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Abstract 

This study presents the results of an investigation into invertebrate predation by introduced 

small mammals and the population dynamics of the ship rat and stoat in lowland podocarp 

forest. The study area was Okarito Forest, South Westland, New Zealand. 

The invertebrate faunas of four study sites were compared using pitfall traps and found to 

be similar, justifying the assumption that small mammals trapped within any of these sites 

would have access to a similar range of invertebrate food items. Drainage was found to be 

the most important environmental variable influencing invertebrate distribution. 

Diet of the stoat, ship rat aIld possum were investigated using gut contents obtained from 

animals trapped between June 1994 and February 1995. 

The diet of stoats during 1994/95 included a much larger invertebrate component than 

expected (close to 50% of volume). It is proposed that this is due to stoats switching to 

invertebrates in a year of low rat abundance. Stoats appeared to selectively consume 

freshwater crayfish and the weta, Gymnoplectron sp .. Other invertebrates made up an 

insignificant part of stoat diet. 

Invertebrates predominated in ship rat diet. It is proposed that ship rats are not foraging in 

a particularly selective manner, but consume invertebrates in relation to size and 

availability . 

Invertebrat~s made up a small but significant part of possum diet. Large invertebrates were 

apparently preferred and possums were found to selectively consume large invertebrates 

in times of increased abundance or activity. 

As a result of a study of population dynamics, utilising trapping and autopsy infonnation 

from previous years, a system very similar to that described for New Zealand's beech 

forests is proposed. In the majority of years Okarito Forest is thought to provide at best a 
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marginal habitat for the ship rat. However a rimu mast year leads to increased rat 

abundance, which in turn results in increased stoat numbers. Data indicates that the trapping 

season of 1993/94 was a mast year and that of this study (1994/95) a crash year. 

Although this study does not provide enough data to determine the effects of predation on 

the invertebrate fauna, some general comments are made regarding invertebrate 

conservation and the effects of mammalian predation on the invertebrate fauna of mainland 

New Zealand. 
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Introduction. 1 

Chapter 1. General Introduction. 

Invertebrates have been aptly described as "the little things that run the world" (Wilson 

1987). Whether measured by species, individuals or biomass, invertebrates dominate 

terrestrial ecosystems (Gaston 1991, Kremen et al. 1993). Human benefit from this huge 

group can be broken into three main categories. Firstly economic benefits; without 

pollination by insects the agriCUlture industry would collapse. Biological control is also 

almost entirely reliant on invertebrates. The second category, ecological benefits is difficult 

to separate from economic benefits, but some of the main ones are pollination, 

decomposition and the fact that insects are a dominant and integral part of almost all food 

webs. Finally intellectual benefits; since earliest history humans have been fascinated by 

the invertebrate world which has featured prominently in art and literature. The sciences 

of genetics, evolutionary biology and medicine would be much retarded without creative 

use of invertebrates such as Drosophila and various lepidopterans (Pyle et al. 1981). 

Despite the importance of invertebrate species almost nothing is known about the biology 

and ecology of the vast majority of species. In fact entomologists are unable to determine 

how many species are present, even to within an order of magnitude (Gaston 1991). 

Invertebrate conservation is a relatively new science. Until recently the public has been 

caught up in the struggle against the few invertebrate pest species, which has resulted in 

negative attitudes towards invertebrates as a group. More recently there has been a growing 

awareness of the vital role that invertebrates play in almost all ecosystems worldwide. As 

knowledge of the invertebrate fauna improves, attitudes towards invertebrates are changing 

and the need for active conservation management is becoming apparent. It is hoped that this 

study will provide another small piece of information in the fragmented knowledge of New 

Zealand's invertebrate fauna. 

The recent natural history of New Zealand can most simply be described as tragic. 

However, in order to understand these events, some understanding of ancient history is 

required. The small group of islands that were to become New Zealand were separated from 

Gondwana 65-90 million years ago. They took with them what has been referred to as a 
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half filled Noah's Ark of organisms (King 1984). Some notable absentees were marsupials, 

snakes and terrestrial mammalian predators. In fact the only mammals present were bats, 

seals and cetaceans. For many millions of years this fragment of Gondwana drifted to the 

east and underwent terrific morphological changes, to eventually form what we now know 

as New Zealand. During this time, as well as changes to the land, the flora and fauna aboard 

were slowly changing and adapting to their environment. The absence of mammalian 

predators provided a particularly benign environment for New Zealand's avifauna. Because 

the need for a rapid escape mechanism from mammalian predators was largely removed 

there was an evolutionary drift toward large size (with associated flightlessness) and slow 

breeding (King 1984, Holdaway 1989). 

For millions of years these large, flightless, slow breeding species lived in a relatively 

stable environment. However all this was to change with the arrival of the first terrestrial 

predators. Polynesian settlers arrived about 1200 years ago, and brought with them kiore 

(the Polynesian rat, Rattus exulans) and kuri (the Polynesian dog, Canis familiaris). In 

1769 the first European people set foot on New Zealand initiating a second wave of 

mammalian introductions (Druett 1983, King 1990). The flora and fauna of New Zealand 

was exceedingly vulnerable to these new species and numerous extinctions followed. The 

depletion of New Zealand's avifauna has been relatively well documented (Holdaway 1989, 

Bell 1991) and has received much public attention. Losses have been attributed to both 

degradation of habitat (generally by humans, although deer and possums have also had 

effects) and predation (by introduced mammalian predators and humans). New Zealand's 

unique flora did not escape damage, in the last 200 years over 80% of New Zealand natural 

vegetation has been cleared (Meads 1990) and introduced browsers have had a dramatic 

effect on remaining natural communities r:v eblen & Stewart 1982). Offshore island refuges, 

which have escaped the influence of humans and the associated introduced species, provide 

a glimpse of what mainland New Zealand must once have resembled. 

During the 65-90 million years since New Zealand split from Gondwana the invertebrate 

population also underwent considerable evolutionary change. This has resulted in a unique 

fauna approximately 90% of which is endemic (Samways 1994). The same selection 
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pressures that resulted in gigantism, flightlessness and slow reproduction in the avifauna 

were at work in the invertebrates. This is reflected in groups such as the wetas and weevils, 

some of which reach enormous size (Meads 1990). 

It is likely that the introduction of mammalian predators had an equally devastating effect 

on the New Zealand invertebrate fauna as that recorded for the avifauna. However, the 

effects of human colonisation on the invertebrate community are largely unknown. This is 

not surprising, as even in countries with a long human history very little is known about 

invertebrate extinctions. Of 500 species of organism known to have become extinct in the 

United States since European colonisation only 6.6% are invertebrate species (Pyle et al. 

1981). This is thought to be a gross underestimate, reflecting a lack of knowledge of 

invertebrate species and ecology. It is therefore likely that the vast majority of extinctions 

have gone unrecorded (Pyle et al. 1981). It is recognised that habitat degradation is also a 

major factor influencing invertebrate distribution in modem New Zealand. However this 

thesis is restricted to the effects of introduced mammalian predators. 

The large number of predator-free off-shore islands provide us with some idea of the pre

human invertebrate fauna of mainland New Zealand. There have been numerous studies 

comparing the invertebrate fauna of these predator-free sanctuaries with that of the 

mainland (Ramsay 1978, Bremner et al. 1984, Notman 1984, Moeed & Meads 1987, 

Bremner etal. 1989, Meads 1990) and all show that predation has had and continues to have 

a devastating effect on the invertebrate fauna of mainland New Zealand. The large, slow 

moving, flightless species have been the most vulnerable; many of these species are now 

extinct on the mainland and confined to a few off shore islands (Meads 1990). Disjointed 

mainland distributions of many invertebrates are thought to be the result of mammalian 

predation while it has been suggested that pill millipedes and some other species rarely 

reach maximum size on the mainland as a result of predation (Meads 1990). 

Big South Cape Island provides a modem day parallel of what may have occurred on 

mainland New Zealand with the introduction of the first predators hundreds of years ago. 

The ship rat colonised the island in 1962, or slightly before, and by 1964 a major 
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population irruption was taking place (King 1984). This resulted in the local extinction of 

the large weevil, Hadramphus stilbocarpa, and a drastic reduction in the population of 

Dorcus helmsi both of which had been abundant prior to invasion by rats (Ramsay 1978). 

There is some evidence that as well as influencing the distribution of invertebrates, 

predators are also influencing behaviour. Notman (1984), Moller (1985) and Bremner et 

al. (1989) report significant predator avoidance behaviour in populations of invertebrates 

exposed to mammalian predators. A voidance behaviour may involve spending more time 

in refuges, rescheduling of activity periods to avoid predators or an easier triggering of the 

escape response. For example the large stag beetle, Dorcus helms;, has been observed to 

have a quicker escape response and spend more time in refuges in the presence of predators, 

than on predator-free off-shore islands where it is often observed roaming around during 

daylight hours (P. lohns pers. comm.). 

Although there has been much speculation about the effects of small mammals on the 

invertebrate fauna there is very little direct evidence of predation causing the decline of an 

invertebrate species (Big South Cape Island is an exception). The main aim of this thesis 

is to provide more evidence linking small mammals to the decline of invertebrates on the 

mainland by analysing small mammal gut contents and identifying invertebrate fragments. 

It is recognised that a study of gut contents is unable to determine the effects of predation. 

In order to do this an accurate census of both prey and predators would be required and 

information on recruitment and mortality to each group is needed (King 1984, 1989). 

However, it is hoped that by comparing the invertebrates found in the guts with what is 

known about invertebrate abundances in the study area (South Okarito Forest), some 

inferences can be made about which species are most at risk and what characteristics 

predispose certain invertebrate species to high levels of predation. 

It was decided to take a community approach to this study with respect to both the 

predators and the prey. It is recognised that the four species of introduced small mammal 

occurring within the study area (stoat, Mustela erminea; ship rat, Rattus rattus; possum, 

Trichosurus vulpecula and mouse, Mus musculus) all prey upon invertebrates to a certain 
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degree, so little would be gained by studying a single species of predator. Because the 

invertebrate community of a habitat such as Okarito Forest is so enormously diverse, a 

complete invertebrate survey was not within the scope of this project. It was decided that 

sampling the forest floor community would provide the most appropriate sample of 

invertebrates available to introduced mammals. 

The major aim of this study is: 

1) To describe the invertebrate diet of introduced small animals within South Okarito 

Forest. 

From the result of this major aim and information gathered during the invertebrate survey 

and predator trapping it is possible to address the following secondary aims: 

2) To identify invertebrate species that are under heavy predation pressure and may 

require further monitoring or research. 

3) To make some predictions about what characteristics make an invertebrate species 

particularly susceptible to predation by introduced mammals. 

4) To better understand the population dynamics of introduced small mammals in a 

lowland podocarp ecosystem. 
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Chapter 2. Study area. 

2.1. Location. 

This study was carried out in South Okarito Forest (Westland National Park), on the West 

Coast of New Zealand's South Island. The forest covers an area of approximately 10,000 

ha and is bounded by the Tasman Sea to the north-west, State Highway 6 to the south-east 

and the Okarito and Waiho Rivers to the southwest and north-east respectively (Fig. 2.1). 

Sampling was carried out at five study sites within the forest (Fig. 2.1). Each site was 

centred on an active kiwi nesting burrow, around which predator trapping was being carried 

out by Department of Conservation (D.o.C.) staff as part of the Okarito Brown Kiwi 

Management Plan. The utilization of these established sites was important for a number of 

reasons. Firstly, mammals trapped during the extensive established trapping programme 

run by D.o.C. could be used in this study, thus preventing unnecessary work duplicating 

the trapping programme. Also, trapping data from this season was directly comparable to 

previous years which is especially important with respect to any study of predator 

population dynamics. Finally, cooperation between D.o.C. staff utilising the sites and 

myself made the logistics of the project much more feasible, for instance established tracks 

and campsites were of great benefit. 

The five sites, which occupy approximately 64ha each are located in broadly similar 

lowland podocarp forest (described in Section 2.5) at between 50 and 200m altitude. Briefly 

the sites are characterised as follows: 

Jenkins Creek (Jenkins). NZMS 260 H35 848 688. All but the south-east comer of this plot 

has been selectively logged for silver pine (Lagarostrobos colensoi) during the 1930s and 

40s. The land is mainly gently sloping with a northerly aspect. 
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Figure 2.1. Map showing location of the study area. 
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Deep Creek (Deep Creek). NZMS 260 H35 822678. All but the south-west third of this site 

has been selectively logged for silver pine. The site is bisected by two branches of Deep 

Creek, resulting in relatively broken terrain consisting of ridges and slopes. 

Cockabulla Creek (Cockabulla). NZMS 260 H35 812668. A main ridge runs in a north

west, south-east direction through the site. The northern side of the site extends onto a large 

flat terrace. The forest is unlogged and varies according to location between terrace and 

ridge type vegetation. 

Totarakaitorea River (Totara). NZMS 260 H35 793 677. The site is centered on a steep 

ridge running in an east-west direction, with terraces to the south-west and north. The forest 

is unlogged and composition varies according to location. 

Cemetety Creek (Cemetery). NZMS 260 H34 803 715. The main ridge runs in a north-west 

south-easterly direction. Forest type is similar to all other sites. 

2.2. Geology and Landform. 

South Westland is a long narrow strip ofland, bounded by the crest of the Southern Alps 

to the southeast and the Tasman Sea to the northwest. The narrow lowland zone between 

the mountains and the sea is predominantly made up of material eroded from the rapidly 

uplifting Southern Alps, although the bedrock (predominantly greywacke and schist) was 

formed 167-345 million years ago (Wardle 1979). 

South Okarito Forest is situated on a landscape shaped by glacial processes. During the 

most recent period of glaciation (the Otiran), 70,000 and 14,000 years ago (Potton 1985), 

a large lobe of the Franz Josef Glacier extended over South Okarito. The complex system 

of ridges and outwash terraces present today results from the advance and retreat of the 

Franz Josef Glacier. At least four distinct lines of advance can be distinguished, with the 

oldest moraines occurring around Okarito Lagoon (Potton 1985). 
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Since the retreat of the glacier approximately 14,000 years ago, weathering and erosion has 

subdued the moraines and some younger alluvial surfaces have formed. The area is now 

drained by numerous small streams which flow in narrow, stable channels often deeply 

incised into the outwash gravels (James 1987). The streams rarely, if ever, flood outside 

these channels (Cornere 1992). 

2.3. Soils. 

Okarito Forest has a high water table which is close to the surface much of the time. There 

is very little water deficit in the soils, with run off occurring every month of the year 

(Hessell 1982). Therefore, gleying and leaching are very important processes in Okarito 

soils (Mew & Palmer 1989, Wardle 1991). The soils present in South Okarito Forest are 

a mosaic of Lowland Yellow Brown earths (Ahura type) on the drier sites (slopes and 

ridges) and Gley Podzols (Okarito type) on the wetter surfaces (terraces) (New Zealand Soil 

Bureau 1968). Intense leaching results in soils of very low fertility (New Zealand Soil 

Bureau 1968, Wardle 1991). The soils of Okarito are a complex mosaic, influenced by 

numerous factors such as landform type, drainage and vegetation cover (Cornere 1992, 

Rodgers 1995), and other smaller scale factors such as pit and mound topography, caused 

by tree wind throw (Adams & Norton 1991). 

2.4. Climate. 

The Southern Alps acting as a barrier to the predominantly westerly windflow, and the 

close proximity to the coast are the main influences on the West Coast climate. 

