of these important species are introduced weeds, with active control programs. 

 

3.5.2 Non-Dietary Observation 

The majority of non-dietary observations were parakeets chewing bark from 

14 different species (n = 27). The Tasman parakeet has previously been observed 

using macerated bark and leaves of Olea europea cuspidata to rub into plumage, 

possibly for it’s anti-parasitic properties (Forshaw & Cooper, 1981). Other 

Cyanoramphus parakeets have also been observed rubbing macerated manuka 

(Leptospermum scoparium) and kanuka (Kunzia ericoides) bark into their plumage for 

its anti-parasitic properties (Greene, 1989). 

The Tasman parakeet has also been observed chewing but not ingesting 

leaves in between bites of the fruit of Prunus persica (L. Ortiz-Catedral, pers. comm.). 

Similar behaviours have also been observed in other species. For example, the scaly-

headed parrot (Pionus maximiliani) largely ignored foliage, though some field 

observers noted they appeared to take leaves in between bites of fruit which they 

may not have ingested (Galetti, 1993). 

Girt ingestion has been recorded in other parrot species (Gilardi et al., 1999), 

including the orange fronted parakeet (Cyanoramphus malherbi) (Ortiz-Catedral & 

Brunton, 2009). 

 

3.5.3 Seasonal Variation In Food Types 

The significant changes in food type utilisation in each season of the Tasman 

parakeet are common among other generalist parrot species. For example, the 

scaly-headed parrot (Pionus maximiliani) consumes a larger percentage of seeds in 
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the wet season (83% of bouts), and a larger percentage of fruits in the dry season 

(ca. 39% of bouts) (Galetti, 1993). The New Zealand parrot the North Island kaka 

(Nestor meridionalis septentrionalis) shows considerable seasonal variation in the diet, 

with seed being the most commonly observed food type and almost complete 

reliance on hinau (Elaeocarpus dentatus) seed in late summer/autumn (March), and 

tawa (Beilschmiedia tawa) seed during summer (January) (Moorhouse, 1997). The 

red-fronted parakeet also shows shifts in important food types across seasons (Dawe, 

1979). 

The Tasman parakeet relies mainly on dry seeds, but the relative importance 

changes across the seasons.  Fleshy and dry fruits made up a significant proportion of 

spring diet compared with other seasons. Dry seeds were more frequently consumed 

in autumn than in any other season (Fig. 4). 

Pine seeds are of most importance in winter, with 61.4% (n = 62) of the seasons 

diet, and are additionally important in autumn (28%, n = 36). In spring parakeets 

feeding on ake ake (D. viscosa) seeds make up 45.8% of the seasons diet. Niau (R. 

baueri) represents a significant proportion of the diet in both spring (34.3%, n = 73) 

and autumn (25.2%, n = 32) but the food type differs with fleshy fruit being of more 

importance in spring (n = 60) and summer (n = 15), and dry seed being of greatest 

importance in autumn (n = 30). 

 

3.5.4 Seasonal Variation In Foraging Height 

I found Tasman parakeets spend a large proportion of time spent foraging on 

the ground, especially during winter. This represents a considerable risk to the Tasman 

parakeet, as Norfolk Island is not free of predators, feral cats and rats are present 

within the park. The large amount of time spent foraging on the ground presents as 

risk as the birds are sedentary whilst they manipulate pine seeds, which can take up 

to ten minutes (L. Ortiz-Catedral, pers. comm., 2015). Foraging height may be 

impacted by season due to changes in food species. For example, feeding on 



 91

Norfolk pine seed mostly occurs at ground level in winter, as the seeds have fallen to 

the ground. Where as food from species like guava and niau are often obtained 

while still attached to the tree, and so have a higher average height.  

The coefficients of variation (Table 6) show that there is more variability in 

winter and autumn than spring and summer. The large variation in autumn is due, in 

part, to outlying observations of Tasman parakeets feeding on Norfolk pine seeds of 

high in the canopy. 

 

3.5.5 Foraging Group Size 

I found significant inter-seasonal differences in foraging group size, which 

contrasts with other Cyanoramphus species. The absence of larger groups as has 

been reported in other Cyanoramphus species. For example, flock size of another 

island dwelling Cyanoramphus parakeet, the New Caledonian parakeet (C. saisseti) 

is consistent throughout the year (Legault et al., 2012). Though the Tasman parakeet 

showed variation in the proportions of foraging group size across the season they are 

still most likely to occur either singly or in pairs, like the New Caledonian parakeet 

(solo ≈ 50% obs, pairs ≈ 40% obs, n = 417) (Legault et al., 2012). Flocking behaviour is 

also not reported in either the Antipodes Island parakeet or Reischek's parakeet 

(Forshaw & Cooper, 1989).  

This pattern likely reflects the low population level of the Tasman parakeet. In 

contrast, larger groups and flocking has been reported in the red-fronted parakeet 

on islands where larger populations are present (Greene, 1988). Flocking behaviour 

has been reported in other Cyanoramphus parakeets when population levels were 

higher in the past, for example, the orange-fronted parakeet has previously found in 

both single and mixed species flocks (with red-fronted or yellow-fronted parakeets) 

(Harrison, 1970; Taylor, 1998). Anecdotal accounts speak of Tasman parakeets 

flocking and destroying crops such that they were considered pests, and were shot or 

trapped in order to protect crops (Hicks & Greenwood, 1989; Hill, 2002).  
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3.6 LIMITATIONS AND IMPROVEMENTS 

Due to the nature of field research sampling effort is not the same for each 

season. There were several factors that influenced the number of observations made 

each season; number and length of trips, amount of time spent on foraging 

observations. Further the number of individuals in the population fluctuates in a yearly 

cycle (L. Ortiz-Caterdral, pers. comm.) and overall increased over the duration of the 

study as an effect of ongoing management. Additionally there may be some effect 

of changes in detectability per season. For example, larger groups were observed in 

autumn, which may have been easier to detect. However, there is no data available 

on fluctuations in detectability for the Tasman parakeet, and it is likely changes 

reflect seasonal population trends, i.e. population decrease over winter (see Chapter 

Four). Therefore, it is not expected that proportions of food types eaten will be 

significantly affected by these factors, rather that relative importance of food types 

and species consumed that would influence and changes in these proportions 

(Dawe, 1979). 

Ideally dietary surveys would be carried out using a method that controls 

search effort, for example, transects (Reuleaux et al., 2014). However since this work 

was limited by the requirement to keep to the accessible areas of the NINP (see 

methods section) and the small population size of the Tasman parakeet, this method 

was not employed. Instead collection of incidental observations allowed us to better 

asses the diet of the Tasman parakeet as it was likely to provide a greater number of 

observations and more information on rare dietary items (Reuleaux et al., 2014). In the 

future, when the population of the Tasman parakeet is larger this work could be 

improved upon by using a more systematic approach to better represent the diet of 

the Tasman parakeet. 

Other improvements to this body of work would include the introduction of 

habitat type data into the analysis. For example, some Cyanoramphus parakeets 

show preferences for forest interior (such as yellow-fronted parakeets on Little Barrier 
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Island/Hauturu (Greene, 1988)) and edge habitats, while others venture into open 

areas (red-fronted parakeets (Greene, 1999)). Additional information on which types 

of habitat are important to the Tasman parakeet can also inform restoration of the 

forest within NINP, the wider Norfolk Island and also Phillip Island. Quantification of 

variation in food availability and abundance of the most important seasonal food 

species would also be beneficial, as additional data would allow managers to 

predict gaps and short falls in plant food production. Additionally measures of time 

budgets of the Tasman parakeet could elucidate how much food pressure the 

species is under to meet its caloric requirements.  

3.7 CONCLUSION 

The richness of the Tasman parakeets diet is greater than previously realised (30 

species (Table 3) compared to 15 previously known). They show significant seasonal 

change in dietary diversity (Table 4), and a significant difference in the relative 

abundance of food types consumed between seasons (Fig. 4). Additionally I found 

differences in the variability of foraging heights (Table 6) and foraging group sizes 

(Figs. 6 and 7) across the seasons.  

