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Male feral cat (Felis catus) on Mt Rakeahua, Stewart Island, February 2000. 
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ABSTRACT 

Populations of many native bird species on Stewart Island are in decline, despite the 

absence of mustelids, which are known bird predators on the mainland of New 

Zealand. Other bird predators, principally ship rats, possums, and feral cats, are 

therefore likely to be responsible for the extinction and reduction in numbers of native 

bird populations on Stewart Island. Feral cats, as efficient predators of ground nesting 

birds, are thought to be the principal reason for the steep decline in numbers of the 

endangered southern New Zealand dotterel, that nest in alpine heath on the mountain 

tops of Stewart Island. 

Feral cats are being controlled to reduce predation and thus increase the numbers of 

dotterels. To improve the current control of cats, the habitat selection of feral cats on 

Stewart Island was investigated. Cats are known to select habitat depending on where 

their prey is located, so trapping of three rat species, which are cats' principal prey, 

was carried out in four forest types to examine rats' habitat selection and seasonal 

changes in relative abundance. Ship rats were found in all forest types, and were 

numerically dominant in two. Norway rats dominated in subalpine shrubland and 

Pacific rats dominated in Leptospermum scoparium shrubland. Overall, rat numbers 

fluctuated seasonally, with a low in relative abundance occurring over the late 

summer and early autumn. 

When rat abundance was reduced cats were more likely to leave established home 

ranges or die, probably through starvation. As rats became less abundant cats did not 

apparently 'prey-switch' to birds, as secondary prey, but cats did eat proportionally 

more birds by weight as rat abundance declined. Rats formed 81 % of cats' diet by 

weight and seasonal depressions in rat abundance every year were limiting cat 

numbers. 

Cats were radio-collared and radio-tracked to investigate home range sizes and habitat 

selection. The home ranges of cats on Stewart Island, measured using the minimum 

convex polygon method, were the largest recorded for females and the second largest 

recorded for males. The large home range sizes were probably due to the seasonal 
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depressions in primary prey abundance. Habitat selection by cats was measured using 

the kernel method. Cats used podocarp-broadleaf forest more than was expected by 

availability, and used subalpine shrubland significantly less than podocarp-broadleaf 

forest. Selection of the forest types by cats was influenced by the need for shelter 

from wet weather. Similarly, it appears that dotterel recruitment is adversely affected 

in dotterel breeding seasons with very wet weather, despite the apparent success of the 

current cat control programme in reducing predation of adult dotterels. 

Habitat selection of the New Zealand robin was though to be influenced by known 

nest predators, such as ship rats and possums, on Stewart Island, and was investigated 

using trapping records and artificial nest predation experiments in three forest types. 

Ship rats and possums were trapped significantly less in Leptospermum shrubland 

than in podocarp-broadleaf forest, and more artificial nests were successful in 

Leptospennum shrubland than the other forest types in spring, and more successful 

than artificial nests in podocarp-broadleaf forest in summer. These results support the 

theory that robins are restricted to Leptospermum shrubland by the habitat preferences 

of nest predators. 

As a result of the conclusions from this thesis it is suggested that control of cats 

continue in the subalpine shrubland, until large-scale control of cats is possible. Any 

large-scale control would need to be done in concert with rat control due to the 

probable problems of mesa-predator release, of rats, for nesting birds. Large-scale cat 

control would also be more effective if it was carried out in lowland forest, and in the 

summer, when cats' prey abundance is low. Monitoring of dotterel recruitment, in 

relation to seasonal weather means, requires more investigation, as does the 

population dynamics of rats and cats during podocarp mast-seed years, the status of 

ground-nesting birds on Stewart Island, and the reasons for the observed distribution 

of robins. 
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Chapter 1 

INTRODUCTION 

Introduced predators and native birds 

Predation by introduced mammals is a principal cause of the decline in diversity of 

native species in New Zealand (Towns and Atkinson 1991, Clout and Lowe 2000). 

Introductions of mammalian predators to New Zealand by humans have been 

particularly devastating for endemic birds, which evolved without mammalian 

predators, and have not developed effective anti-predator strategies for mammals 

(Kruuk 1982, Moors and Atkinson 1984, Holdaway 1999). Mammalian predators 

introduced to New Zealand include; Pacific rats Rattus exulans (Peale 1948), ship rats 

R. rattus (Linnaeus 1758), Norway rats R. norvegicus (Berkenhout 1769), the 

mustelids; ferretsMustelafero (Linnaeus 1758) and stoatsM erminea (Linnaeus 

1758), as well as the house cat Pelis catus (Linnaeus 1758). Introductions of cats to 

islands elsewhere have proved disastrous to populations of endemic birds (Derenne 

1976, Jehl 1984, Rauzon 1985, Kirkpatrick and Rauzon 1986, Seabrook 1990, 

Ashmole et al 1994, McChesney and Tershey 1998), and cats have proved to be 

particularly efficient predators of ground-nesting birds (Fitzgerald and Veitch 1985, 

Bloomer and Bester 1992, Sanders and Maloney in press). 

Europeans introduced cats to New Zealand from the late 181
h Century onwards and 

cats eventually became feral, with a concomitant deleterious impact on native bird 

populations (Fitzgerald 1990). Since then, in an effort to preserve native wildlife, cats 

have been eradicated from a few of New Zealand's offshore islands (Fitzgerald and 

Veitch 1998, Veitch 2001), but they continue to threaten populations of native birds 

and reptiles in other parts of the country (Gillies 2001). Consequently control or 

eradication of cats is undertaken to ensure the survival of threatened native species 

(Clout and Low 2000, Dowding and Murphy 2001, Gillies 2001), which has often 

resulted in declines in predation rates on native species and/or the recovery of the 

native species population (Cooper et al. 1994, Powlesland et al. 1995). An example is 

the case of feral cats and the southern New Zealand dotterel/tuturiwhatu Charadrius 

obscurus obscurus. 
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Feral cats and the decline of the NZ dotterel 

The southern New Zealand dotterel is the larger subspecies of an endangered endemic 

plover species (Dowding 1994). The northern subspecies is found in coastal areas of 

the northern North Island and currently numbers some 1350 birds (Heather and 

Roberston 1996). The southern New Zealand dotterel was distributed throughout the 

South Island when New Zealand was colonised during the 19th Century. Population 

numbers began to decline during this period due to predation by introduced cats, 

possibly Norway rats, and later, mustelids (Dowding 1999). By the 1950s a remnant 

population of about 3 20-3 50 birds survived on 1725 km2 Stewart Island/Rakiura, 

south of the South Island, where they nested on the low sand dunes at Mason Bay, on 

the west coast of the island, and on the alpine highlands (Barlow 1993, Dowding and 

Murphy 1993). By 1992 this population comprised only 62 individuals, with possibly 

as few as 25 breeding pairs. The population exhibited a skewed sex ratio of 1 male to 

2 females, suggesting that the males, which incubated at night, were being killed on 

the nest (Dowding 1997). As mustelids are absent from Stewart Island, the most 

likely predators were feral cats. Ship rats Rattus rattus were also possible culprits 

(Dowding and Murphy 1993). The apparently sudden decline in dotterel numbers 

from the 1950s was difficult to explain, and a change in some aspect of predator 

biology in the past 50 years was implicated (Dowding and Murphy 1993). 

To address the decline of dotterel numbers, a trial cat control programme was started 

in 1992. Because of problems with poison bait quality and delivery the programme 

was re-evaluated and in 1995 a revised control programme was initiated (Taylor and 

Roberts 1995). Control involves 'ring-fencing' four dotterel breeding areas with a 

circle of poison bait stations. The bait stations are plastic buckets placed every 50-

200 m intervals at the bushline, at an altitude of about 500 m. Forty-four grams of 

Fishmeal polymer 'Bait-tek' baits are loaded into each bait station. The baits 

weighing about 2 g each, and are loaded with a 0.1 % 1080 (Sodium 

monofluoroacetate) poison. One rat bait is also added as rats were recorded taking cat 

bait. Due to the very wet (>3200 mm/annum: Sansom 1984) and windy climate in the 

alpine tops the baits are replaced every two weeks to prevent the bait going mouldy 

(Dobbins and Joyce 1997), and limited access means it takes about six days to replace 

the baits at all the sites. No roads exist on Stewart Island except at the small 
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township of Oban, so all control work requires the use of small boats and walking 

tracks. 

Dotterel numbers increased from 1992 to 2001, and the total population now numbers 

about 180 birds (M.Dobbins pers. comm. 2001 ), which suggested that the on-going 

operation has been successful in reducing predation by cats. No poisoned cats have 

been found however, so direct evidence of the efficacy of cat control is not available 

(Harding et al. 2001). The continued survival of the dotterel is believed to be 

dependent on continued the cat control, but because long-term predator control is 

expensive and labour intensive, any improvement to the efficiency and effectiveness 

of a control operation is desirable (Reynolds and Tapper 1996, Dowding and Murphy 

2001). 

Cat biology: Stewart Island 

What little is known about the biology of cats on Stewart Island arose out of the need 

to improve cat control in the late 1970s. A cat diet study based on cat scats found 

across the entire island was undertaken from 1977 to 1980 (Karl and Best 1982). Cat 

control in southern Stewart Island in the 1980s was then carried out to reduce the 

devastating impact of cats on the critically endangered kakapo Strigops habroptilus, a 

large endemic nocturnal flightless parrot. Trapping was carried out mainly in lowland 

podocarp-broadleaf forest in the belief that cats preferred this forest type and limited 

cat poisoning was carried out in the inland areas where kakapo were still found 

(Roberts 1992). The operation was regarded as successful as cats were killed and 

recorded kakapo mortality declined, although most of the impact on the kakapo 

population was apparently due to only a few cats that had learned to specifically kill 

kakapo (Roberts 1992). The ongoing risk to kakapo meant that the remaining 

population of 61 birds was transferred to offshore islands free from large mammalian 

predators (Lloyd and Powlesland 1994, Powlesland et al. 1995). To date, therefore, 

knowledge of cat biology on Stewart Island is largely derived from anecdotal 

information and inferences from two cat control operations. 

To be effective, long-term predator control requires an understanding of the biology 

and habitat selection of the predator (Reynolds and Tapper 1996, Harding et al. 2001). 
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The biology of feral cats elsewhere is generally well known, especially diet and 

spatial organization, but there are some gaps (Liberg et al. 2000, Fitzgerald and 

Turner 2000). Links between the seasonal availability of prey and the numerical 

and/or behavioural response of cats is only just beginning to be documented (Norbury 

et al. 1998, Molsher et al. 1999, Edwards et al. 2001). Although the reasons for home 

range size in cats have been well documented (Liberg et al. 2000), information on 

habitat selection by cats is limited and restricted largely to pastoral or grassland areas 

(Corbett 1979, Barratt 1979, Hall et al 2000, Daniels et al. 2001, Edwards et al. 2002). 

In addition to this, no study of feral cats has ever been carried out in a large, 

completely forested habitat. Even the comprehensive study of cats in the forested 

Orong0roli0 vValley, in the southern North Island, was situated within 3 km of 

farmland (Fitzgerald and Karl 1979, 1986). 

Habitat selection in cats 

Besides providing information useful for the control of cats, conducting research on 

feral cats may also throw light on theoretical debates about habitat selection and 

predator-prey dynamics. Habitat selection theory suggests that several mechanisms 

influence a species' preference for a habitat. Past interspecific competition is often 

invoked as a mechanism, whereby competing species partition habitat to avoid direct 

competition (Morris 1999). Habitat preference may reflect predator avoidance 

(Mysterud and Ims 1998, Brown 2000), or habitats may be preferred more strongly as 

population density declines; the density-dependent habitat selection theory 

(Rosenzweig 1991). Therefore if cat densities are low on Stewart Island for example, 

cats may exhibit habitat selection dependent on resource distribution or intra-specific 

interactions alone (Kacelink et al. 1992), as they have no competitors or predators. 

The predator-prey system on Stewart Island is almost unique, being a simple 

arrangement of a single predator with two principal prey types, a primary prey, rats, 

and one secondary prey type, birds (Karl and Best 1982). The importance to 

mammalian predators of 'prey switching' to alternative prey when primary prey are at 

low densities has been suggested by empirical data and predator-prey models 

(Murphy et al. 1998, Van Baalen et al. 2001). The cat-rat-bird system on Stewart 

Island may provide additional evidence on the importance of secondary prey for the 

persistence of predators. 
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This investigation of the biology of feral cats on Stewart Island was therefore begun 

with baseline information from several sources. Habitat selection and predator-prey 

theory, allied with data from previous cat research, and adjusted with what little was 

known about cats on the island. The ultimate aim was improved control of an exotic 

predator. Thus the driver for the study was the ecology of cats, with a view to their 

management with respect to dotterels. This meant that the Rakeahua Valley was 

selected as the study site, as cat control was being carried out at three sites within five 

km. 

Aims of the study 

This study arose from a requirement for information about feral cats on Stewart 

Island, in order to improve current cat control operations designed to protect the 

southern New Zealand dotterel. The principal question being addressed was: which 

factors influence the habitat use and density of feral cats on Stewart Island? During 

the course of the research however, it became obvious that many other native bird 

species, besides the southern New Zealand dotterel, had been seriously impacted by 

all the predator species present on Stewart Island. To complete the investigation and 

not highlight the current status of native birds in this often forgotten part of the 

country would have been remiss of me, especially as this research answers a 

conservation biology question, and is thus concerned with correcting losses in 

endemic biodiversity (Soule 1985). Therefore I have attempted to answer the 

principal question within a broader context of patterns of endemic bird species 

population decline, through predation, by the resident predator guild on Stewart 

Island. 

Structure of the thesis 

This thesis represents work begun in February 1999, and supervised by Drs Harald 

Steen and Katherine Dickinson, and later Dr Philip Seddon. The research was carried 

out entirely by myself The layout is in the form of independent, but connected 

chapters intended to be submitted for publication individually. As the same study site 

was used throughout the research and some similar techniques are used to investigate 

several questions, there is necessarily a degree of repetition of background 

information, especially in the methods sections of Chapters three to six. The capture 
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of animals was approved by Otago University Animal Ethics Committee (Protocol 

No. 44/99). 

Chapter two sets the scene with respect to the status of native birds on Stewart Island 

and outlines the changes in impact that cats, rats and possums have had on the native 

bird population in the recent past. This information is compared with the status and 

habitat use of native birds on the South Island of New Zealand, where mustelids 

expand the guild of introduced mammalian predators. 

Chapter three outlines the seasonal population dynamics of the three rat species, 

which is important as rats are cats' primary prey, and investigates habitat selection by 

rats and the possible reasons for their distribution. 

Chapter four then combines seasonal cat diet information with data on the availability 

of primary prey and the observed behaviour of cats, to draw conclusions about the 

factors that limit the density of cats. 

In Chapter five, radio-telemetry is used to reveal possible habitat selection by cats. 

Possible reasons for observed patterns of habitat use by cats are investigated and 

discussed with respect to predation on southern New Zealand dotterel. 

Chapter six looks at the distribution of several introduced predators in relation to the 

habitat use of the New Zealand robin. Results of seasonal predator trapping and a 

limited artificial nest experiment are used to highlight differences in habitat selection 

by predator species. 

The concluding chapter is a general discussion, which integrates the findings of the 

five substantive chapters and makes recommendations for the management of feral 

cats on Stewart Island. 
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Chapter2 

THE NATIVE FOREST BIRDS OF STEWART ISLAND (RAKIDRA): THEIR 

CURRENT DISTRIBUTION, STATUS, AND RECENT EXTINCTIONS. 

The principal reasons for the decline in native birds in New Zealand have been 

predation by introduced mammalian predators along with habitat destruction and 

disturbance (Innes and Hay 1991, Holdaway 1999a). Although three rat species 

Rattus spp., house cats Felis catus, and possums Trichosurus vulpecula have been 

introduced to Stewart Island, the stoat Mustela erminea, along with the other 

mustelids, is absent (King 1990). On several of Stewart Island's neighbouring 

islands, exotic mammalian predators are either historically absent or have been 

removed in recent times. The forest cover of Stewart Island and its offshore islands 

has also largely escaped the large-scale destruction that occurred on the mainland 

although on the main island introduced browsers have modified the vegetative cover. 

In essence Stewart Island provides an opportunity to assess the effect that rats, 

possums and cats have had on native birds without additional factors such as the 

presence of mustelids and habitat destruction that have affected native birds on the 

mainland ofNew Zealand. 

There have been very few published reviews of the status of native forest birds on 

Stewart Island, and none in the past 75 years. Cockayne (1909) and Guthrie-Smith 

(1914) provided the first extensive bird lists of the island. Oliver published a 

comprehensive review in 1926. Since then small notes have appeared (Martin 1950, 

Dawson 1951, Tily 1951) and also for offshore islands (Watters 1963, Blackburn 

1965, Blackburn 1968). The Atlas of Bird Distribution provides a file of birds present 

and their rough distribution, but does not give an indication of status (Bull et al. 

1985). 

Study area 

Stewart Island, or Rakiura ( 4 7°S, 168°E), is the smallest of the three main islands of 

New Zealand (Figure 2.1). It encompasses some 1725 km2 and is roughly 75 km long 
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Figure 2.1. Map of New Zealand showing the locations mentioned in chapter 2, 
including the location of Stewart Island. 
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Figure 2.2. Map of Stewart Island showing the locations mentioned in chapter 2. 
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Figure 2.2a. Maps of portions of Stewart Island showing locations mentioned 

in chapter 2. 
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by 45 km wide, situated about 30 km south of the South Island (Wilson 1987). It has 

numerous smaller associated islands (Figures 2.2, 2.2a). The largest of these are 

Whenua Hou/Codfish Island (1396 ha), Taukihepa/Big South Cape (940 ha) and Pearl 

Island (500 ha). Ruapuke Island, to the northeast, is not included in this review as its 

forest cover has largely been destroyed (Wilson 1987). 

Stewart Island is largely forested, and hilly, rising to over 700 min several highlands. 

Extensive areas oflow-lying flats exist, with permanent wetlands and lakes. Streams, 

some tidal for many kilometres, are found throughout. Several drowned river valleys 

characterise the east coast, whereas the west coast is more exposed, and cliffs, 

interspersed by some sandy beaches, predominate. The largest beach, Mason Bay, is 

some 12 km long (Wilson 1987.) 

The island has a cool temperate, cloudy climate. Strong and frequent west and 

southwest winds predominate. Precipitation is spread evenly throughout the year 

(Meurk and Wilson 1989). The township at Halfmoon Bay receives about 1500 mm 

per year, and up to 2265 mm per year is recorded in the Rakeahua Valley (K. Tredea, 

NIWA, pers. comm.). Snowfall, mainly during the winter, is usually restricted to the 

alpine tops. 

Human history 

Stewart Island was colonised, initially intermittently, by humans about 700 years ago 

(Holdaway 1999b). Europeans began working the coast for seals in the early 1800s, 

and small settlements were established. The first settlement was at Whenua Hou 

around 1825, and the second at Port Pegasus in 1826. As the seal stocks were 

depleted whaling became the dominant industry. As these industries declined Oban, 

at Halfmoon Bay, became the site of the main township on Stewart Island. The entire 

island was sold to the New Zealand Government in 1864 (Howard 1940) and by the 

early 1900s most of the island had been gazetted as scenic or nature reserves (Meurk 

and Wilson 1989). The poor soils meant that only small amounts of farming and 

logging were carried out, and by the 1930s fishing and tourism had become the main 

money earners (Howard 1940). In March 2002 Rakiura National Park was gazetted, 

encompassing 85% of Stewart Island and some offshore islands. 
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Vegetation and soils 

Soils are generally oflow fertility (Wilson 1987). Southern beeches Nothofagus spp. 

(Connor and Edgar 1987) are absent. Rimu Dacrydium cupressinum and kamahi 

Weinmannia racemosa forest covers about 60% of the land area, co-dominant with 

southern rataMeterosideros umbe!lata and some miro Podocarpusferruginea and 

totaraPodocarpus hallii (Wilson 1987). The low forest and scrub is found in coastal, 

subalpine, and alluvial sites and covers about 26% of the land area. It generally 

consists of various combinations of some of the following: manuka Leptospermum 

scoparium, leatherwood Olearia colensoi, Dracophyllum longifolium, Myrsine 

divaricata, Coprosma spp., Halocarpus biformis, Lepidothamnus intermedius, and 

Meterosideros umbellata. The remaining land area is open tall tussock grassland, 

alpine heath, wetlands or bare rock. 

Whenua Hou and some inshore islands like Pearl, Anchorage and Ulva islands have 

tall forest cover (c. 20 m). Fire-induced shrublands are present on the upper slopes of 

Whenua Hou and Pearl Island. Most of the smaller islands and the exposed shores of 

larger offshore islands are dominated by Senecio reinholdii or Olearia species. 

Small areas of the vegetation cover have been burnt on Stewart Island, up to the 

1920s, mainly in the Freshwater Valley and in Port Pegasus (Martin 1950, Figure 

2.2). Logging of forest was largely restricted to a small area in the vicinity of 

Halfmoon bay and Paterson Inlet (Howard 1940). 

Introduced animals 

Three species of rats are present. Pacific rats Rattus exulans were introduced to the 

main island about 1600AD (Holdaway 1999b) and are found also on Mokinui/Big 

Moggy, Putauhinu, and Whenua Hou (Atkinson and Moller 1990, Figures 2.2, 2.2a). 

They may have reached the smaller islands relatively recently (Holdaway 1999b). For 

example, they may have reached Whenua Hou only 100-200 years ago as the South 

Georgian diving petrel Pelecanoides georgicus population would probably not 

currently exist if Pacific rats had been introduced earlier (Worthy 1998). Pacific rats 

have recently been eradicated from Putauhinu, Rarotoka and Whenua Hou (A 

Roberts pers. comm. 2001 ). 
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Norway rats Rattus norvegicus are likely to have arrived on Stewart Island about 1800 

AD with sealers (Moors 1990). They also reached Ulva Island, Bench Island, and 

Pearl and Rosa Islands in Port·Pegasus (Atkinson and Moller 1990). Eradication was 

achieved on Ulva in 1996 (A Roberts pers.comm. 2001). Norway rats could reach 

plague proportions on Stewart Island. Hundreds were recorded feeding on shellfish at 

low tide in Paterson's Inlet sometime between 1874 and 1880 (Thomson 1922). 

Ship rats Rattus rattus probably became established on Stewart Island around or after 

the 1890s (Atkinson 1973). Ship rats were reported at camps on Stewart Island by 

1911, in addition to the Norway rat (Guthrie Smith 1914). Ship rats are now found 

virtually everywhere on Stewart Island, and consequently the distribution of Pacific 

rats and Norway rats has probably become more localised (Hickson et al. 1986, 

Sturmer 1988). Ship rats were also introduced to Native Island, Pearl and Rosa 

Islands in Port Pegasus, and Puekeweka, Poutama and Solomon Islands (Atkinson and 

Moller 1990, Figure 2.2a). A ship rat invasion ofTaukihepa in 1963 resulted in the 

complete extinction of Stead's bush wren Xenicus longipes variablis and Stewart 

Island snipe Coenocorypha aucklandica iredalei. South Island saddleback 

Philesturnus carunculatus carunculatus, Stewart Island robin Petroica australis 

rakiura, Stewart Island fernbird Bowdleria punctata stewartiana and brown creeper 

Mohoua novaeseelandiae also became locally extinct on Taukihepa. 

Cats were probably established on Stewart Island by 1850. Most ships of the period 

had cats on board to control rats (Fitzgerald 1990). Sealers were known to release 

cats to control rats on land also. The sealer "General Gates" landed a cat on Marion 

Island about 1818 (Watkins and Cooper 1986), and may have released cats when they 

landed sealers on Stewart Island in 1823 (Howard 1940). Cats were introduced to 

Macquarie Island by sealers before 1820 (Bonner 1984) and were present and 

breeding on the Auckland Islands by 1820 (Taylor 1975a). With Pacific rats present, 

and sealers ashore for weeks at a time, cats were probably landed to protect sealers' 

stores on Stewart Island. Cats were also introduced to Mokinui/Big Maggy ( c.1915) 

(Miskelly 1987), Herekopare (c.1925) (Fitzgerald and Veitch 1985) and Putauhina 

islands. They have been removed or became extinct on the latter two islands 
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(Fitzgerald 1990). They were recorded on Stewart Island by 1900 (Cockayne 1909) 

and are now present across the island (Karl and Best 1982). 

Brushtail possums were introduced to Stewart Island in 1890 (Cowan 1990). They 

are now found throughout the island from seashore to alpine tops (pers. obs.). They 

were present on one offshore island, Whenua Hou, where they were introduced 

around 1890. The New Zealand Wildlife Service had eradicated possums on Whenua 

Hou by 1987. They are absent from inshore islands in Port Pegasus and Paterson Inlet 

(Cowan 1990). 

Red deer Cervus elaphus were introduced in 1901 (Challies 1990) and whitetail deer 

Odocoileus virginianus in 190 5 (Davidson and Challies 1990). The impact of deer 

and possums on native vegetation is substantial and well documented (Challies 1990, 

Cowan 1990, Davidson and Challies 1990). Other browsers include sheep Ovis aries 

previously run at Mason Bay, and cattle Bos taurus in the Rakeahua valley, but these 

animals are present only on farms around Halfmoon Bay (Figure 2). Pigs Sus scrofa, 

goats Capra hircus and rabbits Oryctolagus cuniculus were present but have died out 

or have been removed. 

Methods 

Historical books and original papers were critically reviewed for bird references 

relating to Stewart Island. Reports held by the Department of Conservation in 

Invercargill were examined. Most reports summarised searches conducted for kakapo 

and kokako from 1977 to 2000 by the New Zealand Wildlife Service (to 1987), the 

Department of Conservation (1987 onwards) and private individuals, and usually had 

bird lists appended. Recent records of sightings held in the Department of 

Conservation database in Invercargill were also reviewed. 

Five-minute bird count data for some common and uncommon birds were used to 

provide a limited degree of rigour for broad comparisons of species' relative 

abundance, rather than solely relying on anecdotal information. Counts from lowland 

forests of Stewart Island and offshore islands as well as the South Island were used to 

compare relative bird abundance in forests with or without suites of predators. Five

minute bird count surveys were conducted on Stewart Island by Department of 
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Conservation staff, in the 1998-99 and 1999-2000 summer during vegetation health 

surveys run (386 and 321 individual counts, respectively), along 1000 m transects in 

podocarp-broadleaf forest. One survey of Bench Island (Figure 2.2a) in April 1999 is 

also included (34 counts). These data were compared with five-minute bird counts 

carried out by the Department of Conservation in the Pembroke area of Fiordland in 

the spring of 1998 and 1999 (127 and 141 counts, respectively. Figure 2.1). Data 

derived from the South Westland bird surveys of the early 1980s (O'Donnell and 

Dilks 1986). These data included counts from Karangarua (n=l22 counts), Makawhio 

(n=l20 counts) and Ohinemaka (n=l44 counts) (Figure 2.1). These forests were 

selected as they comprise coastal podocarp-broadleaf forest, which is similar in 

structure to those on Stewart Island and Whenua Hou. 

I carried out a five-minute bird count on Whenua Hou in August 2001 (n=l9). I used 

the methods described previously (Dawson and Bull 1975). All the counts were 

carried out in podocarp-broadleaf forest. Over two days, I stopped at 200 m intervals 

or greater and listened for 5 minutes. Any bird that was counted in a 90° quadrant at 

each listening post was not counted if seen or heard in that quadrant again. T.his 

lowered the chance of double counts of the same bird. Counts were conducted on 

tracks on either side of the main valley on the island, approximately 1750 m apart. 

All the counts were conducted between 1 Oam and 4pm. The amount of calling by 

birds changes through the day (Dawson et al. 1975, Bibbey et al. 2000) and Onley 

(1980) suggests that bird counts during daytime rather than dawn or dusk periods may 

reduce variability in counts, even though bird calling may be slightly lower around 

midday. The weather was calm and overcast on both days. 

Each set of counts from Whenua Hou, Stewart Island, Bench Island, and the 

Pembroke were separately pooled for each season, and means and 95% confidence 

intervals derived from these. The assumption was made that a given bird species was 

equally detectible at all the counting sites. Data are presented as mean number of 

birds counted with 95% confidence intervals, where available. 

Five-minute bird counts involve an observer walking a line through bird habitat. 

Approximately every 200 m the observer stops, and records every bird seen or heard. 

No bird is counted twice if possible (Dawson and Bull 1975). Five-minute bird 
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counts are inherently unreliable due to observer bias and varying conspicuousness of 

bird species through the seasons, time of day, and in differing vegetation and 

topography (Dawson and Bull 1975, Wilson et al. 1988), but were used in this study 

as little other data were available for comparisons between locations. Where possible, 

counts are derived from or undertaken in similar forest types (podocarp-broadleaf 

forest) to reduce variability (Mofatt and Minot 1994), but seasonal variation could not 

be controlled in the analyses of the counts reported here. 

Bird records before 1900 and now extinct. 

The merganser Mergus australis, slender moa Dinomis struthoides, New Zealand 

raven Corvis moriorum and laughing owl Sceloglaux albif acies were known to exist 

on Stewart,Island before 1900 (Worthy 1998). Although the piopio Turnagra 

capensis existed in rainforest in western Southland (Dunckley and Todd 1949) there 

are no records of piopio from Stewart Island. 

Bird records 1900-2001 (Locations are shown in Figure 2). 

Stewart Island Brown Kiwi/Tokoeka Apteryx australis law1yi 

Kiwi are widespread and common on Stewart Island and present on Ulva Island, and 

are found from the seashore to the alpine tops (Powlesland 1988, pers. obs.). Kiwi 

were recorded as scarce in 1916 (Meyer 1923) but this apparently referred only to the 

northern half of the island. They were thought to have spread from the south of the 

island, at one stage not being known north of the Rakeahua Valley (Cockayne 1909, 

0 liver 1926). Kiwi were common in the northern areas of Stewart Island by the 

1950s (Dawson 1951). 

O'Donnell (1984) recorded high kiwi densities in Mason Bay, compared with other 

parts of New Zealand. Stewart Island kiwi do not appear to be preyed upon by cats to 

a substantial degree (Karl and Best 1984, pers. obs.). A high chick survival rate was 

noted for the 1989 breeding season, possibly due to a creche system (Colbourne 

1990), that may protect the young from cats. However, possums have been recorded 

disturbing kiwi at nests (Morrin 1989), indicating that possum-induced nest-failure 

may be a problem. Research on the age structure of the island's kiwi population may 

shed some light on survivorship. 
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Brown teal/Pateke Anas aucklandica chlorotis (Extinct) 

Brown teal were very common on Stewart Island in the 1800s and increased in 

numbers by the 1920's (Shepard 1826, Reishek 1888, Oliver 1926, Traill 1927). They 

rapidly disappeared in the 1950s and visitors recorded none thereafter (Dawson 1951, 

Tily 1951). A single bird was found on Whenua Hou in 1948 (Dell 1950) but none 

were found there in 1965 (Blackbum 1965). 

Brown teal were regarded as extinct on Stewart Island by 1972 (Hayes and Williams 

1972), their decline being attributed to an increase in cat abundance. Cats have been 

recorded taking mallards Anas platyrhynchos and pintails Anas acuta overseas, 

usually on nests (Hubbs 1951). There is one record of brown teal from near 

Halfmoon Bay in the 1970's (Bull et al.1985). The last recorded sighting was of a 

lone teal, possibly female, seen on Chew Tobacco Creek in early December 1980 

(Innes 1984. Figure 2a). 

Scaup/papango Aythya novaeseelandiae 

Scaup were recorded in the Freshwater and Rakeahua rivers by Cockayne (1909), who 

noted that the species was becoming scarce. However, he may have confused them 

with brown teal as he does not mention brown teal in his list, and no other records of 

scaup from the period exist. They have been recorded once near Halfmoon Bay in 

1970s (Bull et al 1985), although this sighting may also have confused scaup with 

brown teal, which were present near Halfmoon Bay until recently. 

Harrier/Kahu Circus approximans (Common) 

Recorded as uncommon in the early 1900s (Oliver 1926), the harrier may have 

become more common with its increase in abundance on the South Island. Harriers 

are now widespread but in low numbers (Pierce 1981, Powlesland 1988). Harriers are 

now "frequently observed patrolling scrubland, swamp-land and coastal sand-

dunes ... " (Buckingham 1981) and will also search above podocarp forest (pers. obs.). 

Falcon/Karearea Falco novaeseelandiae (Rare) 

Reishek recorded falcons preying on tui in 1888 at Lord's River. Cockayne (1909) 

recorded them as common. By the 1920s falcons were not common (Oliver 1926) and 
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were only occasionally seen (Traill 1928). They were recorded as nesting on Whenua 

Hou in 1934 (Stead 1935) and one was heard there in 1948 (Dell 1950). They were 

not recorded on Whenua Hou in 1965 (Blackburn 1968) and are not present on 

Whenua Hou now. 

Fox (1978) assumed there to be a low density of falcons on Stewart Island from 

previous recorded sightings. One was recorded near Halfmoon Bay during the 1970s 

(Bull et al. 1985) and at the Freshwater landing in 1979 (Buckingham 1981). By the 

1980s they were becoming very difficult to find. They were not recorded in Rakeahua 

valley or Doughboy Bay over 13 days in May 1981 (Pierce 1981 ), or recorded over 

222 km2 grid squares in southern Stewart Island over the summer of 1984/1985 

(Powlesland 1987). Traill (1981) also noted that ... "I used to see them fairly often but 

have not seen one for a long time." 

A series of eight sightings of a falcon from points across Stewart Island were recorded 

from 1998 to early 1999 (DoC database). It was probably a single bird from the 

mainland and these sightings suggest that falcons are now only occasional stragglers 

to Stewart Island. 