Rain is the most distinctive feature of the West Coast climate. Intense and prolonged 

orographic rainfall, resulting from the uplift of moist westerly airflows by the Southern 

Alps, is common (Wardle 1979, Hessel 1982). The annual rainfall is consistently high and 

increases dramatically with altitude, from about 3,000mm at the coast, to a maximum of 
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over 1 O,OOOmm on the frontal alpine ranges (Hessell 1982). The rainfall of Okarito Forest 

varies within the forest, ranging between about 3,000 and 4,000mm annually depending on 

proximity to the coast (figures approximated from Hessel 1982; Okarito, approximately 

3,000mm; Franz Josef, 4,922mm). There is little seasonal variation in rainfall, although 

westerly windflow is less in winter resulting in slightly less rainfall. Westland has been 

described as having a humid to super humid climate (New Zealand Soil Bureau 1968), with 

relative humidities regularly in excess of90%. 

Despite a high rainfall, sunshine averages are comparable to the East Coast of the South 

Island; Hokitika (85 km to the north of Okarito) receives 1882 sunshine hours per annum 

(43% of possible sunshine hours) compared to Christchurch which receives 1974 sunshine 

hours (46%) (Hessell 1982). 

The Tasman Sea has a moderating influence on the temperature range. Average 

temperatures for the Okarito region have been estimated as 15.6°C during summer 

(maximum, 26.7) and 6.9°C during winter (minimum, -5.67) (based on the equations of 

Norton 1985), with an annual mean of 11.1 °C. 

Winds are typically light due to a cushion of calm air held by the Southern Alps, which 

forces the westerly winds aloft (Wardle 1979). However North Okarito Forest experiences 

an average of2.6 days per year of gale force winds. These can be from any direction and 

funnelling effects of landform can result in local variation in velocity and direction (James 

1987). 

2.5. Vegetation Description. 

The most obvious variation in vegetation pattern within Okarito Forest is due to landform 

(which influences soil type, drainage and fertility). The vegetation of ridges is quite 

different to that of the terraces. The following vegetation description is derived mainly from 

Wardle (1977) and Mathers (1992). The most conspicuous difference on ridges is the 
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presence of the canopy tree southern rata (Meterosideros umbellata), although there are 

other differences (Norton 1994). 

Rimu (Dacrydium cupressinum) is the dominant component of the canopy layer at 30m. 

Miro (Prumnopitys ferruginea) is also present but is far less abundant. The angiosperm 

trees, kamahi (Weinmannia racemosa) and Quintinia acutifolia dominate the sub canopy; 

kamahi being more abundant than Quintinia. The shrub layer is dominated by Neomyrtus 

pendunculata, although other small angiosperm species such as Myrsine australis, M 

divaricata, Pseudopanax colensoi, P. crassifolius, Coprosmafoetidissima, other Coprosma 

species and the conifer Phyllocladus alpinus are all common. The tree ferns, Dicksonia 

squarrosa and Cyathea smithii are common. 

The ground flora is usually dominated by Blechnum species (Blechnum procerum and B. 

discolor). Other fern species (Sticherus cunnninghamii, Hymenophyllum spp. etc) can also 

be common. Vines (Meterosideros spp., Supple jack (Ripogonum scandens ) and kiekie 

(Freycinetia baueriana)) are common; the latter two often forming very dense thickets in 

coastal areas (Wardle 1991). Common monocotyledons include Astelia sp and Uncinia sp. 

Bryophytes usually form a continuous carpet except where ponding has occurred, or tree 

ferns dominate the shrub layer. 

2.6. Post-human Modifications. 

South Okarito, although relatively undisturbed, has not escaped the influence of humans. 

Human influences fall into two main categories; direct human impact and indirect impacts 

through mammal introductions. 

Humans have been present in the Okarito region for many hundreds of years. Effects of 

Maori occupation are not clear. However, Maori people hunted many bird species for food 

in the Okarito region, especially kakapo, kiwi, moa, weka and others (Hulme 1989), which 

is likely to have reduced numbers to some degree. 
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Europeans have impacted on this area for about the last 150 years. During the 1860s 

Okarito was the site of the most successful gold rush in the West Coast's history (Harop 

1923). The town that sprung up may have supported up to 10,000 people (Pascoe 1957) and 

a smaller settlement at Five Mile Lagoon had a population of about 3,000. Impacts during 

this period were largely coastal. During the late 1800s the road to Okarito was established. 

In more recent years extensive logging has taken place in the Okarito region, mainly to the 

north of the study sites, and North Okarito is still being selectively logged for rimu (James 

1987). Two of the study sites have been at least partially logged for silver pine some time 

during the 1930s and 1940s (I. James pers. comm.). 

The introduction of mammals has had a dramatic effect on New Zealand's flora and fauna, 

and Okarito is no exception. The effects of introduced predators on the Okarito area will 

be discussed in the main body of the thesis. Okarito supports two main introduced browsing 

mammals; red deer (Cervus elaphus) and brushtailed possums (Trichosurus vulpecula). 

These species have significantly altered the forest mainly due to the selective browsing of 

palatable species (for example; broad leaf, Griselinia littoralis; seven finger, Schefflera 

digitata; three fmger, Psuedopanax colensoi; and mahoe, Melycitus racemosa), all of which 

are now uncommon and tend to grow only in the most unaccessible places. Possum 

numbers are higher on the drier ridges which have abundant southern rata (a preferred food 

species (Cowan 1990)) and red deer are most common on the large terraces south of Five 

Mile Creek, where they have resulted in a much depleted understory (Author pers. obs.). 
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Chapter 3. Invertebrates. 

3.1. Introduction. 

Before attempting to understand the process of invertebrate predation by small mammals 

it is important to be familiar with the invertebrate fauna present in the study area. This 

chapter is intended to help provide some of that background. 

The three major aims of this Chapter are: 

I) To determine whether the forest floor invertebrate fauna of the four study sites 

(Jenkins, Deep Creek, Cockabulla and Totarakitorea) is sufficiently comparable to 

justifY the assumption that any small mammal trapped within these sites would have 

access to a similar range of invertebrate food items. 

2) To test whether variability observed in the invertebrate fauna between sample plots 

can be related to aspect, slope, litter, drainage, dead wood, logging history and a 

descriptor of the overall vegetation pattern. 

3) To assemble a representative reference collection of forest floor invertebrates found 

in South Okarito Forest, in order to assist in identification of invertebrate fragments 

from small mammal gut contents. 

In the process of meeting aim two an extensive vegetation survey was carried out. This 

allowed comparison of the vegetation present at the four study sites and assessment of the 

relationships between vegetation distribution and environmental variables. Although this 

is not used directly in the main body of this thesis it provides additional background 

information on the four study sites and variation between them. 

The results of aims one and three provide background information essential for the gut 

content analysis section of this thesis. If the invertebrate fauna of all four sites is 
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comparable it will allow small mammal gut contents from the sites to be treated as a single 

sample. 

The second aim is designed to improve knowledge of the invertebrate fauna present in the 

study area by providing a better understanding of the role that environmental factors play 

in structuring the communities present. Several studies of invertebrates have been carried 

out in Okarito Forest and the nearby Saltwater Ecological Area. Norton et al. (1994) 

compared the invertebrate fauna of twelve transects situated on different landforms as 

baseline information for an ongoing study assessing the effectiveness of possum control on 

forest health. Mathers (1992) compared the invertebrate fauna of different aged rimu stands 

in North Okarito Forest. Norton and Walsh (in prep) investigated response of the 

invertebrate fauna to edge effects in Saltwater Forest. 

Research on the New Zealand invertebrate fauna is still in a relatively early stage and the 

majority of research is taxonomic. Therefore, few New Zealand studies have attempted to 

relate the distribution of an invertebrate community to environmental variables. There have 

been numerous studies of seasonality, most notably those by Moeed and Meads (1985, 

1986, 1987, 1992), and a number of studies comparing the invertebrate assemblages of 

various sites without attempting to relate variation to environmental factors (McColl 1974, 

Moeed & Meads 1984, 1987b, Norton et al. 1994). However several research projects have 

related invertebrate distribution to environmental variables. Mathers (1992) found that there 

was significant variation in the invertebrate community of terrace rimu forest with respect 

to stand age. For example, the large stag beetle, Dorcus helms;, was found to be an 

indicator of mature rimu forest. Vegetation structure was thought to be an important factor 

influencing the distribution of Coleoptera in a comparison of shrub land and mature forest 

(Hutcheson 1990), although this was not tested statistically. 

The Northern Hemisphere has an especially diverse and abundant carabid (ground beetle) 

fauna, which is ideal for studies of invertebrate distribution with respect to environmental 

variables. Several factors that have been found to be important in influencing Coleoptera 

distribution including drainage (Murdoch 1963, Butterfield & Coulson 1983, Holmes et al. 
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1993a), soil type (Walsh et al. 1993), nutrient status (Butterfield & Coulson 1983, Holmes 

et al. 1993a), temperature (Thiele 1977), altitude (Butterfield & Coulson 1983) and grazing 

history (Holmes et al. 1993a). Leaf litter has been found to be an important factor 

influencing community composition of ground dwelling spiders (Simmonds et al. 1994) 

and is thought to be of importance in New Zealand spider communities (Brockie 1992). 

Studies of vegetation pattern in nearby forests similar to Okarito Forest (Norton & 

Leathwick 1990, Norton 1994) have identified slope, drainage and landform as significant 

factors influencing the distribution of vegetation. It was therefore thought to be worthwhile 

testing whether invertebrates also responded to these variables in a similar manner. 

All environmental factors discussed in the three previous paragraphs were taken into 

account when designing this project. It was decided not to measure altitude, soil type, 

nutrient status, temperature or grazing status, as these were thought to be relatively 

consistent between the four sites. The environmental variables selected for this study were 

slope, aspect, drainage, litter, dead-wood and a descriptor of overall vegetation pattern. As 

a number of the plots had been selectively logged during the 1930s and 40s (I. James pers. 

comm.) it was also decided to test for effects of logging on invertebrate distribution. 

3.2. Methods. 

Four study sites were selected to carry out sampling of invertebrates. These were Jenkins, 

Deep Creek, Cockabulla and Totarakitorea. Each of these sites was centred on an active 

kiwi nesting burrow around which was a small mammal trapping grid. An area of 

approximately 64ha (size varied according to site) centred on each kiwi burrow had parallel 

tracks at 100m intervals to allow D.o.C staff to service the traps which were laid out in a 

100m grid. This selection of study sites ensured that invertebrate sampling was carried out 

in the same location as small mammal trapping (chapter 4). 
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3.2.1. Invertebrate sampling. 

Invertebrates were sampled using pitfall traps. These were chosen because they are passive, 

nonpowered, cheap, easily transported and serviced and can be left unattended for an 

extended period of time. As with any sampling method, pitfall trapping has limitations 

which are discussed in Section 3.2.5. 

At each of the four sites twenty pairs of pitfall traps were installed. These trap pairs were 

spaced at 100m intervals and ran in a square 600m X 600m centred on the kiwi burrow 

(Fig. 3.1). This design was chosen in order to obtain a representative invertebrate sample 

from the area being trapped for small mammals (chapter 4), and also allowed the use of 

access tracks marked by D.O.C. staff and minimised disturbance to the central kiwi nesting 

site. Each pair of pitfall traps was offset from the Fenn traps (stoat traps) by 10m (to the 

north) to minimise bias in the invertebrate results due to either the presence of the track 

(which was regularly travelled by D.o.C. employees) or the eggs used as bait in the Fenn 

traps, and also to lessen impacts on the mammal trapping. The pair of pitfall traps was 

spaced 2m apart, with an east-west orientation (Fig. 3.1). 

Each pitfall trap consisted of a PVC pipe (65mm diameter X 150mm length) which was 

set into the ground, taking care to ensure that the top of the pipe was level with the ground 

surface. Care was taken to minimise disturbance to the surrounding area. A plastic drinking 

cup with an open diameter of 65mm and a depth of 85mm was placed inside each pipe (Fig. 

3.2). 10ml of 2% formaldehyde solution was added as a preservative. Although it is 

recognised that any preservative may have attractant qualities (Adis 1979, Borges 1992), 

the use of preservative was essential due to the long intervals between trap clearance. Care 

was taken to ensure that an equivalent amount of preservative was placed in each cup as 

this can influence results (Holmes et al. 1993a). A lid was constructed using a disposable 

plastic plate and wire. This lid was positioned 25mm above the trap to prevent birds 

accessing the contents and to minimise the impacts due to rain or litter falL 
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Figure 3.1. Diagram showing the layout of pitfall traps within a stoat trapping grid. 
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Figure 3.2. Diagram of a pitfall trap. 
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The pitfall traps were set for a one month period in late December 1994 and early January 

1995. This period was chosen because it is a time of peak invertebrate abundance and 

activity (Hutcheson 1990). It also fell within the period of small mammal trapping and it 

was therefore likely that a representative sample of the invertebrates available to the small 

mammals would be obtained. The pitfall traps were emptied into numbered specimen 

bottles at two week intervals and the formaldehyde solution replaced. The contents of both 

traps within a pair were pooled, giving 20 samples per site and 80 samples in total. On 

returning from the field each specimen bottle was drained of the formaldehyde solution and 

replaced with 70% alcohol. The invertebrates could then be stored indefinitely until sorting. 

Due to time constraints and a lack of appropriate taxonomic expertise invertebrates were 

sorted into recognisable taxonomic units (RTUs), rather than taxonomic species. RTUs are 

defmed as "Taxa that are readily separated by morphological differences that are obvious 

to individuals with less training than professional taxonomists" (Oliver & Beattie 1993). 

It has been recognised that this technique can result in misclassification due to sexual 

dimorphism or developmental polymorphism. However it has been found to be an effective 

technique which gives a close approximation to the species present when applied to 

invertebrate samples in a fraction ofthe time required for full species identification (Oliver 

& Beattie 1993). The invertebrate samples were divided into RTUs using a dissecting 

microscope with a maximum magnification ofX30. As each new RTU was encountered 

a representative specimen was taken and added to a reference collection. Notes and 

sketches of distinguishing characteristics were made. 

3.2.2. Vegetation sampling. 

The vegetation of each sample plot was surveyed during January and February 1995 in 

conjunction with the invertebrate sampling. A technique similar to that of Allen and 

McLennan (1983) was used. Unbounded plots, typically of about 500m2 (as this included 

nearly all species present) were centred on each pair of pitfall traps. Cover abundance was 
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estimated for each plant species in each of four strata; ground, shrub, subcanopy and 

canopy. Strata heights were; <O.Sm, 0.S-3.0m, 3.0-1Sm and IS-30m, respectively. Cover 

abundance was measured using seven cover abundance classes of <1 %, I-S%, 6-10%, 11-

2S%, 26-S0%, SI-7S% and 76-100%. 

In order to carry out multivariate analysis it was necessary to combine the values for 

stratum height and cover to give a single importance value for each species in each plot. 

This importance value was calculated by taking the log 1 0 of stratum height and multiplying 

it by the midpoint of the species cover class. The values were then summed across the four 

strata to give a single importance value per species per plot. 

3.2.3. Measurement of environmental variables. 

In order to understand the ecology of a community, variables must be measured at the 

appropriate scale (Weins 1989). Because vegetation and invertebrates are likely to operate 

at different scales it was decided to collect some of the environmental variables at two 

scales. As the vegetation survey was carried out environmental variables thought to be 

relevant to a study of the vegetation community (logging history, aspect, slope, landform 

and drainage) were measured at the scale of the vegetation plot (approximately SOOm2
). 

This has been found to be an appropriate scale for analysing vegetation data in this forest 

type (D. Norton pers. comm.). It was felt that invertebrates, being much smaller organisms, 

are likely to be responding to environmental variables at a much smaller scale. 