3.7 REFERENCES 

Altmann, J. (1974). Observational study of behavior: sampling methods. BEHAVIOUR, 

49(3-4), 227-267.  

Benson, M. L. (1980). Dieback of Norfolk Island pine in its natural environment. 

Australian Forestry, 43(4), 245-252. doi: 10.1080/00049158.1980.10674278 

Boon, W. M., Daugherty, C. H., & Chambers, G. K. (2001). The Norfolk Island Green 

Parrot and New Caledonian Red-crowned Parakeet are distinct species. Emu, 

101(2), 113-121.  

Boyes, R. S., & Perrin, M. R. (2010). Aerial surveillance by a generalist seed predator: 

Food resource tracking by Meyer's parrot Poicephalus meyeri in the 



 94

Okavango Delta, Botswana. Journal of Tropical Ecology, 26(4), 381-392. doi: 

10.1017/S0266467410000210 

Butchart, S. H. M., Stattersfield, A. J., & Collar, N. J. (2006). How many bird extinctions 

have we prevented? ORYX, 40(3), 266-278. doi: 10.1017/S0030605306000950 

Castro, I., Brunton, D. H., Mason, K. M., Ebert, B., & Griffiths, R. (2003). Life history traits 

and food supplementation affect productivity in a translocated population of 

the endangered Hihi (Stitchbird, Notiomystis cincta). Biological Conservation, 

114(2), 271-280. doi: 10.1016/S0006-3207(03)00046-6 

Clout, M. N. (2006). A Celebration of kakapo: progress in the conservation of an 

enigmatic parrot. Notornis, 53(1).  

Clout, M. N., Elliott, G. P., & Robertson, B. C. (2002). Effects of supplementary feeding 

on the offspring sex ratio of kakapo: A dilemma for the conservation of a 

polygynous parrot. Biological Conservation, 107(1), 13-18. doi: 10.1016/S0006-

3207(01)00267-1 

Collar, N. J. (2000). Globally threatened parrots: criteria, characteristics and cures. 

International Zoo Yearbook, 37(1), 21-35. doi: 10.1111/j.1748-

1090.2000.tb00704.x 

Dawe, M. R. (1979). Behaviour and ecology of the red-crowned parakeet 

(Cyanoramphus novaezelandiae) in relation to management. Unpublished M. 

Sc. thesis, University of Auckland, Auckland, New Zealand.  

Director of National Parks. (2010). Norfolk Island Region Threatened Species Recovery 

Plan. Canberra: Department of the Environment, Water, Heritage and the 

Arts. 

Elliott, G. P. (2006). A simulation of the future of kakapo. Notornis, 53(1).  

Elliott, G. P., Dilks, P. J., & O'Donnell, C. F. J. (1996). The ecology of yellow-crowned 

parakeets (Cyanoramphus auriceps) in Nothofagus forest in Fiordland, New 

Zealand. New Zealand Journal of Zoology, 23(3), 249-265.  



 95

Elliott, G. P., Eason, D. K., Jansen, P. W., Merton, D. V., Harper, G. A., & Moorhouse, R. 

J. (2006). Productivity of kakapo (Strigops habroptilus) on offshore island 

refuges. Notornis, 53(1), 138-142.  

Ford, H. A. (2013). Are we underestimating the threat to Australia's migratory land 

birds? Pacific Conservation Biology, 19(4), 303-311.  

Forshaw, J. M., & Cooper, W. T. (1981). Australian parrots (2nd ed.). Melbourne: 

Lansdowne Editions. 

Forshaw, J. M., & Cooper, W. T. (1989). Parrots of the World. Willoughby, Landsdowe, 

Australia.  

Galetti, M. (1993). Diet of the scaly-headed parrot (Pionus maximiliani) in a 

semideciduous forest in southeastern Brazil. BIOTROPICA, 25(4), 419-425.  

Gilardi, J. D., Duffey, S. S., Munn, C. A., & Tell, L. A. (1999). Biochemical functions of 

geophagy in parrots: Detoxification of dietary toxins and cytoprotective 

effects. Journal of Chemical Ecology, 25(4), 897-922.  

Greene, T. C. (1988). Behavioural Ecology of the Red-crowned Parakeet 

(Cyanoramphus Novaezelandiae Sparrman, 1787) and the Yellow-crowned 

Parakeet (Cyanoramphus Auriceps Kuhl, 1820) on Little Barrier Island. 

(Unpublished Msc thesis), University of Auckland.    

Greene, T. C. (1989). Antiparasitic behaviour in New Zealand parakeets 

(Cyanoramphus species). Notornis, 36(4).  

Greene, T. C. (1998). Foraging ecology of the red-crowned parakeet (Cyanoramphus 

novaezelandiae novaezelandiae) and yellow-crowned parakeet (C. auriceps 

auriceps) on Little Barrier Island, Hauraki Gulf, New Zealand. New Zealand 

Journal of Ecology, 22(2), 161-171.  

Greene, T. C. (1999). Aspects of the ecology of Antipodes Island Parakeet 

(Cyanoramphus unicolor) and Reischek's Parakeet (C. novaezelandiae 

hochstetteri) on Antipodes Island, October - November 1995. Notornis, 46(2), 

301-310.  



 96

Greene, T. C., Westbrooke, I. M., Brown, D., Dilks, P. J., Barkla, J. W., & Griffiths, R. 

(2014). Assessing minimum population size of Kermadec parakeets 

(Cyanoramphus novaezelandiae cyanurus) on Macauley Island, Kermadec 

Islands. Notornis, 61(3), 154-161.  

Harrison, M. (1970). The Orange-fronted Parakeet Cyanoramphus malherbi. Notornis, 

17(2).  

Heath, S. R., Kershner, E. L., Cooper, D. M., Lynn, S., Turner, J. M., Warnock, N., 

Farabaugh, S., Brock, K., & Garcelon, D. K. (2008). Rodent control and food 

supplementation increase productivity of endangered San Clemente 

Loggerhead Shrikes (Lanius ludovicianus mearnsi). Biological Conservation, 

141(10), 2506-2515. doi: 10.1016/j.biocon.2008.07.011 

Hibbard, C. (2004): Zoological Parks Board of New South Wales. 

Hicks, J., & Greenwood, D. (1989). Rescuing Norfolk Island’s parrot. Birds international, 

1(4), 34-47.  

Higgins, M. L. (1979). Intensity of seed predation on Brosimum utile by Mealy Parrots 

(Amazona farinos). BIOTROPICA, 11(1), 80. doi: 10.2307/2388177 

Higgins, P.J. (Ed.). (1999). Handbook of Australian, New Zealand and Antarctic Birds. 

(Vol. Volume 4: Parrots to Dollarbird.). Melbourne: Oxford University Press. 

Hill, R. (2002). Recovery plan for the Norfolk Island Green Parrot (Cyanoramphus 

novaezelandiae cookii): Natural Resource Management, Environment 

Australia. 

Igag, P. (2002). The conservation of large rainforest parrots: A study of the breeding 

biology of palm cockatoos, eclectus parrots and vulturine parrots. The 

Australian National University.    

Juniper, T., & Parr, M. (1998). A Guide to the Parrots of the World. A&C Black. Londres-

Inglaterra, 45-322.  

Kearvell, J. C., Young, J. R., & Grant, A. D. (2002). Comparative ecology of sympatric 

orange-fronted parakeets (Cyanoramphus malherbi) and yellow-crowned 



 97

parakeets (C. auriceps), South Island, New Zealand. New Zealand Journal of 

Ecology, 26(2), 139-148.  

Kristosch, G. C., & Marcondes-Machado, L. O. (2001). Diet and feeding behavior of 

the Reddish-bellied Parakeet (Pyrrhura frontalis) in an Araucaria forest in 

southeastern Brazil. Ornitologia Neotropical, 12, 215-223.  