Stewart Island weka Gallirallus australis scotti (rare, locally common) 

Weka were common and widespread in the late 1800s and early 1900s (Shepard 1826, 

Reishek 1888, Cockayne 1909, Guthrie-Smith 1914, Philpott 1919, Oliver 1926). 

Weka are now restricted to a small population at Halfmoon Bay on the main island, 

and some offshore islands. 

The reduction in range and numbers of weka on Stewart Island was quite sudden. 

Weka were not recorded on the main island in Port Pegasus in 1949 (Martin 1950), 

but were still common in the Rakeahua valley in 1951 (Dawson 1951). During an 

eradication programme on Whenua Hou 900 weka, which had been introduced to 

Whenua Hou, were transferred to northwest Stewart Island in 1978 (Buckingham 

1981). They quickly disappeared from this area of Stewart Island and were down to 

1978 levels by 1987 (Powlesland 1988). They were recorded as ... "notably 

absent" ... from the Freshwater Valley in 1985 (Buckingham 1985). None were seen or 

heard during a search of 222 km2 grid squares in southern Stewart Island in summer 
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of 1984-1985 (Powlesland 1988). Cats may have brought about this decline. Cats on 

Macquarie Island will take weka when other preferred prey is not abundant (Jones 

1977, Brothers and Skira 1984 ), and they have been recorded taking 'the rail' on 

Stewart Island (Wodzicki 1950). This suggests their decline may have occurred after 

other ground-nesting birds became extinct, because they are more difficult for cats to 

predate. The continued existence ofweka in Halfmoon Bay may be due to well-fed 

domestic animals displacing feral cats, but not having the need to kill a large 

belligerent rail. 

Stewart Island Snipe/Hakawai Coenocorypha aucklandica iredalei (Extinct) 

Snipe were previously extant on the main island and probably died out in the late 

1800s (Miskelly 1987). By the turn of the century they were restricted to offshore 

islands, probably because of predation by cats and Norway rats. The last remaining 

population became extinct shortly after an invasion of Taukihepa by ship rats in 1964 

(Bell 1978) 

New Zealand pigeon/Kereru Hemiphaga novaeseelandiae (uncommon) 

Pigeons have almost certainly declined in abundance. Early records regularly used 

"plentiful" or "common" to describe pigeon numbers in forest (Gutl:1rie-Smith 1914, 

Oliver 1926, Traill 1928). Pigeons were seen "in the hundreds" in Halfinoon Bay 

feeding on Aristotelia serrata (makomako) berries (Oliver 1926) and a flock of 60 

was recorded at Halfmoon Bay in Jan 1949 (Martin 1950). They were also very 

common in the North Arm of Port Pegasus, feeding on Fuchsia excorticata (konini) 

berries in January 1949 (Martin 1950) . 

Numbers of pigeons appear to have declined throughout most of the northern 

mainland by the 1950s but they were still common around Halfmoon Bay at this time 

(Dawson 1951). By the 1980s they were uncommon throughout most of the 

island," . .in the bush one hears just an occasional sound of one, whereas at one time 

there would be a sudden whirr of wings as 20 or 30 rose from a favourite miro tree" 

(Traill 1981). In the Rakeahua valley, where Guthrie-Smith had noted them as being 

plentiful they are now recorded as uncommon in all seasons (Garrick 1978, 

Buckingham 1986), or in low numbers in autumn (Buckingham 1981). I have 

recorded them in small numbers (1 to 3 at a time) in the Rakeahua valley over several 
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seasons of fieldwork. In autumn they become more conspicuous, in small groups of 3 

to 4 individuals, feeding on the fruit of divaricating shrubs Myrsine spp. and 

Coprosma spp. 

In other parts of Stewart Island, except at Halfinoon Bay and offshore islands New 

Zealand pigeon show similar patterns of abundance. Recent reports from throughout 

Stewart Island at all seasons, describe low numbers, occasional sightings, and rarity 

(Cox 1978, Buckingham 1981a, Buckingham 1981b, Buckingham 1986). Pigeons 

were observed only in 21 % of222 km2 gird squares visited over summer of 1984-

1985 in southern Stewart Island, mainly in podocarpforest (Powlesland 1988). They 

are still conspicuous around Halfmoon Bay and on offshore islands like Ulva (pers. 

obs.). 

Five-minute bird counts for New Zealand pigeons (Figure 2.3) suggest that abundance 

of pigeons on Stewart Island is similar to that in coastal forests of the South Island. 

Pigeons appear to be more abundant on islands where there are few predators (Bench 

Island with Norway rats) or no predators (Whenua Hou). Pigeons are known to have 

large seasonal movements ofup to 25 km and are quite capable of taking advantage of 

widely separated seasonal food sources (Clout et al. 1991 ). However, this behaviour 

does not explain the widespread scarcity of pigeons at many locations at all seasons. 

This suggests that predators rather than food supply may be limiting pigeon numbers 

on Stewart Island. 

Kakapo Strigops habroptilus (Rare) 

Kakapo were first recorded on Stewart Island in 1847 (Dawson 1962) and were seen 

occasionally in the early 1900s around Port Pegasus (Oliver 1926). They were re

discovered in southern Stewart Island in 1977 (Russ 1978). The majority ofkakapo 

were found between Pegasus River and Seal Creek (Powlesland et al. 1995). 

Kakapo populations were becoming critically reduced due to predation by feral cats 

and rats, so in an effort to save them, 61 were transferred to Little Barrier, Maud, 

Whenua Hou and Mana Islands by 1992 (Powlesland et al 1995. Figures 2.1 and 2.2). 

The last kakapo on Stewart Island, a female, was discovered in 1997 (Harper 1997b) 

and further extensive searches of their previous known range have not turned up any 
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more sign (Harper 2000). irhe main population ofkakapo now resides on Whenua 

Hou. 

Kaka Nestor meridionalis meridionalis (Rare, locally common) 

Kaka were once very common on Stewart Island. "Great numbers ofKaka parrots" 

were recorded at Lords River in 1888 (Reishek 1888). Fulton (1907) noted that kaka 

'still swarms in the dense bush in ... Stewart Island'. "During February of 1911 the 

kaka were in thousands in the lower slopes of the great wooded spurs that run from 

Table Hill into the Rakiahua[sic] Valley."(Guthrie Smith 1914). Oliver (1926) 

regarded them as "extremely common in the forest...some days many are encountered, 

at other times few or none". However, Kaka were scarce near settled areas at this 

time (Philpott 1919), probably because forest was being felled and cleared around 

Halfmoon Bay then. Kaka have become locally common at Halfmoon Bay as native 

forest has regenerated and introduced trees have become established. Kaka were 

observed feeding on flowers of Eucalyptus globulus blue gums and damaging 

Cupressus macrocarpa macrocarpas in the 1920s (Traill 1928). Kaka are common on 

some offshore islands like Ulva, Bench and Whenua Hou. Flocks of 10 tol2 kaka 

were "whistled up" on Whenua Hou in the 1930s (Stead 1935) and were abundant on 

Whenua Hou/Codfish in 1948 (Dell 1948). Blackburn (1968) described kaka as 

"numerous" in 1965, with 35 seen in a typical morning. Kaka are still very common 

on Whenua Hou and nests and chicks are encountered regularly (pers. obs.). 

Numerous reports describe very small numbers or uncommon sightings of kaka 

throughout Stewart Island in the past 25 years (Anderson 1977, Gray 1977, Nilsson 

1977a and 1977b, Pierce 1981, Buckingham 1981a, 1981b, 1985, and 1986, Harper 

1997a, 1998, and 2000). In the summer of 1984-1985, kaka were only recorded in 7% 

of 222 km2 grid squares visited in southern Stewart Island, mainly in the North A.rm 

of Port Pegasus and in Seal Creek (Powlesland 1988). Anecdotal evidence also 

supports these data. 

Occasionally kaka are noted as locally common. Traill (1976) noted kakaas abundant 

in North Arm, Paterson Inlet in December 1976, whileMetrosideros umbellata was 

flowering. During a Dac1ydium cupressinum mast-year kaka were described as 

numerous in the North Arm of Port Pegasus (Harper 1997b). I have noted only a 
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flock of six kaka in the Rakeahua valley in the period from March 2000 to September 

2001, while Metrosideros umbellata was flowering. Kaka can travel very large 

distances (Moorhouse 1991) and probably make use of widely spread, seasonally 

abundant food sources. Indeed, the large population at Halfmoon Bay may be flying 

from Ulva or Whenua Hou, to feed on food put out for kaka by humans . 

Comparisons between offshore islands and Stewart Island show a substantial disparity 

in numbers. Five-minute bird counts ofkaka on Bench Island in 1980 recorded 0.5 

kaka per five-minute count, but at Laura's Leg on Stewart Island (Figure 2.2) in the 

same season the count is an order of magnitude less than 0.05 per five-minute count 

(Spurr 1980). The only obvious difference is on Whenua Hou where kaka are very 

abundant. The recent five-minute bird count data from the South Island present a 

similar pattern (Figure 2.3). Kaka abundance on Stewart Island was as low as the . 

western South Island sites used for comparisons (Figure 2.1 ). 

Red-crowned parakeet/Kakariki Cyanoramphus novaezelandiae novaezelandiae 

(Common) 

Red-crowned parakeets are seen and heard in all lowland forest despite being preyed 

upon by cats (Karl and Best 1984). Recent reports describe red-crowned parakeets as 

a commonly seen bird (Gray 1977, Cox 1978, Garrick 1978, Buckingham 1981, 

Pierce 1981 and Buckingham 1985). They were present in the early 1900s (Guthrie

Smith 1914), although not as common as yellow-crown parakeets then presently 

widely present on Stewart Island (Cockayne 1909). Red-crown parakeets were noted 

as'more common than yellow-crown parakeets by the 1950s (Dawson 1950) and red

crowned parakeets are now possibly the only parakeet species on Stewart Island. The 

majority of parakeet sightings on Stewart Island in the past 25 years have been of the 

red-crowned parakeet (Cox 1978, Garrick 1978, Buckingham 1981, 1985), but on 

Stewart Island's offshore islands both parakeet species are common. 

Data from five-minute bird counts (Figure 2.3) suggest that red-crown parakeets are 

more abundant in the lowland forests of Stewart Island and its offshore islands than 

yellow-crown parakeets are in lowland forest in the South Island. Red-crowned 

parakeets are rarely reported from the South Island (Heather and Robertson 1996). 
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Kakariki/Y ellow-crowned parakeet Cyanoramphus auriceps auriceps (Extinct?) 

This species appears to be very rare on the Stewart Island now, the last record being in 

the Leptospermum scoparium forest of Mason Bay in 1984 (O'Donnell 1984). 

Yellow-crown parakeets were exterminated from Herekopare Island after cats were 

introduced in 1925 (Fitzgerald and Veitch 1985). They are relatively common on 

Whenua Hou and other offshore islands like Ulva Island. 

Shining cuckoo/Pipiwharauroa Ch1ysococcyx lucidus (uncommon?) 

The population of shining cuckoo may be in decline. Although noted as present by 

Oliver (1926) and Traill (1928) there are very few recent reports. Buckingham heard 

them occasionally in 1981, but only one was heard over the summer of 1986 in upper 

Rakeahua Valley (Buckingham 1981, Buckingham 1986). They are still heard 

occasionally on Stewart Island (P. Dobbins pers. comm.) 

Long-tailed cuckoo/Koekoea Eudynamys taitensis (Common) 
~ 

There are also few recent reports of long-tailed cuckoo. Early records exist (Guthrie-

Smith 1914, Oliver 1926 and Traill 1928) and birds were heard daily in the Rakeahua 

Valley in 1951 (Dawson 1951 ). None were recorded there in the summers of 1999-

2000 or 2000-2001 (pers. obs.) Only one was heard in the Freshwater valley over 50 

days in the summer of 1984-1985 (Buckingham 1985), and only one also in a search 

of222 km2 grid squares.in southern Stewart Island during the same summer 

(Powlesland 1988). They were occasionally seen on Toitoi flats in the summer of 

1978 (Cox 1978, Figure 2.2), and only occasionally heard in 1981 and 1986 

(Buckingham 1981, and 1986). They were heard at Ulva Island and Halfmoon Bay in 

2002 (pers. obs.). Adults and chicks were noted on Whenua Hou/Codfish in the 

summer of2001-2002 (J. Joice pers. comm.) . 

Morepork/Ruru Ninox novaeseelandiae (Common) 

Morepork are commonly heard in most lowland forest on the mainland and offshore 

islands (Gray 1977, Buckingham 1981, Pierce 1981, Harper 1997a). They have been 

regularly recorded since the early 1900s (Cockayne 1909, Oliver 1926, Dawson 

1951). 
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Kingfisher/Kotare Halcyon sancta (Common) 

Recorded as common in 1909 and the 1920's (Cockayne 1909, Oliver 1926), 

kingfishers are still often seen or heard in lowland forest near rivers and coastal inlets 

(Buckingham 1981, Powlesland 1988). 

Rifleman/Titipounamu Acanthisitta chloris chloris (Extinct) 

Contrary to several published accounts, the rifleman appears to have gone extinct on 

Stewart Island by 1980. 

Cockayne (1909) reported the rifleman on Stewart Island and noted them being 

particularly common in Port Pegasus. They were recorded nesting in coastal forest to 

sub-alpine scrub (Guthrie Smith 1914). By the 1950s they were uncommon. Dawson 

(1951) only mentions two, seen near Halfmoon Bay in 1951, and the Dunedin 

Naturalists Field Club saw only one there in 1950 (Tily 1951). They were not 

recorded by Kikkawa (1966) during a two-week stay in lowland forest in 1959. It was 

noted that "they have become very rare" by the early 1980s (Traill 1981 ). Although 

rifleman were recorded in the northern portion of Stewart Island, north of the 

Freshwater River, in the 1970s (Bull, Gaze and Robertson 1985), further searches 

throughout Stewart Island have failed to record them since (Buckingham 1981, 1985 

and 1986, Powlesland 1988, M. Dobbins pers.comm., pers. obs.). Riflemen were not 

recorded in five-minute bird counts on Stewart Island in 1998-2000. 

Five-minute bird count data suggests that riflemen are significantly more abundant on 

Whenua Hou than in South Island lowland forest sites (Figure 2.3). Historically they 

were recorded on Whenua Hou "in the thick forest on the higher levels" by Dell 

(1950), and" frequently met in the forest from about 200 feet a.s.l." (Blackburn 

1968). Riflemen appear to have become more abundant since the recent eradication 

of Pacific rats and are now common at the hut at Sealers Bay (pers. obs.). 

Steads Bush Wren/Matuhi Xenicus longipes variabilis (Extinct) 

The bush-wren was possibly extant on the Stewart Island up until the 1950s. "Three 

or four [bush-wren were] noted" near Halfinoon Bay in 1950 (Tily 1951 ), and again in 

1951 (Dawson 1951). No further searches on the mainland have recorded them. The 
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last population of Stead's bush wren became extinct on Kaimohu around 1972, after 

being transferred from Taukihepa during the ship rat invasion in 1964. 

Pipit/Pihoihoi Anthus novaeseelandiae (Common) 

Pipits are found in most rough open country on Stewart Island. They have been 

recorded in the sand dunes at Doughboy Bay (Pierce 1981), clearings in the upper 

Freshwater Valley (Buckingham 1985), and on the open tops (Pierce 1981, 

Powlesland 1988). 

Fernbird/Matata Bowdleria punctata (uncommon) 

Cockayne (1909) regarded fernbirds as common but under threat from fire and cats. 

Guthrie Smith (1914) and Philpott (1914) recorded Fernbirds throughout the length of 

the Rakeahua Valley and suitable peat flats of Mason Bay. They have not been seen 

or heard in the Rakeahua Valley recently although the habitat has probably changed. 

Comparisons with photos taken in 1911 and 1940 show that the Leptospermum 

scoparium scrub in the Rakeahua valley has grown substantially in the past 90 years. 

Most of the valley floor is now covered inL. scoparium stands that are 4-5 metres tall. 

The Freshwater River population may be in decline (O'Donnell 1984), possibly for 

similar reasons. 

Fernbirds now live in isolated patches of suitable habitat across the island. They 

favour open short L. scoparium shrubland, sub-alpine shrubland and wetlands 

throughout the main island (Buckingham 1981, Cox 1981, Powlesland 1988). They 

are often seen on the alpine areas of the southern Tin Range and the subalpine scrub 

of Table Hill (pers obs). The latter sightings may be due to an increase in abundance 

because of cat-control in the area. 

Fem birds are present on several of Stewart Island's offshore islands, and the 

population on Whenua Hou is regarded as a subspecies Bowdleria p. wilsoni. 

Mohua/Y ellowhead Mohoua ochrocephala (Extinct) 

Mohua used to be commonly seen on Stewart Island (Fulton 1907, Cockayne 1909), 

but by the 1920s Oliver said rnohua were "rarely seen", hinting at a decline in 

abundance in the early 1900s. Mohua declined in coastal Southland slightly earlier, in 
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similar forest as Philpott (1919) describes Mohua disappearing "from the 

neighbourhood oflnvercargill about ten years ago [1909]". Mohua have not been 

recorded on Stewart Island since the 1970s . 

Brown creeper/Pipipi Mohoua novaeseelandiae (Locally common) 

Most sightings of brown creeper on Stewart Island indicate a strong association with 

Leptospermum scoparium (manuka) and subalpine shrubland (Powlesland 1988, 

Kikkawa 1966, pers. obs.). Reports mention that they are "common in scrublands of 

southern Stewart Island" (Buckingham 1981a), or "seen in manuka and subalpine 

scrub [ of Rakeahua Valley ](Pierce 1981 ), and are "associated with manuka" in the 

Freshwater Valley (Buckingham 1985). Early reports of birds on Stewart Island had 

noted brown creeper in all forest types, including podocarp forest (Cockayne 1909, 

Guthrie-Smith 1914). On offshore islands such as Ulva and Whenua Hou however, 

they are commonly encountered in podocarp forest (Oliver 1926, Stead 1935, 

Kikkawa 1966, Dell 1950, Blackbum 1968, pers. obs.). 

Most of the five-minute bird counts on Stewart Island were conducted in podocarp

broadleaf forest and brown creeper were only noted in forest near L. scoparium 

shrubland or in L. scoparium shrubland. This has reduced the overall mean number of 

brown creeper recorded there (Figure 2.4). On Whenua Hou brown creeper were 

relatively abundant in podocarp/broadleaf forest. They are also relatively abundant in 

lowland forest in the Pembroke. 

Brown creeper became extinct on Taukihepa after the ship rat invasion in 1964 

(Atkinson 1984). They were also exterminated from Herekopare Island, probably by 

cats in mid 1900's (Fitzgerald and Veitch 1985) . 

Grey warbler/Riroriro Gerygone igata ( common) 

Grey warblers are ubiquitous in distribution. All reports mention them as common 

from sea level to the tree-line (Guthrie-Smith 1914, Oliver 1926, Garrick 1978, Cox 

1978, Buckingham 1981, Pierce 1981, Powlesland 1988). Overall counts suggest that 

grey warblers are not as common on Stewart Island and its outlying islands as in 

lowland forest in the South Island (Figure 2.4). 
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Fantail/Piwakawaka Rhipidurafuliginosa (Common) 

As for the main islands of New Zealand, fantail are widespread and common in most 

forest areas, as they have been for the past century (Guthrie Smith 1914, Garrick 

1978, Cox 1981, Buckingham 1981). Fantails are generally found in taller forest in 

southern Stewart Island (Powlesland 1988) . 

Tomtit/Miromiro Petroica macrocephala (Common) 

Like the grey warbler, the tomtit is readily found in all forest types up to the tree-line. 

(Oliver 1926, Cox 1978, Cox 1981, Buckingham 1981 Powlesland 1988). Tomtits 

seem to be less abundant on Whenua Hou than at the other sites (Figure 2.4). 

Stewart Island robin/Toutouwai Petroica australis rakiura (Uncommon) 

The current distribution of robins is disjunct and restricted to isolated patches of 

Leptospermum scoparium shrublands and some Lepidothamnus intermedius (yellow

silver pine) in the Freshwater and Rakeahua Valleys, Toitoi Flats, Scollay's Flat and 

upper Pegasus River. There is some evidence for the restriction being caused by the 

apparent preference for podocarp-broadleaf forest by introduced predators, notably 

ship rats, possums and cats (L. Greer unpubl. data, pers. obs.). A few early records 

hint at robins using podocarp-broadleafforest (Shepard 1826, Black 1872, Cockayne 

1909) but by the 1920's their distribution was becoming restricted to the current 

situation (Oliver 1926). Robins were located in small patches ofpodocarp-broadleaf 

forest in the northern tributary of the Freshwater River in 1984 to 1986 but were very 

scarce (R. Buckingham pers. comm.). Robins introduced to predator-free Ulva Island 

in 2000, which is dominated by podocarp-broadleafforest, have bred there. 

Robins went extinct on Big South Cape when ship rats irrupted there in 1964. They 

also went extinct on 28 ha Herekopare when cats were introduced in 1925 (Fitzgerald 

and Veitch 1985). 

Silvereye/Tauhou Zosterops lateralis (Common) 

The silvereye is relatively common, and is found in most forest types (pers obs., 

Pierce 1981). They apparently prefer lower altitude forest (Buckingham 1981, 

Powlesland 1988). They seem to have become more common during the past 90 

years since being first recorci,ed by Cockayne (1909). 
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Bellbird/Korimako Anthornis melanura (Common) 

Bellbirds were common on Stewart Island early last century, where they 'survive[s] in 

thousands ... from sealine to moor land' (Guthrie Smith 1914). Little seems to have 

changed and they are still common in most forest types (Garrick 1978, Buckingham 

1981, Powlesland 1988) and on offshore islands (Spurr 1980). Five-minute bird count 

data supports these observations (Figure 2.4), although bellbirds may not be as 

common on Stewart Island as on its offshore islands or the South Island. 

Tui Prosthemadera novaeseelandiae (Common) 

Tui tend to be more restricted to podocarp forest and are not found in the subalpine 

zone or Leptospermum scoparium shrubland as often as bellbirds (Buckingham 1981, 

Powlesland 1988). They are in small scattered populations in southern Stewart Island 

(Harper 1997a) but sometimes not recorded at all (Harper 1997b, 1998) or only once 

(Harper 2000) during several weeks. Tui are common on Whenua Hou and Ulva 

island . 

South Island Kokako/Orange-wattled crow Callaeas cinerea cinerea (Extinct?) 

The kokako was once reported as 'pretty common at Stewart Island' in 1907 (Fulton 

1907), including Port Pegasus (Philpott 1914). Oliver saw kokako in 1910 at the foot 

of Mt Anglem, and kokako were reported on the south coast of Paterson's Inlet, the 

Rakeahua Valley, and Freshwater Valley in the 1920s (Oliver 1926). They were also 

seen near Kaipipi and Maori Beach in 1925 (Traill 1927), although Traill recorded 

them the most often in the Rakiahua [sic] Valley (Traill 1927). Guthrie-Smith (1914), 

who encountered kokako occasionally, noted that they inhabited the mid-story forest. 

Concern was raised by the late 1920s that they were becoming scarce (Traill 1928). 

Guthrie-Smith (1925) failed to find kokako in the Port Pegasus area in the early 

1920s. Richdale only found one in Port Pegasus by January 1937 after a month in the 

area. Extensive searches found evidence of a few isolated kokako still present in the 

1980's, including sightings in the Freshwater Valley in 1984 and one feather and 

sightings in the Rakeahua Valley in 1987 (Buckingham 1985, 1987). It is possible 

that a few older birds remain in infrequently visited areas of the island. 
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South Island saddleback/Tieke Philesturnus carunculatus carunculatus (Locally 

common) 

The saddleback was" ... once common throughout all three main islands ... but now 

confined ... to few islands off the southwest coast ofNew Zealand"(Richdale undated). 

They became extinct on Taukihepa when ship rats irrupted there in 1964, and a few 

birds were transferred to Kaimohu. This population has been used to re-populate 

other offshore islands, like Ulva Island. 

Other birds species of note 

Yellow-eyed penguin/Hoiho Megadyptes antipodes 

The yellow-eyed penguin breeds on Stewart Island and many of the offshore islands 

of Stewart Island. Yellow-eyed penguins were recorded coming ashore in 

'considerable numbers' in the early 1900s (Cockayne 1909). Although abundance of 

yellow-eyed penguins does fluctuate widely (Moore 2001) their numbers appear to be 

in steep decline on Stewart Island. In 1990, 350-450 pairs were estimated to exist on 

Stewart Island and Whenua Hou (Darby and Seddon 1990), but ten years later only 66 

nest sites were found on the north coast of Stewart Island and smaller offshore islands, 

not including Whenua Hou (Blair 2000). The latter population appears to be healthy, 

a nest count in the spring of 2001 located 64 pairs (J. Joice pers. comm.). The decline 

on Stewart Island has been attributed to predation by cats, in which case the blue 

penguin Eudyptula minor may also be in decline for similar reasons. 

Bittern/Matuku Botaurus poiciloptilus 

Traill recorded "solitary specimens between Mason Bay and the mouth of the 

Freshwater River" (Traill 1927), and they have been seen, or more often heard, 

occasionally since (Buckingham 1981, Buckingham 1985). Reports ofbitterns 

'booming' are common from the Freshwater Valley and Mason Bay during the 

summer months (M. Dobbins and R. Buckingham pers.comm., pers. obs.). 

Banded Rail/Moho-pereru Rallus philippensis assimilis 

By the 1920s, banded rail were noted only on offshore islands (Oliver 1926) and they 

have not been recorded on Stewart Island. 
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Spotless Crake/Puweto Porzana tabuensis 

A very localized population was known to exist in a tributary of the Rakeahua Valley, 

as spotless crake were heard calling there in the 1980s. Their preferred habitat was 

apparently small areas of wetland dominated by Juncus spp., at the bottom of old 

landslides in forest (R. Buckingham pers. comm.). 

Southern New Zealand Dotterel/Tuturiwhatu Charadrius obscurus obscurus 

Southern New Zealand dotterels currently only nest on the alpine tops of Stewart 

Island. They used to nest in the sand dunes of Mason Bay up until 1981 (O'Donnell 

1984). The decline of the southern New Zealand dotterel has been described by 

Dowding and Murphy (1993) and is attributed largely to feral cats. The population 

declined to around 65 individuals by 1992. A cat control programme was initiated 

and the numbers have increased to over 200 birds at the time of writing (M. Dobbins 

pers. comm.) 

Discussion 

A combination of anecdotal information supported by more objective data has 

provided a broad overview of the status of native forest birds on Stewart Island, its 

offshore islands and the mainland of New Zealand. The five-minute bird counts were 

restricted in usefulness by the problems discussed earlier, and in the case ofWhenua 

Hou and Bench Island, by the small sample size. But the five-minute count data did 

concur quite closely with the reports and references for both common and rare 

species, as discussed below. 

Brown teal, rifleman and mohua have gone extinct on Stewart Island within the past 

100 years. Falcon, weka and kokako have either become extinct or reduced to very 

low numbers. Birds showing dramatic declines in this period include weka, kereru, 

kaka, kakapo, yellow-crown parakeet, robin, New Zealand dotterel and probably the 

yellow-eyed penguin and blue penguin (Figure 2.5). 

The current status of forest birds on Stewart Island shows similar patterns of 

extinctions and declines as found on the mainland of New Zealand. Unlike the 

mainland, large-scale human-induced habitat modification or mustelid introductions 

did not occur on Stewart Island. The absence of mustelids allows a clearer picture of 
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Figure 2.5: Historical decline and current status of selected native forest birds on 
Stewart Island, and timings of introductions of exotic mammalian predators 

(Norway rats and cats) (Ship rats and possums) 
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the effect on native forest birds by other predators. The decline of birds such as kaka 

has been often been attributed to stoats (Wilson et al. 1998). It appears that predators 

other than stoats have caused similar declines in kaka and other native forest bird 

species on Stewart Island. 

The timing of extinctions and contractions can give some idea of the relative impact 

of the various predators present at the time. For example, the South Island saddleback 

and New Zealand snipe could not survive with Norway rats or cats, and were extinct 

on the Stewart Island by 1900 (Heather and Robertson 1996). They may have been 

able to survive with the Pacific rat however, as they have existed on New Zealand 

offshore islands where Pacific rats are present (Miskelly 1987). Several species went 

extinct, or effectively so, on Stewart Island during the first half of the 20th century 

(Figure 2.5). This suggests that the predators introduced around 1900, namely ship 

rats and possums, were responsible for this demise, or that conditions changed that 

improved conditions for existing predators, such as cats. 

Cats 

Cats are known bird predators on Stewart Island (Karl and Best 1982) and probably 

have extirpated several of the ground-living birds, such as brown teal (Hayes and 

Williams 1982), and have probably restricted weka to Halfmoon Bay. The continued 

existence of kiwi is puzzling, as cats are predators of young kiwi in the North Island 

ofNew Zealand (McLennan et al. 1996). Cats did not eradicate North Island Kiwi on 

Little Barrier Island for the 100 or so years that both were present however, and cats 

are in low densities in southern Stewart Island. Survival of kiwi young is high on the 

island possibly due to creching (Colbourne 1990) and their use of all available 

habitats. These strategies, and the absence of stoats as an additional predator, may 

help kiwi to maintain their abundance. Other large ground nesting birds such as 

yellow-eyed penguins and blue penguins may still be in decline because of cats. 

Although cats are predators of ground nesting birds (Sanders and Maloney in press), 

the role of cats in the extinction or reduction in abundance of extant volant forest birds 

is less likely. The eradication of cats from Little Barrier Island by 1980 appears to 

have had little effect on the abundance of tree-nesting birds there, although ground 

nesting petrels were severely affected ( Girad et et al. 2001). As cats hunt on or near 
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the ground their impact on Stewart Island is now restricted to flying birds that forage 

on or near to the ground. This probably accounts for the large proportion of 

parakeets, which often feed on the ground, in cat diet (Karl and Best 1984). Kaka 

fledglings are vulnerable for short periods as they spend the first two to four days after 

leaving the nest on the ground (Moorhouse and Greene 1995), but kaka were present 

on Little Barrier Island during the time that cats were present on the island, so cats' 

impact on kaka may be minimal (Giradet et al. 2001) 

Rats 

The adept climbing abilities of ship rats make them ideal predators of tree-nesting 

birds that would have been previously safe from the Norway rat, or cats. The Pacific 

rat, although arboreal, may have had a less severe impact on tree-nesting birds due to 

its smaller size. Ship rats have largely displaced the Pacific rat and Norway rats on 

Stewart Island (Sturmer 1988, Chapter 3) as they have on the mainland. Ship rats 

were conspicuous around bush camps by 1910 (Guthrie-Smith 1914) and were 

probably the dominant rat in the podocarp forest by the early 1900s. There is little 

doubt about Guthrie-Smiths reports as he had the skins of ship rats checked by British 

Museum staff 

As podocarp-broadleaf forest generally has more plant species than southern beech 

Nothofagus spp. forest on the South Island, this forest type probably provides a less 

variable food supply for ship rats and consequently supports higher rat abundances 

(Innes 1990). This has probably kept ship rat numbers relatively constant compared 

with the boom and bust population cycle in pure Nothof agus forest (King and Moller 

1997). Like Nothofagus forest, podocarp-broadleafforest has mast species, such as 

rimu Dacrydium cupressinum, and consequently does have associated rat plagues. 

Plagues of ship rats were noted on Stewart Island in the late spring and summer of 

1974-75 (Traill 1981, Buckingham 1981), in subalpine scrub in August 1978 (Garrick 

1978) and the summer of 1978-79 (Wilson 1987, Powlesland et al. 1992), and a rat 

plague probably occurred with a mast in the summer of 1981 (Powlesland 1992), and 

the summer and autumn of 1985 (Powlesland et al. 1992). All the rat plagues were 

associated with recent podocarp fruiting. Ship rat plagues doubtlessly add to the 

constant predation pressure on nesting mohua, yellow-crowned parakeets and other 

hole-nesting birds on mainland New Zealand (O'Donnell 1996, P. Dilks pers. comm. 
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2001, Elliott et al. 1996). Mohua are likely to quickly become extinct under 

continuously high levels of predation (Elliott 1996a). Mohua, riflemen and both 

species of parakeets were once common in podocarp forest near Lake Brunner (Smith 

1888) and on Stewart Island (Cockayne 1909, Guthrie-Smith 1914). Mohua were also 

common in lowland forest around Invercargill (Philpott 1914), despite the presence of 

Norway rats and cats (Thompson 1922). 

The densest populations of mohua, yellow-crowned parakeets and riflemen are now 

largely restricted to high altitude Nothofagus forest on the South Island (O'Donnell 

and Dilks 1986). This suggests that the current distribution of these birds may be 

restricted by the distribution of ship rats. In contrast to their densities in podocarp

broadleaf forest, ship rats are generally in extremely low numbers in high-altitude 

Nothofagus forest due to the cold climate and irregular food supply (Innes 1990). 

However, a recent seed-mast of Nothojagus two years in succession and a mild winter 

during 1999-2000 resulted in high ship rat numbers inNothofagus forest on Mt 

Stokes, Marlborough Sounds, and the probable extinction of mohua there (Studholme 

2000). The distribution of the mohua congeneric, the brown creeper, may also be 

affected by ship rat distribution. Brown creepers are now generally only found in sub

alpine and Leptospermum scoparium shrubland on Stewart Island, forest shrubland 

types with low abundances of ship rats (Author unpublished data). On islands 

without ship rats however, they are common in podocarp-broadleafforest (Whenua 

hou, Ulva, Chalky [Fiordland], pers. obs.) and are a lot more common in high altitude 

forest than lowland forest on the South Island (O'Donnell and Dilks 1986, Wilson et 

al. 1988). As they are not an obligate hole-nester like mohua (Elliott 1996b ), brown 

creepers probably survive on Stewart Island because they can nest in shrubland. 