Environmental data was therefore collected in a 4m X 4m plot centred on each pair of 

pitfall traps. Drainage, dead-wood and litter were measured at this smaller scale. 

Landform, aspect slope and logging were not remeasured as these variables varied little 

within the SOOm2 vegetation plot. 

Landform was recorded as either: ridge, slope, terrace or gully. Aspect was measured (using 

a compass) as the direction in which the slope faced. 
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Slope was measured through the middle of the plot, in the direction of the aspect, using a 

Sunto clinometer. 

Drainage, dead-wood and litter were all measured using a five point subjective scale 

(details are presented in Table 3.1.). 

A three point scale was devised to record logging history. Plots were allocated a 'one' if it 

was possible to find a sawn stump within the plot (definite evidence of logging). A two was 

allocated if there was a sawn stump within 50m of the plot (probably logged), and a three 

was allocated if there was no direct evidence of logging. 

In the case of the invertebrate data sets (total invertebrates and beetles only) the first two 

axes of the vegetation ordination were also treated as environmental variables to test 

whether invertebrate distribution was influenced by variation in the vegetation. 

3.2.4. Data analysis. 

Spearmans rank correlation coefficients were calculated to test whether there were any 

obvious trends in the data set with respect to environmental variables. The total number of 

invertebrates and the number of species caught in each pair of pitfall traps were both 

correlated with the environmental variables. 

Ordination 

In order to display relationships between sites in terms of overall community composition, 

the indirect ordination technique of detrended correspondence analysis (DCA) (Hill & 

Gauch 1980), as implemented in CANOCO (ter Braak 1987 Version 2.1) was used. Three 

data sets were analysed. These were; total invertebrates, beetles only (Coleoptera), and 

vegetation. For each data set, data from each of the 80 plots was analysed. Analyses were 

undertaken using the default options in CANOCO except for down-weighting of rare 

species for the total invertebrates and beetles only data sets. Down-weighting was carried 
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Table 3.1. Details of scoring system for the environmental variables: dead-wood, drainage 

and litter. 

Score Dead-wood Drainage Litter 
(recorded in 4X4m plot) (recorded in both vegetation (recorded in 4X4m plot) 

plot and 4X4m plot) 

1 None or very little Poor drainage little or no litter cover 
dead wood {surface water present (less than 5% cover) 
(at most a few twigs) within the plot even 

during prolonged dry 
spells) 

2 Intermediate Intermediate Intermediate 

3 Medium amount of Medium drainage Medium amount of 
dead-wood (at least one place litter 
(at least one log within the plot that (30-50% cover of litter) 
greater than 10cm "squelches" when 
diameter) walked on) 

4 Intermediate Intermediate Intermediate 

5 Much dead wood Well drained Abundant litter 
(plot is difficult to (no surface water (75% or more of the 
move in due to the even during prolonged plot covered in thick 
amount of dead wood) rain) litter) 
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out on the invertebrate data sets because of the large number of uncommon RTUs. 

Butterfield and Coulson (1983) found that species which occur infrequently can obscure 

important trends in the data set. Down-weighting is a way of reducing the influence of these 

uncommon species (P. Walsh pers. comm.). 

Detrended correspondence analysis (DCA) is a multivariate ordination technique derived 

from correspondence analysis (CA). DCA was devised to solve the two major problems 

associated with CA. The arch effect on the second and higher axes and the compression of 

points at either end of axis one. There has been much debate about the pros and cons of 

de trending and rescaling. Kent and Coker (1992) review this debate and come to the 

conclusion that "Despite the various problems the method is probably still as good as any 

in most situations and better than most in many" . 

DCA extracts the dominant compositional gradients from a species by plot matrix 

irrespective of any environmental variables (Allen & Peet 1990). The results of an 

ordination were interpreted by comparing the four axes produced and graphing axes one 

. and two. 

An eigenvalue is associated with each axis. Generally the higher the eigenvalue the more 

significant the axis is at modelling variation in the data (Hall 1992). However, a significant 

drop from one axis to the next also suggests that the axis associated with the higher value 

models the dominant cause of variation. The axes of DCA are scaled in units of average 

standard deviation of species turnover (SD). Along a floristic or faunistic gradient a species 

appears rises to its mode (abundance) and then disappears over a distance of approximately 

4SD, and similarly a complete turnover in species composition occurs in about 4SD (ie a 

completely different assemblage of species). A change of 50% in the composition of a 

sample occurs in about 1 SD (Kent & Coker 1992). 

One of the main aims of DCA is to defme the underlying floristic or faunistic gradients in 

the data set and then test if these are assosiated with environmental gradients. The analysis 

is carried out using only species data, environmental relationships can only be determined 
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once the analysis is complete. Interpretation can be carried out by superimposing 

environmental data onto the sample ordination plot and inspecting visually for trends. 

Alternatively it is possible to use Spearman~ Rank Correlation to statistically compare the 

axes with the environmental data. Both methods are used in this study. Landform was 

superimposed and inspected visually as landform categories were not numeric and therefore 

did not lend themselves to correlation. Spearmans Rank Correlations were calculated for 

each of the other environmental variables when compared to axes one and two of the 

ordination diagram. A high correlation between a particular environmental variable and an 

ordination axis may indicate that the variable being tested is resulting in the spread of data 

seen on the ordination axis. An R-value ofless than 0.5 is thought to have little biological 

significance and is difficult to detect visually. R-values of 0.7 and higher are generally 

considered to indicate a close relationship (Sokal & Rohlf 1981). 

3.2.5. Justification of pitfall trapping. 

Many authors have been quick to point out that pitfall trapping does not provide a 

quantitative sample of an invertebrate community (Greenslade 1964, Adis 1979, Halsell & 

Wratten 1988, Topping & Sunderland 1992, Mesibov et al. 1995). The source of bias most 

commonly recognised is that pitfall trapping measures activity abundance, as opposed to 

absolute abundance (the more active species or individuals will be overestimated using 

pitfall trapping, while the less active species will be underestimated). There are many 

factors which influence invertebrate activity. Some species are simply more active than 

others (for example, cursorial hunting spiders as opposed to web building species). Within 

a species there may be variation due to stage of development and sex (for example, related 

to mate searching). Topping and Sunderland (1992) found that adults and males were 

consistently overestimated in pitfall samples of spiders. Problems are also encountered 

when comparing several different habitat types using pitfall traps. For example invertebrate 

activity is likely to be higher in a habitat which is more open. Therefore, a comparison 

between grazed and ungrazed pasture may not be valid as the more open nature of grazed 

pasture may result in an artificially large sample due to increased invertebrate activity 
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(Greenslade 1964). Other biases may arise from the preservative used. Some preservatives 

may attract certain species while simultaneously acting as a repellant to others (Adis 1979). 

Finally it has been shown by Halsell and Wratten (1988) that certain species are more prone 

to actually falling into the traps. Video surveillance of pitfall traps showed that when pitfall 

traps were encountered, some species were able to hold on with their hind legs and retreat, 

while others with extraordinary climbing ability were able to climb out of the trap. 

Despite these problems, pitfall trapping is still a valid method for comparing invertebrate 

fauna between sites within similar habitat, provided trapping methods are kept constant and 

carried out simultaneously at all sites (Greenslade 1964, Adis 1979, Watt 1980, Halswell 

& Wratten 1988, Topping & Sunderland 1992, Holmes ef al. 1993a,b, Mesibov 1995). 

Furthermore pitfall traps are cheap and easy to install and maintain, especially at remote 

sites. However, it must be recognised that the data obtained is an index of invertebrate 

activity, rather than an actual measure of abundance. The main purpose of pitfall trapping 

in this study was to compare the invertebrate communities present at the four remote sites 

at which small mammal trapping was carried out. Pitfall trapping was the most appropriate 

technique logistically and was also an ecologically appropriate technique, as trapping was 

carried out simultaneously at all four sites, all sites were of the same habitat type and 

methodology was consistent throughout 

3.3. Results. 

3.3.1. General invertebrate results. 

A complete list of invertebrate RTUs recorded from pitfall traps during the invertebrate 

survey is given in Appendix one. 6185 individuals representing 139 RTUs were identified. 

An average of77.31 individuals (minimum, 9; maximum, 412; standard deviation, 57.0) 

were caught at each sample plot (ie pair of pitfall traps) over the four week period. 

Amphipods (a single RTU) accounted for 3148 individuals (50.9% of the total catch), while 

the eight most frequently occurring RTUs accounted for 76.3% of the total catch (4718 
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individuals). A large number of RTUs were represented by few individuals, 104 RTUs 

(74.8%) were represented by less than 15 individuals, while 63 RTUs (45.3%) were 

represented by three or less individuals. The majority of RTUs (72.7%) were contained 

within the orders Coleoptera (57 RTUs) and Araneida (44 RTUs). 

Drainage was found to be the environmental variable most closely correlated with both the 

total number of invertebrates per plot (R= 0.50) and the number of species per plot (R= 

0.55) (Table 3.2). These figures are high enough to be interpreted as having some 

ecological significance; they imply that better drained sites have more invertebrates and a 

larger diversity of species than more poorly drained sites. Logging history and litter 

abundance also have moderately high correlation coefficients indicating that unlogged sites 

with abundant litter are likely to have both more individuals and more species present, than 

logged sites or sites with less litter (however, it is important to note that these R values are 

all below 0.50). The other environmental variables measured (aspect, slope and dead-wood) 

show very poor correlation with both total number of invertebrates and the number of 

species (all correlations are below 0.2, see Table 3.2). 

3.3.2. Vegetation ordination. 

Axes one and two of the vegetation DCA are graphed in Fig. 3.3. Table 3.3 shows the 

summarised ordination statistics. DCA resulted in a wide scatter of the vegetation data. The 

eigenvalue for axis one is 0.419, dropping sharply to an eigenvalue of 0.183 for axis two. 

This indicates that axis one is of much more importance than axis two. Axis one has a 

relatively long gradient length (3.49 standard deviations), indicating that considerable 

species turnover occurs in this direction, whereas axis two is somewhat shorter (gradient 

length 2.04). 17.2% of the total variation in the data set is explained by the first axis, again 

this falls sharply, a further 7.5% of variation is explained by axis two. 

Figure 3.3 shows site information superimposed on the vegetation ordination diagram. 

There is no distinct grouping of individual sites although Jenkins and Deep Creek tend to 



Invertebrates. 27 

Table 3.2. Spearmans Rank Correlation coefficients: total number of invertebrates, and 

number of species, versus environmental variables. 

Total number of Number of species 
inverts per plot 

Drainage 0.50 0.55 

Litter 0.32 0.41 

Dead-wood -0.15 -0.03 

Aspect 0.16 0.18 

Slope 0.13 0.13 

Logging history 0.46 0.38 
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occur towards the left of the scatter plot. This indicates that there is some differences in 

floristics between sites especially Jenkins and Deep Creek versus Cockabulla and Totara. 

However it is important to note that the groups are not distinct. There is considerable 

overlap in individual ordination scores and some plots from Deep Creek and Jenkins tend 

to occur near the right of the plot. Spearmans Rank Correlations between DCA axes one 

and two and environmental variables (Table 3.4) show logging to be highly correlated with 

axis one (R= 0.70); sites assigned a one (logged) tend to occur at the opposite end of axis 

one to those assigned a three (unlogged) (Fig. 3.4). Table 3.5 shows the summed 

importance values for each of the four study sites (as calculated in section 3.2.2.). Many of 

the species show differences in abundance when Jenkins and Deep Creek are compared 

with Cockabulla and Totara. The most noticeable examples are silver pine, yellow-silver 

pine, manuka, Gleichenia sp., and the two Gahnia species, all of which are more abundant 

in Jenkins and Deep Creek than in Cockabulla and Totara. There are also species which 

show very little variation from site to site (for example, southern rata and kamahi) and 

those which occur more often in unlogged sites (Cyathea smithii). 

There is also a weak correlation between aspect and axis one (R= 0.51). There was no 

visually apparent pattern when landform was superimposed on the ordination (Fig. 3.5). All 

other correlations are low and cannot be considered ecologically significant. 



Invertebrates. 29 

Table 3.3. Summarised ordination statistics: Vegetation DCA, default options. 

Axis 1 2 3 4 

Eigenvalues 0.419 0.183 0.122 0.082 

Length of gradient 3.493 2.042 1.789 1.882 

Cumulative percentage of variation 17.2 24.7 29.7 33.1 
explained 

Table 3.4. Spearmans Rank Correlation coefficients: axis one and two Vegetation DCA, 

correlated with environmental variables. 

Axis one Axis two 

Aspect 0.51 0.18 

Slope 0.40 0.08 

Drainage 0.31 0.21 

Logging History 0.70 0.2 
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Figure 3.3. Axes one and two of the Vegetation DCA ordination, with sites superimposed. 
(Default options used in Canoeo). 
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superimposed. (Default options used in Canoeo). 
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Table 3.5. Summed abundance values for vegetation (only species with a summed 

abundance of greater than ten in at least one plot are included). 

Botanical name Common name Jenkins Deep Creek Cockabulla Totara 

Ascarina lucida hutu 0.9 14.5 16.1 34.7 
Coprosma foetidissima stinkwood 35 43.8 55.2 27 
Coprosma ciliata 0.3 0 12.7 0.7 
Coprosma lucida karamu 1.5 3.7 0.4 12 
Oacrydium cupessinum rimu 757.6 696.3 541.9 570.6 
Elaeocarpus dentatus hinau 0 8.9 0 59.2 
Elaeocarpus hookerianus pokaka 2.5 2.4 28.4 5.2 
Griselinia littoralis broadleaf 3.3 20.2 153.94 51.6 
Hedycarya arborea pigeonwood 5.7 0.5 0.3 35.5 
Lagarostrobos colensoi silver pine 175.6 114.7 33.2 0 
Leptospermum scoparium manuka 122 164.2 0 0 
Lepidothamnus intermedius yellow-silver pine 41.7 33.3 0 0 
Meterosideros umbel/ata southern rata 192 241.6 233.2 251.5 
Myrsine australis mapou 70.3 40.4 37 51.1 
Myrsine divaricata 6.6 3.9 23.7 3.4 
Neomyrlus pedunculata rohutu 120.3 59.9 58.3 57.7 
Phylocladus alpinus 237.9 276.9 236.6 74.5 
Podocarpus hallii halls totara 225.1 350.6 193.4 29.8 
Prumnopitys ferruginea miro 139.5 114.3 254.9 290 
Pseudowintera colorata pepper tree 0.3 1.7 65.5 14.2 
Pseudopanax crassifolius lancewood 62.5 93.9 103 43.3 
Quintinia acutifolia westland quintinia 323.5 293.2 100.5 242 
Weinmannia racemosa kamahi 429.3 284.3 361.3 417.1 
Blechnum discolor crown fern 14.6 17.9 21 54.2 
Blechnum procerum 29.9 22.3 16.8 23.7 
Cyathea smithii soft tree fern 3.3 5.8 36.6 65.9 
Oicksonnia spuarrosa rough tree fern 15.2 7.7 21.7 105.1 
Freycinetia baueriana kiekie 0 10.6 0.6 34 
Gahnia procera 52.5 66.8 2.3 0.1 
Gahnia xanthocarpa 57.5 19 0 0 
Gleichenia sp. tangle fern 25.8 22.2 0 0 
Metrosideros sp. rata vine 14.8 21.3 14.7 38.5 
Ripogonum scandens supplejack 12.6 0.8 14.8 66.5 
Sticherus cunninghamii umbrella fern 44.2 62.4 19.1 24.4 
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Figure 3.5. Axes one and two of the Vegetation DCA ordination, with landform 

superimposed. (Default options used in Canoco). 