Legault, A., Theuerkauf, J., Rouys, S., Chartendrault, V., & Barré, N. (2012). Temporal 

variation in flock size and habitat use of parrots in New Caledonia. Condor, 

114(3), 552-563. doi: 10.1525/cond.2012.110154 

Mills, K. (2015). Food plants for the green parrot on Phillip Island - Preliminary notes.: 

Parks Australia, Norfolk Island. 

Miskelly, C. M., Dowding, J. E., Elliott, G. P., Hitchmough, R. A., Powlesland, R. G., 

Robertson, H. A., Sagar, P. M., Scofield, R. P., & Taylor, G. A. (2008). 

Conservation status of New Zealand birds, 2008. Notornis, 55(3), 117-135.  

Moorhouse, R. J. (1997). The diet of the North Island kaka (Nestor meridionalis 

septentrionalis) on Kapiti Island. New Zealand Journal of Ecology, 21(2), 141-

152.  

Murphy, S. A., Joseph, L., Burbidge, A. H., & Austin, J. (2011). A cryptic and critically 

endangered species revealed by mitochondrial DNA analyses: The Western 

Ground Parrot. Conservation Genetics, 12(2), 595-600. doi: 10.1007/s10592-010-

0161-1 

Nixon, A. J. (1982). Aspects of the ecology and morphology of Cyanoramphus 

parakeets and hybrids from Mangere Island, Chatham Islands. (MSc), Victoria 

University of Wellington.    

Ortiz-Catedral, L. (2014). Hope is the thing with green feathers. PsittaScene, Spring, 

2014, 12-18. 

Ortiz-Catedral, L., & Brunton, D. H. (2009). Notes on the diet of the critically 

endangered orange-fronted parakeet (Cyanoramphus malherbi) on Maud 

Island. New Zealand Journal of Zoology, 36(4), 385-388.  



 98

Ortiz-Catedral, L., Kearvell, J. C., Hauber, M. E., & Brunton, D. H. (2009). Breeding 

biology of the critically endangered Malherbes parakeet on Maud Island, 

New Zealand, following the release of captive-bred individuals. Australian 

Journal of Zoology, 57(6), 433-439.  

Powlesland, R. G., & Lloyd, B. D. (1994). Use of supplementary feeding to induce 

breeding in free-living kakapo Strigops habroptilus in New Zealand. Biological 

Conservation, 69(1), 97-106.  

Pryor, G. S., Levey, D. J., & Dierenfeld, E. S. (2001). Protein requirements of a 

specialized frugivore, Pesquet's Parrot (Psittrichas fulgidus). Auk, 118(4), 1080-

1088.  

Ragusa-Netto, J., & Fecchio, A. (2006). Plant food resources and the diet of a parrot 

community in a gallery forest of the Southern Pantanal (Brazil). Brazilian 

Journal of Biology, 66(4), 1021-1032.  

Ralph, G. Powlesland, Don, V. Merton, & John, F. Cockrem. (2006). A parrot apart: the 

natural history of the kakapo (Strigops habroptilus), and the context of its 

conservation management. Notornis, 53(1).  

Renton, K. (2001). Lilac-crowned parrot diet and food resource availability: Resource 

tracking by a parrot seed predator. Condor, 103(1), 62-69.  

Renton, K. (2002). Influence of environmental variability on the growth of Lilac-

crowned parrot nestlings. Ibis, 144(2), 331-339. doi: 10.1046/j.1474-

919X.2002.00015.x 

Reuleaux, A., Richards, H., Payet, T., Villard, P., Waltert, M., & Bunbury, N. (2014). 

Insights into the feeding ecology of the Seychelles Black Parrot Coracopsis 

barklyi using two monitoring approaches. Ostrich.  

Rodenhouse, N. L., & Holmes, R. T. (1992). Results of experimental and natural food 

reductions for breeding black-throated blue warblers. Ecology, 73(1), 357-372.  

Shannon, C. E., & Weaver, W. (1949). The mathematical theory of communication: 

Urbana, University of Illinois Press, 1949. 



 99

Stojanovic, D., Terauds, A., Westgate, M. J., Webb, M. H., Roshier, D. A., & Heinsohn, R. 

(2015). Exploiting the richest patch has a fitness pay-off for the migratory swift 

parrot. Journal of Animal Ecology. doi: 10.1111/1365-2656.12375 

Taylor, R. H. (1975). Some ideas on speciation in New Zealand parakeets. Notornis, 

22(11), 0-121.  

Taylor, R. H. (1985). Status, habits and conservation of Cyanoramphus parakeets in 

the New Zealand region In 'Conservation of Island Birds' (pp. 195-211): (Ed. P.J. 

Moors). 

Taylor, R. H. (1998). A reappraisal of the Orange-fronted Parakeet (Cyanoramphus 

sp.) species or colour morph? Notornis, 45, 49-63.  

Whitehead, J., Case, B., Wilson, K. J., & Molles, L. (2012). Breeding variation in female 

kakapo (Strigops habroptilus) on Codfish Island in a year of low food supply. 

New Zealand Journal of Ecology, 36(1), 64-74.  

 

 

  



 100

CHAPTER FOUR: SPATIO-TEMPORAL VARIATION IN 

FORAGING AREAS OF THE TASMAN PARAKEET: A 

PILOT STUDY 

4.1 INTRODUCTION 

Parrots make use of resources on a seasonal basis in different eco-regions 

(Renton, 2001) and often rely on temporally variable resources such as fruits, seeds, 

flowers (Renton, 2001). This variation can create preferred areas of seasonal foraging, 

in response to the patchy nature of food resources and their inter-seasonal 

abundance. Understanding resource variability and the spatial responses of species 

of conservation concern is crucial for effective management. Species such as Meyers 

parrot (Poicephalus meyeri) (Boyes & Perrin, 2010) and the lilac crowned parrot 

(Amazona finschi)(Renton, 2001) track resources between seasons. Similarly, the Swift 

parrot (Lathamus discolour) undergoes large migrations tracking productive 

Eucalyptus patches (Stojanovic et al., 2015).  

While this study focused on the dietary ecology of the Tasman parakeet within 

NINP, several sightings of Tasman parakeets were made outside the park, for 

example, at our accommodation along Selwyn Pine Road. Other residents also 

shared sightings they had made of Tasman parakeets visiting or feeding in their own 

gardens. While introduced predator control of rats and cats is ongoing within the park 

(Director of National Parks, 2010). Tasman parakeets, like all wild species, do not 

understand boarders, and therefore may be at risk of depredation when they leave 

the park. Because of this I wanted to investigate if the area over which the Tasman 

parakeet forages changes seasonally, and if it would be worth conducting further 

studies to ensure predator control operations and the areas Tasman parakeets 

occupy align. 



 101

Managing species of conservation concern in the presence of introduced 

predators requires control operations. Traditionally predator control operations have 

focussed on removing predators totally (for example the restoration of Tiritiri Matangi 

Island (Galbraith & Cooper, 2013)), or limiting their abundance. For example, in areas 

with predator control kaka (Nestor meridionalis) populations benefit from increased 

female survival and decreased predation rates (Moorhouse et al., 2003). More 

recently predator control is being conducted in conjunction with time periods that 

present high risk, such as breeding season and masting events. For example, predator 

control operations benefit kokako (Callaeas wilsoni) when made in late spring before 

the breeding season, over subsequent years, to take advantage of delays in 

mammalian predator population recovery (Innes & Barker, 1999). In New Zealand, 

mast fruiting of beech (Nothofagus spp.), and the subsequent increase in mouse (Mus 

musculus) abundance can be used to reliably predict an increase abundance of 

higher order predators such as stoats (Mustela erminea) (O'Donnell & Phillipson, 1996). 

This has lead to control operations targeting mast years (O'Donnell & Hoare, 2012).  

The Tasman parakeet occurs within a small area of Norfolk Island, representing 

approximately 10% of its pre-human distribution, within which introduced mammalian 

predators are still present (Hill, 2002). Since the 1970’s the core of management of this 

species consists of assisted breeding by providing rat (Rattus rattus and R. exulans) 

and cat (Felis catus) proof nests for the Tasman parakeet across the Norfolk Island 

National Park.   