Predation rates also seem to be affected by the habitat preferences of the predators. 

The difference in habitat selection of robin (Chapter 6) and brown creeper within 

Stewart Island and on adjacent predator-free islands suggests that some predators, 

probably possums and ship rats, prefer podocarp-broadleaf forest (Chapters 3 and 6). 

The preference for this forest type by these predators has resulted in increased 

predation on nests in this forest type, and the robin and brown creeper are restricted to 

forest types that the predators do not prefer. 
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Brush-tailed possum 

Possums are predators of nests, chicks and adults ofkaka (R. Moorhouse pers.comm. 

2002, R. Powlesland pers. comm. 2002), kokako, kereru, kiwi (Sadleir 2000), and 

small introduced passerines (McLeod and Thompson 2002). They are known nest

predators oflarge parrots (approximately 500 g) in Australia (Garnett et al. 1999). 

They probably also compete for nest sites with hole nesting birds (Cowan 1990) and 

may act as a significant nest-disturbance factor. They are probably not as destructive 

as ship rats, however. Kaka densities on Kapiti Island in the North Island (Figure 2.1) 

and on Whenua Hou remained relatively high despite the presence of possums and 

Pacific rat and/or Norway rats (Blackburn 1965, Wilson et al 1998), although on 

Kapiti Island kaka numbers did increase after eradication of possums (Heather and 

Robertson 1996). Opportunistic predation and nest disturbance by possums coupled 

with the predation by ship rats, have probably contributed to the decline of many bird 

species on Stewart Island, in podocarp forest in particular. Possum abundance, like 

that of ship rats, is low in manuka and sub-alpine scrub on Stewart Island (Chapter 6). 

Parakeet paradox 

The likely disappearance of yellow-crowned parakeets from Stewart Island, and the 

abundance of red-crowned parakeets is difficult to reconcile with information from 

elsewhere. Yellow-crowned parakeets are common on the mainland, but red-crowned 

parakeets are not. Both species are vulnerable to predation, they both declined in 

abundance on Taukihepa after the ship rat irruption there in 1964 (Atkinson 1984). 

This disparity between Stewart Island and the mainland suggests species-specific 

vulnerabilities to different predators, possibly during the nesting stage, and deserves 

further investigation. 

Conclusion 

Current distributions of native forest bird species, including riflemen, robin, kakariki, 

and mohua, on Stewart Island and probably on the New Zealand mainland, appear to 

be restricted by the habitat preferences of introduced mammalian predators. 

Strongholds for these species on the mainland are montane beech forest, or dry 

shrubland, where predator numbers are generally the lowest (O'Donnell and Dilks 

1986, Innes 1990, Clout and Gaze 1984a). Differences in the predator guilds between 
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Stewart Island and the South Island, and in particular the lack of mustelids on Stewart 

Island, has also not resulted in abundant populations of native birds on Stewart Island 

when compared to the New Zealand mainland (Wilson et al. 1998). Declines in 

numbers of some native bird species due to ship rats and probably possums has also 

not been halted as local or island-wide extinctions of forest birds due to these arboreal 

predators have recently occurred on Stewart Island and the New Zealand mainland. 
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Chapter 3 

HABITAT SELECTION BY THREE RAT SPECIES (RATTUS SPP.) ON 

STEWART ISLAND (RAKIURA), NEW ZEALAND. 

Ship rats Rattus rattus are the most widespread and abundant rat species on Stewart 

Island/Rakiura (Hickson et al. 1986). Ship rats share the island with other rats, the 

Pacific rat R. exulans and Norway rats R. norvegicus, which have restricted 

distributions on the island (Taylor 1975b, Hickson et al. 1986). Pacific rats, the 

smallest species (mean adult male weight: 73 g), became widespread in New Zealand 

during settlement by the first Polynesians (Atkinson and Moller 1990). They were 

possibly introduced to Stewart Island about l 600AD (Holdaway 1999b ), and were 

established and common well before the other rat species (Taylor 1975). The largest 

rat, R. norvegicus (mean adult male weight: 179 g) probably arrived on the island with 

the first Europeans about 1790-1800 (Atkinson 1973) and became very common 

(Thompson 1922). Ship rats (mean adult male weight: 147 g) became established 

about 1890 (Atkinson 1973). The historic distribution and current distribution of 

these rats, along with the timing of their introductions, suggests that as each new 

species invaded they often excluded other rat species from habitat previously suitable 

for the resident. Mice are not present on Stewart Island and are probably not able to 

establish with three rat species occupying the available niches (Taylor 1975b ). 

Numerous studies worldwide have shown that small rodent species sharing a habitat 

generally exhibit either inverse numerical or inverse spatial relationships (Grant 

1972). These relationships occur because habitat sharing requires partitioning of 

resources like food and/or space between the species (Grant 1972). Mechanisms for 

resource partitioning are varied. Examples include rodents using resources at 

different times (O'Farrell 1974, Schoener 1974, Kotler et al. 1993); foraging of 

different food sizes or densities (Kotler et al. 1993, Ziv et al 1995); or most 

commonly, dividing a habitat into smaller portions or microhabitats (Dueser and 

Shugart 1978, Higgs and Fox 1993, Seamon and Adler 1996). Resource partitioning 

is often dependent on a species' ability to use and defend a resource or their 

vulnerability to predators within a habitat, in relation to the other species' abilities 

(Morris and Grant 1971, Morris 2000). This ability relative to another species within 
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a habitat, can be regarded as a species' competitive ability (Schoener 1989). 

Competitive ability is often positively related to size; larger species generally 

dominate smaller species (Fox and Kirkland 1992, Brannon 2000). Competition 

between species in a habitat is often not apparent as species will have partitioned the 

habitat in the past to minimise conflict for resources with the other species. This has 

been coined the "ghost of competition past" (Rosenzweig 1981, Rosenzweig 1991, 

Law and Watkinson 1989, Morris 2000). Interspecific competition is best shown 

when one species increases in abundance after a competitor is experimentally 

excluded (Brown 1987) 

A rodent species' niche is the total of the variety ofresources used by that species 

(Colwell and Fuentes 1975, Pianka 1976). The suite of biotic or abiotic resources that 

a rodent uses or responds to can expand or contract (the niche width: Gordon 2000) 

depending on the number of other rodent species present or the species composition 

present and the density of those species (Colwell and Fuentes 1975, Crowell and 

Pimm 1976). Expansion or contraction in niche width has been shown to be dynamic. 

Differences in resource supply, environmental factors or predation pressure may 

favour one species over another on various spatial or temporal scales, and then change 

to favour the other species (Schoener 1983, Weins 1983, Wolff 1996). Rodent 

species may not even exist in a habitat because their niche space may be occupied by 

another species with abilities to use all of the available resources. These latter species 

are generally referred to as habitat generalists. Species with narrow niche widths are 

regarded as specialists (Morris 1996, Hallett et al. 1983). 

Although very few studies have investigated habitat selection by two or more rat 

species in New Zealand (Sturmer 1988, Innes et al. 1990, Bramley 1999) a few trends 

are apparent. Rattus norvegicus is regarded as a wetland or riparian specialist in 

comparison to the other rat species (Y om-Tov et al. 2001 ), whereas ship rats are 

regarded as generalists (Innes 2001). Pacific rats are generally found in areas with 

good ground cover and well-drained soil (Williams 1973, Taylor 1975b). The relative 

competitive abilities of these rat species in various habitats elsewhere and their 

differences in size suggest that on Stewart Island habitat partitioning will occur. How 

forest types are partitioned and the possible influence of biotic and abiotic factors on 

the rats' competitive abilities is the subject of this chapter. 
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The main aim of this research was to determine which rat species were present, and 

their distribution, within the various forest types in the study area. It was expected 

that 'generalist' ship rats would occur in most, if not all, forest types. Norway rats 

were expected around wetland or riparian areas. Pacific rats, being the smallest rat, 

were expected to be restricted in distribution, and preferring areas with good ground 

cover. Initially the forest types, i.e.: the macrohabitat types, were examined to 

establish their characteristics so that the distribution of rat species could be linked to 

forest type. If there was apparent partitioning within forest types by the rat species 

then possible reasons, such as differences in microhabitats, were explored. Rats were 

likely to respond to temporal or spatial variations in resources so the seasonal 

abundance of rats in each habitat was recorded. Differences in abundance within and 

between habitats would suggest that resources may be distributed unevenly which 

could affect habitat selection, as other rat species immigrate to use a rich resource 

(Wolff 1996, Banks and Dickman 2000). 

Methods 

Study site 

I used a study area of 42 km2 in the Rakeahua Valley ( 47° south, 167° 50' East), in the 

centre of Stewart Island (Figure 3 .1 ). Research on rats was carried out here as an 

adjunct to research on feral cats (Chapters 4 and 5). The valley is low lying, and 

consists of undulating low ridges separated by marshes and streams with low scrub or 

wetland vegetation. It is bounded on the south side by a steep forested escarpment 

rising to 400 m above mean sea level (AMSL) and on its north and west sides by low 

hills and isolated massifs, the highest being Mount Rakeahua (681 m AMSL). The 

soils of the valley are derived from water-borne alluvium, peat and probably wind

blown sand and are generally oflow fertility.(Wilson 1987). 

Despite the poor soils some cattle were farmed on the north side of the valley from 

1888 to 1902. After cessation of farming the area was gazetted as a Scenic Reserve 

by 1912 (Howard 1940). Areas of the valley floor may have been cleared for farming 

but it does not appear to have been burnt (Wilson 1987) although the north side of the 

valley floor was referred to as 'open country' in 1888 (Howard 1940). Photographs 

taken around 1907, at the site of the current hut, show the valley floor was once 
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Figure 3.1. Map of Stewart Island, showing the location of the study site. 
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covered in red tussock Chionochloa rubra, and low Empodisma minus or Gleichenia 

dicarpa mats, with a fringe of Leptospermum scoparium shrubland around the forest 

edge and the river (Guthrie Smith 1914). The valley floor is now largely covered in 

5-6 m tall L. scoparium shrubland, which has apparently grown substantially in the 

past twenty years (W. Hockly pers. comm.). 

The climate is cool, windy (Wilson 1987) with rainfall of approximately 2265 mm 

year (K. Tredrea, NIWA, pers.comm.). Snow may lie to above 500 min the winter 

and occasionally is recorded in the valley floor. For the purposes of the study air 

temperature was measured during the research at a shaded site on the valley floor. 

The thermometer was fixed at 1. 7m above ground. Rainfall was measured in an open 

area to the northeast of the hut. 

Vegetation 

Four main vegetation types were recognised in the study area (Wilson 1987) and later 

confirmed by survey (see forest type description on page 53). 

A Podoca,p-broadleaf forest. 

This forest type is the dominant vegetation cover and is found on well-drained slopes 

of the valley sides from sea level to about 350 m AMSL. The forest canopy height is 

about 25 m near sea level and consists of emergent rimu Dacrydium cupressinum over 

a canopy of kamahi Weinmannia racemosa, southern rata Metrosideros umbellata, 

and miro PrumnopUys ferruginea, and some Hall's totara Podoca,pus hallii. The 

midstory is a mix of young canopy trees, and shrubs including Coprosma 

foetidissima, C. rotundifolia, horopito Pseudowintera colorata and weeping mapou 

Myrsine divaricata with tree ferns Dicksonia squarrosa and Cyathea smithii. The 

ground cover is dominated by crown fern Blechnum discolor over mosses, liverworts 

and leaf litter. 

B. Subalpine shrubland-

Subalpine shrubland exists from 400-500 m AMSL in the Rakeahua catchments on a 

continuum of wet to well-drained sites. In exposed sites sub alpine shrub land may 

extend down to 300 m AMSL, and is the dominant vegetation cover over about 21 % 

of the study site. This shrub land is generally tangled and dense and extremely 
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difficult to move through. The average canopy height is about 2-3 m. It is dominated 

by Leptospermum scoparium with a significant leatherwood Brachyglottis colensoi 

component. Elements of Dracophyllum longifolium, southern rata Metrosideros 

umbellata, kamahi Weinmannia racemosa, and pink pine Halocarpus biformis are 

also present. The tussock sedge Gahnia procerum is the obvious ground cover along 

with mosses, liverworts and small herbs. 

C. Leptospermum scoparium shrub/ands 

These shrublands almost cover the valley floor, and are only absent in permanent 

wetlands. They cover an estimated 10% of the study site. The canopy and sub

canopy is invariably Leptospermum scoparium, with a mean canopy height of about 

5-6 m. Some mingimingi Cyathodesjuniperina is present in the subcanopy also. The 

ground cover consists mainly of mosses, liverworts, Empodisma minus, and patches 

of the fern Gleichenia dicarpa. 

D. Riparian forest 

This vegetation type occurs on well-drained soils skirting the main river and some of 

its larger tributaries in its lower reaches. It extends back from the river edge for 20-30 

m before merging with the less fertile Leptospermum scoparium shrublands that 

surround it (Wilson 1987). Riparian shrubland comprises about 5% of the study area. 

This vegetation zone is flooded several times a year (pers. obs.). 

The dominant canopy tree is Leptospermum scoparium, but the understory is more 

diverse than the Leptospermum scoparium shrublands with several divaricating 

species, Coprosma ciliata predominating, along with Pseudowintera colorata. 

Ground cover is thick, comprising mainly bush rice grass Microlaena avenacea 

interspersed with litter. 

Forest type description 

The forest types for rat trapping transects were selected following Wilson (1987). 

Subsequent surveys of forest types were needed to provide structural and/or species 

data to relate to possible partitioning of macro-habitats between rat species. 

Secondly, as the paired transects were assumed to sample rats within similar forest 

types, it was essential to show that within-forest variability was less than between-
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forest variability. Lastly, overlaps in distributions of rats within forest types would be 

explored at the microhabitat scale by relating trap site capture data of rat species to 

plant species data at the trap site. 

Surveys of the plants present on each rat-trapping transect were undertaken in January 

2001. This gave eight samples in each of the four forest types. The samples were 

prefixed with a sample identifier, P; podocarp-broadleafforest, M; manuka 

Leptospermum scoparium shrubland, R; riparian forest, and S for subalpine 

shrub land. 

A vegetation survey was carried out using the Reconnaissance (RECCE) description 

as it is quick, simple, and requires few resources (Allen 1992). The RECCE 

description is similar to the Braun-Blanquet releve technique (Allen 1992), which is 

regarded as the most efficient method for obtaining detailed summaries of vegetation 

structure and composition when compared to other techniques (Mueller-Dombois and 

Ellenberg 1974). 'Reconnaissance plots' of20 m diameter were centred on the rat

traps at alternate, i.e.: four out of seven, rat-trap sites at 100 m intervals. A 20 m 

diameter plot ( area = 214 m2
) is often used for forest inventories as this size samples 

almost all species present in the surrounding area (Allen 1992), and provides 

consistency across all forest types. The plots were linked to the rat-trap sites for later 

analyses of possible affects of microhabitat on species capture. Vascular species were 

recorded in seven height tiers following Dickinson and Mark (1999); tier 1: emergent 

trees> 12m; tier 2: canopy trees> 12m; tier 3: small trees 5-12m; tier 4: tall shrubs 2-

5m; tier 5: small shrubs 0.3m-2m; tier 6: herbs >0.3m; tier 7: ground layer, including 

bryophytes <= 0.3m. Epiphytes were listed. Overall percentage cover in each tier 

was visually estimated. Species with percentage cover over 10% in each tier were 

also recorded along with their estimated contribution to the cover in that tier. Height 

of emergent trees and the canopy height were measured using an Abney level. To do 

this, the point where a 45° angle was sighted to intersect with the top of a tree was 

measured horizontally to the base of the tree. Using the principle of similar triangles 

(Bonham 1989), the horizontal distance was therefore the height of the tree. The 

diameter at breast height (DBH) of the largest 5-7 trees was recorded at each site. 

Slope and aspect were recorded also. 
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To delineate differences in the plant diversity and forest structure between forest types 

the mean numbers of plant species per height tier for each forest type were plotted. 

After assumptions were tested, an ANOV A was used to test whether the overall 

number of plants differed among forest types (four forest types), tiers (eight tiers) or 

between tiers within forest types. 

Multivariate techniques were used on the data to assess the similarity of the vegetation 

between paired transects and differences between habitat types. All analyses were 

carried out using PRTh.1ER version 5 (K. R. Clarke and R. N. Gorley, Plymouth 

Marine Laboratory, UK) 

First the variables-by-sample data were normalised using a square root 

transformation. This reduces the contribution of the dominant species to the analysis, 

in relation to the rare species, without removing their importance to the analysis 

altogether (Beilman 2001). A triangular matrix of similarity coefficients was then 

calculated between every pair of samples (Kent and Coker 1992) using a Bray-Curtis 

coefficient (Bray and Curtis 1957), which provides a very robust measure of the 

ordinations (Faith et al. 1987). The Bray-Curtis coefficient is an algebraic measure of 

the similarity between the species composition and abundances in each plot on a 0-

100 scale, 0 being completely dissimilar, 100 the same (Bray and Curtis 1957). The 

matrix was used in the following analyses. 

Initially a hierarchical agglomerative cluster analysis was used. Cluster analysis finds 

the closest relationships between pairs of objects (Unmack 2001 ), and was therefore 

used for 'within-habitat' analysis (Beilman 2001). Representation of the communities 

was by a dendrogram. This is a useful initial analytical method when sampling units 

are expected to show distinct differences. As the sampling units were taken over an 

environmental gradient however, an ordination analysis would complement the cluster 

analysis. Ordination analyses compare all objects, rather than pairs of objects and 

thus show the relationship of all the objects with each other (Unmack 2001). 

Ordination analysis was used for the 'between-habitat' analysis. 
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The ordination analysis was undertaken using non-metric multidimensional scaling 

(nMDS). This method is efficient at dealing with sampling units at opposite ends of a 

wide environmental gradient ( eg: from the bottom to the top of a large hill as is the 

case here) (Austin 1985). These widely separated sampling units have few species or 

no species in common and result in non-linear (or 'looped') species abundance 

patterns when shown on an ordination plot using Principal Components Analysis, for 

example (Austin 1985, Ludwig and Reynolds 1988). NMDS 'straightens' these loops 

to order the sampling units along a straight line of ascending/descending similarity, 

which shows the habitat gradient well. The nMDS analysis results in a simple plot or 

'map', in two dimensions, of the rank-order ofthe distances, or 'closeness', between 

sampling units as measured in the similarity matrix (Kenkel and Odoci 1986, Clarke 

1993, Manly 1994). The amount of disagreement between the sets ofranks is 

measured by a 'stress coefficient'. The smaller the stress coefficient, the better the 

agreement between ranks (Kenkel and Orloci 1986, Manly 1994). 

Rat trapping 

Snap-trap index lines were run in different forest types using a standard method 

( Cunningham and Moors 1996) to obtain indices of abundance, and record the 

distribution, of the three rat species. Index lines are a quick, low-cost method for 

providing this information, particularly when resources are limited, and are used 

widely (Village and Myhill 1990, Pucek et al. 1993, Sugihara 1997, Thompson et al. 

1998). Although there are difficulties relating indices to density of animals 

(Thompson et al. 1998), indices will provide a measure of differences in distribution 

between micro- and macro-habitats for rodents (Haering and Fox 1997, Tomblin and 

Adler 1998, Banks and Dickman 2000). Only kill-trapping was used to survey the 

rats as the main focus of the thesis was on cats, which meant that resources for more 

intensive research (live-trapping/radio-tracking) on rats was limited, especially by 

available volunteers. Tracking tunnels were not used as they do not differentiate 

between species. 

Because rats cannot be assumed to be found in similar densities in similar forest types 

(Dowding and Murphy 1994, Suighara 1997) two rat-trapping lines of seven paired 

traps were laid out in each of three forest types (Figure 3.2) and set for a minimum of 

nine days in the four seasons from March 2000 to June 2001 (winter: June, spring: 
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Figure 3.2 Map of the Rakeahua Valley, showing the location of the rat trap-lines. 
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September, summer: December, and autumn: March). An additional pair of trap lines 

was established in a fourth forest type, riparian shrubland, from June 2000 until June 

2001, in an attempt to trap Norway rats. This relatively brief period of trapping was 

constrained by a pilot study carried out in the Freshwater Valley before this session. 

This gave 126 uncorrected trap-nights for each line and a limited measure of 

variability within habitats. The large number of days that traps were set was to 

increase the chance of subordinate individuals being trapped once a dominant 

individual or species had been removed by trapping. Dominant, generally larger, rats 

will dominate smaller congenerics, especially around food (Barnett and Spencer 

1951). Traps were set at 50 m intervals next to logs or at the base of trees. 

The lines were set in Leptospermum shrubland, riparian shrubland, podocarp

broadleaf forest and subalpine shrub land. The paired transects were all a minimum of 

350 m apart, to preclude sampling of the same population of rats. This distance was 

beyond the maximum recorded range of any of the rat species at the commencement 

of the study (Hickson et al. 1986, Moors 1990). All transects were set out adjacent to 

walking tracks as permit requirements precluded the cutting of vegetation, which 

would have been required in the Leptospermum scoparium and subalpine shrubland. 

Rats were trapped using "Ezeset" snap-traps under 12 mm-square mesh covers to 

preclude non-target species. The traps were baited with a mixture of peanut butter 

and rolled oats (Higgs and Fox 1993). The traps and mesh cover were secured with 

wire stakes to prevent removal of traps (Sugihara 1997). All traps were checked 

daily. Any rat caught was removed and processed later in the day. As these rat 

species are an introduced pest in many countries, sacrificing the animals to record 

morphometric and reproductive information is standard practice (Ecke 1954, Pye and 

Bonner 1980, Sugihara 1997, Robinet et al. 1998, Thorsen et al. 2000, Lehtonen et al. 

2001). Any traps that were sprung or had bait taken were noted and then re-baited 

and/or set. The traps were set off, cleaned, dried and stored between trapping 

sessions. 

Rats were processed on the day of capture. Processing of rats followed Cunningham 

and Moors ( 1996) and included details of species, approximate age: either adult or 
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juvenile (by external examination of genitals), and sex. Measurements of the head

body length (HJ3L), tail length (TL), and weight were taken. In female rats any sign 

of lactation and the number of placental scars or embryos was also noted. All the 

stomachs of the rats were removed for later analysis. Any scavenged rats were 

identified to species, sex or age as best as possible, depending on the state of the 

remams. 

The rate of rat capture was defined as the number of rats (R) caught (C) per 100 trap 

nights (TN) corrected for sprung traps (Nelson and Clarke 1973) and notated as 

R/IOOCTN (Cunningham and Moors 1996). A trap night is defined as a single trap 

set for a single night. This system was used for rat and cat traps. The capture data of 

rats by Ezeset snap trap was used for analyses of habitat use and population dynamics 

unless otherwise stated. 

Some rats were caught as by-catch in traps set concurrently for cats. This provided 

another method for confirming the distribution of rats, but was probably limited to 

larger animals (Innes et al. 2001). Cat traps were 'Victor' 1.5 soft-catch traps 

(Woodstream Corporation, Lititz, USA) in dead-end sets against the base of trees as 

per Veitch (1985). The traps were baited with thawed frozen fish. Traps were set 

alongside tracks in the valley floor and tracks to the bushline (c.500m AMSL) through 

all habitat types. Rat captures were recorded by trap site but not included with the 

snap trap results. The rats were collected and later processed in the same manner as 

the rats from the snap trap lines . 

A. Trapping efficacy 

Rodents are not trapped equally in all trap types, and may show differences in 

numbers or species caught, which, for example, will affect the usefulness of the traps 

for assessing habitat selection by different species (Holdenreid 1954, Wiener and 

Smith 1972, Slade et al. 1993). The 'Ezeset' rat snap-trap may not catch all rats 

equally well for example (Innes et al. 2001). Larger rats may escape snap traps, 

resulting in bias in the sample data. After assumptions were tested, an ANOV A was 

used to test whether the capture rates (R/1 OOCTN) of each rat species was the same 

between trap types ('Ezeset' snap traps and 'Victor' 1.5 soft-catch traps). 
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B. Overall rat abundance within habitats. 

Small rodents respond to differences in microhabitat, which will affect abundance 

within apparently similar habitats (Morris 1984, Dowding and Murphy 1994). 

After assumptions were tested, an ANOV A was used to test whether overall capture 

rates in 'Ezeset' traps (R/1 OOCTN) differed between trap lines, with the trap lines 

nested within forest types. 

C. Overall rat abundance, and differences in species composition, between habitats 

and across seasons. 

The three rats species present on Stewart Island exhibit seasonal cycles in abundance 

and show habitat preferences in New Zealand (Innes 2001, Atkinson and Towns 

2001). After assumptions were tested, an ANOVA was used to test whether overall 

capture rates in 'Ezeset' traps (R/1 OOCTN) differed among habitats (four habitats), 

seasons (four seasons pooled from six of the study) or species (three rat species) in 

traps. All interactions terms were included in the model and removed if a >0.05. 

D. Habitat affinities of three rat species 

To clarify the combination of site variables that best explain any microhabitat 

partitioning by the three rat species, a rank correlation between the rat captures and 

site variables was carried out. This system (BIO-ENV) measured the degree of 

similarity between a matrix of the rat species caught at the sites ( assuming equal catch 

effort at each site) and subsets of variables from the matrix of vegetation parameters 

of the same sites (Clarke and Warwick 1994). The matching elements in the two 

matrices are correlated using a weighted Spearman rank correlation coefficient, p. 

The Spearman correlation was used, as the data sets are not normally distributed. 

If particular vegetation parameters were matched with a rat species the significance of 

the association was tested using binary logistic regression. The regression determined 

the effect that a vegetation parameter, or interactions of parameters, at each site (the 

independent variable) had on the likelihood of trapping a rat species at the site ( the 

dependent binary variable: 1 = rat(s) present, 0 = rat(s) not present). The results are 

presented with coefficient estimates and p-values. Interactions were included and 

removed if p>0.01. The associated odds-ratios and rho2 values indicate the strength 

of the effect of the vegetation parameter. The vegetation parameters were: Litter 
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(percentage of cover, 1 = 0-24%, 2 = 25-49%, 3 = 50-74%, 4 = 75-100%), Low cover 

(tier 6; herbs: >0.3m, percentage of cover as per 'Litter'), Ground cover (0-0.3m, 

percentage of cover as per 'Litter'), Canopy cover (percentage of cover as per 

'Litter'), Height (mean height of canopy in m), Layers (the number of tiers at a site), 

Diversity (the total number of plant species present), Ground diversity (the number of 

plant species in the ground layer, 0-0.3m), Tier 4 diversity (the number of plant 

species in tier 4, 2-5m), Tier 5 diversity (the number of plant species in tier 5, 0.3-

2.5m), and Tier 6 Diversity (the numbers of species in tier 6, 0-0.3m). 

Results 

Climate 

The mean summer temperature was: 12.4°C (s.e. ± 0.9°C) and the mean winter 

temperature was: 5.4°C (s.e.± 0.5°C). Spring and autumn were the driest seasons with 

a mean daily rainfall of 3.9 mm (s.e. ± 1.4 mm) and 5.3 mm (s.e. ± 1.0 mm) 

respectively. Summer and winter were the wettest with 7.9 mm (s.e. ± 2.2 mm) and 

9.2 mm (s.e. ± 2.2 mm) mean daily rainfall respectively. Significant rainfall (>0.9 

mm/day: Sansom 1984) was recorded on 77 out of 130 days (59.2%). 

Forest type description 

One hundred and thirty-four vascular and ten non-vascular native plant species were 

recorded in the 32 plots on eight transects. At least four exotic vascular species were 

recorded, which included an unknown number of exotic grass species (Appendix 2) . 

Podocarp-broadleafforest had a higher canopy (tier 2, >12 m) than the other forest 

types and had significantly more plant species than all the other forest types (Table 

3.1, Figure 3.3). There was no significant difference in the number of plant species 

between tiers within forest types (F18,3 = 2.352, p = 0.263), due to large variances 

associated with the tiers. The cluster analysis revealed that the paired transects 

grouped together within habitats (Figure 3.4). The Leptospermum and riparian plots 

were similar to each other, although the riparian plots showed the greatest degree of 

variation of within-habitat similarity compared to all the forest types. The podocarp

broadleaf samples and subalpine samples were the most similar within habitats. 
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Table 3 .1: Two-factor ANOV A results for differences in the number of plant species 
between four forest types and between the eight tiers, Rakeahua Valley, Stewart 

Island (Results of post hoc tests for significant differences between means are 

Dependent 
Source 

Variable 

Number 
of plant 

Tier 
species 

Forest 
type 

Error 

Comparison of means 

Tier 
Tier 7 > Tiers 1, 2, 3, 4. 

· included below). 

Sum-of-
d.f 

squares 

1092.68 7 

173.84 3 

162.84 11 

Post Hoc Test (Tukey) on Diversity (p = 0.05) 

Forest type (T = 5.85, d.f = 11) 

Mean-
F-ratio 

square 
p 

156.1 10.54 0.000 

57.95 3.91 0.040 

14.80 

Podocarp-broadleaf forest > subalpine shrub land, Leptospermum shrubland, and 
riparian shrubland. 
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Figure 3.3: Mean number of plant species recorded in four forest types, 
grouped according to height tiers, 
Rakeahua Valley, Stewart Island. 
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Figure 3. 4: Dendrogram showing the grouping of sample sites within four forest 

types based on plant composition and structural characteristics, in the Rakeahua 

Valley, Stewart Island (S = sub alpine sample sites, M = Leptospermum scoparium 

sample sites, R = riparian sample sites, P = podocarp-broadleaf sample sites). 
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The non-metric multi-directional scaling ordination showed that the four habitats were 

distinct from each other (Figure 3 .5). The stress value (0.1) represents a robust 

ordination with little chance of an incorrect inference (Clarke 1993). The podocarp

broadleaf samples were the least similar to the Leptospermum, riparian and subalpine 

samples, probably owing to the large component of Leptospermum scoparium in the 

latter three, their lower canopy height and fewer plant species. 

Rat trapping 

There were 5307.5 corrected trap nights using 'Ezeset' rat-traps. Total captures were 

173 rats (3.26 rats/lOOCTN) of which 94 (54.3%) were of ship rats, 44 (25.5%) were 

Pacific rats and 35 (20.2%) were Norway rats. 

The 'Victor' soft-jaw traps were set for 1203.0 corrected trap nights. Thirty-five rats 

were caught (2.91 rats/IOOCTN), of which 19 (54.3%) were ship rats and 16 (45.7%) 

were Norway rats. No Pacific rats were caught in Victor traps. 

Interference from possums in the podocarp-broadleaf forest was problematic. This 

was inferred from rat-traps set off or pulled out of the covers with possum fur in the 

trap or fresh droppings in the immediate surroundings. Adjusted rat catches in this 

habitat may therefore be a slight over estimation of rat abundance. Interference from 

possums also affected catch rates of the Victor soft jaw traps. 

Trapping efficacy 

Capture rates of the rat species are presented in table 3.2. The capture rates of 

Norway rats did not differ between 'Ezeset' and 'Victor' traps (F1, 36 = 0.680, p = 

0.415). Similarly the capture rate of ship rats did not differ between trap types (F1, 36 

= 3.754, p = 0.061). No Pacific rats were caught in 'Victor' soft-jaw traps (Fi,36= 

9.402, p = 0.004). Although there was an overall trend for heavier Norway rats and 

ship rats of both sexes to be caught in 'Victor' traps than 'Ezeset' traps (Table 3.3), 

the difference was not statistically significant. The tests suffered from a small sample 

size, however. A power analysis of possible paired two tailed t-tests of differences 

between the samples revealed the need for substantially larger sample sizes to show 

statistically significant differences in three of the four samples (Table 3.3). 
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Figure 3. 5: Two dimensional nl\1DS ordination plot of similarities of four forest types 

based on plant species composition and structural characteristics, in the Rakeahua 

Valley, Stewart Island (S = subalpine sample sites, M = Leptospermum scoparium 

sample sites, R = riparian sample sites, P = podocarp-broadleaf sample sites). 

Stress: 0.1 
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Table 3.2: Catch rate (RlOOCTN) ofNorway rats, ship rats, and Pacific rats in four habitats by two trap types, 'Ezeset' (E) and 'Victor' (V), 
March 2000 - June 2001, Rakeahua Valley, Stewart Island. 