2.5 

2 

M 
~ 1.5 
ci 
II 
Cl 

~ 
o 
~ 
III 

~ 

0.5 

o 
o 

o Gully 

o Ridge crest 

6 Slope 

X Terrace 

0.5 

X 

6 

X 

X 

X 
6 X 

X o 

X 

- - f--- --6 -f-
6 -- --- + --- 6---4 

1.5 2 2.5 3 3.5 
Axis one (eig= 0.419) 



Invertebrates. 33 

3.3.3. Total invertebrate ordination. 

The first two axes of the DCA ordination do not show any clear separation of the four sites 

(Fig. 3.6), indicating that the overall invertebrate fauna as sampled by pitfall traps is similar 

between the four study sites. 

Summarised ordination statistics show a relatively weak ordination (Table 3.6). The 

eigenvalues of 0.165 (axis one) and 0.103 (axis two) are both low indicating that no one 

gradient is of particular importance in the data set. The gradient lengths are relatively short 

(1.818 and 1.563 respectively), indicating that there is little faunistic difference between 

sites. The percentage variation explained is low, 9.4% for axis one and 5.9 % for axis two. 

There are no significant correlations between the first two axes of the invertebrate 

ordination and environmental variables (Table 3.7), and there appears to be no obvious 

association between landform units and the ordering of sites in the ordination (Fig. 3.7). 
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Table 3.6. Summarised ordination statistics: Invertebrate DCA, default options, except for 

down-weighting of rare species. 

Axis 1 2 3 

Eigenvalues 0.165 0.103 0.069 

Length of gradient 1.818 1.563 1.789 

Cumulative percentage of variation 9.4 15.3 19.3 22.3 
explained 

Table 3.7. Spearmans Rank Correlation coefficients: axis one and two Invertebrate 

DCA, correlated with environmental variables plus axis one and two of the 

Vegetation DCA. 

Axis one Axis two 

Drainage -0.22 0.36 

Litter -0.17 0.35 

Dead-wood 0.04 0.06 

Aspect -0.07 0.16 

Slope 0.07 0.06 

Logging history 0.00 0.29 

Veg axis one 0.01 0.32 

Veg Axis two -0.08 0.28 
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Figure 3.6. Axes one and two ofthe Invertebrate DCA ordination, with sites superimposed. 

(Default options used in Canoeo, except down weighting of rare species). 
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3.3.4. Beetles only analysis. 

DCA ordination carried out on the beetle data alone, resulted in an uninterpretable scatter 

of data. Plot 17 was an outlying point, all other plots were arranged in a vertical line 

approximately 1.1 standard deviations along axis one (Fig. 3.8). Plot 17 contained only one 

beetle (Elateridae sp2) which was one of only four individuals found belonging to this 

RID. It was decided to omit the outlying sample plot (17) from the analysis. This resulted 

in a much better scatter of plots (Fig. 3.9). Again there is little separation of the sites 

according to beetles found in pitfall traps (Fig. 3.9), indicating that the beetle fauna of all 

four sites is relatively similar. The eigenvalues are higher than was found when using the 

total invertebrate data set (axis one= 0.302, axis two= 0.213), and the gradient lengths are 

longer (3.664 and 3.439, for axis one and two respectively). The percentage of variation 

explained by each axis is similar (axis one= 9.3%, axis two= 6.6%), although axis two has 

increased slightly (Table 3.8). 

Spearmans rank correlation between the first two axes of the beetle ordination and the 

environmental variables (Table 3.9) shows no significant correlations, although it is 

interesting to note that the correlations are in general higher than was found using the total 

invertebrate data set. There is also no discernable visual pattern when landform is 

superimposed on the ordination (Fig. 3.10). 
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Table 3.8. Summarised ordination statistics: Beetles only DCA, sample plot 17 omitted, 

default options, except for down-weighting of rare species. 

Axis 1 2 3 4 

Eigenvalues 0.302 0.213 0.175 0.132 

Length of gradient 3.664 3.439 1.944 3.288 

Cumulative perce:ltage of variation 9.3 15.9 21.3 25.3 
explained 

Table 3.9. Spearmans Rank Correlation coeffecients: axis one and two Beetles only DCA, 

17 omitted, correlated with environmental variables plus axis one and two of the 

Vegetation DCA. 

Axis one Axis two 

Drainage 0.35 0.24 

Litter 0.26 0.24 

Dead-wood -0.04 -0.18 

Aspect 0.15 0.17 

Slope 0.04 0.22 

Logging history 0.33 0.28 

Veg axis one 0.30 0.26 

Veg Axis two 0.36 0.20 
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Figure 3.S. Axes one and two of the Beetles only DCA ordination, with sites 

superimposed. (Default options used in Canoeo, except down weighting of rare 

species). 
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Figure 3.9. Axes one and two of the Beetles only DCA ordination with sites superimposed, 

sample plot 17 omitted (Default options used in Canoeo, except down weighting of 

rare species). 
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Figure 3.10. Axes one and two of the Beetles only DCA ordination, with landform 

superimposed, sample plot 17 omitted. (Default options used in Canoco, except 
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3.4. Discussion. 

Ordination of the invertebrate fauna (as sampled by pitfall trapping) does not result in an 

appreciable separation of the four study sites. This implies that there are no major 

differences in overall forest floor invertebrate community composition between sites. 

Confirming the hypothesis that any small mammals trapped within these sites had access 

to a similar range of invertebrate food items. 

Initial analysis ofthe invertebrate data (Table 3.2) suggested that the number of individuals 

and the number of species caught at a plot may be influenced by drainage, logging history 

and litter abundance. It was therefore surprising to find that there were no strong 

correlations between the invertebrate ordination axes and the environmental variables for 

either of the data sets (total inverts or beetles only). There are three possible explanations 

for this. 

Firstly it is possible that inappropriate environmental variables were selected. Invertebrates 

may be responding to some environmental variable that was not measured. It is possible 

that some of the variables that were not thought to vary significantly may influence 

distribution (for example, soil type or nutrient status), or it may be that invertebrate 

distribution is related to an environmental variable that was not even considered (for 

example, bryophyte cover). 

The second reason for the inability to relate invertebrate samples to environmental variables 

may be the sampling method. As explained in the methods section, pitfall traps have many 

limitations. They are biased towards active individuals. It was also noted that some species 

or individuals are able to evade capture even after encountering the trap. During 

invertebrate identification it became obvious that one species of wet a (Pleioplectron sp.) 

was represented by many juveniles and very few adult specimens. Subsequent tests in the 

field showed that adults of this species had no trouble climbing or jumping out of the pitfall 

traps. Influences such as this may have biased the data set. Although pitfall trapping is a 

perfectly adequate technique for comparing the invertebrate fauna of similar habitats as in 
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aim one, it is possible that a sample obtained using pitfall trapping is too biased to relate 

back to environmental variables as was intended in aim two. 

The third possible reason is that invertebrate data is notoriously noisy and difficult to 

analyse (P. Walsh pers. comm.). Much of this noise is created by the many uncommon 

species, which may be represented by only a few individuals. In most plant or animal 

communities, most species are represented by a small number of individuals, while most 

individuals belong to a few abundant species (Gaston 1994). However, in the case of 

invertebrates this trend is particularly strong. As is illustrated by the data set obtained 

during this study, 6% of the RTUs account for over three quarters of the individuals 

(76.3%), yet nearly half of the RTUs (45.3%) are represented by three or less individuals. 

Clearly an RTU represented by three or less individuals is unlikely to show any significant 

pattern with respect to environmental variables as there are simply not enough individuals. 

The presence of many rare RTUs can result in a noisy data set which may obscure 

underlying trends. 

Butterfield and Coulson (1983) found that classification of Carabid guilds was only 

accurate if rare species were disregarded. Similar trends are apparent in this study. Simple 

statistics using total abundances and species present, rather than abundances of individual 

species, results in ecologically interpretable correlations. However, DCA ordination of the 

total invertebrate data set resulted in a weak ordination and low correlations with the 

environmental variables (despite down weighting of rare species). When the subset of 

beetles only was analysed there was a marked improvement in both the ordination results 

and correlations. This can be attributed to a reduction in the amount of noise in the data set, 

not only has the overall number of species been reduced but many incidental catches (for 

example, adult diptera) which may have been obscuring trends have been removed. The 

few authors who have successfully managed to relate invertebrate distributions to 

environmental factors (for example, Butterfield & Coulson 1983, Holmes et al. 1993a) have 

concentrated on small subsets of invertebrates. Northern Hemisphere authors have found 

the family Carabidae to be an extremely useful group for interpreting ecological problems 

(Greenslade 1964, Butterfield & Coulson 1983, Holmes et al. 1993a,b). The New Zealand 
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Carabid fauna is generally not as rich as that of the Northern Hemisphere. Podocarp forest 

in particular is a species poor environment (P. Johns pers. comm.). However, Hutcheson 

(1990) has used the order Coleoptera to distinguish invertebrate communities associated 

with various vegetation types. 

All three explanations presented above are feasible. Although it is recognised that pitfall 

trapping does result in a biased sample which will make interpretation difficult, I believe 

that noise in the data set is the main reason for the failure to relate invertebrate distribution 

to environmental variables. I would recommend that future studies concentrate on a small 

subset of the fauna, as this is much less time consuming and is more likely to result in a 

successful outcome. 

The vegetation ordination scatter gave some separation of the Jenkins and Deep Creek sites 

from Cockabulla and Totara. The high correlation of logging with axis one (Table 3.2) 

suggests this separation is attributable to the effects of selective logging of silver pine 

(Lagrostrobus colensoi) during the 1930s and 40s. About two thirds of the plots within both 

Jenkins and Deep Creek have been logged. The south-east of Jenkins is unlogged as is the 

south-west of Deep Creek These unlogged plots are very similar to the plots in Cockabulla 

and Totara. However the logged plots show a distinct grouping. The difference between the 

vegetation oflogged and unlogged plots is immediately obvious while travelling through 

a plot. Logged plots are characterised by a dense ground cover of the fern Gleichenia sp., 

and the sedges Gahnia procera and Gahnia Xanthocarpa, with extensive areas of manuka. 

This is attributable to the effects of logging, as these species are seral and thrive in a high 

light environment such as occurs after logging. In mature forest there is very little suitable 

habitat for these species and they become a minor component. However this variation in 

vegetation type did not prove to be a significant factor with respect to the distribution of 

invertebrates and it is not thought to influence the distribution and behaviour of small 

mammals significantly. 
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So in summary the main findings of this chapter are: 

1) The invertebrate fauna of the four study sites sampled is comparable. 

2) Although there are significant correlations between drainage and both the number 

of individuals and the number of species per plot, there are no strong correlations 

between ordination axes and environmental variables. 

3) There is a marked correlation between logging and vegetation pattern, as Jenkins 

and Deep Creek have been affected by silver pine logging in the past. 
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Chapter 4. Introduction to small mammals. 

This chapter is intended to provide a link between the study of invertebrates (chapter 3) and 

the following section regarding the invertebrate diet of small mammals. The layout of 

chapters five to nine is briefly described and some general gut analysis and trapping 

methodology applicable to all mammals studied is discussed. 

It was originally intended to carry out diet analysis of all four species of introduced small 

mammal present in South Okarito Forest (mouse, ship rat, stoat and possum). However all 

attempts to catch mice were unsuccessful (900 trap nights resulted in no captures). This 

suggests that, although mice are present in the study area (they have been caught in the past 

(J Reid pers. comm.) and seen during the study period (D. Norton pers. comm.)) they were 

only present in very low densities during the study period. It was therefore not possible to 

undertake gut content analysis of mice. 

Chapters five, six and seven are principally concerned with the invertebrate diet of the stoat, 

ship rat and possum respectively. The population dynamics of the stoat and rat within 

Okarito forest are also discussed. For the sake of clarity each chapter is written as a self 

contained unit containing an introduction, methods, results and discussion. Chapter eight 

is a discussion of some ofthe important general themes regarding the invertebrate portion 

of the diet of the three small mammals studied, and chapter nine is a discussion of the 

possible effects of mammalian predation on the invertebrate fauna. 

The main aim of this study is to describe the invertebrate diet of introduced mammalian 

predators within Okarito Forest. Although there is a wealth of information on the diet of 

New Zealand's introduced small mammals, very few studies have thoroughly analysed the 

invertebrate component of diet. There are several reasons for this, the first is that the 

majority of studies are investigating diet with respect to possible impacts on vegetation or 

the endemic avifauna, and invertebrates are not thought to be of relevance. The second 

reason is that identification of invertebrate fragments from gut contents is a time consuming 

and laborious task, which requires at least a basic understanding of entomology and the 
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invertebrate fauna present in the study area. Most authors have therefore decided to lump 

the invertebrate component of diet into a single category and not analyse them further. 

It was decided to sort the entire stomach contents of all small mammals collected, rather 

than just taking a sample. This decision was made for two main reasons. Firstly, in order 

to maximise the chances of identifying invertebrates contained within a gut, it is important 

to sample as much material as possible because only a relatively low proportion of material 

is diagnostic. Sampling only a portion of the stomach contents tends to lead to under

estimation of the importance of invertebrates in the diet (Cowan & Mead 1987). Secondly, 

the relatively small number of guts collected made it feasible to sort entire stomach 

contents. 

This study was made possible as a result of an extensive trapping programme carried out 

by the Department of Conservation as part of the Okarito Brown Kiwi Management 

Programme. This did however limit small mammal trapping to the kiwi breeding season 

(approximately July-February), effectively limiting the collection of small mammals to a 

spring/summer sample period. 

Despite an enormous trapping programme (during 1994/95) only low numbers of all three 

species of mammal were caught. While this provided some fascinating data with respect 

to population dynamics, it also meant that the sample sizes of all three mammals studied 

were too low to enable testing for any difference between the invertebrate diet of either 

males and females or adults and juveniles. 

Chapter three investigated the invertebrate fauna of four sites (Jenkins, Deep Creek, 

Cockabulla and Totara) and concluded that there is no significant difference between the 

fauna of each of the sites. It was originally intended to only sample small mammals from 

these four sites. However as the small mammal catch rate in 1994/95 was exceedingly low 

it was decided to include stoats and rats caught in the nearby Cemetery Creek trapping line 

in order to boost the sample size. Cemetery Creek is relatively close to the other four sites 

(Fig 2.1) and has a very similar vegetation type. It was felt that there would be little if any 
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difference between the invertebrate fauna available to small mammals caught at the 

Cemetery Creek line and those caught on the other four grids. 
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Chapter 5. The stoat (Mustela erminea). 

5.1. Introduction. 

Stoats (Mustela erminea) belong to the family Mustelidae, a group of small and medium 

sized carnivores. Three members of this family belonging to the genus Mustela have been 

introduced to New Zealand. They are the stoat (Mustela erminea), the weasel (Mustela 

nivalis) and the ferret (M foro). The stoat shows a typical weasel form; it has an elongated 

slim body with short legs. This shape allows stoats to easily hunt small mammals (their 

main food source) by entering their runways and tunnels. What the stoat lacks in size it 

makes up for in strength and courage. There are many accounts of stoats attacking and 

killing animals many times larger than themselves. 

Stoats show marked sexual dimorphism, the female averages 59% of the weight of a male 

(Fitzgerald 1964). In New Zealand adult females weigh 207g on average, while adult males 

average 324g (King & Moody 1982c). The stoat can easily be distinguished from the other 

mustelids occurring in New Zealand, the weasel and the ferret, by the distinctive bushy 

black tip to the tail and the definite line between the reddish brown upper coat and the 

creamy white coat on the belly, although stoats in colder regions are totally white during 

winter excepting the bushy black tail. 