In chapter three I have shown that the relative importance of food species 

and food types in the diet of the Tasman parakeet vary significantly between seasons 

(see Table 2 and Figs. 2 and 4, Chapter Three). Rather than consistently feeding on a 

single food type or species, Tasman parakeets exhibit a broad diet that includes a 

variety of food types from 30 native and introduced species (Fig. 1 and Table 2). I 

conducted a pilot study to investigate the potential for a correlation between inter-

seasonal variation in foraging location and the feeding resources used by the 
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Tasman parakeet. In this chapter I present a qualitative analysis of the differences in 

foraging locations, based on resource use and area utilised within the Norfolk Island 

National Park. 

 

  

Figure 1. Some examples of food species for the Tasman parakeet. A) Elaeodendron 

curtipendulum; B) Capparis nobilis; C) Rhopalostylis baueri; D) Lagunaria patersonia; 

E) Meryta angustifolia; F) Dodonaea viscosa; G) Baloghia inophylla; H) Solanum 

mauritianum. All species in this figure are native to Norfolk Island except S. 

mauritianum introduced to Norfolk Island in the late 1800’s (Coyne, 2011). 



 103

4.2 OBJECTIVES 

The general objective of this chapter is to provide a visual exploration of spatial 

data collected on the foraging locations of Tasman parakeets between seasons to 

determine if a systematic survey would be appropriate. The specific objectives 

developed in this chapter are: 

1. Map seasonal location of foraging Tasman parakeets. 

2. Provide a preliminary analysis of spatio-temporal variability in the foraging 

patterns of the Tasman parakeet as an aspect of their feeding ecology. 

4.3 METHODS 

4.3.1 Data Collection And Analysis 

The data discussed in this chapter was collected using the sampling methodology 

discussed in chapter three; specifically the GPS coordinates of each foraging 

observation were imported to Base CampTM (Garmin, Kansas, USA) and then to 

Google EarthTM. Due to the low density, and changes in abundance of Tasman 

parakeets during my study I obtained an uneven number of observations between 

seasons. Due to the unavailability of GPS units during some study periods the data 

presented in this chapter is a subset of the data presented in chapter three. Data 

includes one sampling period from summer (2014, n = 42) and autumn (2013, n = 30), 

and two sampling periods over winter (2013, n = 29; and 2014, n = 72) and spring 

(2013, n = 47; 2014, n = 108) (see also Tables 1 and 2).  

Due to restrictions on my research permit my access to areas away from visitor 

roads and tracks was limited, thus the majority of observations occurred along the 

main tracks of the NINP (see Fig. 2). To explore patterns in foraging area of the 

Tasman parakeet I created polygons manually, encompassing the core 90% of each 

seasons observations using the polygon tool of Google EarthTM, and then used the 

extreme coordinates of these to estimate the convex polygon surface area using the 

EarthPoint online tool (earthpoint.us.).  
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4.4 RESULTS 

4.4.1 Inter-Seasonal Variation In Foraging Areas 

The Tasman parakeet shows fluctuation in the locations in which it feeds 

seasonally. In winter the majority of sightings were along the Mount Bates Track, 

Summit Track, Red Road and also the Bridle Track (Fig. 3). The Summit Track and Red 

Road have high densities of mature pines (Director of National Parks, 2010). During 

this season consumption of Norfolk pine (A. heterophylla) represented 65.3% of 

observations (n = 66). Fruits and seeds of the naiu palm (Rhopalostylis baueri, 14.9%, n 

= 15), and African olive (Olea europea cuspidata, 10.9%, n = 11) also contributed 

significantly and niau palm stands are found along the Summit Track, and there is a 

significant quantity of African olive along the northern coast (Bridle Track) where the 

Tasman parakeets were also sighted. Finally in winter the Tasman parakeets utilised 

the smallest area with 46 hectares containing 90% of all observations. 

In spring there was a large amount of observations along the Summit and 

Mount Bates Tracks (Fig. 4) These correspond to the most common item consumed in 

spring; seeds of ake ake (Dodonaea viscosa, 49%, n = 76). Fruits and seeds of the 

native niau palm (Rhopalostylis baueri) were the second most commonly ingested 

item (18.7%; n = 29), which correspond to the large amount of observations along the 

Palm Glen Tracks (Fig. 4). In this season Tasman parakeets utilised a larger area of 74 

hectares. Additionally this season had the highest total dietary richness with items 

consumed from 16 different species, ten of which were consumed exclusively in 

spring (see Table 1). 

In summer Tasman parakeets were often found foraging along the Palm Glen 

Tracks in olive and guava bush as well as along the Bridle Track on olive (Fig. 5). Only 

four species were consumed in summer, of these seeds and fruits of African olive (O. 

europea ssp. Cuspidata) were the most common (54.8%; n = 23). The seeds and fruits 

of cherry guava (P. cattleianum) were another common food item (33.3%, n = 14). 
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Despite the much lower total species richness of the Tasman parakeets summer diet, 

they were found foraging over a similar area to spring, 74 hectares.  

In autumn (n = 30) sightings of the Tasman parakeet were the most diffused, 

occurring over the largest foraging area, 93 hectares. Autumn also has the greatest 

overall dietary diversity (Table 4, Chapter Three). Tasman parakeets were often 

observed in the lower Palm Glen Road area feeding on fruit and seeds of cherry 

guava (Psidium cattleianum, 46.7%, n = 14) (Fig. 6). Observations made in other areas 

were seeds of the Norfolk pine (A. heterophylla, 33.3%, n = 10). 
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Figure 3. Locations of foraging Tasman parakeets in winter (2013 pale blue, n = 29; 

2014 dark blue, n = 72). Area utilised = 46 hectares. Image generated using Google 

Earth (Map data: © Google, CNES / Astrium). 

 

 

Figure 4. Locations of foraging Tasman parakeets in spring (2013 yellow, n = 47; 2014 

white, n = 108). Area utilised = 74 hectares. Image generated using Google Earth 

(Map data: © Google, CNES / Astrium).  
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Figure 5. Locations of foraging Tasman parakeets in summer (2014, n = 42). Area 

utilised = 74 hectares. Image generated using Google Earth (Map data: © Google, 

CNES / Astrium). 

 

 

Figure 6. Locations of foraging Tasman parakeets in autumn (2013, n = 30). Area 

utilised = 93 hectares. Image generated using Google Earth (Map data: © Google, 

CNES / Astrium). 
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Table 1. Subset of observations of plant species consumed by the Tasman parakeet 

represented by GPS data per season (excluding non-dietary items). (For common 

names see Table 3, Chapter Three). See also Table 1, Appendix 2 for full data set. 

Species Winter Spring Summer Autumn Total 

Araucaria heterophylla 66 5 0 10 81 

Baloghia inophylla 1 2 0 0 3 

Capparis nobilis 0 1 0 0 1 

Dodonaea viscosa 0 76 0 0 76 

Elaeodendron curtipendulum 0 0 0 1 1 

Hakea salicifolia salicifolia 0 2 0 0 2 

Hibiscus sp 0 2 0 0 2 

Korthalsella disticha 0 0 0 0 0 

Lagunaria patersonia patersonia 0 1 0 0 1 

Macropiper excelsum psittacorum 0 1 0 0 1 

Melia azedarach 3 0 0 3 6 

Melodinus baueri 0 1 0 0 1 

Meryta angustifolia 1 0 0 0 1 

Meryta latifolia 0 0 0 0 0 

Myrsine ralstoniae 0 3 2 0 5 

Nestegis apetala 4 9 0 0 13 

Olearia europea 11 6 23 0 40 

Oplismenus hirtellus 0 0 0 0 0 

Pennantia endlicheri 0 0 0 0 0 

Prunus persica 0 12 0 0 12 

Psidium cattleianum 0 0 14 14 28 

Pyrrosia confluens 0 0 0 0 0 

Rhopalostylis baueri 15 29 3 2 49 

Solanum mauritianum 0 2 0 0 2 

Zanthoxylum pinnatum 0 3 0 0 3 

Total 101 155 42 30 328 
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Table 2. Subset of food type observations represented by GPS data per season. 