Habitat Riparian Leptospermum Podocarp Subalpine 

Species Norway Ship Pacific Norway Ship Pacific Norway Ship Pacific Norway Ship Pacific 

Trap E ' V E ' V E ' V E ' V E ' V E ' V E ' V E ' V E : V E ' V E : V E ' V ' ' ' ' ' ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' Autumn ' ' ' ' ' ' ' 0.0 0.0 0.83 : 0.0 2.08 0.0 0.0 : 0.0 1.3 3.23 0.0 0.0 0.0 16.0 4.0 0.0 0.4 0.0 

2000 - - - - - ' -
' ' ' ' ' ' ' ' ' ' ' Winter ' ' 

0.0 , 0.0 7.49 : 0.0 3.75 : 0.0 0.44 0.0 1.75 0.0 2.63 0.0 0.0 : 0.0 5.74 3.69 0.0 0.0 6.27 8.39 1.7: 1.4 0.0 0.0 
2000 ' ' ' ' ' 

' ' Spring ' ' ' 
0.9 : 2.73 1.77 2.73 0.86 : 0.0 0.0 0.0 0.85 0.0 1.72 0.0 0.45 : 0.0 2.72 4.4 0.0 0.0 1.65 1.5 0.0 0.0 1.7 0.0 

2000 ' ' ' ' ' 
' ' ' 

Summer ' ' 
0.0 : 0.0 0.47 0.0 0.47 0.0 0.88 0.0 0.42 : 0.0 0.0 0.0 0.0 : 0.0 0.44 1.41 0.0 0.0 0.88 0.0 1.23 0.0 0.0 0.0 

2000 
' ' ' ' 
' : 

Autumn ' 
0.0 0.0 0.81 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.20 0.0 0.0 : 0.0 2.76 0.99 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2001 ' ' ' 
' 

Winter ' 
0.0 0.0 5.78 0.0 0.45 0.0 0.0 0.0 0.0 0.86 5.06 0.0 0.0 : 0.0 0.91 0.0 0.0 0.0 3.88 0.0 0.0 2.2 0.0 0.0 

2001 : 
' 

mean 0.09 , 0.55 3.26 0.55 1.11 0.0 0.22 0.0 0.64 0.14 1.95 0.0 0.08 0.0 2.31 2.29 0.0 0.0 2.11 4.32 1.16 0.6 0.35 0.0 
' 

s.e. 0.09 1.22 1.42 0.55 0.67 - 0.15 - 0.27 0.14 0.75 - 0.08 - 0.79 0.71 - - 1.02 2.69 0.64 0.39 0.28 -
: : 

V, 
\0 
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Table 3.3. Differences in the weights of male and female ship rats and Norway rats 
trapped in 'Ezeset' and 'Victor' soft-jaw traps, including paired two-sample two
tailed t-tests of the differences in weights, and a power analysis for the required 
sample size of rats for each trap type to reveal statistically significant differences in 
weights. 

Ship rats (podocarp-broadleaf Norway rats ( subalpine shrubland) 
forest) 

Male Female Male Female 
Ezeset I Victor Ezeset ! Victor Ezeset I Victor Ezeset I Victor 

l I 

165.4 I 175.3 

I 

Mean 158.6 160.0 119.0 1135.83 167.3 169.8 
weight I l 
s.e. 8.8 10.3 11.6 

l 
15.9 7.8 

I 

22.2 8.3 12.5 

n 7 : 7 8 I 6 16 4 7 I 4 

t-test 

d.f. 12 10 4 6 

p (2-tail) 0.92 0.41 0.69 0.87 

t critical 2.18 2.23 2.78 2.45 

Power 
analysis 

/3 0.8 0.8 0.8 0.8 

a 0.05 0.05 0.05 0.05 

Required 4810 73 231 1431 
sample 
size 
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Despite Norway and ship rats exhibiting no significant differences in catch rates 

between trap types, 'Victor' soft-jaw traps caught no Pacific rats, which significantly 

reduces the usefulness of the Victor trap for comparisons of habitat selection in 

particular. As 'Ezeset' traps caught all the rat species, data using this trap type was 

used for"all further comparisons. 

Rat species composition: differences be-tween habitats 

The mean capture rates ofrats caught by 'Ezeset' traps in each forest type are 

presented in Figure 3. 6. The rat species exhibited strong habitat preferences (Table 

3.4). A total of94 ship rats were trapped in all forest types. Thirty-five Norway rats 

were caught in total, and 44 Pacific rats. Twenty-eight ship rats and only one Norway 

rat were caught in podocarp-broadleaf forest. Significantly more ship rats were 

caught in podocarp-broadleafforest and riparian forest than in Leptospermum 

shrubland (Table 3.4, Figure 3.6). Ship rats were also the most common rat in the 

riparian forest, where 34 were caught. Eleven Pacific rats and one Norway rat were 

caught in this forest type. 

Norway rats were the most common rat in the subalpine shrubland (29 caught) with 

smaller numbers of ship rats (21 caught) and five Pacific rats. Norway rats were 

caught significantly more often in subalpine shrubland than any of the other forest 

types (Table 3.4, Figure 3.6). The Pacific rats were caught in two adjacent traps 50 

metres from each other, within six months. 

In Leptospermum shrubland, 28 Pacific rats were caught, and only 11 ship rats and 

four Norway rats. The Norway rats were also caught at two adjacent traps in this 

forest type. Pacific rats were caught significantly more often in Leptospermum 

shrubland than in subalpine shrubland or podocarp-broadleafforest (Table 3.4, Figure 

3.6). In the podocarp-broadleafforest and subalpine shrubland, these trends in 

abundance were supported for the two larger rats trapped in 'Victor' traps. 

The overall capture rates of the combined rat species in 'Ezeset' traps did not differ 

between forest types (Table 3 .4) or between trap lines within forest types (F6,38 = 

0.678, p = 0.67). Ship rats recorded statistically significantly higher overall capture 

rates than the other two species (Table 3.4, Figure 3.6). 
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Figure 3.6: Overall relative abundance of Pacific rats Rattus exulans, 
ship rats R. rattus, and Norway rats R. norvegi.cus 

in four forest types, March 2000 - June 2001, 
Rakeahua Valley, Stewart Island. 
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Table 3.4: Three-factor ANOVA results for differences in the overall capture rates 
(R/lOOCTN), in 'Ezeset' traps, of three rat species between forest types and seasons, 
and differences in the capture rates of the rat species, both between species and 
between species in different forest types (Results of post hoc tests for significant 
differences between means are included below). 

Dependent 
Source 

variable 

Forest type 
Season 

Rat spp. 

Overall Rat spp x forest 
capture type 
rate of Rat spp. x season 

rats/100 
CTN Forest type x 

season 
Rat spp. x forest 

type x season 
Error 

Comparison of means 
Season 
Winter > summer and autumn. 
Species 

Sum-of-
squares 

0.234 
1.666 
1.312 

1.726 

0.447 

0.620 

1.389 

1.065 

Ship rats> Pacific rats and Norway rats 

d.f 
Mean-
square 

3 0.078 
3 0.555 
2 0.656 

6 0.288 

6 0.075 

9 0.069 

18 0.077 

21 0.051 

Post Hoc test (Tukey) on capture rate ofrats/lOOCTN (p < 0.05) 
Species x forest type (T = 0.19, d.f = 54) 

F-ratio 

1.540 
10.953 
12.934 

5.671 

1.470 

1.359 

1.522 

(Capture rate of a rat species in row that is statistically significantly less than rat 
species in column is denoted by - ) 

Ship rat Pacific rat 

p 

0.234 
0.000 
0.000 

0.001 

0.236 

0.267 

0.177 

Habitat Riparian Leptosp'm Podocarp Subalpine Riparian Leptosp'm 

Riparian 

Leptosp'm -
Podocarp -
Subalpine -
Riparian -

Leptosp'm -
Podocarp - - - - -
Subalpine - - - -
Riparian - - - - -

Leptosp'm - - - - - -
Podocarp - -· - - - -
Subalpine 

Norway rat 
Subalpine 

-
-
-
-
-



> 

> 

; 

-1 

64 

Seasonal rat abundance 

Rat abundance fluctuated through the year and the overall capture rate was 

statistically significantly lower in the summer season than both the winter seasons 

(Figure 3.7 and Table 3.4). The peak in rat abundance was generally more 

pronounced in the subalpine and riparian habitats, but the low in abundance was of a 

similar magnitude over all the habitats. The peak in rat abundance was explained by 

the increase in the proportion of juvenile rats caught over the winter in all forest types 

(Figure 3.8). Of the small number of pregnant female rats caught most were trapped 

in early autumn, although some were present in winter and early spring. A few 

pregnant Norway rats were caught in all seasons. 

Habitat affinities of rats 

The BIOENV rank correlation between rat captures and site parameters showed that 

the combination of the presence of: Empodisma minus and Lepidosperma australe, 

and Drosera stenopetala and Schoenus pauciflorus, coupled with canopy height, best 

explained the variation in habitat use of Pacific rats and Norway rats (Spearman rank 

correlation: p = 0.68). These pairs of plant species are found in damp to wet 

grassland and shrubland in lowland and subalpine sites respectively. Canopy height 

in these sites is generally less than 5 m. 

The binary logistic regression of these plant species against the presence/absence of 

Pacific rats confirmed the relationship (Table 3.5). Pacific rats were most likely to be 

found in areas with Empodisma minus and Lepidospema australe, which confirmed 

the results ofthe BIOENV rank correlation. Transformation of the data, to normalise 

it, did not affect the result. Canopy height had no significant relationship with the 

presence of Pacific rats. Canopy cover, diversity and the number of plant species in 

Tiers 4, 5, and 6 were all significantly related to the presence of Pacific rats, but the 

strength of the inferences were weak, possibly owing to the small sample size. Of the 

interactions the presence of Empodisma minus combined with low overall plant 

diversity was also significant with robust effect strength (Odds ratio above 1.0, and 

the large Rho2 
). 
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Figure 3.7: Seasonal changes in the relative abundances of rats 
in four forest types, Autumn 2000 - Winter 2001, 

Rakeahua Valley, Stewart Island. 
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Figure 3.8: Seasonal variability in the percentage of juvenile rat species 
trapped in four forest types, March 2000 - June 2001, 

Rakeahua Valley, Stewart Island. 
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Table 3.5: Binary logistic regression of the probability of vegetation parameters 
predicting the presence of Pacific rats and Norway rats in the Rakeahua Valley, 
Stewart Island (The strongest models [significant p value, large Odds ratio above 1.0, 
and large Rho2 value] is shown in bold). 

Parameter 
Coefficient 

T-ratio Odds 95% C.I. 
Rho2 

estimate 
s.e. p 

ratio ofO/R 
Pacific rats 

Empodisma 2.487 0.954 2.607 0.009 12.03 1.85-78.1 0.308 
minus 

Lepidsperma 2.944 1.177 2.501 0.012 19 1.89-190 0.214 
australe 

Canopy -1.639 0.762 -2.151 0.03 0.19 0.04-0.86 0.169 
cover 

Diversity -0.441 0.159 -2.776 0.006 0.64 0.47-0.88 0.271 

Tier4 
diversity -0.421 0.179 -2.346 0.02 0.66 0.46-0.93 0.195 

Tier 5 
diversity -0.994 0.452 -2.2 0.03 0.37 0.15-0.9 0.433 

Diversity x 
Canopy -0.128 0.044 -2.899 0.004 0.880 0.81-0.96 0.305 
cover 

Empodisma 
x Diversity 0.418 0.155 2.689 0.007 1.519 1.12-2.06 0.310 

Norway rats 

Schoenus 4.344 1.299 3.343 0.001 77.0 6.0-982 0.479 
pauciflorus 

Drosera 2.996 1.271 2.356 0.018 20.0 1.66-241 0.268 
stenopetala 

Height -3.0 1.079 -2.780 0.005 0.050 -- 0.455 

Layers -3.130 1.098 -2.851 0.004 0.044 0.01-0.38 0.439 

Height x 4.344 1.299 3.343 0.001 77.0 6.0-982 0.479 
Schoenus 

Layers x 
Sclwenus 1.086 0.325 3.343 0.001 2.96 1.51-5.6 0.479 

Height x 
Ground 4.197 1.303 3.222 0.001 66.5 5.17-854 0.487 
diversity 

x Schoenus 
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Of the four plant species only Empodisma minus contributed significant percentages 

of ground cover in the Leptospermum and riparian shrubland sites, and the remaining 

three plant species were only recorded as present or absent at their sites. It was 

suspected that an increase in ground cover would result in an increasing abundance of 

Pacific rats, as they are restricted to habitats with substantial ground cover by other rat 

species (Atkinson and Moller 1990, Bramley 1999). A regression of the numbers of 

trapped Pacific rats against the percentage of ground cover of Empodisma minus 

(arcsine transformed to normalise the data) at trap sites in the Leptospermum and 

riparian shrubland revealed a significant response of Pacific rats to the amount of 

ground cover provided by Empodisma minus (Fig 3.9). 

According to the BIOENV rank correlation Norway rats were most likely to be found 

in areas with Schoenus pauciflorus and Drosera stenopetala. The logistic regression 

confirmed these results although the presence of Schoenus paucijlorus was the 

stronger model of the two (Table 3.5). Canopy height was also an important predictor 

of the presence ofNorway rats. The best interaction models with strong effects (odds 

ratio above 1. 0 and large Rho2
) were: Schoenus pauciflorus alone, and Schoenus 

paucijlorus combined with a low canopy height. 

Ship rat trapping data had only statistically weak relationships with a few vegetation 

parameters, with weak effects strength (Table 3 .6). This may due to ship rats being 

trapped at most of the sample sites. There was a trend for ship rats to be trapped 

where there was a higher overall plant diversity, and more layers (tiers). There were 

no significant interactions (p<0.05, odds ratio above 1.0, and large Rho2
). 
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Figure 3. 9: Relationship between the amount of ground cover 
Empodisma minus and the number of Pacific rats Rattus exulans trapped, 

Rakeahua Valley, Stewart Island. 
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Table 3.6: Binaiy logistic regression of the probability of vegetation parameters 
predicting the presence of ship rats in the Rakeahua Valley, Stewart Island . 

Coefficient 
95% 

Parameter 
estimate 

s.e. T-ratio p Odds ratio C.I. of 
0/R 

Litter cover 14.52 582.6 0.25 0.980 2030060 --
Low cover -1.138 0.715 0.25 0.11 0.321 0.08-1.3 

Ground 0.316 0.639 -1.592 0.62 1.371 0.39-4.8 
cover 

Canopy 0.337 0.518 0.689 0.52 1.401 - 0.51-3.87 
cover 

Height 0.237 0.344 0.494 0.49 1.267 0.65-2.5 

Layers 0.185 0.134 1.223 0.17 1.203 0.93-1.57 

Diversity 0.170 0.116 0.652 0.15 1.185 0.94-1.49 

Ground 0.158 0.158 1.458 0.32 1.171 0.86-1.6 
diversity 

Tier 4 0.185 0.134 0.999 0.17 1.203 0.93-1.57 
diversity 

Tier 5 0.231 0.189 1.379 0.22 1.26 0.87-1.83 
diversity 

Tier6 0.074 0.099 1.379 0.46 1.077 0.89-1.31 
diversity 

Rho2 

0.140 

0.085 

0.006 

0.010 

0.012 

0.053 

0.056 

0.026 

0.053 

0.058 

0.014 
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DISCUSSION 

Three rat species, Rattus exulans, R. rattus and R. norvegicus, were present, and 

distributed unevenly, in four forest types in the Rakeahua Valley. Ship rats were the 

most ubiquitous species, found in all forest types. Ship rats were virtually the sole rat 

species present in podocarp-broadleaf forest. Norway rats were numerically dominant 

in subalpine shrubland and were found in small numbers in the other forest types. 

Pacific rats were the most common rat in Leptospermum shrubland, were also found 

in riparian forest, and a few were trapped in subalpine shrubland. These macro

habitat differences in distribution of rat species were also fine-tuned at a micro-habitat 

scale. As expected, Norway rats had strong affinities with plants associated with 

damp sites, whilst Pacific rats were more abundant in areas with large amounts of 

very low ground cover. Compared to their congenerics, ship rats exhibited decidedly 

generalist habitat selection. 

There was no overall difference in mean abundance of rats between the forest types, 

suggesting that resources such as food were not limiting rat numbers in any forest 

type compared to any of the others (Banks and Dickman 2000). The abundance of all 

rat species fluctuated seasonally and concurrently in all forest types, which suggested 

they were responding to similar seasonal availabilities of food in each forest type also 

(Banks and Dickman 2000). Maximum abundance was in early winter, which 

Sturmer (1988) also recorded. Winter maxima in abundance coincided with a 

substantial increase in the percentage of juvenile rats within the populations of all the 

rat species. Minimum abundance was in early summer through to autumn. This 

timing of breeding is similar to breeding seasons for rats on the mainland of New 

Zealand (Innes 2001). 

Overall, ship rats were the most abundant rat in the Rakeahua Valley, and the most 

pervasive. This mirrors the distribution and abundance of ship rats on the main 

islands of New Zealand (Innes 2001). Rather than infer habitat selection by ship rats 

from where they are found, as they are so common, a better insight may be obtained 

by investigating where ship rats are not dominant within the study area. Areas where 

other rats are dominant probably have distinctively different habitat features from 

areas where ship rats dominate. 
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Predators and habitat selection 

It has been suggested that coexistence of habitat specialists and habitat generalists 

may be strengthened by the presence of a predator (Morris 1996), cats in this case. 

There may some degree of 'forcing' of habitat selection by predators in New Zealand. 

Norway rats are now only found near water on the mainland of New Zealand, and it 

has been suggested that stoats reinforce this 'apparent selection'. Norway rats became 

rare on the mainland after ship rats arrived, and before stoats arrived (Innes et al. 

2001). Similarly, on Kapiti Island (New Zealand) where mammalian predators are 

absent, Norway rats exhibit habitat preferences for damp sites, and Pacific rats are 

excluded from preferred sites by their larger con-generic (Bramley 1999). At face 

value, habitat selection by rats appears primarily to be a hierarchical process, with one 

species dominating a habitat, and wholly or partially excluding other species, despite 

the presence of predators. 

Rats in Leptospermum and riparian shrub/and 

In the relatively low Leptospermum shrubland, Pacific rats were the most abundant 

species, followed by ship rats. If this habitat were suitable for the other two species 

they would be expected to occupy it, as Pacific rats are subordinate to them 

(McCartney and Marks 1973, Twibell 1973). Although Pacific rats are known to be 

arboreal (McCartney 1970) the results of this study suggest that ground cover, in this 

case Empodisma minus, is the most important habitat feature for them in the 

Leptospermum shrubland as well as riparian forest. This agrees with other studies that 

suggested that Pacific rats select sites with dense groundcover with or without short 

canopy cover (Taylor 1975b, Sturmer 1988). The importance of ground cover in 

these two macro-habitats suggests that Pacific rats, like other small rodents, may be 

using it as an escape site from either predation (Wywialowski 1987, Atkinson and 

Moller 1990) or competitive interactions with larger con-generics (Falkenberg and 

Clarke 1998). Pacific rats and ship rats will exist together in a confined space, 

apparently harmoniously, when ground cover is available (Strecker and Jackson 

1962), and this may be the case in the riparian forest. 

The reasons for the low numbers of ship rats in the Leptospermum shrublands may 

include fewer plant species, which suggests a simpler forest structure compared to the 

other forest types. There was a trend, although not statistically significant, for ship 
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rats to be trapped at sites in the Rakeahua Valley that had more plant species overall, 

and had more layers (tiers) present (Table 3 .6). In other countries, ship rats prefer 

forest types with more structural complexity (Braithwaite and Gullan 1978, White et 

al. 1997, Cox et al. 2000) and ship rats were responding in a similar way, albeit 

weakly, in the Rakeahua Valley. Ship rats were not responding in abundance to the 

amount of forest litter, as found by Cox et al. (2000), or canopy height (Braithwaite 

and Gullan 1978, Lehtonen et al. 2001). 

Norway rats were occasionally caught in Leptospermum shrubland, and they may 

have been dispersing from wetland areas between the slightly more elevated 

Leptospermum shrubland sites. Indeed, Norway rats are the most commonly caught 

species in Leptospermum forest in the nearby Freshwater Valley, probably due to the 

large areas of wetland there (Author, unpubl. data). Although Norway rats are 

usually closely associated (within 15 m) with water in New Zealand (Moors 1990, 

Innes 2001), virtually no Norway rats were trapped in the riparian habitat in this 

study, which is surprising. Similarly, many of the Norway rats in the subalpine 

shrubland were trapped over 200 m from the small streams that cut across the rat trap

lines. Similarly, on Raoul Island in northern New Zealand (pers. obs.), Campbell 

Island in the New Zealand subantarctic (Taylor 1986), Kapiti Island in the North 

Island (Bramley 1999), Norway rats were also trapped several hundred metres away 

from areas of water. On Raoul and Kapiti Islands the only competitor was the 

subordinate Pacific rat. Rodents exhibit greater selectivity of available habitats when 

predators are present (Norrdahl and Korpimaki 1993, Morris 1996). The presence of 

predators, cats, on Raoul and Campbell Islands did also not prevent the Norway rat 

from occupying the available habitat. Norway rats may use a wider range of habitat 

when they have a comparative advantage in either size or physiology over other rats 

present. Conversely this would suggest that in the riparian forest ship rats had some 

competitive advantage in excluding Norway rats from an apparently suitable habitat. 

Although Pacific rats were present in the riparian forest ship rats were more abundant. 

The riparian forest was taller and had a more plant species in the shrub (Tiers 4-5, 0.3-

5 m) layer than the Leptospermum shrubland that, as discussed above, may have 

favoured its use by ship rats. 
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Rats in subalpine shrub/and 

In the subalpine shrubland, Norway rats are the most abundant species, followed by 

ship rats. This pattern was also recorded in subalpine shrubland on Table Hill, to the 

south of Mt Rakeahua (Author, unpublished data). There has been very little 

systematic trapping of rats in this forest type (Moors 1990, Innes 2001), and the only 

recorded trapping in subalpine forest was in high altitude Nothofagus forest and alpine 

tussock at Mt Misery, Nelson Lakes National Park. No ship rats were trapped above 

1025 m AMS;L (Innes 1990), and no other rats were apparently trapped in this zone 

either. Norway rats were recorded in substantial numbers in the subalpine shrubland 

of Fiordland in 1884 (Reischek 1887), but have since disappeared from this forest 

type (Riney et al. 1959), probably due to the arrival of stoats. 

Norway rats may dominate subalpine shrubland on Stewart Island due to their size. 

The less common ship rats may be more susceptible to interference by the larger 

Norway rats in this forest type with a low canopy height (2-3m). Alternatively, ship 

rats may be at the limit of their cold tolerance (MacDonald and Barrett 1993, Yalden 

1999) so larger Norway rats may have a physiological advantage (Wolff 1996, 

Tomblin and Adler 1998). Although ship rats were trapped in subalpine shrubland 

when snow had lain for a few days, it has been suggested that prolonged cold (2.0°C 

minimum mean monthly temperature) affects the ability of ship rats to forage for food 

(Studholme 2000). The mean winter temperature recorded in the Rakeahua Valley 

during the study was 5.5°C (s.e.:± 0.5°C). Using a lapse rate of temperature change of 

6°C/1000 m (Barry 1981), the mean monthly minimum at 450 m AMSL (about 

midway in altitude in the subalpine scrub belt on Rakiura/Stewart Island) would be 

2.8°C. The wet conditions at this altitude, where rainfall probably exceeds 3200 mm 

/year (Sansom 1984), may also limit the foraging ability of ship rats. Norway rats, on 

the other hand, are excellent swimmers (Moors 1990) and appear adapted to wet, cold 

conditions in New Zealand and Europe (Reischek 1887, MacDonald and Barrett 

1993). 

Enclaves of rat species 

Small numbers of subdominant species had established in enclaves of apparently 

suitable micro-habitat within forest types dominated by other rat species. Four 
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Norway rats were captured at two adjacent trap sites on the Leptospermum shrubland, 

and five adult and juvenile Pacific rats were also captured at two adjacent trap sites in 

subalpine shrubland. In-podocarp-broadleafforest in the nearby Freshwater Valley 

six adult Pacific rats were trapped within 200m of each other in an area where ship 

rats were the predominant species (Author, unpublished data). This suggests that 

emigration of subdominant species is occurring through habitats dominated by other 

species. The establishment of a successful, i.e. breeding, population may be due to 

the presence of microhabitat suitable to particular rat species within a forest type. 

Rats in podocarp-broadleaf forest 

The virtual absence of Norway rats and Pacific rats from podocarp-broadleafforest is 

intriguing. It would be· expected that a structurally diverse forest habitat should have 

food size or food density niches (Kotler et al. 1993) or microhabitat niches available 

for other rat species (Higgs and Fox 1993, Seamon and Adler 1996). This observation 

also casts some doubt on the theory that Norway rats are excluded from lowland 

forest areas through predation by mustelids in New Zealand (Taylor 1975c, 1984), as 

mustelids are absent from Stewart Island. The ubiquity of ship rats does suggest they 

have a broader 'niche width' than either Norway rats or Pacific rats. 

Niche breadth in the three rat species 

Species can be regarded as having a "fundamental" and a "realised" niche breadth. 

The fundamental niche is the niche occupied when no competitors are present, and the 

realised niche the niche occupied when competitors are present (Hutchinson 1957, 

Wisheau 1998). Rattus spp. can occupy large fundamental niches. Undoubtedly their 

phenotypic flexibility has contributed to their success worldwide as colonisers (Patton 

et al.1975, Millien-Parra and Lareau 2000). 

All three rats in New Zealand have large fundamental niches. Pacific rats were found 

throughout the New Zealand mainland before Norway rats were introduced (Atkinson 

1973, Holdaway 1999). On islands without other rodents they will occupy all 

available habitats (Williams 1973, Speed 1986, Newman and McFadden 1990, 

Roberts and Craig 1990, Whenua Hou/Codfish Island, pers. obs.). Norway rats were 

ubiquitous in New Zealand (Moors 1990) before ship rats arrived (Atkinson 1973). 

They will expand their use of habitat in unoccupied habitats or habitats occupied by a 
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subdominant congenerics (Campbell Island pers.obs., Pye and Bonner 1980, Millien

Parra and Loreau 2000, Thorsen et al. 2000). Ship rats have a similar ability (Patton 

et al.1975) and are now found iri various habitats in the tropics to the subantarctic 

(Twibell 1973, Patton et al. 1975, Bell 1976, Pye et al. 1999). 

In the presence of competitors in New Zealand, rat species exhibit narrower realised 

niches, as previously noted, and historical records suggest that the habitat partitioning 

occurred before predators became widespread (Atkinson 1973). Although predation 

has been suggested as a way of allowing habitat partitioning to occur by depressing 

the density of dominant species (N orrdahl and Korpimaki 1993, Stapp 1997), this 

historical information infers that competition is the main way partitioning has 

occurred between these three species. 

Competition can be divided into two mechanisms. Exploitative competition involves 

one species being better adapted at using a resource, and deprives the other species the 

use of the resource. Inhibiting another species access to a resource by territoriality or 

aggression is Interference competition (Jaeger 1974, Schoener 1983) 

Competition experiments have shown that inter-specific social dominance will affect 

resource partitioning (Morse 1974), the larger species generally dominating in 

competitive situations (Schoener 1983). This has been shown for various 

experimental interactions between Rattus spp. and Mus sp. Norway rats can kill mice 

(Davis 1979) and Pacific rat (Meeson 1884, Twibell 1973), and will dominate ship 

rats in an enclosure (Barnett and Spencer 1951). Ship rats will dominate Pacific rat in 

enclosures (McCartney and Marks 1973). The mechanism for competitive resource 

partitioning in these cases would be via interference competition. 

Distribution of Rattus rattus and R. norvegicus in New Zealand 

Size-related dominance does not wholly explain the distribution ofintroduced rodents, 

however. Although Ship rats are sub-dominant to Norway rats (Barnett and Spencer 

1951) they are now the most widespread species in New Zealand (Innes 1990), Fiji 

(Williams 1972), Hawaii (Suighara 1997) and Mauritius (pers. obs.), despite the 

occurrence of Norway rats there. In Britain, Europe and USA the opposite is true and 

replacement of ship rats by Norway rats is the probable cause (White 1891, White 
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1897, Ecke 1954, Bentley 1964, MacDonald and Barrett 1993). Why does this 

contradiction exist between the distributions of R. norvegicus and R. rattus in New 

Zealand and the same species in north temperate areas? 

Ecological theory would suggest that in the northern hemisphere the ship rat has 

another competitor with a similar ecological niche in addition to R. norvegicus; an 

arboreal rodent about the same size or larger. The red squirrel (Sciurus vulgaris 

weight: 300g) appears to fill this role. Ship rats" .. fill(s) the niche of squirrels in 

wooded parts of Cyprus, Southern France, and Spain" (McDonald and Barrett 1993), 

and " . .live somewhat like tree squirrels .. " (King et al.1996b, H. Moller pers. comm. 

2000). 

Squirrels are therefore likely to be in competition with ship rats for a significant 

resource(s). Ship rats are generally omnivorous (Innes 1990), red squirrels are 

omnivorous (McDonald and Barrett 1993) so there is possibly some competition for 

food. All species nest in trees or use hollow trees so competition for shelter is likely. 

In temperate climates where chilling is a problem for squirrels (McDonald and Barrett 

1993), and probably for ship rats (Barnett and Spencer 1951, Daniel 1972, McDonald 

and Barrett 1993, MacDonald and Barrett 1995, Yalden 1999), this competition may 

be intense. 

The ship rat was well established in Europe by the Middle Ages (MacDonald and 

Barrett 1993) in the absence of the Norway rat and despite the presence of squirrel 

species. This suggests it occupied at least some of the niche that would normally be 

filled by a congeneric, like the Norway rat. When the Norway rat became established 

in Europe in the early 18th Century the ship rat may have been forced out of the only 

niche available to it. Norway rats will dominate ship rats in a habitat with no vertical 

structure (Barnett and Spencer 1951, Ecke 1954). Ship rats in Europe could probably 

not occupy a vertical or arboreal habitat niche as it can in the forests of New Zealand, 

as squirrels dominate it. Hence the two larger rodents, the already resident squirrel 

and the invading Norway rat, have probably replaced ship rats in Europe and North 

America. 
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So why do ship rats dominate in forests on islands where they exist with the Norway 

rat (Suighara 1997, Robinet et al. 1998)? Habitat structure may be a factor, as it 

influences competitive interactions in desert rodents by affecting aggressive 

interactions or exploitation of food (Brown 1987). Evidence suggests that ship rats 

are better competitors in a forest habitat than Norway rats. Ship rats are skilful 

climbers in forests and nest in trees whereas Norway rats climb " .. more rarely than 

ship rats" and burrow to nest. Norway rats swim readily, but ship rats are unwilling 

swimmers (Moors 1990, Innes 1990). Ship rats may have become dominant in New 

Zealand forest through a process of exploitation competition, in particular, 

"aggressive neglect" (Hutchinson and MacArthur 1959) by Norway rats as elucidated 

by Brown (1971) for competing chipmunks (Eutamias spp.). This process involves 

the larger species attempting to control a resource, like food, by chasing smaller con

generics away (Ripley 1961). While the larger species is temporarily absent other 

individuals of the same smaller species use up the resource (Brown 1971). Ship rats 

could escape Norway rats easily by climbing trees. It may be that in the absence of a 

larger arboreal competitor, ship rats can occupy the lowland forest niche more 

effectively than Norway rats. 

By using the under-exploited "tree", or vertical, portion of tall forest which Norway 

rats probably cannot use well, ship rats could also have become more abundant than 

Norway rats in tall forest. An advantage in numbers by the apparent sub-dominant 

species would allow it to displace the dominant competitor (Crowell and Pimm 1976, 

Wolff 1996). Indeed, on islands in the tropics where ship rats have reached high 

densities they have caused the extinction of native rats (Goodyear 1992). Smaller 

rodent species have been recorded becoming numerically dominant to larger rats in 

New Zealand. Irruptions of Pacific rats in the 19th century occurred despite the 

presence ofNorway rats (Meeson 1884, Rutland 1889). Similarly mice plagues were 

also recorded despite the presence of Pacific rats and/or Norway rats (Gillies 1878, 

White 1891 ). These are probably also examples of exploitation competition. The 

Pacific rats and mice were utilising a massive infrequently-available resource more 

effectively than their socially dominant competitor and possibly out-breeding them 

during a period ofresource over-abundance. 
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The three rat species on Stewart Island show inverse numerical relationships when 

sharing a forest type or inverse spatial relationships as is the case with ship rats 

dominating podocarp-broadleaf forest. These patterns in numbers or space-use by 

rodents found together were suggested by Grant (1972) and have been shown to occur 

in rodent communities elsewhere (Brown 1987, Kotler et al. 1993, Millien-Parra and 

Lareau 2000, Morris et al. 2000). On Stewart Island the ship rat, as a generalist 

competitor, is the most widespread species, possibly aided by the absence of an 

arboreal competitor. Ship rats have probably displaced Norway rats and Pacific rats 

from large parts of their historical distribution, and this displacement is marked in 

podocarp-broadleaf forest. Norway rats and Pacific rats still dominate some forest 

types where conditions are such that ship rats are at an apparent disadvantage. 

Evidence elsewhere suggests that ship rats increase in abundance along a gradient of 

increased plant diversity and/or structure (Braithwaite and Gullan 1978). Norway rats 

were more abundant in wetter, and also colder, sites with a short tree canopy, whereas 

Pacific rats were more common in Leptospermum-dominated forest types with 

plentiful very low ground cover. The largest and smallest rat species on Stewart 

Island have smaller niche widths, with preferences for different macro- and micro

habitat features, when they occur together with a intermediate-sized generalist species 

with a large niche width. 

This chapter has presented results that would need to be tested experimentally to 

ensure their validity. Habitat selection per se would be difficult to test in the field for 

the reasons I have discussed, namely that these rat species appear to have large 

fundamental niche widths, and if other rat species were removed from a habitat other 

rat species would occupy the vacant space. Some degree of habitat preference can be 

deduced from observing the density of a species within adjacent habitats without con

generics (Schoener 1974, Morris 2000). The reproductive success of a single species 

in adjacent habitats does not provide a measure of habitat selection due to density

dependent factors. Reproductive success is reduced in favourable habitats as density 

increases (Morris 1987). To experimentally show competition, selective removal of a 

single species, or multiple species, within a habitat, or across a habitat boundary, often 

produces the most compelling results (Higgs and Fox 1993, Hughes et al. 1994, Maitz 

and Dickman 2001). In the case of the Rakeahua Valley, removal of ship rats within a 

grid of traps at the podocarp-broadleafforest/Leptospermum shrubland boundary 
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would allow Norway rats or Pacific rats to occupy the vacant space in the podocarp

broadleaf forest, where they are essentially absent. Experiments ofthis nature are rare 

in New Zealand, but could be used to test the hypotheses suggested in this chapter. 
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Chapter 4 

DIET, AND NUMERICAL RESPONSES OF FERAL CATS 

(FELIS CATUS) TO VARIATIONS IN RAT ABUNDANCE 

ON STEWART ISLAND (RAKIURA), NEW ZEALAND. 