Stoats have a circumboreal distribution occurring throughout the Holarctic (King 1983). 

Size varies dramatically throughout this range. Average weights of adult males vary from 

134-191g in Russia, to 233-265g in Ireland (King 1983). The wide distribution and 

variation in size has lead to "glorious confusion and dozens of named species and 

subspecies" (King 1989). King (1983) recognises 34 distinct subspecies, although it is 

suggested that further revision is necessary. As a result there are a number of names 

commonly used in the literature, which may lead to confusion. Those most likely to be 

encountered are Mustela cicognanii (an American naming, now included in Mustela 
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erminea), the short tailed weasel and the ennine. 

The very features which allow the stoat to be such an effective predator, its small size and 

elongated shape, also impose serious thennoregulatory restrictions on it. Stoats lose heat 

at a much faster rate than other mammals of similar size due to their large surface area. 

Even at rest they cannot curl up into a sphere, only a flattened disk. Mean body temperature 

is 39-40oC and the average heart rate is between 400 and 500 beats per minute (King 

1991 b). Because of its racing metabolism, just about everything that a stoat does is carried 

out at high speed. They are extremely active hunters. However, their stomach is small, and 

even when engorged is empty again after four hours. The main cause of death for stoats is 

starvation. Stoats will die after only one or two days without food (Sandell 1988). The 

average life expectancy for a stoat is approximately one year with the great majority of 

stoats perishing due to food shortage in winter (only one in three will live long enough to 

breed, King 1994). The average daily food consumption is approximately 75g per day for 

an adult male and 30g per day for a female, however females require up to three times this 

amount while rearing young (King 1990). 

Stoats were first introduced to New Zealand in 1884 in an attempt to control the plague of 

rabbits that was causing the agricultural industry many problems. Over the next ten years 

hundreds of stoats were liberated throughout the country (King 1984). Within six years 

there were reports of stoats spreading through the forests of Fiordland and other districts 

far from release sites and any rabbit populations. It is likely that the stoat had spread 

completely through both main islands by soon after the turn of the century. Today stoats 

can be found in any habitat, forested or open in which there is sufficient prey, from sea 

level to well above the alpine tree line (King 1990). By 1936 it became apparent that stoats 

were not having a significant controlling effect on rabbit populations, but were instead 

consuming many native birds. At this stage all legal protection was removed and stoats 

have been considered a serious pest ever since. 

Even before stoats were introduced there was grave concern regarding possible effects they 

may have on the native fauna of New Zealand (King 1994). Since its introduction it has 
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been difficult to separate the impacts of stoats from those of rats, cats and humans, 

including habitat destruction and modification. (King 1984). However, there has been 

increasing evidence more recently implicating the stoat in considerable reductions in many 

native species especially birds. For example stoat impacts on the Okarito brown kiwi (Reid 

et al. in prep.) and the yellowhead (Elliot 1990) have been clearly documented. 

Diet 

Within its natural distribution the stoat is a specialist predator of small warm blooded 

vertebrates preferably of the size of rabbits or smaller (King 1983). In the Northern 

Hemisphere there is a diverse small mammal fauna including lemmings, voles and 

numerous other small rodents. Various studies have shown that stoat diet is comprised 

predominantly of these small mammals (Novikov 1967, Day 1968, Brugge 1977, Simms 

1978, Erlinge 1981) and studies of population dynamics have shown a close relationship 

between the abundance of these small mammals and that of mustelids (Nasimovich 1952, 

Erlinge 1983, Korpimaki et al. 1991). In New Zealand the small mammal fauna is much 

less diverse and stoat diet is considerably different. There have been numerous studies of 

stoat diet in New Zealand (eg Marshall 1963,Fitzgerald 1964, Lavers & Mills 1978, King 

& Moody 1982b, Murphy & Bradfield 1992, Murphy & Dowding 1994, 1995), these 

studies have established that mouse (Mus musculus), rats, birds, lagomorphs (rabbits and 

hares) and invertebrates make up the majority of the diet. The proportions of each category 

differ according to sex, season, year and habitat, so generalisation is not easy (King 1990). 

It has been discovered that the extreme size variation due to sexual dimorphism can result 

in differences in the diet of male and female stoats. Due to the constraints of optimal 

foraging, the female is able to make use of small prey more efficiently (eg mice and 

invertebrates), while the male is able to tackle larger prey (eg possums) (King & Moody 

1982b). Other variation in the diet of stoats is mostly related to availability of prey species, 

for example rats are frequently predated in podocarp forest and mice in beech forest, 

reflecting the abundances of these prey items rather than any selection pressures (King 

1982b). Birds are more frequently predated in summer as a result of increased numbers and 

susceptibility due to breeding (King & Moody 1982b). The stoat has been described rather 
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aptly by Murphy and Dowding (1995) as opportunistic and flexible in its diet. 

Invertebrates make up a very small part of stoat diet in Northern Hemisphere countries. 

They are generally considered to be ingested accidentally or are thought to be a very minor 

part of the diet (Day 1968, Simms 1978, Erlinge 1980, King 1991). For instance Erlinge 

(1980) found no evidence of invertebrate material in 1006 scats, while Simms (1978) found 

only one invertebrate in 102 scats. It has been suggested that in New Zealand stoats make 

up for the lack of small rodents by consuming invertebrates (Gibb & Flux 1973). Whatever 

the reason it is clear that invertebrates form a much more significant part of the diet in New 

Zealand than elsewhere (King 1982b). However, this portion of the diet is rarely accurately 

analysed; often invertebrates are not identified at all, or at best identified only to order. The 

main aim of this part of the study is to more accurately describe this portion of the diet with 

the conservation of invertebrates in mind. The results of previous studies indicate that weta 

make up the majority of invertebrates in stoat diet, species in the genera; Hemiandrus, 

Hemidiena and Gymnoplectron are most commonly consumed (King 1990). In localised 

areas, particularly in the north, freshwater crayfish (Paranephrops) can make up a small 

part of stoat diet (King 1990). It is generally accepted that although frequently consumed, 

invertebrates make up only a relatively minor part of stoat diet (less than 10%) in New 

Zealand (King & Moody 1982b). 

Breeding and population dynamics. 

Stoats have many characteristics of an opportunistic species, small size, short lifespan and 

high and variable rates of birth and death, which are predominantly controlled by food 

resources (King 1990). It has been shown that stoat numbers are able to track variation in 

prey abundances without delay (Korpimaki et al. 1991) due to the stoat's extremely 

efficient breeding cycle. It is important to be familiar with this breeding cycle in order to 

understand the population dynamics of the stoat. 

Adult females come onto oestrus briefly after giving birth (September or October). During 

October and November the young of the year, which are only 5-8 weeks old and often blind 

and helpless (King 1982d), come onto oestrus. Adult males are extremely efficient at 
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locating receptive females and over 99% of females (both young and old) are mated with. 

Ovulation is induced by the stimulus of copulation, the mean ovulation rate is 9-10 but up 

to 19 ova may be released (King 1983). Fertilised ova develop for about two weeks to the 

blastocyte stage, when they cease growth, and float free in the uterus for 9-10 months. The 

increasing day length of spring stimulates the blastocytes to implant on the uterus wall and 

resume growth. Gestation takes approximately four weeks from implantation. The young 

are generally born in late September and early October (King & Moody 1982d). Total 

gestation is approximately 280 days (King 1983). 

The number of young raised is closely related to spring food supplies. Unlike many other 

mammals which adjust for good years by additional productivity, the stoat starts every 

breeding cycle with the maximum possible litter and this is then reduced according to the 

food supply available. Reduction can be achieved through interuterine or nestling mortality 

(King 1981, King 1990). Female stoats are able to resorb embryos if food supplies are not 

sufficient to raise the full complement of young (usually 9-10). During years of particularly 

poor food supply, the female may totally resorb the litter and not produce any young. Those 

females caught during September, October and November which show no evidence of 

pregnancy or lactation are likely to have abandoned all attempts to breed that year (King 

1990). In average or good years the number of failures are very few. After a good breeding 

season the young of the year may comprise up to 80-90% of stoats caught. There is a 

regular seasonal variation in stoat density (King 1990); density is highest in summer and 

decreases throughout the year until breeding recommences and numbers increase in the 

following summer (King 1981, 1990). 

There has been much research on the dramatic fluctuations in stoat numbers that occur 

sporadically in beech (Nothofagus) forest (eg King 1981, King & McMillan 1982, Murphy 

& Dowding 1994, 1995). Beech forest is an attractive ecosystem in which to study stoats. 

Unlike many Northern Hemisphere ecosystems, beech forest is relatively simple and the 

forest is often almost monospecific. There is only one common rodent species (the mouse), 

and the stoat has very few other competing carnivores making explanation of population 

dynamics much more simple. Nothofagus forests display sporadic synchronous seedfall 
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events (mast years) at an interval of3-11 years (Allen & Platt 1985). Mast years provide 

an abundant food source for mice which then become very numerous. Due to the efficient 

breeding system of the stoat, stoat numbers increase very rapidly in response to this 

superabundance of food (Murphy & Dowding 1994). This can result in a summer stoat 

population peak which is up to five times higher than that seen in non-mast years (King 

1981). During a mast year the vast maj ority of the stoat population is made up of juveniles 

(Murphy & Dowding 1995). King (1981) has shown that the number of adults in one year 

is directly related to the number of young produced in the previous year. This suggests that 

the year following a mast year should have a relatively large number of adults, but because 

food supply is lower (there are very few mice) breeding success will be correspondingly 

lower (Murphy & Dowding 1995). 

As a result of the intensity with which the beech forest ecosystem has been studied, little 

time has been devoted to research on the biology of stoats in other ecosystems, in particular 

podocarp forest. It has been established that stoat density is generally low in podocarp 

forest, equivalent to or lower than a non mast year in beech forest. King (1994) suggests 

a baseline density of 0-1 catches per one hundred trap nights (C/lOOTN). Examples given 

are Marpara (0.12 CIIOOTN, 1989/90; 0.15 CIIOOTN, 1990/91) and Kaharoa (0.05 

C/l OOTN, 1990/91). There is also minimal information on stoat diet in podocarp forest. In 

a nationwide survey of stoat diet (King & Moody 1982b) a sample was obtained from 

podocarp forest in the Franz Josef and Fox Glacier regions (King & Moody 1982a). Results 

were presented as frequency of occurrence (bird 36%, mouse 22%, possum 18%, ship rat 

12%, unidentified mammal 13%, large cave weta 12% and other invertebrates 17%) This 

appears to be the only stoat diet study carried out in New Zealand podocarp forest. 
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Considering the very limited knowledge of stoat ecology in a lowland podocarp ecosystem 

the main aims of this chapter are: 

1) To describe the diet of stoats within a lowland podocarp ecosystem with emphasis 

on the invertebrate portion of the diet. 

2) To advance knowledge of the ecology of stoats in a lowland podocarp ecosystem. 

5.2. Methods. 

5.2.1. Trapping. 

Stoat trapping was carried out in all five of the study sites described in the study area 

description. Standard trapping tunnels were used. These are 600mm in length with an 

internal cross-section of 150 X 150mm. Two 25mm holes were drilled in one side to place 

the safety catches when setting the traps. 38mm chicken mesh was placed over the ends of 

each tunnel to exclude non target species. Two no. 4 Fenn traps were set in the middle of 

each tunnel with the bait between them (Fig. 5.1). The traps were baited with two domestic 

hens eggs (one punctured and one whole). The bait was replaced if the eggs were broken 

(when an animal was captured) or approximately every three weeks when the eggs became 

rotten. 

At each study site the number of tunnels, tunnel layout and the period of time for which the 

traps were set differed. The details are described below. 

Jenkins Creek. A 49ha 700 X 700m grid was set around the kiwi nesting burrow on 

25/6/94, tunnels were spaced at 100m intervals. The grid was intensified on the 2/9194 with 

a further 56 tunnels set within 200m of the burrow at 50m intervals (bringing the total 

number of tunnels to 120). The traps were set for a total of 230 days. All traps were 

deactivated on the 10/2/95. 
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Figure 5.1. Standard trapping tunnel. 
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Deep Creek. A 36ha (600 X 600m) grid was set in Deep Creek on the 16/9/94. The 49 

tunnels were placed at 100m intervals and traps were active for 150 days before being 

deactivated on the 13/2/95. 

Cockabulla Creek. A 49ha (700 X 700m) grid with 64 tunnels set at 100m intervals was 

activated on the 8/9/94 for a period of 150 days. All traps were sprung on the 5/2/95. 

Totarakitorea. A 49ha grid following the same pattern as the Cockabulla grid was set 

around the nesting burrow at Totarakitorea River on 6/10/94 for a period of 126 days. This 

grid was deactivated on the 9/2/95. 

Cemetery Creek. A stoat index line has been run in this area by the Department of 

Conservation as part of the Okarito Kiwi Management Plan since 1991. The 26 wooden 

tunnels, spaced at 100m intervals, were laid out in a closed ring configuration, following 

the ridge line on the true right of Cemetery Creek in a south easterly direction, then back 

along the base of the ridge in a north westerly direction. This index line was activated on 

the 1/8/94 and deactivated on the 13/1195 giving a total of 166 days. 

Trapping was undertaken by D.o.C. staff, traps were checked approximately weekly. 

Records were kept regarding the time and place of any capture. All stoats were frozen for 

further analysis. 

5.2.2. Necropsy. 

All stoats captured were subject to necropsy. This was carried out in order to assess the sex, 

age and condition of each individual. 

Necropsy was carried out as in (Philipson 1993, derived from King 1982c) with a few 

minor alterations. Sex was determined by the presence or absence of a baculum, a bone that 

runs the full length of the penis and is only present in males. 
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The most accurate method for determining the age of adult stoats is by sectioning canine 

teeth and counting incremental lines (Orne & King 1984, King 1991 a). However Philipson 

(1993) describes a method of distinguishing adult and non adult stoats using cranial and 

other measurements which was sufficient for the purposes of this study. It involves the 

measurement of as many variables as possible. T otallength and weight were measured, 

then the skull was cleaned and the interorbital and postorbital widths were measured (Fig. 

5.2) to the nearest O.01mm using a pair of vernier callipers and the ratio calculated. 

Zygomatic width and condylobasallength were also measured (Fig. 5.2). Tooth wear and 

the presence or absence of a boney crest on the skull were assessed. As a general rule 

females, with an interorbital postorbital ratio of less than one are likely to be non adult as 

are males with a ratio of less than 1.1. However, all measurements were compared to the 

table of expected values for adult and non adult stoats presented in Philipson (1993) and 

a decision was made as to whether the individual stoat was adult or non adult. This process 

was made more simple by the fact that stoats caught in August and September are 

invariably adult <h,d it is relatively easy to distinguish between adult and non adult stoats 

in the months from November to February (King & Moody 1982c). 

Fat deposits were measured in four regions of the body in order to assess overall condition. 

These areas were: subcutaneous (between the back legs), kidney, mesentery and diaphragm. 

These regions were each subjectively given a score of between one and four according to 

the amount of fat present; one being least and four being most. 

The reproductive condition of females was also assessed and any visible signs of pregnancy 

or lactation recorded. 

The stomach and intestine were removed and placed in alcohol for later analysis. 
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Figure 5.2. Location of skull measurements necessary for ageing stoats (from Philipson 

1993). 
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C= condylobasallength, 10= Interorbital width, PO= postorbital width, 

Z= zygomatic width, N= Nasal plate area, BC= Boney crest of adult. 
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5.2.3. Gut analysis. 