Sample size: Winter = 101, Spring = 155, Summer = 42, Autumn = 30. See also Table 2, 

Appendix 2 for full data set.  

Food type Dry Fruit Dry Seed Fleshy Fruit Flowers Leaves 

Winter 1 62 34 0 0 

Spring 18 89 41 3 4 

Summer 0 27 14 1 0 

Autumn 0 10 19 1 0 

Total 19 188 108 5 4 

Food type Pedicel Pollen Rhyzome Sori Sprout 

Winter 0 4 0 0 0 

Spring 0 0 0 0 0 

Summer 0 0 0 0 0 

Autumn 0 0 0 0 0 

Total 0 4 0 0 0 

 

4.4.2 Ground Feeding 

The total number of observations of ground feeding is 87, representing 18% of 

all feeding observations. The highest proportion of these observations comes from 

winter, 55.4% (n=56) of observations. No other season showed such a marked bias 

toward ground feeding. Of the 56 ground feeding events recorded in winter, the 

greatest proportion of these was of A. heterophylla seeds (89.2%, n = 50). 

 

4.4.3 Incidental Behavioural Observations 

One unique observation was of a flock of five Tasman parakeets feeding on a 

group of hibiscus trees. These birds were sighted at dusk, and remained there for 

some time giving a volunteer and I a good opportunity to observe their behaviour. 

The birds deliberately navigated bare bushes, targeting new shoots, pulling off flower 

buds breaking them open whilst holding them with one foot and chewing on the 

fleshy base of the style and before discarding.  They were also observed breaking 

branches with their beaks, ripping off bark and chewing it. There was evidence of 
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older damage to the plants. This behaviour has not previously been observed in the 

Tasman parakeet (Margaret Christian, pers. com.). 

The Tasman parakeets were also observed breaking off and chewing the 

male cones of the Norfolk. Individual scales were mandibulated and the cones were 

discarded.  

4.5 DISCUSSION 

4.5.1 Preferred Areas Of Foraging 

The Tasman parakeet shows significant changes in dietary diversity and 

consumption of food types seasonally (see Chapter Three). In addition to these they 

show spatial variation in foraging areas that likely correlates with fluctuations in food 

resource use. This suggests the Tasman parakeet exhibits a seasonal pattern of 

foraging on areas of high density of specific feeding resources. Other parrots show 

preferential areas of foraging. For example, the lilac crowned parrot (Amazona 

finschi) shows spatial variation in habitat use in correspondence with food availability, 

switching between semi-deciduous forest during the dry season, and deciduous 

forest during the rainy season (Renton, 2001).  

A large amount of seasonal variation in foraging area can potentially be 

explained by the distribution of habitat types, particularly weedy forests within the 

NINP (Director of National Parks, 2010). Weedy forest produces a large amount of 

seed in summer, in particular olive and guava produce copious amounts of seed 

(olive; (Cuneo et al., 2010), cherry guava; (Foster Huenneke & Vitousek, 1990), which 

may explain the presence of parakeets in the Palm Glen area, as well as along the 

northern coast of the island (which is a more exposed habitat with a large amount of 

olive). In addition these species made up a large proportion of feeding observations 

in summer (see Fig. 2, Chapter Three). 

The limited distribution of Tasman parakeet foraging areas in winter is a 

concern. The majority of winter diet is comprised of the seeds of the Norfolk pine 
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(65.3%). The areas in which they are found in winter are mainly ridges, which is where 

the densities of pines are the largest. If pines in some areas produce more seed than 

those in others, particularly if they are different ages (as they do on Phillip Island, see 

(Mills et al., 2015) it is likely the Tasman parakeet will exhibit resource tracking 

behaviour and favour area with high food resource abundance. The core area in 

which the Tasman parakeet was found foraging for pine seed in winter was 46 

hectares, representing just 10% of the total are a of the NINP. Furthermore the largest 

proportion of observations from winter was of Tasman parakeets feeding on pine 

seed on the ground (see Chapter Three). The combination of this small core feeding 

area and the Tasman parakeets propensity to feed at ground level presents both a 

serious risk of predation, and a great opportunity to efficiently protect young and 

adults by targeting pest control efforts.  

 

4.5.2 Targeted Predator Control 

The Norfolk Island group has already been identified as a location where cat 

control would be beneficial (Dickman et al., 2010), and several predator control 

programs are currently active (Director of National Parks, 2010). Knowledge of the 

feeding areas of Tasman parakeets across the seasons, in particular the crucial winter 

months, may help managers to more effectively use their time in targeted control in 

areas which Tasman parakeets are likely to be feeding. 

The foraging area of the Tasman parakeet is reduced in winter, and this is where 

predators likely have the largest impact on the population (picking off young unwary 

birds (see Chapter Five), kaka chicks are also vulnerable to post-fledging predation 

thought by stoats (Moorhouse et al., 2003). Additionally a significant majority of 

foraging in winter occurs at ground level on the seed of a single species, the Norfolk 

pine (A. heterophylla). Cats, have been found to depredate birds often between 

6am and midday (Barratt, 1995), which corresponds with a high period of Tasman 

parakeet activity. Knowledge of the areas in which they forage might allow 
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managers to more effectively target predator control to prevent losses from cats in 

particular. Also given that even moderate seed falls have shown to dramatically 

increase both ship rat (Rattus rattus) densities (ca 7 fold increase) including over 

winter breeding in New Zealand (King, 1997). Rats also present a risk to the Tasman 

parakeet, especially if as population density increases birds being to occupy natural 

non-predator proofed nesting hollows. All of these factors result in additional risk to 

recently fledged birds and hence to the worlds only population of the Tasman 

parakeet. Targeted predator control could be used to optimize time and effort while 

accomplishing management goals. Specifically, the further investigation of a more 

intense cat trapping program during winter in the small area where Tasman 

parakeets preferentially forage allow the prevention of loss of fledglings, which is 

suspected to be the largest current barrier to recruitment within the NINP. 

 

4.5.3 Potential Relationship Between Foraging And Nesting Locations 

Tasman parakeets appear to maintain a breeding territory (D. Greenwood 

pers. comm.). It is possible there may be a relationship between foraging locations 

and nesting sites. Monk parakeets (Myiopsitta monachu) select sites with the highest 

density of palm trees, providing an abundance of plants for foraging (Sol et al., 1997). 

Since the Tasman parakeet also nests year round it is possible they are using nests in 

correlation with seasonal food availability. 

 

4.5.4 Weed Management And Restoration Of NINP 

As mentioned previously (Chapter Three) two of the species that form a large 

proportion of the Tasman parakeets diet are invasive weeds with control programs 

(olive (14.3%) and guava (6.8%) total). Given the tendency for Tasman parakeets to 

forage in these areas with high densities of these species during winter, summer and 

autumn, see Figs. 3, 5, and 6) it will be interesting to see how their continued control 

will affect the diet of the Tasman parakeet. Especially if the decrease in abundance 
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of these important seasonal resources will increase competition with introduced 

crimson rosellas (see Chapter Five). During summer Tasman parakeets have been 

seen suffering from antagonistic interactions with crimson rosellas in a densely fruited 

olive grove at the intersection of the Palm Glen circuit and track (Pers. Obs.). The 

Tasman parakeet was attacked by a crimson rosella, and fell from the tree in which it 

was foraging. 

 

4.5.5 Incidental Behavioural Observations 

These descriptions add to our knowledge of the species behaviour, and could 

be useful for comparison to other species. Consumption of hibiscus is not present in 

the diet of any of the Cyanoramphus parakeets I studied (Chapter Two). One 

possible reason the hibiscus has not been noted previously, as a dietary resource is 

that there is little hibiscus is present for us to observe this behaviour on. Hibiscus is 

however present on Phillip Island with the endemic Hibiscus insularis. 