Feral cats were introduced to New Zealand, including Stewart Island/Rakiura (47° S, 

168° E) by Europeans in the late 18th Century (Fitzgerald 1990) and, along with 

introduced rats (Pacific rat Rattus exulans, Norway rat R. Norvegicus, and Ship ratR. 

rattus), have had a major impact on native fauna (Clout and Lowe 2000). 

Feral house cats are opportunistic predators with a wide prey spectrum (Bonner 1984, 

Pearre et al. 1998), which has made them successful colonisers of islands throughout 

the world (Apps 1983). Cats will use alternative prey, which enables them to 

maintain their abundance when one prey type is not available (Davis 1957, Moors and 

Atkinson 1984, Molsher et al. 1999). In cases where they have extirpated all 

alternative prey, cats may themselves decline to extinction (Moors and Atkinson 

1984). Predation by feral cats may therefore contribute to the extinction of their prey 

(Kruuk 1982, Kirkpatrick and Rauzon 1986, Fitzgerald 1988). As a consequence 

feral cats are controlled, or in some cases eradicated, from islands where they have 

had significant impacts on native species (Rauzon 1985, Berruti 1986, Domm and 

Messersmith 1990, Bins and Copson 1992, Bester et al. 2000, Veitch 2001). 

Ground-nesting birds are particularly susceptible to predation by cats (Sanders and 

Maloney in press) and cats have been implicated in the decline or extinction of birds 

throughout New Zealand (Thompson 1922, Wodzicki 1950, Taylor 1968, Fitzgerald 

and Veitch 1985, Giradet et al. 2001). On Stewart Island, cats were the principal 

predator of adult kakapo Strigops habroptilus, a highly endangered endemic ground 

parrot. All the remaining 61 kakapo were transferred to cat-free islands (Powlesland 

et al. 1995). Similarly, predation by cats is probably the main reason the endemic 

brown teal Anas aucklandica chlorotis has gone extinct on Stewart Island (Hayes and 

Williams 1982), and weka Gallirallus australis scotti have almost been extirpated 

(Chapter 2). 
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Feral cats on Stewart Island are thought to be the chief predator of the Southern New 

Zealand dotterel, Charadrius obscurus obscurus (Dowding and Murphy 1993). The 

Southern New Zealand dotterel is an endangered endemic plover that nests on 

mountain heathland above the tree-line. Southern New Zealand dotterels once bred in 

the mountains of the South Island and Stewart Island, but introduced predators and 

hunting have restricted them to Stewart Island (Barlow 1993, Heather and Robertson 

1996). Dotterel numbers declined further and by 1994 the population was estimated 

to be around 60 birds, down from over 300 birds in the 1950s (Barlow 1993). Control 

of cats using poison was initiated in 1992, and dotterel numbers began to increase 

immediately (Dowding 1999). 

The poison operation to control cats was carried out at four sites on the mountains of 

Stewart Island every spring and summer. Poison bait was presented in bait stations at 

the tree-line, at an altitude of about 500m. The bait was replaced every two weeks 

due to the prevailing wet and windy conditions, and this took about six days to 

complete at all four sites. The operation was expensive and very time-consuming. 

Consequently, more efficient use of time and resources was desired, and this required 

better knowledge of cat abundance, habitat use and population regulation. Some 

indications of responses of cats to changes in prey abundance could be inferred from 

other studies of predators, the F elidae in particular. 

Most predator populations are food limited (Crawley 1992) and densities of predators 

will fluctuate along with periodic changes in prey abundance (King 1983, Korpimaki 

and Norrdahl 1991, Jedrzejewski et al. 1995, Angerbjorn et al. 1999). Predators 

respond to prey abundance in two ways, numerical (demographic) and functional 

(behavioural) responses (Korpomaki and Krebs 1996). Numerical responses involve 

changes in rates of survival, reproduction, immigration and emigration (Kopimaki and 

Noordhahl 1991, Butet and Leroux 1993, Norbury et al. 1998, Angerbjorn et al. 1999, 

O'Mahony et al. 1999). Functional responses often include 'prey switching' to 

alternative prey when preferred prey reach low numbers (Dunn 1977, Weber 1990, 

Zalewski et al. 1995, Angerbjorn et al. 1999, Helldin 1999, Lode 2000). Functional 

responses such as 'prey switching' are difficult to measure however, especially in 

multiple prey-multiple predator systems (Korpimaki and Krebs 1996). There is little 
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empirical evidence for prey switching in multiple prey-multiple predator systems 

(Murdoch 1969, Jaksic et al. 1993, O'Donohogue et al. 1998, Patterson et al. 1998), 

but it can be shown to occur in system with a single predator and two to three prey 

(Murphy et al. 1998). 

The use of alternative prey however is recognised as important for the maintenance of 

predator communities (Erlinge et al. 1984, Erlinge et al.1988). Use of alternative prey 

is well recorded in the Felidae, especially for the lynx and the associated snowshoe 

hare Lepus americanus cycle (O'Donoghue et al. 1998). Lynx will switch from 

snowshoe hares to red squirrels Tamiasciurus hudsonicus when the hares are scarce 

(O'Donoghue et al. 1998). Other cat species will also use alternative prey when 

preferred prey is in low abundance. For example, Lions Panthera leo preferentially 

use migratory, rather than resident, prey in the dry season (Schaller 1972, Viljoen 

1993). 

Availability of prey, not territorial behaviour, regulates population density in feral 

cats Felis catus (Liberg et al. 2000), bobcats Lynx rufus (Lawhead 1984) and Lynx 

Lynx canadensis (Brand et al 1976), mountain lion Puma concolor (Pierce et al 2000), 

lion and jaguar Panthera onca (Kruuk 1982). In periods of low prey abundance 

mortality often occurs through starvation of adult and juvenile felids (Schaller 1972, 

Brand et al. 1976, van Ordsal et al. 1985, Bailey 1993). Increases in home range size 

and rates of emigration are also apparent when prey is scarce (Lawhead 1984, Van 

Ordsal et al. 1985, Bailey 1993, Viljoen 1993). 

Feral cats on Stewart Island could be expected to exhibit similar changes in mortality, 

emigration, and diet as prey abundance fluctuated. Although the diet of feral cats has 

been studied on Stewart Island (Karl and Best 1982) the authors did not attempt to 

relate cat diet to availability of preferred prey and possible changes in the abundance 

of cats. Therefore, the seasonal abundance of the principal prey near the cat control 

sites needed to be measured. These changes in abundance had to be linked to the diet 

of cats to investigate whether the cats were responding to scarcity of principal prey 

and switching to another prey type, birds for example. The fate of individual cats as 

prey abundance changed seasonally was required to show changes in rates of 

mortality or emigration also. 
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This research was carried put in two parts. The initial research was carried out as a 

pilot study for two seasons (Spring and summer 1999) in the Freshwater Valley and 

on Table Hill, as trapping for cats and rats was tested. The remainder of the research 

was carried out in the Rakeahua Valley. Consequently some trapping methodology 

changes between the study sites as the trapping was refined for the main part of the 

study in the Rakeahua Valley. 

The study site was in the Freshwater and RakeahuaValleys (47° South, 167° 50' East)° 

on Stewart Island, separated by Mt Rakeahua (Figure 4.1). Cat control was carried 

out on the mountains adjacent to these valleys. Both valleys are low lying with 

undulating low ridges separated by marshes and streams with Leptospermum 

shrubland or wetland vegetation. The Freshwater Valley has more wetland than the 

Rakeahua Valley. Both valleys were bounded by forested hills or escarpments rising 

up to 716 m above mean sea level (AMSL). From 300 m AMSL the hills are covered 

in dense subalpine shrubland and above 500 m, low-alpine heath. The soils of the 

valleys are derived from water-borne alluvium, peat and probably wind-blown sand 

and are generally oflow fertility (Wilson 1987). The climate is cool, windy (Wilson 

1987) with rainfall of approximately 2265 mm year (K. Tredrea, NIWA, pers.comm.). 

Snow may lie to above 500m in the winter and occasionally is recorded on the valley 

floors. 

Scat analysis 

Cat scats were collected each season (winter: June; spring: September; summer: 

December; and autumn: March) from September 1999 to June 2001. For the first two 

seasons scats were collected in the Freshwater Valley, and thereafter in the Rakeahua 

catchment (Figure 4.1). The single walking track along each of these valleys and two 

walking tracks, one each up Mt Rakeahua and Table Hill, were searched daily for 

scats during the course of other field work. Field work was carried out from either of 

the single huts in each valley. The majority of scats were apparently not buried and 

were often found in the centre of tracks, in the top of grasses or sedges (Microlaena 

avenacea, Gahnia procera, Uncinia spp., Carex spp.) or on prominent moss clumps. 

Scats could often be found at the same location over several seasons. 
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Figure 4.1. Map of Stewart Island, showing the locations of the study sites. 
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Only fresh or relatively fresh scats were collected, freshness was ascertained by the 

smell and lack of mould. Scats collected during a field trip were regarded as being 

from the previous season unless they were obviously fresh. Most scats were collected 

in the first few days after arrival at the study site. 

Scats were stored in separate 'ziplok' bags marked with the date that they were found. 

The location, normally the closest cat or rat trap or cat-tracking point, was also 

recorded. Scats were dried at 60°C for 24 hours and stored following Reynolds and 

Aebischer (1991) as soon as possible after finishing the field work for a season. 

Scats were later soaked overnight in water then teased apart over a 355 µmm sieve. 

Any bones, feathers, arthropod exoskeleton or plant material found was recorded. 

The remains from each scat were stored in 5 ml vials in 75% alcohol. Rat remains 

were identified largely by the presence of molar and incisor teeth. A minimum 

number of rats per scat were estimated from the number of molars of a certain age 

class (Karnoukhova 1971, i.e.: four molars of an equivalent degree of wear were 

regarded as coming from one rat.). Other mammals were identified from bones and 

hair (Brunner and Coman 1974). Birds were mainly identified from feather remains 

(Day 1966) and some bones. Insects were grouped by Order depending on the 

exoskeleton remains. Plant material and microscopic material were not included for 

analysis. The data from each scat from a season were pooled to investigate seasonal 

differences. 

Results were expressed in two ways: (i) frequency of occurrence (percentage of scats 

containing a prey item), and (ii) percentage by weight of prey species. The two 

methods are used, because the former does not take into account prey weight and its 

relative contribution to the cats' daily food intake (Fitzgerald and Karl 1979). The 

frequency of occurrence method has been used in a number of published studies of cat 

diet (inter alia Fitzgerald and Karl 1979, Liberg 1984, Konecny 1987, Molsher et al. 

1999) and is therefore useful for comparative purposes (Reynolds and Aebischer 

1991). 
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Estimates of percentage by weight of individual prey types for each season were 

based on previously collected data on local prey species (e.g. seasonal weights of 

trapped rats) (Fitzgerald and Karl 1979, Karl and Best 1982). Unless remains could 

be identified to species, generic characteristic weights were assigned to prey types. 

For example, a mean bird weight of 5 0. 4 5 g was used for bird remains unless they 

could be readily identified. This weight was derived from the 13 passerine species 

known to be common in the area (Karl and Best 1982). Remains of birds were not 

generally identified to species as this had been done previously (Karl and Best 1982) 

and was not the focus of the research. Lizard weights of 4 g, weta weights of 1. 7 g, 

and beetle weights at 0.1 g were used for other prey weight estimates. Large prey 

items (greater than 500 g) are assumed to have provided more than a single meal for a 

cat and are therefore presented as 185 g per scat. This weight was derived using the 

following reasoning. The daily calorific requirement for a cat is 0.8 Kcal/day per kg 

of body weight (Macdonald and Rogers 1984), which for a 3 .36 kg adult male cat1 is 

268.8 Kcal/day. Females will usually require less, owing to their smaller weight, 

except when they are pregnant or lactating when they will require up to 0.17 Kcal/day 

per kg of body weight (Scott 1968). I have used the mean adult male weight to 

account for the variations in the female requirements throughout the year. The 

available calorific value of a rodent (the field vole Microtus agrestis) is estimated to 

be 1.46 Kcal per gram of fresh weight (Hansson and Grodzinski 1970). If the mean 

weight of a rat, cats' primary prey, is assumed to provide the same amount of calories 

then the average rat on Stewart Island (weight: 123 g) will provide 179.6 Kcal for a 

cat. The daily requirement of 268.8 Kcal was divided by the available calories from 

an average rat of 179. 6 Kcal, which equals 1. 5. This means that an average adult 

male cat will require 1.5 rats per day to satisfy it's calorific requirements. 1.5 rats 

multiplied by the mean weight for a rat on Stewart Island equals 184. 5 g. This is 

slightly higher than amounts recorded for domestic cats elsewhere (Howard 1957, 

Fitzgerald and Karl 1979), but less than some other locations where the mean weight 

of the cats were larger than in the Rakeahua Valley (Jones 1977, Liberg 1982a). 

1 This is the average weight of an adult male cat caught on Stewart Island: Appendix 1. 
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Relative abundance of rats 

Seasonal changes in relative abundance of the three species of rats present, Pacific rat 

Rattus exulans, ship rat R. rattus, and Norway rat R. norvegicus were investigated 

using standard trap lines. Rat trapping was carried out in two areas. The first site was 

a pilot study in the Freshwater Valley (Figure 4.2) and on Table Hill (Figure 4.3). 

Trapping was carried out in September and December 1999. Single trap lines were 

run in three vegetation types: Podocarp-broadleafforest, Leptospermum scoparium 

shrublands and subalpine shrubland. Rats were trapped using a standard method 

(Cunningham and Moors 1996). Twenty-five pairs of"Ezeset" snap-traps were set 

for three nights at 50 m intervals beside walking tracks in each forest type. The 50 m 

intervals were measured using a 10 m tape measure. Pairs of traps increase the 

probability of catching rats when rat numbers are high, and doubles the number of 

trap nights for little extra effort. The traps were protected with 12 mm-square mesh 

covers to exclude non-target species. The traps were baited with a mixture of peanut 

butter and rolled oats. The traps and mesh cover were secured with wire stakes to 

prevent removal of traps. All traps were checked daily. Any rat caught was removed 

and processed later in the day. Any traps that were sprung or had bait taken were 

noted and then re-baited and/or set. The traps were set off, cleaned, dried and stored 

between trapping sessions. 

From March 2000 to June 2001 two lines, each of seven pairs of traps, were set out in 

each of four vegetation types (riparian forest, Leptospermum shrubland, podocarp

broadleaf forest and subalpine shrubland) in the Rakeahua Valley and set for a 

minimum of nine days in each of the four seasons (Autumn; March, Winter; June, 

Spring; September, Summer; December). This is the same data that was collected for 

the research in chapter 3 (Figure 4.3). The paired trap lines were all a minimum of 

350 m apart. This distance is greater than the maximum-recorded home range length 

of any of the rat species in New Zealand at the time (Moors 1990) and was used to 

ensure independence of data. All trap lines were set out adjacent to walking tracks as 

permit requirements precluded the cutting of vegetation, which would have been 

required in the Leptospermum and subalpine shrublands. 
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Figure 4.2. Map of the Freshwater Valley, showing the locations of the rat trap-lines 
used in September and December 1999. 
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Figure 4.3. Map of the Rakeahua Valley, showing the location of the rat trap-lines used 
on Table Hill in September and December 1999, and in the Rakeahua Valley in 2000-
2001 . 
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Details of captured rats' species and weight were recorded on the day of capture. A 

mean weight of rats for each season was calculated using the weights of all rats 

captured, regardless of species or sex. The mean weight of rats was used as a basis of 

calculations of the contribution of rats to cat diet by weight as previously discussed. 

This assumes that cats are eating rats in approximately the same ratios as rats were 

trapped. 

A mean seasonal rat abundance index was obtained from the pooled rat captures from 

the trap lines. The rate ofrat capture was defined as the number of rats (R) caught (C) 

per 100 trap nights (TN) corrected for sprung traps (Nelson and Clarke 1973) and 

notated as R/lOOCTN (Cunningham and Moors 1996). 

To investigate cats' response to changes in rat abundance, cats were trapped and fitted 

with radio-transmitters (n = 22). This gave information on possible cat deaths or 

emigration from the study area. The cats were captured in Victor 1. 5 Soft Catch traps 

(Woodstream Corporation, Lititz, USA) in dead-end sets against the base of trees, as 

described in Veitch (1985). Cage traps were not used as they were too bulky for use 

in the vegetation present. The traps were baited with thawed frozen fish. Trap lines 

were set 2-3 m off two walking tracks, one in the valley floor and one to the bush line 

(c.500 m AMSL) through all forest types (Figure 4.2). Traps were checked every 

morning. Captured animals were anaesthetised with an intramuscular injection of 

DO:MITOR (lg/mL medetomidine hydrochloride) at a dose rate of 0.23mL per kg of 

the estimated body mass. The cats were fitted with a two-stage transmitter (160-161 

IvlHz) attached to a collar (Sirtrack, Havelock North, New Zealand). The transmitters 

had two pulse rates, an 'active' pulse at 60 pulses/second, and a 'resting' pulse at 40 

pulses per second. The signal would change from active to resting after five minutes 

of inactivity, and back to 'active' immediately the cat became active. Cats were 

given an antidote (ANTISEDAN) to the anaesthetic at a dose rate of half the 

DOMITOR rate and released after about five minutes. 

Fixes on locations for radio-collared cats were obtained by radio-tracking, daily for a 

month each season from March 2000 to June 2001. These fixes were obtained by 

taking consecutive- bearings from fixed points on separate cats. Subsequent fixes 

were taken within 30 minutes of each other to reduce errors due to cats moving. Cats 
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were assumed to have a settled home range if they were regularly located within the 

study area for at least two consecutive seasons. Emigration was assumed to have 

occurred when a cat was either tracked leaving the study area, or was not located 

within the study area at the start of a field season, and was subsequently never located 

within the study site. The cats were wearing movement sensitive radio-collars that 

switched pulse rates depending on whether the cat had moved or not over a five 

minute period. If bearings from a radio-tracking point changed little over a two-three 

day period and the pulse rate remained on 'resting' pulse rate it was assumed that the 

cat had died. The cat was located and retrieved as soon as possible after this and its 

possible cause and date of death noted. 

Analysis 

A test for significant differences in the seasonal contribution of rats, by weight, to the 

diet of cats was carried out using a G-test (Sokal and Rohlf 1995). To investigate 

whether there was a relationship between the relative abundance of rats per season 

and the numbers or biomass of rats or birds found in scats in the same season, a 

randomisation test was carried out (Sokal and Rohlf 1995), as the sample sizes were 

small (n = six seasons). Initially a correlation between the observed relative 

abundance of rats (log-transformed to normalise the data) and one of the four 

observed sets of variables was obtained. Then simulated values were generated, and 

correlated with the observed relative abundance of rats, which was repeated 2000 

times. The number of times that the observed correlation matched the simulated 

correlation was counted, and divided by the number ofrepeats (2000). This gave an 

approximate proportion of bootstrapped samples with a lower correlation coefficient. 

The same randomisation procedure was used to obtain the probability that the 

numbers of cats dying or leaving the study area (a numerical response) in each season 

were related to the relative abundance of rats in those seasons (n = 6 seasons). 

Results 

Two hundred and nineteen cat scats were gathered during eight seasons over two 

years. Rats were the most important food either by frequency of occurrence (Table 

4.1) or by weight (Table 4.2). Abundance of rats varied seasonally with <;1- low in 

abundance in early summer to early autumn (Figure 4.4). This trend occurs through 

all the forest types (Chapter 3). 
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Table 4.1: Seasonal distribution and percent occurrences of prey items in the scats of 

feral cats from the Freshwater and Rakeahua Valleys, Stewart Island, 1999-2001. 

Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun. Total 

1999 1999 2000 2000 2000 2000 2000 2000 items 

No.of 
5 29 20 47 56 26 21 15 219 

scats 

5 22 18 31 51 26 17 12 
Rat 182 

(100%) (75.8%) (90.0%) (66.0%) (91.1%) (100%) (81.0%) (80.0%) 

2 6 6 22 6 7 7 3 
Bird 59 

(40%) (27.3%) (30.0%) (46.8%) (10.7%) (26.9%) (33.3%) (20.0%) 

1 6 2 4 1 5 4 5 
Weta 28 

(20%) (20.7%) (10.0%) (8.6%) (1.8%) (19.2%) (19.0%) (33.3%) 

9 2 1 3 2 
Beetle - - - 17 

(31.0%) (10.0%) (1.8%) (11.5%) (9.5%) 

2 1 
Lizard - - - - - - 3 

(4.3%) (1.8%) 

1 1 2 
Possum - - - - - 4 

(20%) (5.0%) (4.3%) 

1 5 2 2 3 1 
Other - - 14 

(20%) (10.6%) (3.6%) (7.7%) (14.2%) (6.7%) 

%of 

total 

(95% 

C. I.) 

83.1 

(90.4-

74.5) 

26.9 

(33.4-

21.5) 

12.8 

(18.0-

9.0) 

7.8 

(11. 9-

4.7) 

1.4 

(3.9-

2.8) 

1.8 

(4.6-

0.5) 

6.4 

(10.4-

4.0) 
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Table 4.2: Seasonal and overall allocation of weights of prey (g) of feral cats in the 

Freshwater and Rakeahua Valleys, including the percentage contribution of the 

principal prey items. Prey weights are derived :from the number of items eaten 

multiplied by a given weight (see text) for an individual prey item. 

p = 1 x Red-crowned parakeet (Cyanorhamphus novaezelandiae): 80 g 

k = 1 x Kereru/NZ pigeon (Hemiphaga novaeseelandiae): 720 g. 

Sep. Dec. Mar. Jun. Sep. Dec. 

1999 1999 2000 2000 2000 2000 

133.5 144.7 86.8 107.4 120.8 146.1 

± 10.8 ±26.2 ±25.1 ± 10.4 ± 17.3 ± 30.4 

Mar. Jun. Total Weight 

2001 2001 N (g) 

Mean: 
145.9 100.3 

122.8 
±24.1 ±14.3 

±6.6 

----------- ---------- --------- ---------- ----------- --------- ---------- ---------- ---------- -------- -----------
No. of 

6 29 21 46 56 36 17 17 228 
rats 

Weight 801 4196.3 1822.8 4940.4 6764.8 5259.6 2480.3 1705.1 

of rats 
27970.3 

(%of 88.1% 88.7% 87.7% 69.6% 86.7% 82.0% 71.3% 88.9% 

total) 

No. of 
2 6 5 23 6 7 6 4 59 

birds 

Weight 

of birds 100.9 332.3p 252.3 1220pp 302.7 1147pk 987.3k 201.8 
4544.3 

(%of 11.1% 7.0% 12.1% 17.2% 3.9% 17.9% 28.3% 10.5% 

total) 

No. of 
3 11 2 4 1 5 6 9 41 

weta 

Weight 
5.1 18.7 3.4 6.8 1.7 8.5 10.2 10.2 64.6 

ofweta 

No. of 
0 9 2 0 1 3 2 0 17 

beetles 

Weight 

of - 0.9 0.2 - 0.1 0.3 0.2 - 1.7 

beetles 

%of 

total 

-------

81.2 

13.2 

0.2 

0.01 
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- - - 2 1 - - - 3 

- - - 8 4 - - - 12 0.04 

- 1 - 1 2 - - - 4 

- 185 - 185 370 - - - 740 2.1 

Caddis 
3 fish Fish 

moth 2 
baits, bait, 

larvae, spiders spider 14 - -
snail spider, kitten 

cockro 'fly 
deer 

ach 

2 - - 740.5 370 0.2 0.6 0.5 1113.8 3.2 

909 4733.2 2078.7 7100.7 7813.3 6415.6 3478.6 1917.61 1344467 EJ 
There was little seasonal difference in the frequency of occurrence of rats in cat diet. 

An average of 1.08 rats (95% C. I.:± 0.08) were found per scat. The mean weight for 

rats varied seasonally (Table 4.2), with an overali mean weight of 123.0 g (95% C. I.: 

± 6.6 g) but there was no significant seasonal difference in the contribution of rats, by 

weight, to cat diet (Table 4.2; G = 1.68, d.f. = 3, p > 0.1). The overall contribution by 

weight of rats was 81.2% of total prey taken. The randomisation test showed only a 

weak positive relationship between the relative abundance of rats and the numbers of 

rats found in scats. A strong positive relationship between the relative abundance of 

rats and the biomass of rats in scats was evident, with the proportion of bootstrapped 

samples being significantly higher than if randomly assigning the data (Table 4.3). 

Cats were eating rats regardless of the availability of rats, although a slightly smaller 

mass of rats tended to occur in cat scats as rat abundance declined. 

Birds were the next most important prey item occurring in 26.9% of scats, although 

they only contributed to 13 .2% of overall cat diet by weight. The randomisation test 
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Figure 4.4: Percentage contribution by weight of rats and birds 
to the seasonal diet of cats, in relation to the seasonal 
abundance of rats, Rakeahua Valley, Stewart Island. 

I ii 
Iii~! 

Winter Spring Summer Autumn Winter Spring Summer Autumn 

Season 
c:::::;J Rats 
i=:J Birds 
~ Rat abundance 

7 

6 

5 (I) 
0 
§ 

4 ]g 
~u 
trj 0 
.... 0 -3 ~~ ·.g '-' -

2 ~ 

1 

0 



y 

_, 

> 

.i_ 

l 
I 

\ 

11 

97 

Table 4.3: The relationship between the seasonal relative abundance of rats and the 
numbers or biomass of rats or birds found in cat scats, Rakeahua Valley, Stewart 
Island (p = proportion of bootstrapped samples with a lower correlation coefficient). 

Occurrence of Biomass of Occurrence of Biomass of 
rats in scats rats in scats birds in scats birds in scats 

Correlation 
0.24 0.78 -0.75 -0.87 

coefficient 

p 0.71 0.95 0.014 0.0005 
•. 
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showed a statistically significant, and strong, inverse relationship between the relative 

abundance of rats and the numbers or biomass of birds found in (Table 4.3). Cats 

were eating more birds, or bird biomass, as rat abundance declined. When profitable 

prey density, rats in this case, falls below a threshold, the catch rate of alternative 

prey, birds in this example, by predators is purported to change (Krivan 1996). This 

prey-switching threshold has since been modified to include the calorific value, 

handling time and abundance of the alternative food (van Baalen et al. 2001). The 

previous randomisation tests for occurrence of rats and birds in scats have weaker 

correlation coefficients with the data than biomass for each prey type (Table 4.3). 

Intuitively this makes sense. The use of biomass rather than individual prey items 

takes into account the weight of the prey, and hence a loose idea of the calorific return 

a cat would get per capture (Cumberland et al. 2001). The seasonal changes in prey 

mass is also taken into account. 

The mass of all other prey items (mainly other categories and possums) combined 

contributed only 5.6 % by weight to an annual cat diet (Table 4.2). 

Cat mortality and emigration 

The number of cats that died of apparent starvation (n = 7) or other unexplained 

reasons (n = 1 ), and the number of cats that left the study area were also recorded 

(Details on numbers, sex and age of captured cats are presented in chapter 5 and 

appendix 1). Most cats died in the autumn (62.5% of recorded deaths), two (25%) 

occurred in late summer, and one (12.5%) in the spring. Male cats also dispersed out 

of the study area when rat abundance was low during the late summer and early 

autumn. Four males out of eight radio-tagged males (50%) left the study area in early 

2000, and two out of six (33%) in early 2001. 

The randomisation test showed that the numbers of cats dying or migrating were 

strongly inversely correlated with rat abundance and the proportion of bootstrapped 

samples were significantly lower than if the data had been randomly assigned (R = 

-0.77, P = 0.015). Most cats died or migrated when the relative abundance of rats 

declined below 2 rats/IOOCTN (Figure 4.5). Of the cats that died one male cat had 
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Figure 4.5: Proportion of radio-collared cats dying in or leaving study area, 
in relation to the relative abundance of rats, March 2000 - June 2001 

Rakeahua Valley, Stewart Island. 
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lost 1. 5 9 kg ( 40% of original capture weight) between its capture at 4. 09 kg and when 

it was found freshly dead 3 5 days later. A post mortem could not find any obvious 

cause of death, which suggests that the cat had starved. One female cat died when rat 

abundance was above 3. 5 rats/1 OOCTN, but she had been caught a three to four days 

earlier in poor physical condition with obvious infestations of external parasites. 

Discussion 

The diet of cats from central Stewart Island recorded here was very similar to an 

island-wide survey from 20 years ago (Karl and Best 1982) which may have sampled 

around 50-plus individuals. Whilst the exact number of individuals is unknown, other 

evidence suggests that these results were probably restricted to around 20 cats in a 

much smaller area. 

Sources of bias 

Although indices of relative abundance of animals are not thought to relate directly to 

.density of animals (Thompson et al. 1998), the 'captures per 100 trap nights' method 

used here correlates well with rodent density (Ruscoe et al. 2001). Apparent declines 

in the relative abundance of rats coupled with the numerical response of cats outlined 

below suggest the index method used was reflecting broad changes in rat density. 

Trapping rats at 50 m intervals every 3 months is also unlikely to affect the density in 

subsequent trapping sessions (Bramley 1999) 

Numerical response by cats 

Cats in the Rakeahua Valley exhibited numerical responses to depressions in relative 

rat abundance through increased mortality and dispersal (Figure 4.5). Cat mortality 

tended to be the greatest during periods of low relative abundance of rats, probably 

from starvation. Similarly, cats on Macquarie Island died most often in winter when 

rabbit numbers were low (Jones 1977) and Liberg (1984a) found that male cats lost 

significant amounts of weight during periods of low rabbit abundance. Larger felids 

are similarly affected by declines in prey abundances. More lynx Lynx lynx will die 

of natural causes when their primary prey, snowshoe hares Lepus americanus, are in 

low abundance (Poole 1994). 
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In feral cats worldwide, most deaths appear to occur in juveniles (Apps 1983, 

Wodzicki 1950, Derenne 1976, van Aarde 1984). Juvenile mortality is a significant 

restraint on population growth when prey is limited (van Aarde 1978, Jones and 

Coman 1982). When food is not limiting, cat numbers can increase quickly through 

improved survivorship of juveniles and sub-adults (Apps 1983). Survivorship of adult 

and juvenile cats could improve on Rakiura/Stewart Island during occasional rat 

plagues. The rat plagues have been recorded over the summer and autumn during 

multi-annual seed mast events ofrimu Dacrydium cupressinum (Powlesland et al. 

1995). A temporary increase in cat density is likely during these plagues, and may 

persist until rat abundance decreases in the following summer. This may result in 

increased predation impact on native bird and lizard species when cats disperse. 

The numbers of cats dying and dispersing in the summer and autumn after a 

Dacrydium cupressinum mast season supports this. More cats dispersed and died in 

early 2000 after the Dacrydium cupressinum mast of early 1999 than the following 

year (Figure 4.6). This may be due to cats being at a higher density in 1999 than in 

non-mast years. 

Emigration of cats from the study area invariably occurred when rat numbers were 

depressed. The home range size of cats is known to increase when prey numbers are 

low (Norbury et al. 1998) or cats will abandon an established home range altogether 

(Brothers et al. 1985, Jones 1977). 

Functional response 

Cats on Stewart Island are apparently not eating rats according to rat abundance, 

which mirrors the findings of Fitzgerald and Karl (1979) who found little variation in 

occurrence of rats in scats at low or high rat abundance. Nevertheless, there was a 

strong trend for less mass of rats to be eaten as abundance of rats declined, which 

corresponded with an significant increase in the mass of' alternative prey', birds, 

consumed. There was, however, no sudden change in the relative contribution of 

either prey type as rat abundance declined. Detection of prey switching requires 

information on the density of prey and the number of individuals caught by each 

predator (Holling 1965). However, measurement of prey density requires a lot of 

time and resources, and information on the per capita rate of consumption of prey in 
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the field, by predators like cats, is virtually impossible. If it is assumed therefore, that 

the relative abundance of rats relates directly to density, and prey mass is linked to the 

number of individuals caught by cats, then there is little evidence that cats on Stewart 

Island 'prey switch' (Hassell et al. 1977, van Baalen 2001). Indeed, O'Donoghue et 

al. (1998) used relative biomass rather than abundance as an index to investigate prey 

switching by lynx Lynx canadensis because of the large differences in body size of 

prey, hares Lepus americanus and squirrels Tamiasciitrus hudsonicus. They 

concluded that virtually no secondary prey, squirrels, were killed when they 

composed 30% or less of the available biomass of prey. This 'prey switch' only 

occurred when the proportion of secondary prey comprised 55% of the total available 

biomass. 

The accessibility and calorific value of birds, cats' main alternative prey, probably 

limits their occurrence in cat diet. Volant forest birds (as opposed to ground-nesting 

birds) are probably not only difficult to catch, but are likely to return fewer calories 

(Konecny 1987a) per unit of effort than a rat capture. An 'average' rat (123 g) has 2.4 

times the mass of an 'average' forest bird (50.45 g). Although more bird biomass was 

eaten during troughs in rat abundance, this may be a function of increased foraging 

time for all prey types when rats are at low densities (Liberg 1982b ), rather than 

selection of birds as alternative prey. Cats are still relatively efficient rodent predators 

at very low prey densities (Pearson 1964, Lin and Batzli 1995) and when cats are 

foraging for longer periods, they have fewer, but larger meal sizes where possible 

(McDonald and Rogers 1984). 