The contents of each gut were removed and washed through a 250Ji.m sieve to collect the 

large remains. Beneath this was placed a 180Ji.m sieve to collect earthworm chaetae 

(Colbourne and Powlesland 1988, found that 180Ji.m was sufficiently small to collect 

earthworm chaetae from kiwi scats). All contents remaining after sieving were placed in 

a measuring cylinder containing 10ml of water, and the volume of gut contents was 

recorded by measuring the water displacement. The gut contents were then emptied into a 

petrie dish and carefully examined under a binocular microscope for identifiable fragments. 

The species and number of individuals present in each gut were recorded. The number of 

individuals was recorded as the minimum number of identifiable specimens. It was 

assumed that only one prey item of each recognisable species had been consumed unless 

there was clear evidence to the contrary. In the case of invertebrates it was often possible 

to count recognisable body part such as mandibles, abdomens, elytra or legs. The 

percentage volume of total gut contents made up by each recognisable species was 

estimated by eye to the nearest 10%; the smaller categories of 5%,1 % and 0.1 % (trace) 

were used when necessary and the total was adjusted so it added to 100%. For the purposes 

of volume estimation invertebrates were grouped into three categories: all wetas, crayfish 

and other invertebrates. 

Mammal remains were identified following the technique of guard hair identification 

described by Day (1966). However, because there is only a small number of mammal 

species in New Zealand it is not necessary to carry out cross sections. A reference 

collection of kno'NIl hairs was made and identification of unknown hairs was carried out 

by comparing the medulla pattern and cuticular scale pattern of the unidentified hairs with 

those in the reference collection. This method does not allow separation of lagomorph 

species or rat species. However Rattus rattus (the ship rat) is the only rat species known to 

occur in the Okarito area, so it was assumed that all rat remains were ship rat. Stoat hairs 

have a very obvious scale pattern and were often present in small quantities, however it was 

assumed that these were moultings, they were therefore ignored. No lagomorph remains 

were found in the stoat guts. 
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Bird remains were identified to order by Dr Elaine Murphy following the technique 

described in Day (1966). Material held in the Canterbury Museum was used to identify 

distinctive feathers to species or genus. 

Invertebrate remams were identified by comparison to a reference collection of 

invertebrates prepared from the pitfall trapped invertebrates discussed in chapter three. 

Invertebrates that were not present in this reference collection were identified with the 

assistance ofP Johns, P Walsh and J Hutcheson and the reference collections held by the 

University of Canterbury and the New Zealand Forest Research Institute. Remains were 

identified to species if possible but in some cases family or even order was all that could 

be identified. Any entire fore or mid legs belonging to wetas were removed and the tibia 

measured to the nearest O.Olmm in order to allow estimation of the size of the wetas 

consumed. 

A category called "other" was also used. This category contained all unidentifiable material 

and other incidentally ingested material. For example stoat moultings, vegetation fragments 

(thought to be ingested with other food) and bait fragments (eggshell). 

5.2.4. Methods of expressing diet composition. 

From the data collected during stoat gut analysis it was possible to compare three different 

methods of expressing results. These were: frequency of occurrence; estimated composition 

of diet by volume (%); and estimated composition of diet by weight. 

Frequency of occurrence. This is the most simple measure of gut contents. It simply 

describes which food types are present in each gut. For example, a gut containing one rat 

and three wetas would be recorded as present for both rat and weta. From this data it is 

possible to calculate the percentage of guts containing anyone food type. For example, if 

rat is recorded as present in four of ten guts then its frequency of occurrence is 40%. 
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Estimated composition by volume (%). Methodology for data collection is discussed in 

section 5.2.3. From this data the estimated volume (ml) of each food type can be calculated. 

These volumes can then be summed for a number of guts to give a pooled volume estimate 

for each food type (ml), which can then be converted to a percentage estimate of total diet. 

For example a stoat containing three wetas and one rat may be estimated as 70% rat and 

30% weta by volume. If its contents had been measured as 10ml, this then becomes 7ml rat 

and 3ml weta which can then readily be added to other gut samples to provide a pooled 

volume estimate. 

Estimated composition of diet by weight. For this technique each food item identified in 

a gut is assigned a weight regardless of the amount actually present in the gut. This weight 

is assigned according to the size of the prey item or the amount expected to be consumed. 

Weights were assigned in a manner similar to King and Moody (1982b). An average stoat 

meal is thought to be approximately 109 (Day 1968). Medium sized prey items (mice, 

birds, crayfish and fish) were weighted as one meal each (lOg). Large prey items (rats and 

unidentified mammals) were weighted as two meals each (20g). Invertebrates were 

assigned weights according to their size. 

It was decided that it was not practical to calculate separate weights for each invertebrate 

species simply because the majority of species were very uncommon (recorded only once 

or twice) and were relatively small in size therefore only making up an insignificant part 

of total diet. Instead weights were estimated as follows: 

1) Hemideina crassidens is a relatively large tree weta. Moller (1985) reports an average 

weight of 6.05g for males and 7.31g for females on Stephens Island, however it is possible 

that the species reaches a larger size on this relatively predator-free island. It was therefore 

decided that the lower weight of 4g was appropriate. 

2) After weighing a selection of the other weta species found in gut contents it was decided 

that 1.5g was an appropriate weight for all other weta species occuring in the study area, 
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as this was the approximate weight oflate instar wetas (adults were not much heavier than 

1.5g). 

3) 0.3g was assigned to all other invertebrates found in stoat gut contents. 

It is important to note that the weights assigned to invertebrates in this study are in general 

much lower than those used in the past. King and Moody (1982b) assigned all wetas 3 g and 

other invertabrates 19, while Murphy and Bradfield (1992) assigned all invertabrates 3g. 

An extensive study of cat diet (Fitzgerald & Karl 1979) assigned weta a weight of 1.67g 

and other invertebrates O.lOg. 

5.3. Results. 

5.3.1. Trapping. 

The first traps were set on 1/6/94 and the last ones deactivated on 1312/95, a trapping period 

of 258 days, giving a total of 105,656.5 trap nights (corrected for sprung traps using the 

method of Nelson and Clark 1973). 48 stoats were caught in total giving an overall capture 

rate of 0.045 catches per one hundred trap nights (CI I OOTN). 

Because of variation in the times of activation and deactivation of grids, there is some 

variation in the number oftrap nights per month (Table 5.1). June shows the highest catch 

rate (l.67 C/100TN). However as this is the result of only two tunnels (120 TN) it was felt 

that there were too few trap nights to result in an accurate catch rate and this figure is 

therefore omitted from further analysis. 

The capture rate for the first three months, July - September, varies between 0.092 and 

0.109 (Fig. 5.3). However this declines rapidly throughout the trapping period reaching a 

low of 0 C/I00TN in February 1995. Figure 5.4 displays the distribution of stoat captures 

over the trapping period. 38 of the 48 stoats (79%) were caught by the end of October 
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Table 5.1. Monthly stoat capture rate during the 1994/95 season (C/I OOTN). 

Month 1994/95 No. stoats caught Trap nights S/100TN 

June 2 120.0 1.667 
July 4 3,952.0 0.101 
August 5 5.449.5 0.092 
September 14 12,843.0 0.109 
October 13 19,222.5 0.068 
November 7 19,384.0 0.036 
December 2 20,076.5 0.010 
January 1 19,117.0 0.005 
February 0 5.492.0 0.000 

Total 48 105,656.5 0.045 
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Figure 5.3. Monthly stoat capture rate during the 1994/95 trapping season 
(C/I00TN). 
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(36,945 TN), while the final three months of trapping, 1112/94 - l3/2/95, (44,6855 TN) 

resulted in only three captures. 

5.3.2. Necropsy. 

Full autopsy results are presented in Appendix Two. Of the 48 stoats caught 37 were male 

(77%) and 11 female (23%). Due to thier larger home ranges and corresponding larger daily 

movements, male stoats are consistently more trappable, therefore this bias towards males 

is not surprising (King & Moody 1982c). 

All 48 stoats were classified as adult. The stoats caught in June and July 1994 did show 

some characteristics of young stoats suggesting that they may be the young of the previous 

year. All stoats caught between November and February were clearly adult. 

Of the 11 females caught only one showed any signs of reproduction during the 1994/95 

breeding season. Stoat number 41 caught on the 11111/94 was found to be pregnant with 

8 embryos in an advanced stage of development. The six other females caught between 

22/9/94 and 711 0/94 showed no sign of pregnancy or lactation. All females had nipples in 

the juvenile condition (invisible to the naked eye) indicating that they had never suckled 

young (King et at. in prepB). 

There was a large amount of variability with respect to fat deposits. Stoat number 46 had 

very little or no fat. This is possibly because it was only held by the leg and not killed in 

the trap. All other stoats showed considerably larger fat deposits, with some (eg stoat 7,17 

and 24) showing extremely large and abundant fat deposits. 
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5.3.3. Gut Analysis. 

5.3.3.1. General Information. 

All 48 stoat guts were analysed for food items. Four guts (8%) were empty, these were 

excluded from further analysis, leaving 44 non empty guts. 20 I food items were identified 

in total, an average of 4.57 items per gut (Table 5.2). The figures in Table 5.2 represent the 

minimum possible counts using recognisable body parts; in many cases (especially 

invertebrates) the actual numbers consumed may be much larger. Prey catergories (Table 

5.2) are not of equal taxanomic rank, some contain only a single species (eg mouse and rat) 

while others contain many species (eg Passerine and Araneida). This reflects limitations 

assossiated with identification rather than any ecological significance of the prey item. All 

prey items identified appeared to be wild and there was no evidence of scavenging. Neither 

lagomorph or possum remains were found in any of the guts analysed. 

Vertebrate prey fall into four main categories: ship rat (Rattus rattus), mouse (Mus 

musculus), bird (mainly small Passerrines but also one brown kiwi Apteryx australis and 

one crake Porzana pusilla or tabuensis), and small fish. Invertebrate prey consisted 

predominantly of two groups. Freshwater crayfish (Paranephrops planifrons) of which 11 

individuals were identified and wetas (Orthopera) of which 117 individuals were identified, 

representing 4 species. The most commonly found species was Gymnoplectron sp.; 39 

individuals were positively identified. The three other species of weta which were found 

in much lower numbers were Pleioplectron sp. Hemidiena crassidens (the tree weta) and 

Hemiandrus sp., of which two species are known to occur in the study area, Hemiandrus 

maculifrons and Hemiandrus nsp (see appendix one). Six stoats collected from the Deep 

Creek grid on the 22/9/94 (stoat 14-20) had consumed a large amount of wetas (83 

individuals) which were likely to be almost exclusively Gymnoplectron sp. Of these 71 

individuals could be sexed. 40 were male and 31 female, this was not significantly different 

from a sex ratio ofl:1 (X2= 1.15,df=I). 

A large proportion of wetas ( 69 individuals) could not be identified to species. This was 
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largely a result of methodology; it was possible to identify an invertebrate as a weta and 

count it using either abdomens or mandibles. However these were not sufficient to 

determine the species; this was done according to the structure of the front and middle legs 

(it was impossible to differentiate between front and middle leg in gut contents), therefore 

four legs had to be found in order to positively identify each abdomen. There was 

consistently less legs than was nessesary to allow identification of all abdomens present, 

due to losses during capture and consumption, and fragmentation during digestion. 

A good example of this is stoat number 19. Based on initial analysis 38 unidentified 

abdomens and the remains of one Hemidiena crassidens were identfied from the gut, but 

only 50 front and middle legs were identified, all of which belonged to Gymnoplectron sp. 

allowing the positive identification of only 13 individuals. The remaining 24 abdomens 

could not be positively identified even though they show characteristics of Gymnoplectron 

sp. (but not strong enough characteristics to be diagnostic). It is likely that the vast majority 

of unidentified wetas belong to Gymnoplectron sp. since they occur in guts containing 

Gymnoplectron sp. and show characteristics of this species (as shown with the example of 

stoat 19), but this could not be confirmed. 

The tibia of all entire fore and mid legs belonging to wetas were measured (Table 5.3). 

Results indicate that all wetas consumed were late instar (the last three instars of a probable 

eight, P. Johns pers. comm.). 

Various other invertebrate species were consumed. Ants occured relatively often, while all 

other taxa were uncommon. Stoat 42 contained 8 flies of the species Huttonia scuteliaris, 

which is known to be a predator of terrestrial molluscs (P Johns pers. comm.). Although 

invertebrates other than crayfish and weta were not found often in gut contents, it appears 

some individual stoats consume substantial numbers. For instance stoat 43 consumed 7 

other invertebrates (1 ant; 2 Ptinosoma sp.; 1 Staphylinidae larvae; 2 Araneida and 1 

Opilione) and stoat 28 contained four other invertebrates (1 ant; 1 Staphylinidae adult; 1 

silphidae adult and 1 indeterminate dipteran adult). 
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Table 5.3. Fore and mid leg tibia measurements from wetas found in stoat guts compared 

with tibia measurements of adult wetas. 

Gymnoplectron sp. Pleioplectron sp. Hemiandrus sp. 

Entire weta1 N 6 8 8 
Mean 13.75 6.99 6.89 
Maximum 16.01 8.84 7.32 
Minimum 11.03 5.06 5.94 
SD 2.14 1.30 0.50 

From gut contents N 32 1 3 
Mean 9.45 7.96 8.1 
Maximum 11.96 N/A 8.8 
Minimum 7.77 N/A 7.74 
SD 1.27 N/A 0.61 

1 The tibia of the front and middle legs of the largest male and the largest female weta 

caught during the course of the study. 
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5.3.3.2. Frequency of occurrence. 

Table 5.4 shows the results of frequency of occurrence calculations for the 44 non empty 

stoat guts collected. Invertebrate remains were found in 81.8% of the guts examined. The 

most commonly consumed items were crayfish (25.0%,11 guts) and weta (45.5%, 20 guts). 

Gymnoplectron sp. was the most frequently occuring weta species occuring in 27.3% of 

guts. Hemidiena crassidens occured in four guts (9.1 %) and Hemiandrus and Plieoplectron 

each occured in two guts (4.5%). The ant Prolasius advena occured relatively frequently 

(10 guts, 22.7%), however all other invertebrate taxa were consumed infrequently and 

occured in only one or two guts giving a frequency of occurrence for all other categories 

of 4.5% or less. 

The ship rat was the most commonly consumed vertebrate prey; 13 guts (29.5%) contained 

evidence of ship rat. Mouse fish and passerine bird were other less frequently consumed 

vertebrate prey items. They were each found in four of the 44 non empty guts (9.1%). Other 

vertebrate prey items that were found in only one gut (2.3%) included brown kiwi, crake, 

indeterminate bird and indeterminate vertebrate. In total, birds occured in 7 guts (15.9%). 

5.3.3.3. Estimated percentage volume. 

Invertebrate material identified in gut contents was divided into three categories in order 

to simplify estimation of volumes: freshwater crayfish, weta and other invertebrate. It was 

not possible to divide the category weta further, because of similarity in appearance of all 

four species. Other invertebrates were placed into a single category simply because they 

were a relatively unimportant part of the diet and little additional information could be 

gained by dividing further. 

The contents of the 44 non-empty stoat guts added to a total volume of 194.7ml. 

Invertebrate material made up 44.3% of the total volume of gut contents (Table 5.5). Weta 

was the category for which the largest volume was recorded. It was estimated that weta 
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Table 5.4. Frequency of occurrence of prey items in 44 non-empty stoat guts. 

s Freq. of Occ. 