 

4.5.6 Sampling Methodology 

Often when quantifying the diet of parrot species standardised transects are 

used (see (Reuleaux et al., 2014)) Whilst others, often on species with smaller 

population sizes rely on incidental observation (Galetti, 1993, 2013; Ortiz-Catedral & 

Brunton, 2009; Renton, 2001). Whilst incidental observations may be less 

representative, incidental observations yield significantly more observations, and 

provide information on rarer feeding events (Reuleaux et al., 2014). In this case given 

the low population size of the Tasman parakeet (Chapter One), and the subsequent 

unlikelihood of encounters (Ortiz-Catedral & Skirrow, 2015) this method was 

determined to be the best to obtain a large amount of data on the elusive Tasman 

parakeet.  
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4.6 LIMITATIONS AND FUTURE DIRECTIONS 

This work was based on incidental observations; therefore the next step will be 

to conduct a systematic analysis. Quantification of seasonal food availability patterns 

is also necessary to demonstrate resource-tracking behaviour in the Tasman 

parakeet. Spatial patterns may also be influenced by environmental conditions, e.g.: 

temperature, humidity, elevations, habitat type, canopy cover, and exposure. 

Additionally comparison of abundant seasonal food resources with nesting locations 

may reveal trends in nest site choice that may help managers locate and protect 

new nests as the Tasman parakeet population expands. 
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CHAPTER FIVE: THE RELEVANCE OF THIS STUDY FOR 

THE CONSERVATION OF TASMAN PARAKEETS AND 

FUTURE RESEARCH NEEDS 

5.1 CONSERVATION OF THE TASMAN PARAKEET 

The Tasman parakeet is a micro-endemic species, with a single breeding 

population globally restricted to the Norfolk Island National Park (see Chapter One). 

The population size of this species has fluctuated historically, from 32 individuals in the 

1970-1980’s to approximately 200-250 individuals in 1990-2000. These fluctuations are 

attributed to changes in the intensity of predation by rats and cats on nests, fledglings 

and adult birds; habitat deterioration and potentially diseases (Forshaw & Cooper, 

1989; Hicks & Greenwood, 1989; Higgins, 1999). However, there is no precise 

information on the relative effect of these factors on the demography of Tasman 

parakeets. The on-going control of rats and cats in the Norfolk Island National Park 

allows the successful breeding of Tasman parakeets, from 2013 to 2015 approximately 

150 chicks have successfully fledged (A. Smith, 2015 in litt.). However, there is 

evidence indicating low recruitment of juveniles into the breeding population, most 

likely as a result of predation of fledglings during winter (Ortiz-Catedral, pers. comm.). 

Thus, while control of introduced predators allows breeding pairs to fledge young, 

their survival post-fledging is very low. 

Since the 1980’s it has been proposed that a major conservation 

breakthrough for the species would be the translocation a breeding population to 

nearby Phillip Island (Coyne, 2009; Forshaw & Cooper, 1981)(see map Fig. 3, Chapter 

One). Phillip Island has neither introduced rodents or cats, a crucial requirement for 

any potential islands for reintroduction of Cyanoramphus parakeets (Elliott et al., 

2006; Moorhouse et al., 2003; White et al., 2012). In 2013, a proposal to translocate 
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Tasman parakeets to Philip Island in 2017-2018 was launched (A. Smith, in litt.) but at 

the time it was stressed that there was a clear need to better understand the nesting 

and feeding ecology of Tasman parakeets to assess whether or not Phillip Island 

would provide enough feeding resources for a breeding population of Tasman 

parakeets (Ortiz-Catedral, pers. comm.). 

Studies on the nesting biology of a translocated population of orange-fronted 

parakeets suggest that availability of nesting sites on small islands may not be a 

limiting factor in establishment (Ortiz-Catedral et al., 2009). While part of the 

management of the Tasman parakeet has been the provision of nest sites, these 

have been a requirement due to the pests on the main Norfolk Island. Phillip Island is 

pest free and therefore Tasman parakeets should be able to nest as they desire. One 

concern is a lack of old growth trees to provide nesting hollows, due to the previous 

denuded vegetation of Phillip Island. However, other Cyanoramphus parakeets have 

shown willingness to nest on the ground with minimal protection at predator free sites 

(for example red-fronted parakeets nesting under a flax (Phormium tenax) bush on 

predator free Tiritiri Matangi Island (Ortiz-Catedral & Brunton, 2009)), and the extinct 

Maquarie Island parakeet (Cyanoramphus erythrotis) was a ground nester, as is the 

Antipodes Island parakeet (Greene, 1999).  

Prior to this study, the general assumption has been that Tasman parakeets 

have a similar diet to their close relative the red-fronted parakeets of New Zealand 

and both species have been treated as a single taxonomic entity (Higgins, Forshaw 

etc.). In chapter two I have shown that the diet of the Tasman parakeet is different 

from the red-fronted parakeet and other members of the Cyanoramphus genus. The 

similarity in diet between the red-fronted parakeet and the Tasman parakeet is very 

low (0.58%, Table 2, Chapter Two) and most likely reflects the local vegetation 

diversity and structure as well as a considerable difference in bill morphology. Tasman 

parakeet bills are significantly larger than the red-fronted parakeet in four bill 

characteristics: upper length, upper width, lower distal width, and lower length 
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(Chapter Two). These significant differences in bill dimensions indicate that the 

Tasman parakeet is likely to access a wider range of dietary resources, such as the 

hard seeds of the Norfolk Island pine and niau palm (Chapters Two and Three).  

As for dietary diversity, the lower diversity of the Tasman parakeet (Fig. 2 

Chapter Two) is likely a reflection of both study effort and geographical range size. 

NINP covers a range of 465 ha, and while it contains different forest types within it 

cannot match the diversity of habitat types within which red-fronted parakeet is 

found (for example: old growth forest on Little Barrier Island/Hauturu (Greene, 1998); 

regenerating coastal forest on Tiritiri Matangi (Ortiz-Catedral & Brunton, 2009); and 

open grassy habitat such as Burgess Island (56 ha) (McFadden & Greene, 1994). 

Furthermore the historical distribution of the red-fronted parakeet, across the entire 

North and South Islands of New Zealand, is likely a correlate of its generalist diet, as 

range size and niche breadth are positively correlated (Boyes & Perrin, 2009). 

 

The Tasman parakeet has the second highest prevalence of seeds in its diet 

when compared to other Cyanoramphus species (Chapter Two). This is a reflection of 

both bill morphology and body size. The Tasman parakeet has a high prevalence of 

seeds in its diet because it is able to capitalise on its large bill size (BSA) in consuming 

the large woody seeds of the Norfolk pine, as well as a range of other hard (e.g. 

African olive (Olea europea cuspidata) and soft (e.g. hopbush (Dodonaea viscosa)) 

seeds (See Chapter Three). It also may need to consume a large proportion of seeds 

because of its larger body mass hence the high prevalence of seed consumption in 

its diet. Conversely species with a smaller mass consume less seeds in their diet (Fig. 5, 

Chapter Two). For example, the orange and yellow fronted parakeets are small birds 

with small bills (C. malherbi: body weight average 41 g, BSA = 75 mm3; C. auriceps: 

body weight average 46 g, BSA = 76mm3), which also consume the lowest proportion 

of seeds. The Antipodes Island parakeet is an outlier to some extent; this is due to its 

diet. The Antipodes Island parakeet is frequently described as a folivore (Higgins, 
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1999), feeding largely on leaves of grass and sedge species (See Table 2, Chapter 

Two). In one study the leaves of one species, Poa litorosa made up over 50% of 

observations (Greene, 1999). The seeds of species are consumed largely as 

supplementation of their dietary intake depending on the season. This also reflects 

the vegetation community of Antipodes Island (Godley, 1989).  

I thus suggest that the Tasman parakeet follows the generalist pattern of the 

other Cyanoramphus species, with adaptation to allow for specialisation for feeding 

on the large seeds of the Norfolk pine. I suggest the large prevalence (54% of 

diversity, Chapter Two) and proportion (63.1% of intake, Chapter Three) of seeds in 

the diet of the Tasman parakeet contributes towards fulfilling the energy requirements 

of the species large body size. 