Although feral cats, and other members of the Felidae, generally take prey in relation 

to its density (Coman and Brunner 1972, Sunquist and Sunquist 1989, Bloomer and 

Bester 1990), the primary prey, if it is easy to catch, is often the larger of the prey 

types available (Jones 1977, Liberg 1984, Kirkpatrick and Rauzon 1986, Gibb and 

Fitzgerald 1988, Bloomer and Bester 1990, Gillies 1998). While prey are probably 

selected by way of their size (Jaksic 1989), prey weight is a better surrogate for 

energy per prey unit (McDonald and Rogers 1984, Piersma and Davidson 1991), 

which suggests that the perceived energy return of a prey item, as well as its capture 

difficulty, also influences prey selection in feral cats (Konecny 1987a). 
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The previous diet study of cats on Stewart Island (Karl and Best 1982) recorded 

similar results to this study. The contribution by weight of rats to cat diet was 79. 7 % 

in the previous paper and 81.2% in this study. Similarly, birds were recorded, by 

weight, contributing 15.5% and 13.2%, respectively, to cat diet. Possum made up 

3 .4% of a cat diet by weight in Karl and Best's paper, and 2.1 % in this study. Weta 

(Orthoptera) contribution was the same in both studies (0.2%). The percentage 

occurrence for rats is less for this study but not significantly so. Karl and Best 

recorded 93.0% (95% binomial C. I.: 87.4% - 95.2%) occurrence of rats in cat scats. 

This study found 83.1% (95% binomial C.I.: 90.4% - 74.5%) occurrence of rats. 

A significantly higher percentage occurrence of birds than in this study was recorded 

previously (44.1%: 95% binomial C.I.: 37.0% - 50.5%, Karl and Best 1982, versus 

26.9%: 95% binomial C. I.: 21.8-5%-3.4%, this study). This may be related to the 

location of the study area. Few ground-nesting birds such as penguins were present in 

the Rakeahua Valley in contrast to the open coast of Stewart Island. 5. 7% of the 

individual birds identified from cat scats by Karl and Best were penguins, blue 

penguins Eudyptula minor and a crested penguin Eudyptes spp. Another 11. 3 % of the 

birds identified by Karl and Best were sooty shearwaters Puffinus griseus. These 

shearwaters breed on islands off the southern and northern coasts of Stewart Island 

(Heather and Robertson 1996), and may be killed by cats if they inadvertently land on 

Stewart Island immediately adjacent to their island breeding grounds. 

This study also showed significantly fewer lizards, Leiolopisma spp., in the diet of 

cats (1.4% frequency of occurrence, 95% binomial C. I.: 2.8% - 3.9%) than the earlier 

study (24% frequency of occurrence, 95% binomial C.I.: 19.1 % - 30.1 %). This may 

be because many scats in the previous study were found in southern Stewart Island. 

The higher proportion oflow scrub and exposed rock in this area (pers. obs.) makes 

the habitat highly suitable for lizards. Cats will tend to take prey depending on 

availability, which is, in turn, likely to vary with vegetation types (Coman and 

Brunner 1972, Nogales and Medina 1996). 

Of the rat species available, cats were probably consuming mainly ship rats and 

Pacific rats. Although some very large rat remains were found that were possibly 

Norway rats, this rat species is mainly restricted to subalpine shrublands in the study 
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area (Chapter 3), which cats use less than other forest types (Author, unpublished 

data). Cats have been found to prefer smaller rats (Biben 1979, Childs 1986, 

Fitzgerald et al. 1991) although they will take Norway rats when no other prey is 

available (Dilks 1979). 

Fish, deer Odocoileus virginianus or Cervus elaphus and kitten remains were all 

found in scats. It is possible that the occurrence of kitten was a result of cannibalism, 

but this may be unlikely if cats rarely consume aggressive prey as large as an adult 

Norway rat (Childs 1986). Adult cats and kittens have been found in small numbers 

in the diet of feral cats in other studies (Hubbs 1951, Jones 1977, Bloomer and Bester 

1990), and scavenging or cannibalism may occur more often during periods of 

nutritional stress (Paltridge et al. 1997). The presence of deer in a scat is probably the 

result of a cat scavenging on a deer shot by hunters. A deer carcase could provide 

food for a cat for many days. The fish remains are likely to be the bait from the cat 

trapping for this study. 

Possums are preyed on by cats in New Zealand and Australia (Molsher et al. 1999, 

Cowan et al 2000) and remains in cat scats may indicate predation on juvenile 

possums by cats as well as scavenging of carcases (Fitzgerald and Karl 1979, 

Langham 1990). Invertebrates are eaten frequently, but provide little mass in cat diet. 

The preponderance of weta, a nocturnal orthopteran, is not surprising. Orthopterans 

are often the dominant group in cat diets (Fitzgerald and Karl 1979, Jones and Coman 

1981, Paltridge et al. 1997) despite their poor calorific value (Konecny 1987a). In 

this case cats are probably taking every available prey item when it presents itself 

(Konecny 1987). 

Feral cats on Stewart Island appear to be under nutritional stress from late spring to 

early autumn and, like many other predators, food supply is also the primary 

population regulatory mechanism for these cats. In this case, it is not overall low prey 

abundance per se that are restricting cat numbers, but seasonal restriction in primary 

prey, coupled with limited alternative prey biomass. This information can be used for 

cat control operations on Stewart Island, or indeed on other islands if alternative prey 

is limited. Removal or reduction in the density of primary prey is likely to 

substantially reduce cat numbers, possibly to the point where they will die out 
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naturally. In the case of the current operation on Stewart Island, control could be 

better timed to reduce cat numbers when cats are hungry over the summer and early 

autumn. 
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Chapter 5 

HOME RANGE SIZE AND HABITAT USE OF FERAL CATS 

(FELIS CATUS): THE AFFECTS OF PREY ABUNDANCE AND CLIMATE. 

House cats Felis catus were probably introduced to Stewart Island/Rakiura during the 

settlement of New Zealand by Europeans in the early 1800s, and eventually became 

feral (Thomson 1922, Wodzicki 1950). Feral cats are the largest mammalian 

predators on Stewart Island and three introduced species of rats, Pacific rats Rattus 

exulans, Norway rats R. norvegicus, and ship rats R. rattus are now cats' primary prey 

(Karl and Best 1982). Cats, along with rats and the introduced brushtail possum 

Trichosurus vulpecula, are known predators of native birds, lizards and insects 

(Sadlier 2000, Innes 2001). Ground-nesting native birds are vulnerable to predation 

by cats in particular (Sanders and Maloney 2002) and cats are thought to be the main 

reason for the decline of the endangered Southern New Zealand dotterel Charadrius 

obscurus obscurus, which nests on the alpine heaths of Stewart Island. 

Dowding and Murphy (1993) suggested that a small number of cats, visiting the 

breeding sites of the dotterel from the forest or subalpine shrub land at lower altitudes, 

were responsible for the decline in the dotterel population. Control of the cats in the 

alpine areas was initiated in 1992 using poison bait presented in bait stations 

(Dowding 1993). Such a control operation would be most effective if the cats were 

regularly using the alpine heath as part of their home range. 

' 
Although numerous studies have been carried out on the home ranges of cats Felis 

catus (Jones and Coman 1982, Fitzgerald and Karl 1986, Konecny 1987b, Langham 

and Porter 1991, Gillies 1998, Edwards et al. 2001), only five have addressed habitat 

use by completely feral cats (van Aarde 1979, Brothers et al. 1985, Edwards et al. 

2002) and only two have used radio-telemetry (Alterio et al 1998, Daniels et al 2001). 

Habitat selection is the consequence of a process whereby an animal optimises the use 

of numerous available biotic and abiotic factors that affect its ability to live and 

reproduce (Hall et al. 1997, Morrison et al. 1998). These factors could include food 

supply and/or quality, competitors, temperature or rainfall. The size of an individual 
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animal's home range is an expression of this process (Morrison et al. 1998) as it has 

long been recognised that the home range size of a predator reflects the abundance of 

prey and the density of a predator population, and both these factors influence the 

behaviour of the predator (McNab 1963). 

Home range was initially defined as "an area repeatedly traversed by an individual in 

its normal activities of food gathering, mating and caring for young" (Burt 1943). 

Although the definition has largely been accepted (Kenward 2001 ), the term 'normal' 

has been criticised for not allowing for seasonal changes in home range use (White 

and Garrott 1990), as home range size could contract during the period when an 

animal is rearing young for example. Home range could be therefore defined as "an 

area repeatedly traversed by an animal during a specified period oftime" (Kenward 

2001, Kemohan at al. 2001). 

All the locations of an animal including excursions, or outliers, is not an expression of 

the 'repeatedly traversed' portion of its home range, indicating that outliers should be 

discarded for analysis purposes. Removal of outliers requires eith.er subjective 

exclusion or a more objective probability method (Garott and White 1990), such as 

the use of the Utilisation Distribution of an animal. The Utilization Distribution is a 

measure of the relative frequency that an animal is located at a point in space in its 

home range, usually over a certain time period (Van Winkle 1975, Marzluff et al. 

2001). Locations that are frequently closer to each other (densely packed locations) 

indicate proportionally greater utilisation of an area in an animal's home range ( more 

intense use) than locations that are observed less frequently and are further from each 

other (they are less densely packed and used less intensely). The distribution of 

utilisation intensity within a home range can be mapped in a similar manner to a 

contour map, where the gradient between the highest altitude (intense area of use) and 

lowest altitude (less intensity of use) is projected graphically (White and Garrott 

1990, Wray et al. 1992). The 'contour lines' are presented as percentages of use, for 

example the 50% contour contains 50% of all the mapped locations of an animal that 

are more frequently found close to each other than the remaining 50%. 

Mapping of Utilization Distributions indicates whether portions of animal's home 

range are 'selected', by way of more intense use of an area, over other areas within 
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the animal's home range. When combined with other information about an animal's 

home range, like vegetation type, slope steepness, or food availability, inferences 

about the animal's apparent habitat selection can be made (Murray et al. 1995, Powell 

and Mitchell 1998). The identification of a few critical resources, such as prey 

abundance, may provide the key to understanding how an animal selects habitat 

(Morrison 2001). Although prey availability is very important in determining 

densities and distribution in predators, other factors, like territoriality and shelter, also 

influence habitat use (Kruuk 1982, Sunquist and Sunquist 1989, Liberg et al. 2001). 

The availability of shelter is an important influence on habitat use by mammals. 

Shelter is used for protection from extremes of weather and temperature (Buskirk 

1984, Weber 1989, Virgos and Casanovas 1997, Zalewski 1997, Palmer and 

Woinarski 1999), protection from predation (Lariviere 1999, Virgos and Casanovas 

1999, Fisher 2000), and as sites for resting and raising young (Lindenmayer et al. 

1990, Lucherini et al. 1995, Halliwell and Macdonald 1996, Hussain and Choudhary 

1997). Shelter is used for all these reasons by the smaller Felidae (Koehler 1990, 

Johnson and Franklin 1991, van Heezik and Seddon 1998, Slough 1999, Hall 2000, 

Palomares 2001) and has been identified as a key factor in the suitability of habitat for 

carnivores in general (Fernandez and Palomares 2000). 

Availability of shelter restricts cats' habitat use, particularly in wet and cool climates 

(Derenne 1976, Corbett 1979, Brothers et al. 1985). As little shelter was available in 

the alpine areas of Stewart Island it was expected that cats would use these areas more 

often during dry weather (Brothers et al. 1985). If cats were only using the alpine 

areas while dispersing or on random excursions control of cats should therefore be 

targeting the source population where possible. Consequently the aims of the study 

were to find out if cats were occupying the alpine areas as residents or were stray 

individuals from high-density cat populations and to investigate possible causal 

factors for any possible avoidance of alpine areas, or preference for other habitats. 
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The study area and the study population are the same as was used in chapter 4. The 

study was conducted in the Rakeahua Valley (47° South, 167° 50' East) in the centre 

of Stewart Island, New Zealand (Figure 5. 1). The study area encompassed 4 2 km2 of 

the valley and surrounding hills. The study area was determined by mapping all the 

locations where cats were radio-tracked (McClean et al. 1998), and tracing either a 

95% kernel or a 100% Minimum Convex Polygon around them, depending on the 

analysis that was done. The valley is low lying and consists of undulating low ridges 

separated by marshes and streams with low scrub or wetland vegetation. It is 

bounded on its south side by a steep forested escarpment rising to 400m above mean 

sea level (AMSL) and on its north and west sides by low hills and isolated massifs. A 

small hut situated in the valley was the base for the field work. 

Climate 

The climate is cool and wet with rainfall estimated at 2000mm (Wilson 1987, Meurk 

and Wilson 1989). Snow may lie to above 500m in the winter and occasionally is 

recorded in the valley floor. To estimate the number of rain-days (rainfall< 

0.9mm/day: Sanson 1984) for the study area, rainfall was recorded daily at an open 

area north of the hut. 

Vegetation 

Four main forest types are found in the study area; riparian shrub land, 

Leptospermum scoparium shrub land, podocarp-broadleaf forest and subalpine 

shrub land, and are discussed in detail in Chapter 3. 

Habitat availability 

Delineation of the four forest types was required for habitat analysis. The area of 

these forest types was obtained from the vegetation features drawn on a 1:50,000 

topographic map (NZMS 260: C49, D49). A land use map was generated from this 

map with GIS software Arcview 3.0, and the areas of available forest types within the 
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Figure 5 .1: Map of Stewart Island, showing the location of the study site in the 

Rakeahua Valley. 
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study area were determined using the gee-processing extension of Arcview. The 

principal species and differences in structural components ( e.g. canopy height, 

diameter of tree at breast height) of each forest type were ground-trothed by a field 

survey ( Chapter 3). 

Movement patterns and home range determinations 

The movements of feral cats (n = 11) were studied using radio-telemetry for six 

periods ofup to four weeks each season (summer; December, autumn; March, winter; 

June, spring; September) from February 2000 and June 2001 (Chapter 4). The cats 

were captured in Victor 1.5 Soft Catch traps (Woodstream Corporation, Lititz, USA) 

in dead-end sets against the base of trees, as described in Veitch (1985). The traps 

were baited with thawed frozen fish. Trap lines were set 2-3 m off two walking 

tracks, one in the valley floor and one to the bush line (c.500 m AMSL) through all 

forest types (Figure 5.2). Traps were checked every morning. Captured animals were 

anaesthetised with an intramuscular injection ofDOWTOR (lg/mL medetomidine 

hydrochloride) at a dose rate of 0.23mL per kg of the estimated body mass. Cats were 

measured, weighed and their sex determined as these factors can determine home 

range size (McNab 1963). Photographs were taken of cats to record the coat patterns 

of the cat population. The cats were fitted with a two-stage transmitter (160-161 

MHz) attached to a collar (Sirtrack, Havelock North, New Zealand). The transmitters 

had two pulse rates, an 'active' pulse at 60 pulses/second, and a 'resting' pulse at 40 

pulses per second. The signal would change from active to resting after five minutes 

of inactivity, and back to 'active' immediately the cat became active. Two sizes of 

transmitter were used, 45 g (21 month life) or 33 g (17 month life). The size was 

assigned to a cat dependent on its body weight at capture. The heavier transmitters 

were only fitted to cats above 3. 0 kg. Only cats above 1 kg were radio-collared. The 

transmitters never exceeded 3.3% of the body mass of a cat, and were generally< 

1.5% of body mass. Cats were given an antidote (ANTISEDAN) to the anaesthetic at 

a dose rate of half the DOWTOR rate and released after about five minutes. 

Obtaining a location of an animal using radio-tracking often involves triangulation, 

whereby single bearings are taken on an individual from several separate locations, 

based on the strongest signal from an animal's transmitter. Where the bearings 

intersect is the probable location of the animal. Bearings were obtained by a single 
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observer experienced with radio-tracking, using a folding hand-held yagi directional 

antenna (Sirtrack, Havelock North, New Zealand) and a portable receiver (TR4, 

Telonics Corp., USA). Bearings were obtained during daylight hours in all weather. 

Nocturnal tracking was not undertaken due to safety reasons, as the study area was 

very isolated. Bearings on radio-collared cats were obtained once a day and 

occasionally twice a day, morning and evening, with a minimum of eight hours 

between fixes to remove potential problems with autocorrelation of fixes (Kernohan 

et al. 2001). Bearings were obtained from fixed points located using a GPS system. 

The time each bearing was taken, the weather, and whether the signal was on 'active' 

or 'resting' pulse was noted. A fix was obtained with a minimum of three bearings 

taken within 10 minutes of each other to reduce errors due to animal movement 

(Withey et al. 2001). On three occasions missing cats were located using an aircraft 

when they had left the study area. If a cat recorded a 'resting' pulse for more than 

two days a visual location of the animal was sought to see if it was dead. Dead 

animals were located and assessed for possible causes and approximate dates of death. 

A site-specific measurement of error for triangulated radio fixes is required for radio

telemetry studies (Withey et al. 2001). I constructed 'minimum error polygons' based 

on the bisection of range from each bearing where the centre of this polygon is the 

location of the cat. To do this I used three or more bearings on radio-collared cats that 

had died or were later found caught in a trap. The location of dead or caught cats was 

fixed using a GPS. The area within the polygon boundary is an estimate of the area of 

error around a fix, measured in hectares in this case. 

Data analysis 

The positions of cats were calculated by triangulation and converted to Universal 

Transverse Mercator units (UTM). These locations were then used for initial home 

range analysis using RANGES V software package (Kenward and Hodder 1996). 

The resulting plots were transferred to ARCVIEW 3. 0 for home range and habitat use 

analysis. 
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Home range 

An animal's home range is described as the area that is 'repeatedly traversed by an 

animal' (Kenward 2001). It is suggested that for home range analysis two methods or 

more should be used (Harris et al. 1990), as all methods of home range and habitat 

analysis vary in their precision and in their underlying assumptions about how 

animals use space. I used two methods: minimum convex polygon and kernel 

analysis. 

Minimum Convex Polygon analysis 

The minimum convex polygon method (MCP) has become the default across all 

studies for comparative purposes (Harris et al. 1990). 100% MCP delineates an 

animal's entire home range by connecting the outer fixes, forming a polygon. The 

area of the polygon is calculated to obtain the home range size (White and Garrott 

1990). This method, although very simple to construct, probably overestimates an 

animal's home range by including areas that the animal does not use. It also requires 

at least 30 or more fixes for home range size estimation (Kenward 2001). As I 

obtained 30-plus fixes on only seven cats I used the kernel method for later analyses. 

The requirements for fixes with the kernel method are less rigorous and thus I was 

able to use more cats with fewer fixes each. 

Kernel Analysis 

Kernel methods are suggested for analysis of habitat use, and can also be used for 

home range size estimation (Worton 1989). Kernel analysis produces a contour map 

of the density of use of an animal based on the proximity of fixes to orie another 

(Seaman et al. 1998). This method requires a minimum of 10 to 30 fixes to produce 

meaningful results (Kenward 2001). Two main types ofkernel analysis exist, the 

fixed and the adaptive kernel (Seaman et al. 1998). The fixed kernel combined with.a 

Least Squared Cross Validation (LSCV) method of smoothing has previously been 

shown to have the least biased estimates of home range size (Seaman and Powell 

1996) and was used for this study. The 95% kernel, which encompasses 95% of the 

fixes, was used to define the study area and home ranges of cats (Kernohan et al. 

2001). 
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All the resources and environmental conditions of an area define a habitat for an 

animal and it is difficult to determine all the factors that guide the animal's selection 

of that habitat (Hall et al. 1997). In this chapter, only prey abundance and distribution 

along with shelter are discussed in any depth, whereas other factors such as 

temperature or soil type may conceivably have a role. In this case when 'habitat' is 

discussed it is following the generic use of the term that is common in many 'habitat'

selection papers. When discussing 'habitat' preference specific to cats in the 

Rakeahua Valley, the more correct term 'forest type' will be used. 

Habitat availability was defined as the proportion of each forest type within the entire 

study area. To estimate the use of a forest type by an individual animal, its home 

range is laid over a vegetation map of the area. The area of the home range that 

intersects with a forest type is measured and is then expressed as a proportion of the 

animal's overall home range area. This was done for cats by using the intersection 

overlay of the gee-processing extension of Arcview 3.0. The total area of a cat's 

home range was calculated as the sum of the areas of the various forest types within 

the home range. 

Analysis of habitat use is usually a test for preference of one habitat over one or more 

other habitats by an animal. Past analyses have used an index of proportion ( of 

habitat) used/proportion available for tests of preference (Allredge and Ratti 1992). 

The proportions sum to one, and are therefore not independent of one another. These 

analyses are subject to the 'unit-sum constraint' (Aebischer et al. 1993, Pendelton et 

al. 1998), whereby an apparent preference for one habitat automatically produces an 

avoidance score for another. Individuals with a disproportionately large number of 

fixes could also affect the overall pooled data, further skewing the results (Kenward 

2001 ). Johnson (1980) avoided these problems by ranking the usage and availability 

values for individuals and comparing them. A related but more sensitive method is 

'compositional analysis' (Aebischer et al. 1993). Compositional analysis is currently 

the recommended method for studies of resource selection, as it overcomes problems 

with other methods, including the unit-sum constraint, using fixes instead of 

individuals as the sampling units and the requirement for large sample sizes per 

animal (Allredge et al. 1998, Erickson et al. 2001, Leban et al. 2001). It is still not the 

complete solution for habitat use-availability studies however, mainly due to the need 
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to substitute a small constant for zero resource use (Pendleton et al. 1998). Statistical 

analysis of habitat use was carried out using SYSTAT 10. 

Compositional analysis uses the individual for hypothesis testing, based on individual 

behaviour, not data pooled from several individuals (Kenward 2001). The null 

hypothesis is that use of habitat does not differ from availability. This hypothesis 

therefore requires that the sum of differences in random use of habitat across all 

habitats to be zero. This analysis uses log ratios of each animal's use of habitat (Ux) 

relative to each of the other habitats (Uy) minus log ratios of availability of each 

habitat (Vx) relative to each other available habitat type (Vy) within an animal's 

home range, so the equation appears thus: In (Ux/Uy) - ln (Vx/Vy). Log 

transformation normalises the ratios. Where proportions were zero, they were 

substituted for 0.001 (Aebischer et al. 1993, Elston et al. 1996). A zero score 

indicates no preference for a particular habitat type, and variations from zero indicate 

preference or avoidance of a habitat type. Overall non-random habitat use was tested 

using multivariate analysis of variance of the resulting matrix of habitat pair by 

habitat pair log ratios against a test statistic, Wilks A. Wilks 'J.. has an approximate 

chi-square distribution with K-1 (number of habitats - 1) degrees of freedom, and is 

evaluated for significance using this test. If overall non-random use of habitats is 

indicated by Wilks 'J.., subsequent tests on each mean of the habitat log ratios can be 

carried out, against the distribution oft, for levels of significance and subsequent 

rankings of preference for each forest type (Aebischer et al. 1993). 

For compositional analysis Aebischer et al. (1993) recommended radio-tagging at 

least 10 animals. 

Diurnal activi"ty patterns and the affect of climate on habitat use 

Diurnal activity of cats was recorded, based on the 'active' or 'resting' transmitter 

pulse recorded when a bearing was taken on each cat. The weather was also recorded 

each time a bearing was taken, so the activity of a cat when the weather was wet 

(precipitating at the time the bearing was taken) or dry (not precipitating) was known. 

A_G-test on the frequencies of active and resting pulse rates recorded from radio

collared cats during wet or dry weather was conducted. The null hypothesis was that 
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the frequency of active or resting pulse rates recorded during wet and dry weather 

would be equal. 

Feral cats were thought to prey on southern New Zealand dotterels nesting on alpine 

heath (Dowding and Murphy 1993), therefore investigation of factors restricting cats' 

use of the sub alpine shrub land, which borders alpine heath, was important. Wet 

weather was expected to inhibit cats' use of subalpine areas as annual rainfall in this 

high altitude forest type is thought to exceed 3.200 mm (Sansom 1984). To 

investigate whether cats were using subalpine shrubland on dry days more than was 

expected by chance a randomisation test on cat location data from the subalpine 

shrubland was carried out. Initially a 2 x 2 table of observed frequencies of locations 

of each cat, in subalpine and podocarp-broadleafforest, on wet (>0.9 mm/day, 

Sansom 1984) and dry days (0 mm/day), was constructed, using rainfall data taken at 

the hut (Figure 5.2). The marginal totals of this table were used to construct a table of 

expected frequencies if no difference in use on wet and dry days was expected 

between the forest types. Simulated values were generated, within the range of the 

marginal totals of the expected frequencies, and the probability of getting these totals 

compared to the observed values was repeated 2000 times. This gave the probability 

of getting the observed distribution of locations for each cat in the subalpine 

shrubland on wet and dry days by chance. 

Shelter can affect the use of habitat by cats (Calhoun and Haspel 1989), and cats are 

known to use hollow trees as den sites (Fitzgerald and Karl 1986, Langham 1992). 

To investigate whether some forest types were more likely to have trees that were 

suitable as shelter from rain, whether as hollow trees or simply fallen trees, the 

circumference of trees were measured in each forest. Four trees with the largest 

apparent circumference were selected from within a 20 m diameter plot at every 

second rat-trap on each trap line (Chapter 3). Thirty-two trees were measured in each 

forest type in the study area. The mean circumference of the trees in each forest type 

was then compared with the circumference of a single sleeping 3. 5 kg domestic 

female cat. Forest types with trees that had a mean circumference larger than the 

circumference of the cat were assumed to provide more shelter than forest types with 

trees that had a mean circumference smaller than the cat's. 
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Climate and predation: implications for dotterels 

Changes in the numbers of the dotterels are recorded using flock counts at dotterel 

feeding grounds in the autumn after a breeding season (Dobbins and Joyce 1997). 

This data, along with climate records from Oban (Figure 5 .1 ), were used to investigate 

a possible link between weather and predation rates by cats. As only six seasons of 

data were available (1996-2002), randomisation tests were used. Initially a 

correlation between the observed percentage change in dotterel numbers and one of 

the observed climate variables was obtained. Then simulated values were generated, 

and correlated with the percentage change in dotterel numbers, which was repeated 

2000 times. The number of times that the observed correlation matched the simulated 

correlation was counted, and divided by the number ofrepeats (2000). This gave an 

approximate proportion of bootstrapped samples with a lower correlation coefficient 

than the observed correlation coefficient. The same randomisation procedure was 

used to investigate the possibility that a rimu seed-mast in the previous autumn was 

related to a small or negative change in dotterel numbers (Chapter 4). 

Results 

Rain days 

Significant rain(> 0.9mm) was recorded on 77 out of 130 field days (59.2%). 

Cat capture 

In total, 22 cats, 14 males (including two juveniles) and eight females (including one 

juvenile), were caught over seven seasons in the Rakeahua Valley (Table 5.1). Four 

cats were re-caught within the study area at least once. Most cats were caught at 

night, except one female cat that was caught in a trap in an afternoon after the trap had 

been checked. During the course of the research 11 cats died, and five cats left the 

study area. A sufficient number of fixes for kernel analysis were obtained for only 11 

of the cats caught. 

Triangulation error and data censorship 

The mean error polygons for transmitters located on dead or recaptured cats (n=12) 

was 4.2 ha (s.e.: ± 1.3 ha). This error polygon amounted to 0.2% of the area of the 

smallest habitat type or O. 3 % of the smallest mean home range size. This was an 

acceptable level of error as the polygon was small relative to the area of the forest 
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Table 5.1: Months of capture, radio-tracking, death or dispersal of cats in the 
Rakeahua Valley, September 1999 - June 2001. All cats are adults unless noted 
otherwise. 

C: Caught, * : Radio-tracked, R: Recapture, D: Died, CID: Caught and died before next season, 

Sep. Dec. 
Feb.I 

June Sep. Dec. Mar. June 
Cat Mar. 1999 1999 

2000 
2000 2000 2000 2001 2001 

Ml C * ? 0 0 
M2 CID 
M3 C * * * * * 
M4 CID 
Fl C ?ID 
F2 C C/*/R C/*/R * * * 
MS C ?ID/0 
M6 C ? 
M7 (J) C/?ID 
M8 C * * */R ?ID 
F3 CID 
M9 C * * ? 
MIO C */R * * * 
F4 (J) CID 
F5 C D 
Mll CIR D 
F6 CID 
F7 C * * D 
F8 C * * * 
Ml2 C * * 
Ml3 C * * 
Ml4(J) C * 
? : Left study area, 0: Located outside study area, (J): Juvenile 
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types in the study area or to the home range size of the cats (Saltz 1994). Any 

triangulation on a cat that had a mean error polygon larger than 4.2 ha was excluded 

from the cat's location data. 

Home ranges 

More than 30 fixes each were obtained for seven cats (three female, four male), which 

enabled 100% MCPs (Figures 5.3a, 5.3b) to be calculated for them (Table 5.2). 95% 

kernels were calculated for eleven cats (Figures 5.4a - 5.4c). The mean female home 

range sizes were 1109 ha (s.e.: ± 52.9 ha) and 1065 ha (s.e.: ±241.6 ha) for 100% 

MCP and 95% kernel respectively. The mean male home range sizes were 2083 ha 

(s.e.: ± 457.3 ha) and 1815 ha (s.e.: ± 360.3 ha) forMCP and 95% kernelrespectively. 

The average female home ranges were 53% and 59% of the size of the mean male 

home range using MCP and 95% kernel methods respectively. 

There was substantial inter- and intra-sexual overlap in fully utilised home ranges 

(Figures 5.4a- 5.4c). Using the 95% kernel method, mean overlap between home 

ranges for all cats was estimated at 36.1% (s.e.: + 2.7 %). There was little variation in 

overlap between sexes. Male cats had home ranges that overlapped with other males 

by an average of 36.3% (s.e.: ± 3.9%), and females had mean home range overlaps 

with other females of31.3% (s.e.: ± 5.2%). Individual home ranges of all cats 

overlapped with an average of7.2 other cats (s.e.: ± 1.8). 'Core' home ranges of cats 

were assumed to be at the 50% level of kernel analysis and a comparison of overlap 

was made at this level of home range use (Wray et al. 1992). Overlap between home 

ranges still occurred but slightly less for all cats (32.0%, s.e.: 5.7%) with significantly 

fewer cats (p < 0.05) overlapping an individuals home range (2.9 cats, s.e.: ± 0.34). 

Mean home range overlap between male cats was slightly less (24.2%, s.e.: ± 8.2%). 

There was no overlap between the 'core ranges' of the three female cats. 

Habitat use 

Eleven cats had more than 15 fixes each and were used for kernel analysis. 

A Dixon test for outliers (Sokal and Rolf 1995) showed that Female F2 was using 

habitat significantly differently compared to other cats (p < 0.05 for podocarp

broadleaf forest and p < 0.01 for Leptospermum shrub land) and was removed from 

the analysis and is discussed later. 
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Figure 5.3a. Map of the home ranges of three female cats (F2, F7, F8) in the 
Rakeahua Valley, Stewart Island, as calculated using 100% MCP. 
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Figure 5.3b. Map of the home ranges of four male cats (M8, M9, MlO, Ml2) in the 
Rakeahua Valley, Stewart Island, as calculated using 100% MCP. 
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Table 5.2: Home range sizes of female and male feral cats Felis catus in the Rakeahua 
Valley, Stewart Island. Home range size was calculated using the 100% Minimum 
Convex Polygon (MCP) and 95% Kernel methods. 

No. Female 
Female 

No. Male 
Male 

Female 
of 

cats 
Male cat of cats 

cats 
cat 

cats 
(95% (95% 

fixes (MCP) fixes (MCP) 
Kernel) Kernel) 

F2 141 1031 ha 658 ha M8 76 3317 ha 2727 ha 

F7 57 1210 ha 1494 ha M9 37 2186 ha 1911 ha 

F8 59 1086 ha 1042 ha MIO 64 1620 ha 1634 ha 

-- -- -- -- M12 32 1210 ha 988 ha 

Mean 
1109 ha 1065 ha 

Mean 
2083 ha 1815 ha 

home home 
s.e.: s.e.: s.e.: s.e.: 

range 
± 91.7 ±418.4 

range 
± 914.7 ± 720.6 

size size 
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Figure 5.4a. Map of the home ranges of three female cats (F2, F7, F8) in the 
Rakeahua Valley, Stewart Island, as calculated using the 95% kernel method. 

II Leptospermum shrubland 
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Figure 5.4b. Map of the home ranges of four male cats (Ml, M9, MIO, Ml 1) in the 
Rakeahua Valley, Stewart Island, as calculated using the 95% kernel method. 
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Figure 5.4c. Map of the home ranges of four male cats (M3, M8, M12, M13) in the 
Rakeahua Valley, Stewart Island, as calculated using the 95% kernel method. 
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• Leptospermum shrubland 
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The total area of the study area was 41457 ha, as revealed by 95% kernel analysis of 

the combined home ranges of all ten cats. Podocarp-broadleaf forest amounted to 

62.9% (26058 ha) of forest cover within the study area. Subalpine shrublands 

consisted of21.1% (8744 ha) oftotal study area, Leptospermum shrublands 10.7% 

(4434 ha), and riparian forest 5.4% (2221 ha). The percentage compositions of forest 

types within each cat's home range is shown in Table 5.3. 

Compositional analysis showed that overall use of the four forest types within the 

95% kernel home ranges of 10 feral cats was non-random when compared with 

availability (Wilk's A= 0.321, x2 = 11.363, 3 d.f., p < 0.01). Subsequent tests of 

significance, against the distribution oft, for the mean of the habitat log ratios (Table 

5.4) revealed that podocarp-broadleaf forest was used statistically significantly more 

than subalpine forest based on the use of the habitat versus availability (p < 0.05). 