Vertebrate 
Raltus raltus 13 29.5% 
Mus musculus 4 9.1% 
Passerine 4 9.0% 
Apteryx australis 1 2.3% 
Porzana pusilla or tabuensis 1 2.3% 
Indet bird 1 2.3% 
Fish 4 9.1% 
indet 1 2.3% 
Total vertebrate 24 54.5% 

Invertebrate 
Crayfish Paranephrops planifrons 11 25.0% 

Orthoptera 

Anostostomatidae Hemiandrus sp. 2 4.5% 
Rhaphidiophoridae Gymnoplectron sp. 12 27.3% 
Rhaphidiophoridae Pleioplectron sp. 2 4.5% 
Anostostomatidae Hemideina crassidens 4 9.1% 

Indet Indet 2 4.5% 

Total weta 20 45.4% 

rmicidae Prolasius advena 10 22.7% 

tera 

Cerambycidae Ptinosoma sp 1 1 2.3% 

Prionoplus reticulatus larvae 1 2.3% 

Staphylinidae adult 1 2.3% 

larvae 2 4.5% 
Silphidae indet 1 2.3% 

indet indet larvae 1 2.3% 

indet 2 4.5% 

Opiliones 

indet indet 1 2.3% 

Diptera 

Scizomyidae Huttonia scutellaris 1 2.3% 

indet indet 2 4.5% 

Lepidoptera 

indet indet larvae 1 2.3% 

Worm 1 2.3% 

Total invertebrates 36 81.8% 
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Table 5.5. Estimated percentage volume of prey items in 44 non-empty stoat guts. 

Tot Vol (ml) % 

Vertebrate 
Rattus rattus 36.2 18.6% 
Mus musculus 10.9 5.6% 
Passerine 19.7 10.1% 
Apteryx australis 11.2 5.7% 
Crake or Rail 2.5 1.3% 
Indet bird 0.0 0.0% 
fish 3.7 1.9% 
indet 6.8 3.5% 
Total vertebrate 91.0 46.7% 

Invertebrate 

Crayfish (Paranephrops planifrons) 36.8 18.9% 
AIiWetas 47.3 24.3% 
Other invertebrates 2.1 1.1% 
Total invertebrate 86.2 44.3% 

Other material 17.3 8.9% 

Total 194. 100.0% 
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made up 24.3% (47.3ml) of total volume. Freshwater crayfish was the second largest 

category (18.9%). Invertebrates other than wetas and crayfish were not a large part of the 

diet, representing only an estimated 1.1 % of the total volume measured. 

Vertebrate material (46.7% of volume) was made up predominantly of ship rat (18.6% of 

total volume) and passerine (10.1 %). Mouse made up an estimated 5.6% of total volume. 

Brown kiwi and crake both of which occured in only one gut represent 5.7% and 3.5% of 

volume respectively. 

5.3.3.4. Estimated percentage weight. 

Ship rat (34.3%) consitutes the largest category of stoat diet when the percentage weight 

consumed is calculated (Table 5.6). Other vertebrate categories are substantially lower. 

Passerine birds are estimated to make up 7.9% of food consumed, while mouse and fish are 

estimated at 5.3% each. All other vertebrate categories are estimated at below 3% of total 

weight consumed. All vertebrate prey items combined are calculated to represent 59.3% of 

the total food intake. 

Invertebrates make up 40.7% of the estimated weight consumed. The majority of this 

consists of freshwater crayfish (14.5%) and weta (24.5%), with other invertebrates making 

up only 1.7% by weight. 
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Table 5.6. Estimated percentage weight consumed of prey items in 44 non-empty stoat 

guts. 

correction I Estimated total estimated % 

total factor weight (g) of diet 

Vertebrate 

Rattus rattus 13 20 260 34.3% 
Mus musculus 4 10 40 5.3% 
Passerine 6 10 60 7.9% 
Apteryx australis 1 10 10 1.3% 
Porzana pusilla or tabuensis 1 10 10 1.3% 
Indet bird 1 10 10 1.3% 
Fish 4 10 40 5.3% 
indet 1 20 20 2.6% 
Total vertebrate 450 59.3% 

Iinvertebrate 

ICrayfish Paranephrops planifrons 11 10 110 14.5% 
Qr:tho~tera 

Anostostomatidae Hemiandrus sp. 3 1.5 4.5 0.6% 
Rhaphidiophoridae Gymnoplectron sp. 39 1.5 58.5 7.7% 
Rhaphidiophoridae Pleioplectron sp. 2 1.5 3 0.4% 
Anostostomatidae Hemideina crass/dens 4 4 16 2.1% 
Indet Indet 69 1.5 103.5 13.7% 
Tgtal weta 185.5 24.5% 
H}!mengRtera 

Formicidae Prolas/us advena 17 0.3 5.1 0.7% 
QgleoRte[a 

Cerambycidae Ptinosoma sp 1 2 0.3 0.6 0.1% 
Prionoplus reticulatus larvae 2 0.3 0.6 0.1% 

Staphylinidae adult 1 0.3 0.3 0.0% 
larvae 2 0.3 0.6 0.1% 

Silphidae indet 1 0.3 0.3 0.0% 
indet indet larvae 1 0.3 0.3 0.0% 
Araneida 

indet indet 3 0.3 0.9 0.1% 
Opiliones 

indet indet 1 0.3 0.3 0.0% 
DiRtera 

Sciomyzidae Huttonia scutelfaris 8 0.3 2.4 0.3% 
indet indet 2 0.3 0.6 0.1% 
LeRido~tera 

indet indet larvae 1 0.3 0.3 0.0% 
Worm 1 0.3 0:3 0.0% 
ITotal invertebrate 493.6 40.7% 

lI.otal 201 1393.6 100.0% 
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5.4. Critique of methodology. 

There are numerous methodologies employed for expressing the composition of small 

mammal diet and much discussion regarding the accuracy of these methods (Dice 1952, 

Lockie 1959, Hansson 1970). Inconsistencies arise largely as a result of three factors. 

1) Differential digestion rates, for example soft tissue is often digested faster than hard 

tissue. 

2) Variation in the time it takes food to pass through the gut; coarse material may take 

longer to pass through (Hansson 1970), or material may become lodged in a comer 

of the gut for some time. 

3) Finally there may be variation in the ability to identity certain food types (King & 

Moody 1982b). 

It was decided that estimated percentage of volume and percentage frequency were the most 

appropriate methods for analysis of ship rat (Rattus rattus) and possum (Trichosaurus 

vulpecula) diet in this study (Chapter 6 & 7). However, stoat diet is not often studied using 

estimated percentage of volume, although it has been used effectively in the past (Aldous 

& Manwieler 1942). A more commonly used method in the study of stoat diet is estimated 

percentage weight (King 1982b, Murphy & Bradfield 1992). (The details of methodology 

for all three techniques are explained in section 5.2.3.) For the sake of consistency and to 

allow comparison of this study to others, it was decided to carry out all three methods on 

the stoat gut contents. The following section is a comparison of the results obtained and 

discussion of the advantages and disadvantages of all three methods. 

Table 5.7 presents the results of the three methods. Categories have been adjusted (cf 

section 5.3.3.) so that they are equivalent for all three methods and therefore directly 

comparable. This was achieved by the lumping of invertebrate categories for frequency of 

occurrence and estimated percentage weight to match the categories used for estimated 

percentage volume (freshwater crayfish, weta and other invertebrate). Percentage volume 

was also recalculated to remove the category "other material", as this was not calculated 

for the estimated percentage of weight method. Therefore, the percentages presented in 



The stoat (Muste/a erminea). 75 

Table 5.7. Comparison ofthree methods of gut content analysis (totals adjusted so they are 

directly comparable). 

Freq of occurence Estimated volume Estimated weight 
, t. 

.L ate 

Rattus rattus 29.5% 20.4% 34.3% 

Mus musculus 9.1% 6.2% 5.3% 

Passerine 9.0% 11.1% 7.9% 

Apteryx australis 2.3% 6.3% 1.3% 

Porzana pusilla or tabuensis 2.3% 1.4% 1.3% 

Indet bird 2.3% 0.0% 1.3% 

Fish 9.1% 2.1% 5.3% 

indet 2.3% 3.9% 2.6% 

Total vertebrate 54.5% 51.4% 59.3% 

Invertebrate 

!crayfish 25.0% 20.8% 14.5% 

!weta 45.4% 26.7% 24.5% 

other invert 38.6% 1.2% 1.7% 

Total invertebrate 81.8% 48.6% 40.7% 



The stoat (Mustela erminea). 76 

Table 5.7 are slightly different to those presented in the results section (section 5.3.3.1. 

Table 5.4). 

Frequency of occurrence. 

Frequency of occurrence is the most simple method for describing diet. Each item is simply 

recorded as present or absent in each gut (no attempt is made to count or measure) and the 

number of positive occurrences is calculated as a percentage of the total number of non 

empty guts. Frequency of occurrence is the method of diet analysis most commonly used 

in studies of carnivores (Fitzgerald & Karl 1979). It is easy to calculate and has the 

advantage that the value calculated for each prey item is independent of all other prey items 

(King & Moody 1982b). This allows the occurrence of a single prey item to be compared 

between samples without reference to the rest of the diet. The method assumes that the time 

a prey item remains in the gut and the ability to identify a prey item is constant across all 

samples but not necessarily constant for all prey categories. 

Lockie (1959) suggests that in order to be acceptable as a diet descriptor any method must 

be constant in its error. However, because there is no attempt to quantify the size of each 

prey item, frequency of occurrence tends to overestimate small prey items and under 

estimate large ones (Lockie 1959, Fitzgerald 1964, Day 1968, Fitzgerald & Karl 1979, King 

& Moody 1982b). For example a gut containing one rat and one ant would be recorded as 

present for both and they would therefore be assigned the same importance, although 

clearly a rat is of much more importance as a food item to a stoat than an ant. Day (1968) 

suggested that frequency of occurrence results were an appropriate representation of stoat 

diet since 90% or more of guts were mono specific and meal sizes are relatively constant. 

However it is well known that this is not the case in New Zealand, as stoats make much 

more use of small prey items (eg invertebrates). This study found an average of 4.57 items 

per gut; this is far in excess of that suggested by Day and is due largely to the presence of 

numerous invertebrates. Simply by comparing the three columns in Table 5.7 it can be seen 

that the invertebrate prey items appear to be vastly over-represented. Invertebrates occur 

in 81.8% of guts. However the most compelling evidence of overestimation is the figure 

for other invertebrates (38.6%) compared with the two other methods, which estimate that 
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other invertebrates make up less than two percent of total diet. 

In summary it would appear that frequency of occurrence is a useful statistic to calculate, 

as it describes the prey consumed and is directly comparable for studying variation between 

different species, sexes, habitats, etc. But it should not be interpreted as representing the 

importance of the prey categories to the diet of the study animal. 

Estimated percentaGe volume. 

Estimated percentage volume is not often used in studies of stoat diet, however it has been 

recommended by Hansson (1970) and used effectively on many studies of other species 

such as the ship rat (Best 1969, Daniel 1973, Gales 1982). 

It is suggested that the percentage volumes estimated be converted to a percentage of total 

volume (as was done in this study) (Hansson 1970), rather than simply averaging 

percentage volumes for each gut. During this study it became apparent that a number of 

guts were empty except for one small invertebrate; these guts are recorded as 100% 

invertebrate. It was felt that if the percentage volume estimates were simply averaged, 

rather than related to the actual volume of gut contents, there may be a bias towards those 

small items which may be preferentially present in an otherwise empty gut. 

Estimated volume studies look at a very short time period. In an animal such as the stoat 

which processes gut contents very fast there is often a large number of guts which are near 

empty. Therefore, the occasional individual which is caught just after consuming a large 

amount of food has a large effect on the data set. For example, in this study brown kiwi was 

consumed by only one stoat, however because the stoat had a full stomach it made up 6.3% 

of the total volume. 

The use of estimated percentage volume is somewhat limited by the fact that all material 

in a gut must be identified in order to estimate the percentage volume occupied by each 

category. In many cases this necessitates the lumping of many taxa (Dice 1952). For 

instance, even if it was apparent that more than one weta species was present, weta must 
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still be lumped into a single category, since only a very small amount of material is 

diagnostic. Invertebrate categories of both frequency of occurrence and estimated 

percentage weight had to be lumped in order to achieve a direct comparison of the three 

methods for this section (Table 5.7). 

It must also be realised that percentage volumes are subjectively estimated and this can lead 

to bias especially due to variation between individual scientists and a tendency to 

overestimate rare food items. 

Estimated percentage volume provides a quick and simple method for expressing gut 

contents. It gives a direct measure of what is in the gut and has an obvious biological 

meaning (as opposed to frequency of occurrence). It is however subjective and rather 

limited in its ability to differentiate similar prey items. 

Estimated percentage weight. 

Estimated percentage weight has been developed in an attempt to correct for errors due to 

differential digestion. Lockie (1959) describes a method used for fox scat analysis. The 

bulk of the scat occupied by each food type is estimated, the scat is then dried and weighed 

and the dry weight of each prey category calculated. Correction factors are then applied to 

the weight estimate in order to calculate the weight of each prey category consumed. A 

similar method has been developed to describe stoat diet (King & Moody 1982b). Rather 

than any estimate of bulk, the numeric frequency of prey is assessed and weights are 

assigned to each prey item according to the mean size or the amount expected to be 

consumed (King & Moody 1982b, Murphy & Bradfield 1992). The methodology is more 

fully explained in section 5.2.3. 

The method described for stoat diet (King & Moody 1982b) has several advantages over 

estimated percentage volume. It is totally objective (there is no estimation of volume 

necessary). It also extends the size of the gut sample somewhat, because volume is not 

measured, a single feather found in the lower intestine is weighted as 109 whereas in 

percentage volume estimates the feather would be of minimal volume. This can however 
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cause bias, as material which is lodged in the gut is weighted and included. If certain prey 

items are more prone to becoming lodged and therefore spend more time in the gut, these 

items may be overestimated using the estimated percentage weight method. 

Because the results of this method are based on numeric counts there is the ability to 

separate prey items as far as is readily recognisable, for instance Table 5.6 shows the 

percentage weight of all species identified as opposed to estimated percentage volume 

which necessitates lumping invertebrates into three groups. 

The estimated percentage weight method is based on the assumption that the animal being 

studied consumes a predictable amount of food from each prey category. In the case of 

predators and in particular stoats this is largely true. Therefore prey can be weighted 

according to a mean weight, if the prey item is smaller than one meal, or an estimate of the 

amount likely to be consumed if it is larger (bias may arise if for some reason only part of 

a prey item is consumed). The estimated percentage weight method is not applicable to 

studies of animals which consume food items that are not "packaged" (eg vegetation), as 

it is impossible to assign weights to these (Hansson 1970). 

The estimated percentage weight method relies on accurate assessment of weight. This is 

especially critical when considering a small prey item which is consumed in large numbers. 

In this study wetas illustrate this point well. In the past wetas have been weighted as 3g 

(King & Moody 1982b, Murphy & Bmdfield 1992), using this weighting wetas account for 

38% ofthe diet and ship mts 28%. However, it was found that those weta species occurring 

in this study do not reach 3g in weight. A weight of l.5g was thought to be appropriate; this 

results in the dramatically different result seen in Table 5.7 (weta= 24.5%, rat= 34.3%). The 

above example also illustrates the fact that the values of each category are related to the 

total. Therefore, differences between samples cannot be directly interpreted as differing 

rates of consumption of a given prey item (King & Moody 1982b). 

In summary, estimated percentage weight is a useful technique for the presentation of the 

diet of carnivorous animals, however it has little application to species which do not 
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consume food in discrete packages. Great care must be taken when using the technique, 

especially with respect to determining weights for small frequently consumed items. Care 

should also be taken that the results are ecologically sensible, as the method of 

determination is far removed from the actual gut contents and there is much room for error. 