 

My study has advanced the state of knowledge about the diet of this critically 

endangered species. As discussed in chapter three, prior to my research only 15 

species were classified as part of the diet of Tasman parakeets and little data on their 

seasonal preferences was available. I have demonstrated that Tasman parakeets 

feed on at least 25 species and their relative importance follows a seasonal trend. This 

information is crucial to the conservation of the Tasman parakeet, especially in light 

of the proposed translocation to Phillip Island; specifically my research shows that a 

key feeding resource during winter are seeds of Norfolk Island pine (65.3%, Chapter 

Three), thus this resource must be made available in high supply for parakeets 

wintering on Phillip Island if the local Norfolk pine population fails to provide enough 

seeds. 

Preliminary assessment shows that pine seed levels on Phillip Island are 

substantial, despite only 10% of pines bearing cones (Mills et al., 2015). In particular 

there is a considerable presence of a seed in Long Valley (1.23 ha) (Fig. 1), with at 

least 2.63 fresh seeds per m2, and 1.92 dried seeds per m2 (Mills et al., 2015). African 

olive is also a major seasonal resource for the Tasman parakeet, especially in summer 
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and autumn. African olive is found in thick groves on Phillip Island, with the total level 

of olive seed estimated to be in excess of 4 million annually (Mills et al., 2015). Cherry 

guava (Psidium cattleianum) is also a major component of diet in autumn and 

summer, but the species is not present on Phillip Island (Director of National Parks, 

2010; Mills, 2009). White oak also has a high presence on Phillip Island, and the 

Tasman parakeet consumes its flowers on Norfolk Island. Several species that are not 

a component of the Tasman parakeets diet, but are eaten by other Cyanoramphus 

parakeets are abundant on Phillip Island, and could present the opportunity for 

dietary niche expansion. For example, flax (Phormium tenax) is found in the diets of 

both the red-fronted parakeet (C. novazelandiae) and Forbes’ parakeet (C. forbesi) 

(see Chapter Two). Additionally native sedge Moo-oo (Cyperus lucidus) present a 

potential resource which Tasman parakeets can to expand to (Mills et al., 2015). The 

Antipodes Island parakeet relies heavily on sedges (Greene, 1999) the overlap in bill 

morphology (see Chapter Two) suggests they will be able to utilise this resource. 

 

 

Figure 1. Long Valley on Phillip Island. The Norfolk pines in the photograph are ca. 30 

years old (M. Christian pers. comm.). Photo: L. Ortiz-Catedral©  
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Phillip Island is an ideal location for a Cyanoramphus translocation. In addition 

to its predator free status, preliminary surveys indicate abundant levels of dietary 

resources (especially Norfolk pine and African olive seed) (Mills et al., 2015) which I 

have found contributed significantly to the Tasman parakeets diet. Additionally 

similarities in bill morphology between Tasman parakeet and other Cyanoramphus 

species (Antipodes Island parakeet, Forbes’ parakeet and red-fronted parakeet (see 

Chapter Two)) and knowledge of those species diet suggest that there is potential for 

the Tasman parakeet to expand its diet upon introduction to a novel environment, 

just as the orange fronted parakeet has on Maud Island (Ortiz-Catedral et al., 2009). 

 

I have demonstrated that the Tasman parakeet uses a variety of different 

resources throughout the year. Key seasons with low diversity are winter and summer, 

where the parakeets rely largely on single resources (Norfolk pine and African olive 

respectively). While the management and conservation of Norfolk pines will keep this 

resource safe for the Tasman parakeet it is possible it may have an influence on the 

breeding success of the species in the same way rimu (Dacrydium cupressinum) fruit 

production influences breeding success in the critically endangered kakapo (Strigops 

habroptilus) (Elliott et al., 2006). Therefore it may be important to be able to predict 

years that are productive for pine seed, and be able to coordinate additional pest 

management in those years to mitigate predation impacts as has been successful in 

New Zealand (O'Donnell & Hoare, 2012; Powlesland et al., 2003). Another issue is the 

reliance on African olive in summer. As African olive is a weedy species with a control 

plan within the Norfolk Island National Park (NINP) its removal could impact the 

Tasman parakeets diet in the long term. In this case further research is required, as it is 

difficult to know if the Tasman parakeet is feeding on this species because of its high 

abundance, or because there is a lack of other suitable resources in summer. 

Knowledge of which species are important in which seasons will also help managers 
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to predict and gaps or shortfalls in resource production on Phillip Island for the 

potential translocation there. 

In the diet of the Tasman parakeet fleshy and dry fruits made up a significant 

proportion of spring diet compared with other seasons. Dry seeds were more 

frequently consumed in autumn than in any other season. The reliance of the Tasman 

parakeet on a small number of food types is common amongst other parrot species 

(for example the scaly headed parrot (Pionus maximiliani) (Galetti, 1993), and the 

North Island kaka (Nestor meridionalis septentrionalis) (Moorhouse, 1997). My study 

suggests that production of resources may be seasonally significant, for example, 

poor fruit production in spring may negatively affect the Tasman parakeet, with flow 

on effects if there is not enough dry seed in autumn when it is a key component. 

I found differences in the variability of feeding heights across the seasons. I suggest 

that feeding height varies seasonally due to the type of resource being consumed 

(i.e. seeds on the ground, vs flowers or fruit higher in the canopy). One significant 

resource that the Tasman parakeet spends a significant amount of time feeding on 

at ground level is Norfolk pine seed (n = 66, 13.6% of total observations). The total 

number of observations of ground feeding is 87, representing 18% of all feeding 

observations. The highest proportion of these observations comes from winter, 55.4% 

(n = 56) of observations. This represents a predation risk, especially for young birds. This 

may represent a population barrier to recruitment, as juvenile birds are particularly at 

risk as they lack predator detection skills and have poor flight skills. Rats and cats were 

seen active during the daytime when parakeets are active (Pers. Obs.). 

5.2 FUTURE RESEARCH 

While the Tasman parakeet has been under management for many years 

there are still many scientific avenues of enquiry that could benefit the management 

of the species. The ability to conduct more systematic research also increases as the 

population size grows. 
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5.2.1 Competition With Crimson Rosellas (Platycercus elegans) 

One important aspect affecting the survival of the Tasman parakeet I did not 

quantify in this study was the degree of competition for feeding resources between 

crimson rosellas and Tasman parakeets. Crimson rosellas were introduced to Norfolk 

Island as cage birds in the late 1800’s (Chirstian, 2005) and by the 1960’s had become 

well established and considered common (Smithers & Disney, 1969). Since the 1980’s 

crimson rosellas have been considered competitors for nesting sites and feeding 

resources of Tasman parakeets (Forshaw & Cooper, 1981; Hicks & Greenwood, 1989). 

In their native range in mainland Australia, crimson rosellas inhabit tropical 

and subtropical lowlands and forests and extend south to temperate mountain and 

foothill forests as well as Eucalyptus woodlands (Forshaw & Cooper, 1981). The diet of 

crimson rosellas on mainland Australia consists of seeds, nectar, fruits, buds and 

occasionally insects (Forshaw & Cooper, 1981). On Norfolk Island, crimson rosellas are 

reported to feed on fruits of bloodwood (Baloghia inophylla), guava (Psidium 

guajava), tobacco (Solanum mauritianum) and Lantana camara (Forshaw & 

Cooper, 1981). Bloodwood and tobacco are minor elements of the diet of Tasman 

parakeets (< 10% of overall diet, Chapter Three). However, I have seen crimson 

rosellas feeding on other species that are significant resources for the Tasman 

parakeet including niau palm, Norfolk Island pine, African olive and cherry guava 

within my study area. Outside the Norfolk Island National Park, crimson rosellas have 

been observed ingesting seeds of Hawaiian holly (Schinus terebinthifolius) (L. Ortiz-

Catedral, pers. comm.). 