Rank order of use of habitat versus availability is shown in Table 5.5. No cats were 

recorded in alpine heath although one was recorded 300 m from the boundary of the 

subalpine shrubland and alpine heath. 

Large-scale movements and dispersal 

Two male cats moved the length of their home range within 24 hours. One male cat 

(M8) was recorded moving the length of his home range, 7 km in a straight line, over 

23 hours. This was at a mean pace of 300 m/hour. A second male cat (M9) also 

moved the length of his home range, 5 km in a straight line, in 20 hours. This was at 

an average speed of 250 m per hour. A straight-line track for cat M9 also entailed 

passing over two 300 m high ridges. 

Cats were assumed to have dispersed from their home range if they were tracked 

leaving the area and/or were not subsequently found in the study area after being 

repeatedly located there. Seven cats left the study area and the fate of four were 

known. The fate of one male cat (MS) is unknown as he dispersed immediately and 

his transmitter was found 10 km from where he was trapped. Another male (Ml) 

occupied a home range in the study area for at least three months then left and was 

located alive, twice over the next year, in an area 11 km west from where it was 

trapped. One adult male (M 8) held a large territory in the valley for 12 months then 
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Table 5.3. Percentage forest type compositions within each 95% kernel for ten feral 
cats Pelis catus, Rakeahua Valley, Stewart Island. 

Cat Available Mean 
forest use 

Cat Cat Cat Cat Cat Cat Cat Cat Cat Cat type of 
Ml M3 M8 M9 MIO Mll M12 M13 F7 F8 (%of forest 

Forest study type 
type area) (s.e.) 

Podocarp- 68.0 
broadleaf 67.9 53.1 63.4 73.6 72.4 63.9 71.3 53.1 72.4 77.4 62.9 + 

forest 2.4 

Subalpine 
15.0 

27.6 46.9 8.0 8.4 22.3 0.0 0.6 25.8 6.4 7.6 21.1 + 
shrubland 

4.7 

Leptosp'm 
11.0 

4.0 0.0 15.0 17.3 5.2 17.9 11.9 0.0 11.4 15.0 10.7 + shrubland 
1.9 

Riparian 
6.0 

0.5 0.0 12.6 0.7 0.0 18.2 16.2 2.3 9.9 0.0 5.4 + forest 
2.3 

Total 100 100 100 100 100 100 100 100 100 100 100 100 

Table 5.4. Differences in log-ratios of utilized data - log-ratios of available data, for 
ten cats Pelis catus in four (K) forest types, Rakeahua Valley, Stewart Island, 
comparing the use of forest types based on 95% kernel home ranges with availability 
in the entire study area (Table 5.3). 

~ 
Podocarp- Podocarp- Podocarp-

Subalpine/ Subalpine/ Leptosp'm/ 
broadleaf/ broadleaf/ broadleaf/ Leptosp'm riparian riparian 

e 
t subalpine Leptosp'm riparian 

CatM 1 -0.197 1.060 2.456 1.257 2.653 1.396 
CatM3 -0.973 6.806 6.122 7.779 7.095 -0.069 
CatM8 0.973 -0.394 -0.839 -1.367 -1.812 -0.045 
CatM9 1.073 -0.323 2.200 -1.397 1.127 2.254 
CatM 10 4.686 0.862 6.432 -3.824 1.746 5.570 
CatM 11 7.665 -0.499 -1.199 -8.164 -8.865 -0.700 
CatM 12 3.679 0.018 -0.975 -3.662 -4.654 -0.992 
Cat M 13 -0.261 3.924 1.449 4.185 1.710 -2.476 
CatF 7 1.329 0.077 -0.455 1.252 -1.784 -0.533 
CatF 8 1.224 -0.130 6.499 -1.354 5.275 6.629 
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Table 5.5: Ranking matrix of means and standard errors oflog ratio differences 
between habitat categories utilised by feral cats Pelis catus and habitats available 
within kernel home ranges. Significant differences (p < 0.05) are shown in bold. The 
values shown equal the relative differences (i.e.: largest value = largest difference) 
between forest types and are used to rank the forest types in order of preference, 
where 1 = the most preferred habitat. 

Podocarp- Manuka 
Sub alpine 

broadleaf shrubland Riparian Ranking 
forest 

shrubland 

Podocarp-
broadleaf -1.51 ± 0.75 -2.17 ± 1.00 -2.28 ± 0.84 1 

forest 

Manuka 
1.51 ± 0.75 -1.17±0.94 -0.38 ± 1.41 2 

shrubland 

Riparian 
2.17 ± 1.00 1.17±0.94 -0.17±1.49 

,.., 
.) 

Subalpine 
2.28 ±_0.84 0.38 ± 1.41 0.17±1.49 4 

shrubland 
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dispersed and was later found dead just outside the study area. An adult female and a 

juvenile male were captured in one season and in the next season were also found 

dead outside the study area. 

Density of cats 

The density of cats was calculated using the two home range methods, on the 

assumption that all the cats in the study area had been radio-collared. Using 100% 

MCP, the study area for seven cats was estimated as 36.0 km2
. The density of cats 

was therefore 0.19 cats/km2
. When the 95% kernel method was used the study area 

was estimated as 41.5 km2
, with a density of0.27 cats/km2

. 

Diurnal activity and the effect of climate on habitat use 

Overall, active pulse rates were recorded 76.2% (95% binomial C.I.: 76.13% -

76.20%, n = 1545 bearings) of the times a bearing was taken on a radio-collared cat. 

During wet weather active pulse rates were recorded fewer times (68.1 %, 95% 

binomial C. I.: 67.95% - 68.20%, n = 389 bearings) than in dry weather (77.5 %, 95% 

binomial C. I.: 77.42% - 79.64%). There was a statistically significant departure from 

homogeneity for the four categories of active or resting pulse rates during wet or dry 

weather ( Gaaj- = 17. 82, p < 0.01). The hypothesis that the proportion of active 

bearings taken in dry weather equalled the proportion of active bearings taken in wet 

weather was rejected (z= 3.65, p < 0.05). 

Eight adult cats (six males and two females) used the subalpine shrubland and 

examination of the weather on the days that these cats were located in this forest type 

suggested they were using subalpine shrubland more on dry days than wet days. The 

probabilities that the distribution oflocations of each cat in the subalpine shrubland 

on wet or dry days occurred by chance were estimated using randomisation tests 

(Figures 5.5a - 5.5c). Four cats used the subalpine shrubland on dry days 

significantly more often than expected by chance, and the probability of two cats' use 

of the sub alpine shrub land occurring on dry days, when compared to chance, 

approached formal statistical significance (p < 0.05). 

The circumferences of the largest trees in the Leptospermum shrubland, subalpine 

shrubland, and riparian forest did not differ significantly from one another (Figure 
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Figure 5.5a: Proportion of 'wet' days relative to dry days that female cats 
were located in subalpine shrub land and podocarp-broadleaf forest, 

Rakeahua Valley, Stewart Island. 
(p = the probability of each cats observed use of subalpine shrubland 

on wet and dry days occurring by chance) 

Subalpine shrubland 
p = 0.008 

n=5 

Subalpine shrubland 
p = 0.27 
n=l 

[ n = number of locations in forest type] 

Female F7 

- Wetdays 
r,,,,,,,,,,,,,,,,,,,,,,,,1 Dry days 

Female F8 

Podocarp-broadleaf forest 
n=40 

P odocarp-broadleaf forest 
n= 54 
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Figure 5. 5b: Proportion of 'wet' days relative to dry days that male cats were located 
in subalpine shrubland and podocarp-broadleaf forest, 

Rakeahua Valley, Stewart Island. 

(p = the probability of each cats observed use of subalpine shrubland 

on wet and dry days occurring by chance) 

Subalpine shrubland 
p = 0.026 

n=6 

Subalpine shrubland 
p = 0.008 

n = 10 

Subalpine shrubland 
p = 0.21 

n=7 

[ n = number of locations in forest type] 

Male MS 

- Wetdays 
1,,,,,,,,,,,,,,,,,,,,,,,,,,1 Dry days 

Male MlO 

Male M9 

Podocarp-broadleaf forest 
n=40 

Podocarp-broadleaf forest 
n= 50 

P odocarp-broadleaf forest 
n= 22 
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Figure 5.5c: Proportion of 'wet' days relative to dry days that male cats were located 
in subalpine shrubland and podocarp-broadleaf forest, 

Rakeahua Valley, Stewart Island. 
( p = the probability of each cats observed use of subalpine shrubland 

on wet and dry days occurring by chance) 
[ n = number oflocations in forest type ] 

Subalpine shrubland 
p = 0.059 

n=3 

Subalpine shrubland 
p = 0.048 

n=3 

Subalpine shrubland 
p = 0.066 

n=4 

Male Ml 

- Wetdays 
1,,,,,,,,,,,,,,,,,,,,,,,,,,,1 Dry days 

MaleM13 

MaleM12 

Podocarp-broadleaf forest 
n= 12 

Podocarp-broadleaf forest 
n= 11 

P odocarp-broadleaf forest 
n=22 



'> 

,C 

--r 

)' 

~ 

,' 

135 

5.6). The circumference of large trees in the podocarp forest was statistically 

significantly larger than riparian forest, the forest type with the second largest mean 

circumference oflarge trees (F3,124 = 116.4, p <0.001). Podocarp-broadleafforest was 

the only forest type that had large trees with a mean circumference that exceeded the 

940 mm 'circumference' of a sleeping 3.5 kg female cat (Figure 5.6). Five of the 32 

trees sampled in the riparian forest had circumferences that exceeded the 

circumference of the sleeping cat, whereas no large trees exceeding 940 mm were 

measured in the Leptospermum shrubland or subalpine shrubland. Hard shelter from 

rain for cats, and especially nursing cats with kittens, was mainly found in podocarp

broadleaf forest. 

The dotterel population, climate and rimu mast-years. 

The randomisation tests of climate and rimu mast-year parameters produced few 

results that were statistically significant, probably due to the small initial sample size 

(n = six seasons). However several trends were apparent (Table 5.6). Firstly, there 

was no relationship between a rimu mast in the previous year and percentage changes 

in the numbers of dotterels the following autumn. There was however, a strong 

inverse relationship between the difference in the mean rainfall for December and the 

subsequent change in dotterel numbers, such that more rainfall than average meant 

fewer dotterels were added to the population. Fewer than 5 in 2000 generated 

correlations had a stronger correlation than the observed correlation. Similar trends 

were apparent for the October mean rainfall and the combined mean for October and 

November rainfall, with less than 11 % of randomly generated correlations occurring 

by chance when compared with the observed correlation. The observed correlation of 

the number of dry days in October and dotterel increases showed a positive 

relationship, with a large proportion (0.92) of correlations occurring less than would 

be expected by randomly assigning the data. More rainfall resulted in fewer birds in 

this period. 

Conversely, if the rainfall in September or August and September combined was 

higher than average then more birds were counted in the following autumn. The 

number of dry days in August and September did not have a bearing on dotterel 

numbers in subsequent counts however. 
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Figure 5.6: Mean tree circumference in four forest types, Rakeahua Valley, Stewart Island, 

compared with the mean 'circumference' of a resting female cat Fe/is catus. 

(ANO VA of differences of mean circumference between 

forest types [n=32 trees in each forest type], F3,124 = 116.4, p <<0.001) 
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Table 5. 6: Results of randomisation tests of the relationships between percentage 
changes in counts of southern New Zealand dotterel numbers in the autumn after a 

breeding season and climate parameters and rimu masting for the breeding season, on 
Stewart Island from 1996-97 to 2001-2002 (p = proportion of bootstrapped samples 

with a lower correlation coefficient) 

Rimu No. dry 
August- October August- October 

Parameter mast days 
Sept dry -Nov. Sept. -Nov. 

Aug. 
year (Aug. -

days dry days rainfall rainfall 
rainfall 

(+1) Nov.) 

Correlation 
0.343 

Coefficient -0.26 0.30 -0.46 0.63 0.47 -0.63 

p 0.33 0.72 0.18 0.92 0.93 0.11 0.75 

Sept. Oct. 
August- October-

Parameter 
rainfall rainfall 

Nov. Dec. Total Sept. Nov. 
rainfall rainfall rainfall mean mean 

temp. temp. 

Correlation 
Coefficient 0.501 -0.61 -0.49 -0.90 -0.25 0.30 -0.07 

p 0.89 0.08 0.16 0.00 0.14 0.73 0.39 
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The difference (in mm) from the mean rainfall for the early spring (August

September) and late spring (October-December) was graphed along with the 

percentage change in dotterel numbers in the following autumn (April) for the dotterel 

breeding seasons 1996-2002 (Figure 5.7). In the seasons of where there was a dryer 

early spring combined with wetter than average late springs, dotterel numbers 

declined by approximately 0.05% (1997-98, 2000-2001). In the seasons where wetter 

than average early springs were followed by dryer late springs (1998-99,1999-2000, 

2001-2002) then dotterel numbers increased by up to 30%. Dotterel numbers 

increased in 1996-1997, when the entire spring period was dryer than normal. Colder 

seasons or a rimu mast in the previous year did not have any bearing on changes in 

dotterel numbers. 

Discussion 

Home range and density 

The home range sizes of cats Felis catus in the Rakeahua Valley are the largest 

recorded worldwide for females and the second largest for males compared with other 

studies of feral cats, when using 100% MCP for estimation ofhome range area (Table 

5.7). These home ranges were based on diurnal radio-fixes. Studies have shown that 

home ranges of cats using nocturnal fixes are larger than those obtained during 

daytime (Langham and Porter 1991, Barratt 1997), suggesting that the home ranges 

recorded in this study may be underestimates. However, both of the studies 

(Langham and Porter 1991, Barratt 1997) were carried out in pastoral areas, where 

little cover was available. Cats preferentially use areas of cover during the day 

(Langham 1992, Alterio et al. 1998), indicating that cats prefer to use open areas at 

night, possibly for hunting and/or to avoid humans (Langham 1992). As the study 

area is forested, with little human activity, and cats were active for a substantial 

proportion of the day, which suggested day-time foraging, the diurnal home ranges of 

cats in this study may show the full home range size. 

Home range size and density in feral cats are inversely related (Liberg et al. 2000); 

consequently the density of cats in this study is one of the lowest recorded for cats. 

The density was estimated on the assumption that all the cats in the study area had 
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Figure 5.7: Graph of percentage changes in the numbers of the 
southern New Zealand dotterel Charadrius obscurus obscurus 

and differences in the mean rainfall for early spring and late spring, 
on Stewart Island 1996-2002 
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Table 5.7. Comparison of home range size and density of adult feral cats Fe/is catus 
in the Southern Hemisphere, using 100% MCP unless otherwise stated with *. * are 
estimated values. 

Mean home range size (ha) Density 
Adult (km2) Location Reference 

Adult male 
female 

41 -- 2.3 -4.5 
Macquarie I.* 

Jones 1977 
(Australia) 

155 84 1.1 
North Island * Fitzgerald and 
(New Zealand) Karl 1979 

150-500 35-130 1.1-3.4 Galapagos Islands Konecny 1987b 

620 170 0.7 - 2.4 
Victoria Jones and Coman 

(Australia) 1982 

189 249 0.6-1.4 
South Island Norbury et al. 

(New Zealand) 1998 

208'3 1109 0.2 
Stewart Island 

This study 
(New Zealand) 

2211 0.1 Central Australia 
Edwards et al. --

2001 
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been radio-collared. This assumption was probably justified, judging by the number 

of recaptures of cats within the study area, and the low numbers of cats caught per 

capture effort in the last three seasons of the study (Table 5.1). The density may 

actually be slightly over-estimated as two male cats left the study area during the last 

two seasons, although their inclusion may account for any overlap of the border of the 
C ( 

study area by the home ranges of cats from outside the. study area. 

· Densities of cats in the Rakeahua Valley are restricted by food supply, in particular by 

seasonal restrictions in the abundance of primary prey, as well as a lack of secondary 

prey (Chapter 3). Food abundance, and especially seasonal minima in prey biomass, 

is thought to be inversely correlated with female home range size in solitary 

carnivores (Sandell 1989). Male home range size will, in turn, be influenced by both 

female distribution during the breeding season and food abundance (Sandell 1989, 

Liberg et al. 2000). In this case it appears that food abundance may be the primary 

reason for the large home ranges of males in this study. Although small sample sizes 

of location data of cats for each season precluded comparisons of seasonal changes in 

home range size, the home ranges of male cats overlapped, and sometimes 

encompassed, the home ranges of females so access to females was apparently not 

limited. The male cats abandoned their home ranges only when prey abundance was 

very low (late summer to early autumn), not when females were in breeding condition 

in the spring (Chapter 3) . 

Although the recorded home ranges were very large male cats are ableto cross their 

home range within a day despite the hilly terrain. This is common for cats and rates 

of movements of 513 m and 1000 m per hour have been recorded for cats in New 

Zealand (Gillies 1998, Sanders and Maloney 2002). Indeed, the topography of the 

landscape in the Rakeahua Valley appeared to have little affect on how cats utilised 

space. Cats in the Rakeahua Valley had irregularly shaped home ranges that 
' encompassed podocarp-broadleaf forest on moderately steep to steep sides of the 

valley (10-30°). This is in contrast to a population of feral cats in the Orongorongo 

Valley of the North Island, New Zealand, which had linear home ranges largely 

restricted to the nearly flat valley floor, probably because prey was plentiful only in 

the bottom of the valley (Fitzgeralo and Karl 1986). The Rakeahua River (4-6 m 

wide) did not appear to affect the movement of cats. Several cats, both adults and 
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juveniles, were recorded on both sides of the river over the course of a few days of 

radio-tracking. 

Habitat use and the irifl,uence of shelter 

Cats in the Rakeahua Valley used podocarp-broadleaf forest more than would be 

expected if the relationship were a simple reflection of habitat availability. The 

preference by cats for a particular habitat is affected by the dispersal of prey and/or 

shelter (Liberg et al. 2000). Cats' primary prey on Stewart Island are rats, 

contributing 81 %, by weight, to cats' diet (Chapter 4). The relative abundance of rats 

was approximately equal between forest types (Chapter 3), which suggests that if prey 

availability alone were affecting habitat selection cats would be expected to be using 

the forest types approximately equally. If prey dispersal is not affecting cats' use of 

habitat then shelter may be a factor. 

The distribution of feral cats has been linked to shelter directly (Calhoon and Haspel 

1989) and indirectly (van Aarde 1979, Brothers et al. 1985). Indeed a lack of shelter 

may even affect the survival of a feral cat population. It has been suggested that the 

population of feral cats on Campbell Island (New Zealand) have recently gone extinct 

due to a lack of shelter (Moore 1997), although there may be additional factors such 

as lack of alternative prey (Jones et al. 1982). Feral cats rely use a variety of sites for 

shelter including rabbit and seabird burrows on subantarctic islands (Derenne 1976, 

van Aarde 1979, Brothers et al. 1985), abandoned buildings (Calhoon and Haspel 

1989) and hollow logs (Fitzgerald and Karl 1986, Langham 1992, Fisher 2000). In an 

area like the Rakeahua Valley, which has a relatively high amount of rainfall and rain

days per year, shelter for feral cats is likely to provide protection primarily from rain. 

Wet weather also influenced cats' activity, as they rested more often in wet weather 

than in dry weather. A reduction in cat activity in wet weather has been recorded 

elsewhere (Derenne 1976, Dunstone et al. 2002), possibly because rain can affect a 

cat's ability to forage for prey (Churcher and Lawton 1987). This proportion of 

resting activity during wet weather gives a partial indication of the use of shelter, as 

cats are probably using shelter to rest under while it is raining. The proportion may 

be an underestimation of shelter use in wet weather however, as cats could be 

recorded as active (e.g.: grooming) while still using shelter during wet weather. Use 

of shelter in non-maternal cats may be largely opportunistic. Twenty-five cats in 
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central South Island used over 70% of their den sites only once during 287 days 

(Norbury et al. 1998). One used the same den site eight times however, which 

suggests a degree of selection of favourable shelter sites. 

Shelter for cats, in the form of large hollow or fallen trees, was more likely to be 

found in podocarp-broadleaf forest than in any of the other forest types. The apparent 

abundance of shelter in this forest type may explain why cats use podocarp-broadleaf 

forest more than would be expected. The thermal dynamics of the forest may also 

favour its use by cats. The interiors of some forest types are warmer and less windy 

than others, which influences their use by small felids (McCord 1974). The 

podocarp-broadleaf forest may have these advantages over the other forest types in 

the Rakeahua Valley, which could be an advantage in reducing heat loss for cats in 

the winter. Thermoregulation may be particularly important in selection of shelter by 

females because of their smaller size and requirements for nursing kittens. 

Temperatures inside hollow trees oscillate less than outside (Fernandez and Palomares 

2000) and when occupied by cat-sized animals can be at least l 7°C warmer than the 

outside ( Stains 1961). Whilst the size of a den site. is related to the size of the animal 

because of access requirements (Lindenmayer et al. 1991) it may also be an attempt to 

maximise thermoregulatory efficiency (Weber 1989, Lariviere et al. 1999). Female 

cats probably do not use the Leptospermum and subalpine shrublands while raising 

kittens due to the lack oflarge trees. Riparian forest, however, has some trees that are 

large enough to provide adequate shelter and could explain the location of the home 

range of female F2. 

Female F2 was the only cat out of 11 to use the riparian and Leptospermum 

shrublands in preference to podocarp-broadleafforest (Figure 5.4a). Her home range 

was smaller than the other two females suggesting that prey was slightly more 

abundant than in the podocarp-broadleaf forest. Riparian shrub land may also be a 

higher quality food patch than podocarp-broadleaf forest as two prey species, ship rats 

and Pacific rats, are present (Brown 2000). The quality of her home range is 

supported by the fact that female F2 gained weight (300gm) over three consecutive 

captures and is also thought to have weaned at least two kittens during the course of 

the study. The core of female F2's home range included an area of riparian forest and 

she may have been able to exclude other females from a possible limiting resource 
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(Liberg 1984b ), which in this case could be shelter. It is possible that she was using 

the riparian forest, rather than Leptospermum shrubland, for raising young, as this 

forest type would have a few trees that are large enough to shelter a female and kittens 

from wet weather (Figure 5.6). 

Wet weather also influenced cats' use of subalpine shrubland, as the majority of cats 

were using this forest type more during dry weather than in wet weather. Six out of 

the eight cats located in the subalpine shrubland were male, which may be a function 

of the large size of their home range compared to female cats. The locations of 

female cats in the subalpine shrub land were on the edge of their home rnnge and 

outside their 'core' ranges. Both these facts suggest that predation on nesting 

southern New Zealand dotterels in the alpine heath is mainly due to male cats moving 

into the area during periods of dry weather. 

Climate and predation: implications for the dotterel population on Stewart Island 

The patterns of changes in the dotterel population combined with climate data from 

Oban provides an indication of the relative importance of predation and climate at 

different periods of the dotterel breeding season, despite the data being limited to only 

six seasons (Figure 5.7). The approximate chronology of the Southern New Zealand 

dotterel breeding season should be known to make sense of the pattern. Generally 

pair bonds are formed in early spring (August-September). During this period the 

males make noisy display flights over the alpine heath. By mid-spring (October) 

incubation has begun, with chicks hatching by November or December. 

A wetter than normal early spring and a late spring that is dryer than normal results in 

a trend of increases in dotterel numbers (Figure 5.7). Cats probably kill conspicuous 

or incubating dotterel males (Dowding 1997), which may occur less frequently in 

early spring periods if it is wetter than average. Cats are probably avoiding sub alpine 

shrubland in wetter weather and are consequently not attracted to areas where 

dotterels are displaying. However if the weather is dryer than average during the 

dotterel chick-rearing period in late spring, survivorship of the chicks may be better 

than in late spring periods that are wetter than normal. It is known that nest or chick 

survival of other Charadriidae can be adversely affected by wet weather (Nethersole

Thompson 1973, Haig and Oring 1988). Other bird species are similarly affected, 
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especially if breeding areas are in alpine or high latitude areas, and rain is sustained 

over several days (Lack 1966, Bradley et al. 1997, Renner and Davis 2001). 

Unfortunately climate data is not available for the dotterel breeding areas, and these 

inferences have to be made on data collected some kilometres away at sea level, as 

other factors like wind or snowfall may have a bearing, even though mean 

temperature had no correlation with dotterel numbers. Of interest is the lack of an 

affect by a rimu mast-year in the previous autumn, where it is expected that cat 

numbers increase due to an increase in rat abundance (Chapter 4). In this case the 

results support the hypothesis that wet weather has primacy in affecting the use of 

subalpine areas by cats, despite a suggested increase in dispersal by cats as a 

consequence of a seasonal decline in prey numbers. 

It should be noted that this analysis of dotterel numbers with climate was done on 

years when cat control has been in place, and as such is a complicating factor. 

However, the increase in dotterel numbers in the very dry 1996-1997 season suggests 

that cat control minimised predation of dotterels in this season. Similarly, the very 

small declines in percentage increases in dotterel numbers in 1997-1998 and 2000-

2001 show a minimal decline in overall numbers, which suggests that most adult 

dotterels are now surviving to breed in the next year, even if recruitment is poor in the 

'wet late-Spring' seasons. This proposition will need confirmation, preferably by 

monitoring the survivorship of dotterel chicks over several breeding seasons. 

Conclusions 

It appears that two critical resources, shelter and prey availability, are interacting to 

determine the selection of forest types by cats in the Rakeahua Valley. There is a 

climatic aspect to selection also, with the subalpine shrubland being visited more 

often in dry weather. Predation of adult male southern New Zealand dotterels by cats 

in the alpine heath probably occurs as chance events during excursions by male cats 

during periods of dry weather, particularly in the early spring when adult male 

dotterels are conspicuous or incubating. With cat control in place, predation of 

dotterels by cats may now not be the principal reason for 'poor' dotterel breeding 

seasons. Dotterel chick survival is probably affected more by wetter than average 

weather rather than predation by cats. 
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Chapter 6 

HABITAT SELECTION BY INTRODUCED NEST PREDATORS AND THE 

DISTRIBUTION OF THE STEWART ISLAND ROBIN. 

The New Zealand robin Petroica australis was once found in virtually all rarest types 

on the mainland ofNew Zealand (Wilson 1877, Thomson 1922) but its range has 

become patchy and the species has become restricted to Leptospermum scoparium 

shrubland, montane beech Nothofagus spp. forest and exotic conifer forest (Fleming 

1948, Kikkawa 1966, Clout and Gaze 1984b, Duncan et al. 1999). Similarly the 

Stewart Island robin subspecies Petroica a. rakiura has a highly disjunct distribution, 

being found in patches of Leptospermum scoparium shrubland separated by large 

tracts of tall podocarp-broadleafforest (Kikkawa 1966). Although robins are 

currently thought to select forest types for the availability of large areas of litter 

(Clout and Gaze 1984) or where vegetative cover at ground level is more open 

(Duncan et al. 1999), this apparent contraction in range on the mainland of New 

Zealand and on Stewart Island suggests that some process or agent has restricted their 

use of previously utilised forest types. Robins were selected for this research as they 

showed unusual distribution patterns, possibly influenced by predators, they were 

conspicuous, and they were present in the Rakeahua Valley. 

On mainland New Zealand there has been dramatic decline in the range and numbers 

of many native bird species since settlement by humans (Holdaway 1999a). Habitat 

change, exotic mammalian predators and disease have been suggested as reasons for 

these changes, although the former two are considered the most likely (Innes and Hay 

1991). On Stewart Island/Rakiura the habitat has been little modified since human 

settlement (Wilson 1987) and disease does not appear to be a problem. This suggests 

that exotic predators may be influencing the distribution of native birds (Chapter 2), 

and of robins in particular. Nest predation is one possible mechanism. Robins are 

known to be vulnerable to nest predation by ship rats (Brown 1997). Nest predation is 

a significant cause of population regulation in birds in general (Newton 1993), and 

can be particularly devastating in island endemic birds, often leading to local 

extinctions (Atkinson 1977, Lovegrove 1992). 



7 

,1 

·< 

i-

147 

That rates of nest predation are higher in fragmented rather than contiguous habitats is 

well documented (Lahti 2001). Only relatively recently has it been realised that nest 

predators, through their own habitat selection, can influence habitat selection in birds 

via habitat-mediated differences in rates of nest predation (Martin 1988, Martin 1993, 

Newton 1993, Bayne et al. 1997, Sieving and Willson 1998, Lahti 2001). Evidence is 

also growing that some habitat types act as refuges from predation for threatened 

native birds (Picman 1988, Carter and Bright in press). 

New Zealand has a suite of nest predators, introduced as a result of the occupation of 

the archipelago by humans. The Pacific rat Rattus exulans predates small ground 

nesting birds and tree nesting birds (Brooke 1995, Lovegrove 1996, Atkinson and 

Towns 2001) and was possibly introduced as early as 1700 years ago by Polynesians 

(Holdaway 1999b). The Norway rat R. norvegicus, is principally a predator of larger 

ground or low nesting birds and nests (Lovegrove 1996, Innes 2001) and arrived with 

Europeans in the late 18th century, along with house cats Felis catus. Feral cats have 

proven to be a devastating predator of ground nesting and foraging birds (Fitzgerald 

1990). In the second half of the 19th century ship ratsR. rattus, were introduced 

accidentally and are now a principal predator of tree-nesting birds (Penloup et al. 

. 1997, Brown et al. 1998, Robinet et al. 1998, Innes et al. 2001, VanderWerf 2001). 

Stoats Mustela erminea, weasels M nivalis and ferrets M Jura, were introduced to 

control rabbits, but are also efficient predators of nesting birds (Moors 1981). The 

brushtail possum Trichosurus vulpecula, introduced from Australia, has been shown 

to be a significant predator of nesting birds up to 500g (James and Clout 1996, 

Garnett et al. 1999, Sadleir 2000, Innes et.al. 2001, R. Moorhouse pers. comm. 2001, 

R. Powlesland pers. comm. 2002). 

Robins can persist in the presence of some predators on the mainland and in broadleaf 

forest on some islands. Three species of rats, cats, and possums have been introduced 

to Stewart Island but mustelids are not present. On Little Barrier Island/Hauturu 

robins are present in broadleaf forest with Pacific rats and, until their eradication in 

1980, cats. On Kapiti Island robins persisted with Pacific rats, Norway rats and 

possums. Robins transferred from Leptospermum shrublands on Stewart Island to 

Ulva island, covered in podocarp-broadleafforest, have bred there. It appears that 

forest type does not prevent colonisation by robins. 
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Other studies suggest that the robin is restricted to certain forest types by the 

distribution of possible nest predators (Flack and Lloyd 1976, Etheridge and 

Powlesland 2001). This was tested on Stewart Island by recording the distribution of 

robins in the Rakeahua Valley and comparing this with trapping information of 

predators and a nest experiment in the three main forest types of the valley. Of 

particular interest was the difference between Leptospermum scoparium shrublands, 

where robins are found, and adjacent podocarp broadleaf forest. Finally, the influence 

of ground cover and litter cover was also investigated. 

Methods 

Study area 

The study area encompassed some 42 km2 of the Rakeahua Valley (47° South, 167° 

50' East), which lies approximately in the centre of, and almost bisects, Stewart Island 

(Figure 6.1). The valley is low lying, consisting of undulating low ridges separated 

by marshes and streams with low Leptospermum scoparium shrubland or wetland 

vegetation. Hills or escarpments on both sides of the valley are covered in podocarp

broadleaf forest. On the hills above about 400-500 m altitude, dense, short subalpine 

shrubland dominates consisting mainly of Leptospermum scoparium and 

Brachyglottis colensoi (Chapter 3). On the hills above 500 m (Mt Rakeahua and 

Table Hill) the subalpine shrubland is replaced with alpine heath. A small hut in the 

lower valley was the base for the fieldwork (Figure 6.2). 

Distribution of robins 

Every season for two years counts of robins were made in the three forest types. 

These counts were only to establish presence or absence of robins in the forest types 

and not to gauge density. Robins were not counted in riparian shrubland as it was 

generally only 20-30m wide, which robins could easily traverse quickly. Noise was 

kept to a minimum so robins were not attracted to an observer. All robins heard or 

seen were noted as walking tracks through forest types were traversed. This was done 

on the assumption that the tracks, or use of the tracks, did not affect the distribution of 

robins. As there are very few people using the tracks(< 100/year), this assumption is 

thought to be justified. The same observer was used for all counts. All three tracks 

were walked each day, at various times, and in all sorts of weather. Robins were only 
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Figure 6 .1. Map of Stewart Island showing the location of the study site in the 

Rakeahua Valley. 
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Figure 6.2. Map of the Rakeahua Valley, showing the location of the cat traps and rat 
trap-lines 
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recorded approximately once a week, which is about four times a season. Robins 

were recorded as the number of individuals per kilometre then averaged for each 

season. The Leptospermum track was approximately 2.1km long and the tracks in the 

two other forest types were both approximately 1. 7km long. After testing for 

assumptions an ANOV A was used to test whether sighting rates (birds/km) of robins 

differed between the three forest types. 

Cat trapping 

The cats were captured in Victor 1. 5 Soft Catch traps (Woodstream Corporation, 

Lititz, USA) in dead-end sets against the base of trees as per Veitch (1985). The traps 

were baited with thawed frozen fish. Trap lines were set in the valley floor and on 

two tracks to the bush line (c.500m AMSL) through all habitat types (Figure 6.2). 

Possum trapping 

The possums were captured as by-catch during the cat trapping, using the same 

methods as described above. 

Rat trapping 

Two rat-trapping lines of seven paired traps were laid out in each of three forest types 

. (Figure 6.2) and set for a minimum of nine days in the four seasons (winter: June; 

spring: September; summer: December; and autumn, March). All transects were set 

out adjacent to walking tracks as permit requirements precluded the cutting of 

vegetation, which would have been required in the Leptospermum and subalpine 

shrubland. 

Rats were trapped using the methods described in Chapter 3. Rat trapping at 50m 

intervals every three months is not thought to significantly reduce rat abundance 

(Bramley 1999). 

Differences in the number of rats species caught between the three forest types was 

tested for statistical significance using G-tests (Sokal and Rohlf 1995), on the 

assumption that trapping effort was the same in all forest types. The null hypothesis 

was that equal numbers of species should be caught in all forest types. 
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Trapping effort for possums and cats was not equal between all the forest types. 

Therefore abundance indices were used to test for differences in forest use. The rate 

of capture for possums and cats was defined as the number of animals (X) caught per 

100 trap nights (TN) corrected for sprung traps (Nelson and Clark 1972). Differences 

in the relative abundances of cats and possums caught between forest types, was 

expected, from trapping data elsewhere on Rakiura/Stewart Island (author unpubl. 

data), and from habitat selection studies on cats (Chapter 5). After assumptions were 

tested two one-way ANOV As were used to test whether capture rates (RI 00/CTN) of 

possums and cats differed between forest types. To normalise the capture data the 

data were log-transformed first. 

Nest experiment 

Nest experiments were carried out in late August to September (early spring) and 

early December (early summer) of 2000. The artificial nests were commercially 

made wicker baskets (70 mm in diameter by 40 mm deep). Each nest was located at 

approximately 2 m height in the fork of a tree or shrub, immediately under the canopy 

cover of the shrub, to preclude predation by avian predators (Brown 1997). Fifteen 

nests were located at 50 m intervals along each of the same transect lines as the rat 

trapping transects. This meant that a measure of the rat abundance at the nest transect 

was available, as rat abundances can vary within forest types (Dowding and Murphy 

1994). Each nest contained three Japanese quail eggs Coturnixjaponica (mean size: 

33.3mm x 26.9mm). Eggs were placed in each nest in each of the three forest types 

on the same day. Nests were secured to the tree with two to three short lengths of 

lacing wire. Eggs were placed using rubber gloves to avoid contamination with 

human scent. Artificial nests may smell different to a natural nest, but assuming that 

the artificial nests all smell the same then conclusions on predation rates should be 

valid. The nests were checked on day seven and, at the completion of the trial, on day 

15. A period of 15 days was chosen to simulate the mean incubation of the ten 

species of non-cavity nesting songbirds of the area (15.1 days, s.e.: ± 2.5). The nest 

was considered destroyed if one or more eggs were missing or only eggshell 

remained. All the nests were removed at the end of the trial. 

Success of the artificial nests was calculated using the Mayfield method (Mayfield 

1961, Mayfield 197 5). This method records success using 'nest-days', whereby the 
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number of days that a nest has a full clutch of eggs is recorded. In this case each nest 

transect has 15 days multiplied by 15 nests equalling 225 'nest-days'. Significant 

differences in the number of successful nest days between forest types was tested 

using G-tests (Sokal and Rohlf 1995), with the null hypothesis being that there would 

be no difference in the number of successful nest days between forest types. 

Results 

Distribution of robins 

Robins were only found in Leptospermum shrubland in all seasons. They were noted 

at a mean rate of 1. 03 ( s. e.: ± 0 .11) robins per km. None were found in podocarp

broadleaf forest or subalpine shrublands. An ANOV A showed a highly significant 

departure from homogeneity (F2,21 = 89.82, p < 0.001), for robin distribution between 

Leptospermum shrubland and both of the other forest types. 

Rat capture between forest types 

Rat species were caught in differing numbers in each forest type (G = 85.29, d.f = 4, 

p << 0.001, Figure 6.3). More ship rats were caught in podocarp-broadleaf forest (28) 

than in Leptospermum shrub land ( 11 ). There was no difference between the numbers 

of ship rats in sub alpine shrub land compared with podocarp-broadleaf forest. No 

Pacific rats were caught in podocarp-broadleaf forest whereas 28 were caught in 

Leptospermum shrubland. Only four Norway rats were caught in Leptospermum 

shrubland, and one in podocarp-broadleaf forest. 

Cat and possum relative abundance: comparisons between forest types 

The relative abundance of cats and possums was riot even through all the forest types 

(Figure 6.4), and both species were more abundant in the podocarp-broadleafforest 

than any other forest type. However, cats were not caught statistically significantly 

less in one forest type over another (F2,15 = 0.899, p = 0.43). In contrast there were 

significant differences between the numbers of possums in the three forest types (F2,15 

= 3.84, p = 0.04), with possums being most abundant in podocarp-broadleaf forest. 

The only possums caught in subalpine shrubland, in autumn 2001, were two juveniles. 

Possums were apparently in extremely low numbers in the Leptospermum shrubland, 

as none were caught there but were occasionally seen at the hut in this forest type. 
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Figure 6.3: Total numbers of Pacific rats Rattus exulans, 
ship rats R. rattus, and Norway rats R. norvegicus 
trapped in 'Ezeset' rat traps in three forest types, 

March 2000 to June 2001, Rakeahua Valley, Stewart Island, 
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Figure 6.4: Mean abundances of cats and possums in three forest types 
in the Rakeahua Valley, Stewart Island. 

(*=significant difference (p<0.05) to mean abundance 
in Leptospermum shrubland) 
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Nest experiment 

Calculation of numbers of nest days per forest types using the Mayfield method is 

shown in Table 6.1. There were no eggs lost before day seven in any of the forest 

types in each season. Any losses occurred in the last eight days. 

Nest success was statistically significantly different between each forest type for 

September (G= 12.252, d.f. =2, p < 0.005). In December, only nest success in 

podocarp-broadleaf forest was significantly different to the other forest types (G= 

8.8366, d.f =2, p < 0.05). There was higher nest success inLeptospermum 

shrublands in both seasons than in podocarp-broadleaf forest, and more than subalpine 

shrubland in September. Subalpine shrubland had fewer successful nests than the 

other forest types in September, but had no egg losses in December. 

No natural robin nests were located and monitored as robins were only located in 

Leptospermum shrubland, so no comparison of natural nest success between forest 

types was possible. 

Discussion 

Robins were found only in Leptospermum shrublands, which had very low numbers 

of ship rats and possums, known nest predators, and low numbers of cats, a predator 

of adult robins. Ship rats were trapped in significantly greater numbers in podocarp

broadleaf forest than in the two other forest types. Possums also had higher relative 

abundances in podocarp-broadleaf forest than the other two forest types. Predation 

rates on artificial nests were significantly lower in Leptospermum shrublands than in 

the other two forest types. 

Although the trapping data for cats and possums is seasonally variable the data 

provides a reasonable overall estimate of their abundance. The data for cats are 

supported by data on cat habitat use as ascertained by radio-tracking in the Rakeahua 

Valley, although this latter study showed a significant difference in use by cats in 

subalpine shrubland compared with other forest types (Chapter 5). The trapping data 

are more representative of the use of forest types by possums. Sightings of possums 

suggest that they will use subalpine and Leptospermum shrubland in low numbers. 

One was seen at the tree line and three possum skeletons have been found in the 
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Table 6.1: Number of successful nest-days for artificial nests in three forest types, 
September 2000 and December 2000, Rakeahua Valley, Stewart Island. 

Early Spring 

Total 
Nest days 0-7 Nest days 8-15 Nest days lost successful 

nest days 
Leptospermum 

shrubland 105 112 4 221 
(15 nests) 
Podocarp-
broadleaf 

105 96 12 213 
forest 

(15 nests) 
Subalpine 
shrubland 105 80 20 205 
(15 nests) 

Earlv S 
Total 

Nest days 0-7 Nest days 8-15 Nest days lost successful 
nest days 

Leptospermum 
shrubland 105 120 0 225 
(15 nests) 
Podocarp-
broadleaf 

105 112 4 221 
forest 

(15 nests) 
Subalpine 
shrubland 105 120 0 225 
(15 nests) 
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alpine heath near the summit of Mt Rakeahua (pers. obs.). In the Leptospermum 

shrubland, possums are seen around the hut, which requires them to move from the 

podocarp-broadleafforest some 400 m away. It seems that Leptospermum and 

subalpine shrublands do not restrict the passage of possums but may discourage 

settlement within them, probably due to a lack of food and/or shelter. 

The relationship between the habitat selection of predators and nest predation rates in 

New Zealand is poorly known and although this study provides a useful starting point 

it requires more tests over several nesting seasons to have more robust results (Major 

and Kendal 1996). Internationally there is also much debate over whether predation 

rates on artificial nests are comparable to real nest predation rates (Roper 1992, Major 

and Kendal 1996, Ortega et al. 1998, Rangen et al. 1999, Buler and Hamilton 2000, 

Maier and DeGraaf2000). There is, however, a positive relationship between rates of 

real and artificial nest predation and density of nest predators (Bayne et al. 1997, 

Rodewald and Yahner 2001b, VanderWerf2001). The distribution of nest predators, 

such as squirrels, is also reflected in the distribution of artificial nests lost to predators 

(Sieving and Willson 1998). Correspondingly, the rates of predation on real nests 

have also been shown to change in habitats with differing densities of predators 

(Barber et al. 2001, Larison et al. 2001). Overall, the trends in differing predation 

rates within different habitats appears to be similar for artificial and natural nests, so 

the results of this experiment can be generally accepted. 

The evidence for habitat-mediated differences in nest predation and its affect on bird 

distribution also suggests that the most prevalent nest predators are the most 

damaging. These are generally arboreal omnivores such as squirrels (Lewis and 

Montevecchi 1999, Bayne and Hobson 2002), ship rats (Penloup et al. 1997, Robinet 

et al. 1998), monkeys (Carter and Bright in press), or possums (James and Clout 1996, 

Garnett et al. 1999), which select habitats for primary resources like seeds or fruit 

(Blackwell 2000, Wauters et al. 2001). Nest contents are a secondary resource, taken 

opportunistically (Schmidt et al. 2001a) or when primary food supplies are low (Nour 

et al. 1993). Omnivorous predators will tend to exist in higher abundances than 

carnivores, which makes them at least as damaging as they are likely to encounter a 

nest more often (Schmidt et al. 2001b). That the fish bait used for trapping cats 
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attracted the possums also lends strength to the evidence that possums are even more 

omnivorous than once thought (Cowan 1990). 

The omnivorous arboreal predators ofNew Zealand are possums and ship rats. Both 

species are found in substantially higher densities in podocarp-broadleafforest than in 

Nothofagus spp. forest (Clout and Gaze 1984, King and Moller 1997, Blackwell 

2000), young exotic pine forest (King et al. 1996, Efford 2000) and Leptospermum 

shrublands (this study). Podocarp-broadleaf forest provides more diversity of fruit 

and vegetation for ship rats and possums than these latter forest types (Daniels 1972, 

Efford 2000). In montane Nothofagus forest, climate may also play a factor in 

restricting ship rats to lowland forests where the mean winter temperature remains 

above 2°C (Studholme 2000). 

Like possums and ship rats many native forest birds react to food availability and also 

exist in higher densities in podocarp-broadleaf forests than in Nothofagus forest, 

Leptospermum shrubland or exotic pine forest (McLay 1974, Gill 1980, Clout and 

Gaze 1984, Moffat and Minot 1994). Some vulnerable species are however, 

becoming rare or extinct in podocarp-broadleaf forest where they were in high 

densities historically. Robin, kaka, riflemen, blue duck, kereru, brown creeper and 

mohua were once found in high densities in podocarp-broadleafforest of the South 

Island (Smith 1888, Handley 1895, Fulton 1907, Myers 1923). All are now more 

often found in montane Nothofagus forest (O'Donnell and Dilks 1986, O'Donnell 

1996). This suggests that montane Nothofagus forest may be a refuge from predation 

by ship rats and possums for these forest birds, despite being sub-optimal for 

foraging. 

On Stewart Island, with no Nothofagus forest, robins and brown creepers are similarly 

restricted to Leptospermum shrubland (Kikkawa 1966). Kaka and kereru have 

become uncommon in the podocarp-broadleaf forest and riflemen and mohua have 

gone extinct (Chapter 2). Refuges for these species exist on a few nearby islands 

without ship rats, possums and other predators where all these birds have populations 

in podocarp-broadleaf forest. 
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Even these putative refuges are occasionally unsafe for nesting birds due to temporal 

changes in food availability for predators (Nour et al. 1993, O'Donnell and Philipson 

1996, Schmidt 1999, Ostfeld and Keesing 2000). Large amounts of seed are produced 

multi-annually in Nothofagus forest which often results in a subsequent short-term 

increase in numbers of nest predators like ship rats (King and Moller 1997). The 

podocarp-broadleaf forest of Stewart Island also has tree species that seed multi

annually, which is likely to have similar flow-on effects for forest birds. This may 

help to explain the extirpation of species like riflemen and mohua from Stewart 

Island. 

Whether robins are actually selecting Leptospermum shrublands as a refuge from 

predation is debateable. Birds are known to re-use habitats where they have had a 

successful nest, leading to apparent habitat selection (Martin 1988, Sieving and 

Wilson 1998, Krivan and Vrkoc 2000, Schmidt 2001, Soderstrom 2001). However 

the distribution of the Stewart Island robin population may be explained as a relict 

population from the one that existed before exotic predators were introduced. Robins 

that existed in podocarp-broadleafforest have probably gone extinct, due to high 

numbers of ship rats and possums, leaving robins in Leptospermum shrublands simply 

nesting where they have nested before. Detection of possible dispersal of juvenile 

robins to other forest types may be hampered by the probable higher predation rates in 

those forest types. 

This research did not test the hypothesis that robins are selecting habitats with large 

opens areas oflitter (Clout and Gaze 1984), or where vegetative cover at ground level 

is more open (Duncan et al. 1999). To test these suggestions, rat, possum and cat 

control could be carried in all the forest types and then the response of the robins 

could be observed. Responses could include juvenile robins establishing home ranges 

in podocarp-broadleaf forest for example. Other experiments could involve moving 

robins to an island with the similar vegetation types but without exotic mammalian 

predators. Observations of the habitat selection of the robins could be undertaken 

once the population has established itself A transfer of robins to Whenua Hou 

( Codfish Island), off the northwest coast of Stewart Island, could be used to test the 

theories, as the island has large areas of Leptospermum shrubland and podocarp

broadleaf forest. Similarly, the recent transfer of robins to Ulva Island, in Paterson 
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Inlet, Stewart Island, could also be used. Ulva Island is largely covered in podocarp

broadleaf forest, with some coastal shrub land, and has no exotic mammalian 

predators. A study of the habitat features that the robins prefer on Ulva would be a 

useful first step to understanding whether robins are now selecting habitats because of 

habitat features or are being restricted to Leptospermum shrubland on Stewart Island 

because of predation in other forest types_ 
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Chapter 7 

DISCUSSION 

This thesis arose out of the need for more efficient control of an introduced predator 

on a large island. It is a classic conservation biology situation; with an endemic 

species, the southern New Zealand dotterel, apparently being pushed toward 

extinction by an invasive species, the feral house cat. The same general story has 

been repeated many times on islands worldwide and is continuing to occur (Jouventin 

et al. 1984, Johnstone 1985, Lovegrove 1992, Burger and Gochfeld 1994). Indeed the 

loss of avian biodiversity continues on Stewart Island/Rakiura, and I have used the 

second chapter to outline the recent exotic predator-induced extinctions and 

contractions in range of native birds to highlight this point. 

Understanding a predator's biology and habitat use requires knowledge of some 

fundamental aspects about the animal, such as its prey, how that prey is distributed in 

space and time, and the predator's response to variations in the temporal and spatial 

distribution of prey. Chapter three documents the seasonal variations in the relative 

abundance of cats' primary prey, rats. The chapter goes on to investigate how rats are 

distributed through forest types and uses multivariate analysis of habitat data to 

identify habitat features to which the three rat species appear to be responding. The 

numerical response, and the possible lack of a functional response, of cats to seasonal 

variations in primary prey in particular, is the focus of the next chapter. 

These preceding chapters provide the context in which to consider the home range 

and habitat use of feral cats. Radio-telemetry and compositional analysis are used to 

examine possible non-random habitat use by cats (Chapter 5). The theme of non

random habitat use by exotic predators continues in Chapter 6, and a nest-experiment 

and trapping data are used to emphasize possible habitat-mediated nest predation of 

New Zealand robins. 

What does this research tell us about cats' biology on Stewart Island? Although the 

situation of one mammalian predator (cats) and two types of prey (rats and birds) is 

unusual in continental systems, it is commonly found on islands with exotic predators, 
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and in theoretical models of simple predator-prey relationships (Murphy et al. 1998, 

Norbury 2001, Krivan 1996, van Baalen et al. 2001), and can be compared with both 

models and empirical data. Unlike the models and some studies of simple predator 

prey systems, cats did not appear to prey switch at low densities of primary prey. 

This lack of prey switching may be related to the calorific value of the primary prey 

(rats) in relation to prey with substantially less mass (birds) (Jaksic 1989), and 

possibly greater handling time (i.e. the amount ohime a cat spends stalking a bird 

may be greater than for catching rats, and the success rate for catching birds may be 

less) (Patterson, et al. 1998, van Baalen et al. 2001). The overall biomass of birds on 

Stewart Island may be also be limited, possibly by meso-predators like rats 

themselves. As such the biomass of birds may never reach the proportion of total 

biomass required for cats to switch to preying on them when rat biomass declines 

seasonally (Krivan 1996, O'Donoghue et al. 1998). This research was limited to two 

seasons of probable low primary prey density however, and did not measure the 

availability of birds for cats, so the importance of the available biomass, rather than 

abundance, of the respective prey types to cats is only hinted at. What was obvious 

was cats' overwhelming reliance on rats for food. 

This importance of rats as prey for cats was borne out by the marked numerical 

response of cats to changes in the relative abundance of rats, and this observation may 

prove :fruitful in future control operations. At low primary prey abundances cat 

mortality, apparently due to starvation, could reach 50% of the radio-tagged sample of 

cats. Cats were also likely to leave an established home range at low prey 

abundances. The survival rate of cats in periods of possible rat superabundance, 

which may occur during multi-annual mast-seeding ofrimu Dacrydium cupressinum 

in the podocarp-broadleafforest (Powlesland et al. 1995), may prove a fruitful avenue 

of research. The period of field-work for this research occurred between two mast

years. It is doubtful that the influence of the multi-annual seed-mast by podocarp 

trees on the cat-rat-bird dynamic is likely to be as marked as in montane Nothofagus 

forest on the mainland, as rat numbers reach relatively high numbers every year in 

podocarp-broadleaf forest (Innes 1990, Chapter 3). In any case, the seasonal 

depression in abundance of primary prey is restricting cats to very low densities, and 

this was reflected in the cats' very large home range sizes (Livaitis et al. 1986, 

Koehler 1990, Prestrud 1992). 
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At low densities, animals often exhibit density-dependent habitat choice, whereby the 

favoured habitat is selected until increasing densities of animals reduce the 

advantages of residing in the favoured habitat, and less favoured habitats are then 

occupied (Rosenzweig 1991, Crawley and Krebs 1992, Morrison et al. 1998). Habitat 

selection can also be modified by the presence of competitors, or predators (Mysterud 

and Ims 1998, Morris 1999). Cat habitat selection on Stewart Island was not 

constrained by competitors or predators, they were at very low densities, and the high 

overlap between home ranges that cats exhibited suggested that there was little intra

specific interference, i.e.; territoriality (Oksanen et al. 1992). Theoretically, cats 

should have only been selecting habitat in relation to the distribution of resources 

(Hanley and Horne 1990). Resources for cats, rats, were distributed relatively evenly 

through the four forest types in the Rakeahua Valley. As cats exhibited a preference 

for podocarp-broadleaf forest, this suggested that cats were selecting podocarp

broadleaf forest as it contained another 'resource' besides primary prey. Shelter from 

rain, on this relatively wet island, appeared to be the 'resource' that cats were 

responding to. Indeed wet weather influenced cats' use of another habitat, subalpine 

shrubland, which was used preferentially in dry weather. The preference for 

podocarp-broadleaf forest would suggest that cat control is best carried out there, 

rather than on the edge of the subalpine shrub land. 

So what do these conclusions mean for cat control on Stewart Island? Two points 

stand out. This thesis reveals the extraordinary importance of rats in controlling the 

density of cats on Stewart Island. This may be the cats' Achilles heel. Control of rat 

abundance to low levels would reduce cat densities still further. The other point is the 

importance of shelter to cats. Unfortunately, it is debateable whether either of these 

conclusions will improve the efficiency of cat control on Stewart Island. 

Lethal predator control is effective in increasing populations of threatened endemic 

birds and this appears to be the case with southern New Zealand dotterel (O'Donnell 

et al. 1996, Dilks 1999, Innes et al. 1999, Dowding and Murphy 2001). Other control 

methods besides lethal control are available, which adjust the ecological processes 

leading to a species' population decline. Examples of alternative control methods 

include addition of missing top predators to the ecosystem to reduce numbers of 
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cover or increasing the size of forest patches. Removal of predators' den sites can 

reduce utilisation of a habitat by a predator, and the provision of alternative prey to 

the threatened prey can reduce predation rates (Jimenez and Conover 2001, Schneider 

2001). In unmodified landscapes, protected reserves or islands many, if not all, of 

these options are unavailable as the suggested adjustments would have deleterious 

effects on the environment or the threatened species. Poisoning or trapping remain 

the most effective methods for control of exotic predators. The situation on Stewart 

Island is particularly formidable due to the very limited access, difficult terrain and 

changeable weather. Although the areas of alpine heath where New Zealand dotterels 

nest are surrounded by podocarp-broadleafforest, control of cats in this preferred 

habitat would be severely limited by access difficulties. Similarly, the highly variable 

weather of Stewart Island makes possible timing of cat control to coincide with 

periods of fine weather virtually impossible. 

Reducing the density of cats still further by reducing rat densities is a possible form of 

control, and eradication of rats would probably spell the demise of the cats also, 

judging by their overriding dependence on the rats. Eradication of cats on Stewart 

Island is unlikely to occur in the near future on such a large island. Cat eradication 

would have to be linked with an eradication of rats, as the likely mesa-predator 

release of the rat population, with no 'superpredator', would have severe impacts on 

the remaining native birds (Courchamp et al. 1999). 

Indeed, control of the other predators on Stewart Island, rats and possums, appears to 

be equally as important as cat control. Historically, cats appear to have been 

instrumental in exterminating or severely reducing the range of ground-nesting birds 

on Stewart Island (Chapter 2). Apart from New Zealand dotterels, probably two 

penguin species, and possibly kiwi, the impact cats have on native birds is now much 

reduced. Empirical and observational evidence suggests that rats, principally ship 

rats, and possums are now the chief agents of the restriction in range, and ongoing 

decline, of native birds on Stewart Island, and possibly the rest of New Zealand 

(Brockie 1992). 

Notwithstanding the impact of other species besides cats on native birds, this thesis 

was initiated to provide information and recommendations to improve the control of 
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cats. Control should be continued in the alpine zone, judging by the large increase in 

southern New Zealand dotterel numbers since cat control was started. This control 

regime is currently the most effective way of controlling cats with the limited 

resources available. Although mortality of adult dotterels has probably decreased the 

survival of dotterel chicks, in relation to variations in average rainfall in late spring, 

requires investigation. It appears that overly wet conditions are affecting chick 

survivorship, and this is the main reason for the 'bad' years of dotterel survival during 

the past decade of cat control. Only long-term monitoring of the success of dotterel 

nests and chicks, tied to rainfall records from the alpine areas, will clarify the 

situation. It is timely to remember that these dotterels constitute a relict population in 

refuge that may be sub-optimal for nesting. Dotterels once nested on the sand dunes 

at Mason Bay, some 500m lower than where they nest now, as well as across the high 

country of the South Island. And the main reason they are restricted to the alpine tops · 

of Stewart Island is the ongoing presence of cats across Stewart Island. 

Recommendations 

As cats are responding numerically to the abundance of rats, and appear to survive 

winter conditions well, widespread large-scale control of cats would be particularly 

effective during the summer, as rat numbers decline, and while female cats are also 

raising kittens. 

It appears that the most intensive cat control at the dotterel nesting areas should be 

carried out from August to October, when male dotterels are displaying or incubating. 

If it was possible, periods of dry weather should be periods of particularly intensive 

control. Concurrent monitoring of dotterel nests and chicks success is essential to 

clarify the role of seasonal changes in climate means, especially rainfall, in dotterel 

breeding success. 

Control of cats may need to be particularly intense in the spring and summer after a 

rimu mast. There is some evidence for a larger than usual rat abundance immediately 

during and after a rimu mast on Stewart Island, and survivorship of cats may improve 

as a consequence. Research on the response of rats to seed-masts in beech forest has 

been carried out but little has been done on possible similar responses to mast-years in 

lowland podocarp-broadleaf forests. During the subsequent spring and summer 
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been carried out but little has been done on possible similar responses to mast-years in 

lowland podocarp-broadleaf forests. During the subsequent spring and summer 

decline in rat abundance, more cats may therefore be dispersing in search of prey, 

although into which forest types this dispersal takes place appears to be strongly 

influenced by the prevailing rainfall conditions. 

A reduction in cat numbers should be done in concert with rat control. Cat control by 

itself will allow rat abundance to increase further (mesa-predator release), which is 

likely to be counter-productive, as rats are in themselves effective predators of birds 

and nests. Reductions in rat abundance in the subalpine shrubland may reduce the 

need for cats to move into this forest type also. 

Baseline data on the survivorship and age structure of the remaining ground-nesting 

birds on Stewart Island is vitally important. Penguins appear to be in serious decline, 

and little is known about the health of the kiwi population. It would be easier to 

manage a threatened bird population rather than a critically endangered one, as the 

kakapo and dotterel stories have shown us. 

Control of cats in the lowland forest types, particularly podocarp-broadleafforest, 

would be most effective iflarge scale control was possible. Also, the importance of 

shelter for cats could be investigated experimentally by providing shelter in forest 

types like Leptospermum shrub land, or by the large-scale removal of rats from 

podocarp-broadleaf forest and monitoring the consequent habitat selection of a 

population of radio-tagged cats. Although these sorts of experiments require 

resources that are far beyond the scope of this thesis, they may be able to be done in 

parallel with a rat control operation. 
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Appendix 1. 

A Measurements of adult feral cats F elis catus and age ( A: adult, J: juvenile) of cats 
trapped in the Freshwater and Rakeahua Valleys, Stewart Island, September 1999-
March 2001 

Weight Head-Body Tail 
length length 

(Kg) (mm) (mm) 

M F M F M F 

Mean 3.36 2.63 518.1 460.7 275.4 257.1 
s.e. 0.50 0.43 26.5 30.3 16.8 16.8 
Range 2.68-4.09 2.16-3.25 460-560 435-500 250-305 230-280 
n. 13 7 13 7 13 7 

Age Males: 12A, 2J, Females: 7 A, lJ. 

B. Coat colour and pattern of adult and juvenile feral cats Pelis catus trapped 
in the Freshwater and Rakeahua Valleys, Stewart Island, September 1999-March 2001 

n. Tabby 
Striped Blotched Black Grey Ginger T/shell 

24 62.5% 37.5% 
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Appendix 2 

Vascular and non-vascular plant list from the Rakeahua Valley, Stewart Island, 
January 2001. Nomenclature follows Allison and Child (1975), Beever, Allison and 

Child (1992), Brownsey and Smith-Dodsworth (2000) and Connor and Edgar (1987). 

* non-vascular plants 
+ exotic plants 

Plant species 

Acaena anserinifolia 
Agrostis §R. 

Agrostis film_. 

Anthoxanthum odoratum 
Aporosrylis bifolia 
Asplenium jlaccidum 
Astelia jragrans 
Astelia linearis 
Astelia nervosa 
Baumea tenax 
Bazzania adnexa* 
Blechnum blechnoides 
Blechnum discolor 
Blechnum fluviatile 
Blechnum nigrum 
Blechnum novae-zelandiae 
Blechnum penna-marina 
Blechnum procerum 
Brachyglottis colensoi 
Caladenia catenata 
Carex dissita 
Carex secta 
Carex sinclairii 
Carex solandri 
Cassinia leptophylla 
Celmisia polyvena 
Chionochloa rubra 
Cladia retipora* 
Coprosma banksii 
Coprosma cheesemanii 
Coprosma ciliata 
Coprosma colensoi 
Coprosma cuneata 
Coprosma foetidissima 
Coprosma grandifolia 
Coprosma §R. "little red fruit" 
Coprosma rhamnoides 

Common name 

bidibid 
native canina 
browntop/creeping bent+ 
sweet vernal+ 
odd-leaved orchid 
hanging spleenwort 
bush flax 

sedge tussock 
liverwort 
Banks' hard fern 
crown fern 
kiwakiwa 
black hard fern 
kiokio 
little hard fern 
small kiokio 
leatherwood 
pink orchid 
sedge 
nigger head 

tauhinu 
mountain daisy 
red tussock 
coral lichen 

stinkwood 
kanono 
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Coprosma rigida 
Coprosma rotundifolia 
Corybas macranthus · spider orchid 
Corybas rivularis dancing spider orchid 
Corybas tribolus spider orchid 
Crassula §12. 

" 
Ctenopteris heterophylla 
Cyathea smithii soft tree fem 
Cyathodes empetrifolia dwarf heath 
Cyathodes juniperina prickly mingimingi 
Dacrycarpus dacrydioides kahikatea 
Dacrydium cupressinum nmu .,. 
Dendrobium cunninghamii lady's slipper orchid 
Dicksonia squarrosa wheki 

y Dracophyllum longif olium inaka 

.. Dracophyllum politum 
Drosera spathulata sundew 

> Drosera stenopetala sundew 
Earina mucronata bamboo orchid 

~ Elaeoca1pus hookerianus pokaka 
Empodisma minus wire rush 

~ 

Exotic grass fillll. + 
~ Gahnia procera gahnia 

• Gaultheria antipoda bush snowberry . , 
Gaultheria macrostigma 
Geranium microphyllum cranesbill 

a Gleichenia dicarpa tangle fern 
Gleichenia dicarpa var. alpina tangle fem 

Ii> 
Gnaphalium limosum cudweed 
Grammitis billarderei 
Griselinea littoralis broadleaf 

:-.~ Haloca1pus biformis pink pine 
Hierochloe novae-zelandiae alpine holy grass 
Hierochloe recurvata 
Histiopteris incisa water-fem 

--'. Hydrocotyle microphylla pennywort 
I , Hymenophyllum bivalve filmy fem I - Hymenophyllum demissum filmy fern ,· 

Hymenophyllum ferrugineum rusty filmy fern 
I y Hymenophyllum f]abellatum fan-like filmy fern 

Hymenophyllum multifidum much-divided filmy fern 

}" 
Hymenophyllum sanguinolentum pmpm 
Hypnodendron arcuatum * umbrella moss 

,, 
Hypochoeris radicata catsear+ 
Juncus antarcticus dwarf rush 
Juncus gregiflorus native rush 
Lagenifera petiolata papataniwhaniwha 
Lastreopsis hispida hairy fern 
Lepidosperma australe square rush 
Leptopteris superba prince of wales feathers 
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Leptospermum scoparium manuka 
Luzuriaga parviflora lanternberry 
Luzula _m2. 'rhizomatous' woodrush 
Lycopodium dijfusum carpet clubmoss 

\. 
Lycopodium fastigiatum mountain clubmoss 

., Lycopodium scariosum creeping clubmoss 

k Lycopodium volubile climbing clubmoss 
Marchantia berteroana* thallose liverwort 
Metrosideros dijfusa white climbing rata 
Metrosideros umbellata southern rata 

,.,. Microlaena avenacea bush rice grass 
Microsorum pustulatum hound's tongue fern 
Mniodendron dendroides* umbrella moss 

-r· Moss film.* 
i; Myrsine australis red mapou 

I ... 
Myrsine divaricata weepmg mapou 
Neomyrtus pedunculata rohutu 

~ Nertera balfouriana 
Nertera ciliata 
Nertera depressa 
Nertera dichondraefolia 

I>- Olearia lineata I 

I • Oreobolus strictus 

' Parsonsia capsularis native jasmine 
J 

Pennantia corymbosa kaikomako 
Pentachondra pumila dwarf heath 

k Phormium tenax New Zealand flax 
~ Plagianthus regius lowland ribbonwood 

Plagochila film..* liverwort 
Podocarpus hallii Hall's totara 

f"' Polystichum vestitum prickly shield fern 
Pratia angulata panakenake 

-- Prumnopitys ferruginea lllifO 

Pseudopanax crassif olius lancewood 
Pseudopanax simplex haumakoroa 
Pseudowintera colorata horopito 

',. Pteridium esculentum bracken 

·~ 
Pterostylis montana greenhood orchid 
Ptychomnion aciculare* moss 

'';,L Ripogonum scandens supplejack 
Rubus australis bush lawyer 
Rubus schmidelioides bush lawyer 

) 

Rumohra adiantiformis leathery shield fern 
V Rytidosperma gracile 

' Rytidosperma nigricans 
Schistochila nobilis* liverwort 
Schizaea fistulosa combfern 
Schoenus pauciflorus sedge tussock 
Sphagnum cristatum* sphagnum moss 
Sticherus cunninghamii umbrella fern 
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Thelymitra veriosa 
Tmesipteris elongata 
Tmesipteris tannensis 
Uncinia aucklandica 
Uncinia filiformis 
Uncinia rubra 
Uncinia rupestris 
Uncinia silvestris 
Uncinia uncinata 
Weinmannia racemosa 

208 

veined sun orchid 

hookgrass 
hookgrass 
hookgrass 
hookgrass 
hookgrass 
hookgrass 
kamahi 