Crimson rosellas occur throughout Norfolk Island, including the Norfolk Island 

National Park (Chirstian, 2005) where they outnumber Tasman parakeets with an 

estimated population size of 1200 (Skirrow and Ortiz-Catedral, unpublished). That is, 

crimson rosellas are approximately six times more abundant within my study site than 

the highest estimated number of Tasman parakeets. Because of their higher 

abundance crimson rosellas can be expected to have a considerable effect on 
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feeding resources of Tasman parakeets, in particular niau palm and Norfolk Island 

pine seeds.  Clearly this needs to be quantified. I attempted to document the diet of 

crimson rosellas on Norfolk Island using the methodology described in chapter three, 

but unlike Tasman parakeets, these birds are very wary of human observers and often 

fly away before observations can be made. An alternative to study the degree of 

competition between crimson rosellas and Tasman parakeets is the installation of 

motion-sensitive cameras on key feeding resources to determine visitation rates and 

estimate fruit take per species. This approach has been successfully used to 

document frugivory of canopy birds (Rivas-Romero & Soto-Shoender, 2015). 

 

 

Figure 2. A crimson rosella feeding on niau palm (Rhopalostylis baueri). Photo L. Ortiz-

Catedral© 
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5.2.2 Competition For Food With Introduced Rodents 

Two species of invasive rodents have established on Norfolk Island since the 

late 1800’s: kiore or Pacific rat (Rattus exulans) and ship or black rat (Rattus rattus) 

(Smith et al., 2001). These rodents depredate eggs and nestlings on a variety of island 

bird species (Athens et al., 2002; Harper, 2009; Towns et al., 2006) including the 

Tasman parakeet (Director of National Parks, 2008, 2010; Hill, 2002). One aspect that 

has not yet been quantified is the level of competition for food imposed by these 

rodents on the Tasman parakeet. During this study I saw a rat feeding on the ground 

during the day within 2 m of a feeding Tasman parakeet. Also volunteers for my study 

have noticed Pacific rats feeding on seeds and fruits of African olive, Norfolk Island 

pine, niau palm, Maple (Elaeodendron curtipendulum) and Meryta latifolia (Fig. 2). 

On the later species, groups of two to five rats were seen on separate occasions 

feeding on developing fruits up to 2 m above the ground. The fruit set in the 

photograph was entirely consumed within a few days (L. Ortiz-Catedral, pers. 

comm.). The density of each rodent species in the Norfolk Island National Park has 

not been accurately estimated, but warrants investigation within key feeding and 

nesting areas of the Tasman parakeet.  

 
Figure 3. Two Pacific rats (Rattus exulans) eating fruits of Meryta latifolia in the Norfolk 

Island National Park. This entire fruit set was consumed by Pacific rats within a few 

days. Photo L. Ortiz-Catedral©. 



 128

As discussed in chapter four, Tasman parakeets move to different foraging 

areas between seasons (Figs. 3 - 6, Chapter Four) but it is unclear if this is a response 

to seasonal food shortages in other areas. Thus understating the effects of invasive 

rodents on spatially variable foraging resources of the Tasman parakeet is crucial to 

the effective management of this species. 

 

5.2.3 Habitat Use Of Tasman Parakeets And Resource Availability 

As discussed in chapter four, I conducted a pilot study on the seasonal spatial 

variation of foraging grounds for the Tasman parakeet. The information obtained in 

my study suggests a seasonal pattern of foraging on areas of high density of specific 

feeding resources. However, because my study was limited to accessible roads and 

tracks I was unable to test whether this was an artefact of my sampling scheme or an 

actual pattern followed by Tasman parakeets. Nevertheless, there is evidence to 

support a pattern of resource abundance tracking by Tasman parakeets. During both 

winters of my study, Tasman parakeets were observed primarily along areas of high 

density of Norfolk Island pine (Fig. 3, Chapter Four). In this season, Norfolk Island pine 

seeds represent 65.3% of the species consumed (Chapter Three). During summer in 

contrast, most of the feeding observations were on the eastern side of the Norfolk 

Island National Park, in lower areas with high abundance of African olive (Fig. 5, 

Chapter Four). Clearly there is a need for a structured sampling aimed at quantifying 

abundance of key resources and the spatial movements of Tasman parakeets. 

Radio-telemetry studies can provide insights into the spatial inter-seasonal variation of 

Tasman parakeets, especially their movements out the NINP. This technology is 

regularly used to quantify home ranges of endangered birds (Leavelle et al., 2015). 
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APPENDICES 

A.1 APPENDIX 1 

My research was conducted under full approval by: Norfolk Island National Park and 

Department of Environment Australia. 
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A.2 APPENDIX 2 

A.2.1 Raw Data For The Tasman Parakeet Diet 

Table 1. Total number of observations of plant species consumed by the Tasman 

parakeet per season (excluding non-dietary items). (For common names see Table 3, 

Chapter Three). 

Species Winter Spring Summer Autumn Total 

Araucaria heterophylla 66 10 0 36 112 

Baloghia inophylla 1 2 0 0 3 

Capparis nobilis 0 1 0 0 1 

Dodonaea viscosa 0 76 0 0 76 

Elaeodendron curtipendulum 0 0 0 1 1 

Hakea salicifolia salicifolia 0 2 0 0 2 

Hibiscus sp 0 2 0 0 2 

Korthalsella disticha 0 0 0 2 2 

Lagunaria patersonia patersonia 0 1 0 0 1 

Macropiper excelsum psittacorum 0 1 0 0 1 

Melia azedarach 3 0 0 3 6 

Melodinus baueri 0 1 0 0 1 

Meryta angustifolia 1 0 0 0 1 

Meryta latifolia 0 0 0 1 1 

Myrsine ralstoniae 0 5 2 0 7 

Nestegis apetala 4 11 0 0 15 

Olea europaea cuspidata 11 7 23 28 69 

Oplismenus hirtellus 0 0 0 1 1 

Pennantia endlicheri 0 0 0 3 3 

Prunus persica 0 12 0 0 12 

Psidium cattleianum 0 1 14 18 33 

Pyrrosia confluens 0 3 0 0 3 

Rhopalostylis baueri 15 73 3 32 123 

Solanum mauritianum 0 2 0 2 4 

Zanthoxylum pinnatum 0 3 0 0 3 

Total 101 213 42 127 483 
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Table 2. Total number of observations for different food types per season. Sample Size 

(n) per season: Winter = 101, Spring = 213, Summer = 42, Autumn = 127. 

Food type Dry fruit Dry seed Fleshy Fruit Flowers Leaves 

Winter 1 62 34 0 0 

Spring 18 97 84 3 7 

Summer 0 27 14 1 0 

Autumn 0 103 22 1 0 

Total 19 289 154 5 7 

Food type Pedicel Pollen Rhyzome Sori Sprout 

Winter 0 4 0 0 0 

Spring 2 0 1 1 0 

Summer 0 0 0 0 0 

Autumn 0 0 0 0 1 

Total 2 4 1 1 1 
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A.3 APPENDIX 3 

A.3.1 Tukey Honest Significant Differences 

The following figures show a visual comparison of the 95% confidence intervals 

for mean differences in measurements of bill morphology between pairs of 

Cyanoramphus species constructed by the Tukey HSD test procedure.  

Sample sizes were consistent for all comparions: C. auriceps = 17, C. cookii = 3, C. 

novaezelandiae = 38, C. unicolor = 5. 

 

 

Figure 1. 95% confidence intervals for mean upper bill length (mm). 
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Figure 2. 95% confidence intervals for mean upper bill width (mm). 

 

 

Figure 3. 95% confidence intervals for mean upper bill depth (mm). 
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Figure 4. 95% confidence intervals for mean lower bill basal width (mm). 

 

 

Figure 5. 95% confidence intervals for mean lower bill distal width (mm). 
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Figure 6. 95% confidence intervals for mean lower bill length (mm). 

 

 

Figure 7. 95% confidence intervals for mean lower bill width (mm).  

 