Summary. 

The above section suggests that frequency of occurrence is not an accurate descriptor of 

diet, rather, it is useful to allow comparison of the frequency at which prey are consumed. 

Bearing this in mind frequency of occurrence should not be compared directly to the 

estimated volume and estimated weight methods. However, it is interesting to compare the 

results obtained using estimated volume and estimated weight. In general, considering the 

fact that the results are arrived at using two completely different methods, there is a 

remarkable consistency in results. Rat appears to be the only category with a large 

discrepancy. Because this study simply compares the results obtained using three methods 

without prior knowledge of the actual food consumed, it is impossible to say which method 

is more accurate. It is possible that, either, the rat tissue is digested faster than other tissues 

and it is therefore under-estimated using the estimated volume method, or the correction 

factor calculated for rat (20g) is to high and therefore the value of 34.3% is an 

overestimate. It is also worth noting that in general estimates for the invertebrate categories 

are slightly lower using the estimated weight method, than is calculated using estimated 

volume. This may be due to the presence of large amounts of indigestible chitin in gut 

contents resulting in a slight bias towards invertebrates. 

For the sake of simplicity, the discussion of stoat diet (section 5.5.) has been limited to 

results from two methods. It was decided that frequency of occurrence was an important 

statistic to discuss, as it is commonly calculated and readily comparable. However it was 

also thought important to have an estimate of the gross pattern of biomass consumption. 

Estimated volume was selected in preference to estimated weight. It is accepted that 

estimated weight is a more commonly used method for analysing stoat gut contents. 

However, it was thought that the decision was justifiable when it is considered that there 

was minimal variation between the two methods and the fact that estimated weight was not 



The stoat (Mustela erminea). 81 

applicable to possum and rat diet ensures consistency of methodology when comparing the 

three species studied here. 

5.5. Discussion. 

5.5.1. Population dynamics. 

A number of studies have found that the population dynamics and diet of the stoat are 

closely interrelated (Nasimovich 1952, Murphy & Dowding 1995). Because of this it is 

important to utilise the results of trapping and autopsy to briefly discuss the population 

dynamics of the stoat in South Okarito Forest as this provides background information vital 

in any interpretation of stoat diet. 

As explained in the introduction to this chapter, very little is known about the population 

dynamics of stoats within podocarp ecosystems. The few studies that have been carried out 

have indicated that numbers are consistently as low or lower than found in non-mast years 

in beech forest (King 1994). The only long term study of stoats in podocarp forest (King 

et al. in prep B) found no evidence of population fluctuations over a five year period. 

Results of trapping and autopsy from this study indicate that during 1994/95, stoats in 

Okarito were undergoing what King (1981) has termed a "crash" year. It appeared that 

breeding was minimal during the summer of 1994/95. Rather than the expected dramatic 

increase in catch rate due to dispersing juveniles in December, January and February, the 

catch rate continued to decline during these months (Fig. 5.3). Autopsy results indicated 

that all stoats captured were adult, as opposed to the expected predominance of young 

stoats. Of the eleven adult female stoats caught, only one showed any signs of breeding. 

King (1981) suggests that any adult female stoat caught during September, October or 

November should show obvious signs of pregnancy or lactation. It is therefore likely that 

of the seven females caught during this period all but one had abandoned all attempts to 

breed during the 1994/95 season, suggesting that for some reason stoats were experiencing 
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adverse breeding conditions during the 1994/95 breeding season. 

The majority of trapping grids used during this study were operated for the first time in the 

1994/95 season. However, The Cemetery Creek line has been in use for four trapping 

seasons. This provides a useful insight into stoat population dynamics in South Okarito 

Forest. Because trap placement, trapping methodology, bait and the date of trapping 

commencement are constant for all four years the trapping results are directly comparable 

(Joyce 1994). The one confounding factor is the fact that all stoats caught are killed, thus 

we may see a gradual decline in stoat capture rate over the four trapping seasons (C. 

O'Donnell pers. comm.). A summary of the four trapping seasons is presented in table 5.8 

and monthly catch rates are graphed (Fig. 5.5). It should be noted that this trapping data has 

also been utilised by Joyce (1995) with respect to the management of the Okarito brown 

kiwi. 

Casual observations (pers. obs.) and personal communications with numerous people who 

live and work in the South Okarito area suggested that stoat abundance was considerably 

higher in the 1993/94 trapping season than in 1994/95, trapping records from Cemetery 

Creek confirm this (Table 5.8, Fig 5.5). In fact comparison of the four years trapping data 

using a single factor ANOV A indicates that the capture rate of stoats at Cemetery Creek 

during 1993/94 was significantly higher than any of the other years; 1991192, 1992/93 or 

1994/95 (P<0.05). This increase occurred in spite of any long term decrease that may have 

occurred as a result of continued trapping in the same area. 

The increased stoat abundance during 1993/94 was due to increased breeding success. 

Figure 5.5 shows a distinct peak in December and January which is the time whenjuvenile 

stoats are known to disperse (King 1990). Fifty percent of all stoats caught during 1993/94 

were juvenile, this is close to triple the proportion caught in any of the other years and is 

highly statistically significant (chi square P<O.OI). A comparison of monthly catch rate 

between the 1993/94 and 1994/95 trapping seasons (Fig 5.5) highlights the differences 

between the two years. Whereas 1993/94 has an initially low catch rate increasing to a 

distinctive peak in December, January (the curve suggested as normal by King 1990); the 
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Table 5.S. Summary of four years stoat trapping data from Cemetery Creek. 

1991/92 1992/93 1993/94 1994/95 
Total captures 12 6 21 13 
Percentage Juvenile 9% 17% 50% 0% 
Total C/100TN 0.10 0.10 0.24 0.15 
Total corrected TN 1154 5983 8951 8469.5 
August C/100TN 0 0 0.67' 0.78 
September C/100TN 0 0.4 0.56 0.46 
October C/100TN 0 0 0.25 0.12 
November C/100TN 0 0 0.9 0.13 
December C/100TN 0 0.09 0.19 0 
January C/100TN 0 - 0.19 0 
February C/100TN 0.09 - 0.24 -
March C/100TN 0 - - -

1 This is calculated from a total of only 149 trap nights and as such has been omitted from 

any graphs of this data. 

Figure 5.5. Comparison of stoat capture rate over a four year period at Cemetery Creek. 
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catch rate during 1994/95 is initially relatively high (presumably due to survival from the 

previous years high breeding success) but rapidly and consistently declines throughout the 

trapping period. 

In summary, 1993/94 was a significantly better than average breeding season for stoats in 

South Okarito Forest. However, during 1994/95 breeding success was particularly poor; 

most females abandoned all attempts to breed and no juveniles were caught. 

It has been established that most often variation in stoat breeding success (and therefore 

abundance) is directly related to the abundance ofa principle prey item or items (Korpimaki 

et al. 1991). In New Zealand's beech forests this principle has been observed with respect 

to mouse abundance, which varies widely according to the amount of beech seed produced. 

Following a mast seed year (year of high seedfall) mouse numbers increase dramatically 

as do stoat numbers as a result of better breeding success. However the following year mice 

are often at very low densities and the stoat population crashes due to poor breeding 

success; a phenomenon very similar to that observed in Okarito Forest during 1994/95. It 

was therefore decided to test whether variation in stoat abundance was likely to be a result 

of varying rodent numbers. Although mice are common in beech forest, numbers are much 

lower in podocarp forest. All dietary studies carried out in podocarp forest have shown that 

the ship rat is the rodent most commonly identified in stoat diet, and the majority of these 

studies have found ship rat to be the principle food source (King 1982b, Murphy and 

Bradfield 1992). The ship rat was therefore identified as the rodent species most likely to 

influence stoat breeding success. 

The details of rat population dynamics are presented in Chapter 6, however for the sake of 

clarity and completeness the basics are repeated here. A simple comparison of the overall 

stoat and rat capture rates for each of the four seasons in which trapping has been carried 

out at Cemetery Creek supports the suggestion that stoat numbers may be responding to rat 

abundance (Fig 5.6). Rat and stoat catch rates appear to be highly correlated, and both show 

a distinct peak during the 1993/94 trapping season. However, possibly even more important 

than this overall change in rat abundance is the abundance of rats available during the stoat 
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Figure 5.6. Comparison of overall stoat and rat capture rates for four trapping seasons at 

Cemetery Creek. 
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breeding season (September, October and November). This is best illustrated by the graphs 

of monthly catch rates of stoats and rats at Cemetery Creek (Fig 5.5 & 6.3). During the 

1993/94 trapping season there is a distinct peak in rat abundance of 0.9 C/100TN in 

November. This is likely to provide a very important food source for pregnant and lactating 

females. However, during 1994/95 the rat abundance during the stoat breeding season is 

very low and decreasing. It may be this low rat abundance which is resulting in the poor 

stoat breeding success observed in the 1994/95 trapping season. This provides evidence, 

albeit circumstantial, that stoat numbers are likely to be responding to the abundance of the 

ship rat (a preferred prey item). 

It is suggested in Chapter 6 that the dramatic annual variation in rat abundance is likely to 

be attributable to the mast seeding ofrimu (the dominant canopy tree). Thus a system very 

similar to that described for beech forest (King 1981, Murphy & Dowding 1995) can be 

proposed for the lowland podocarp ecosystem present in Okarito Forest. The species 

involved are different (rimu is the masting species, rather than beech, and rat, rather than 

mouse numbers respond to seed production) but the overall process and the effect on the 

stoat popUlation is very similar. 

In the past it has been suggested that podocarp forests are unlikely to display the strong 

variation in introduced mammal numbers, as a result of mast seeding, that is observed in 

beech forest. This is thought to be mainly due to the larger diversity of plant species present 

in podocarp forest and the fact that different species mast during different years (Beveridge 

1964). Therefore podocarp forests were thought to provide a more stable food source. 

However in a low fertility system, such as Okarito Forest, which is dominated by a species 

(rimu) showing marked mast seeding (Norton & Kelly 1988, Norton e/ at 1994), it appears 

that the seed produced in a mast year may represent a sufficient increase in the food 

available to the ship rat to be translated into increased productivity. This in tum leads to an 

increase in stoat abundance. 

In summary it is proposed that a very similar process is occurring in South Okarito Forest 

to that documented in South Island beech forest with respect to the population dynamics 
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of the stoat. Mast seeding of the dominant canopy tree (rimu) may lead to an increase in 

rodent (ship rat) numbers and an associated increase in stoat abundance. It is suggested that 

the autumn of 1993 was a year of heavy seed fall for rimu (mast year) which resulted in the 

associated increases in both rat and stoat abundances during the 1993/94 trapping season. 

1994/95 was a crash year for stoats during which reproduction was minimal due to low 

abundances of rats (a principle food item). 

5.5.2. Diet. 

The intention of this section is to compare results of gut content analysis with that from 

similar studies and discuss possible explanations for any differences observed. A detailed 

analysis of the invertebrate portion of the diet follows (section 5.5.3.). 

From the results of gut content analysis it appears that the diet of stoats in Okarito Forest 

during the trapping season of 1994/95 was markedly different from that described in other 

studies both nationally and internationally. The most outstanding feature of this sample is 

the increased reliance on invertebrates as a food source. The vast majority (81.8%) of guts 

contained invertebrate remains. These made up approximately half (46.3%) of the total 

volume of gut contents. Almost all material identified belonged to two prey categories, 

wetas and freshwater crayfish. The vast majority of weta is thought to have belonged to a 

single species (Gymnoplectron sp.). Studies of stoat diet in the Northern Hemisphere have 

not found invertebrates to be of any significance in the diet of stoats, in fact many studies 

disregard invertebrate material as incidental. In New Zealand studies, invertebrates have 

been found to occur frequently in stoat diet, although there is no evidence of invertebrates 

ever exceeding 10% of the total diet. So in summary, this study has found that two prey 

categories previously thought to be of only minor importance (freshwater crayfish and 

weta) constitute close to half of the gut contents. Why then is the diet in this study so 

dramatically different to that described previously? The answer to this question is likely to 

be related to population dynamics of the main prey species. 
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Responses of predators to fluctuations in prey density may be numerical (demographic) 

and/or functional (dietary) (Korpimaki et al. 1991). As is explained in chapter 6, rats in 

Okarito were significantly lower in numbers in the 1994/95 trapping season than the 

previous year. This is thought to explain the lowering of stoat numbers over the same 

period (a numerical response). However it has also been shown that during a "crash" year, 

caused by the reduction in abundance of an important prey item, stoat diet may change 

significantly as the remaining stoats have to make increased use of secondary food sources 

or starve (Nasimovich 1952, Murphy & Dowding 1995). Nasimovich (1952) found the 

stoat was better able to make use of secondary food sources than sympatric weasels 

(Mustela nivalis). In a year of high vole and lemming abundance (1937/38) these mammals 

made up the majority of stoat diet (Frequency of occurrence 93%) (Novikov 1962). 

However, the following year vole and lemming numbers dropped dramatically. A study of 

stoat scats indicated that the diet had changed correspondingly to make more use of 

secondary food items (frequency of occurrence data: fruit and berries 71 %, insects 25% and 

voles only 8%) (Nasimovich 1952). 

Studies of stoats in New Zealand have also indicated that diet changes with respect to prey 

abundance. Murphy & Dowding (1995) found that in beech forest (Eglington Valley) stoats 

experiencing a "crash" year (due to low mouse numbers) made increased use oflagomorphs 

(rabbits and hares). Thus, it appears that in this habitat stoats are able to switch from mice 

to lagomorphs in a time oflow mouse abundance. The only example of a functional change 

in stoat diet observed in podocarp forest is human induced. Murphy and Bradfield (1992) 

found that extensive poisoning of rats and possums in the Mapara Reserve resulted in no 

change in stoat abundance, but a switching of stoat diet from predominantly rats to 

predominantly birds. 

There is also evidence of increased invertebrate consumption in times of low food 

abundance. In a study of stoats based on the Murchison Mountains (Fiordland), the weta 

Zealandosandrus maculifrons was described by Lavers and Mills (1978) as "an important 

item in the diet at the time of this study". They later suggest that "when available the mouse 

is probably a preferred food", indicating that at a time of low mouse density the stoat may 
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be consuming more wetas as a secondary food source. It has also been suggested that in the 

Northern Hemisphere individual stoats faced with a shortage of food may make increased 

use of invertebrates as a food source (Osgood 1936, Day 1968). 

It is unfortunate that data is not available regarding the diet of stoats in Okarito during the 

season of 1993/94 when rats were abundant, as this would prove whether the diet observed 

in 1994/95 is a result of low rat abundance or is a typical representation of stoat diet in 

Okarito. However, there are a number of comparable studies of stoat diet which indicate 

that typically diet of stoats in podocarp forest is made up predominantly of rodents 

(primarily the ship rat), birds, and possum, with invertebrates occurring frequently but not 

making up a large portion of the diet (King & Moody 1982b, Murphy & Bradfield 1992, 

King et al. in prepB). 

The abundance of ship rat appears to be an important factor influencing the diet of stoats 

in podocarp forest. Murphy and Bradfield (1992) found that prior to poisoning, rats 

occurred in 71 % of guts, indicating that when rats are abundant they are a valuable food 

resource. It is possible that in years of high density rats are similarly important in Okarito. 

However in 1994/95 rats were extremely low in abundance. The effects of low rat numbers 

were possibly accentuated by possum trapping which was carried out during 1993·95. 

Although possums have always been at relatively low densities in Okarito forest (I. James 

pers. comm.), trapping may have reduced a possible alternative food source. Other studies 

have identified possum as an important food item for stoats in podocarp forest (King & 

Moody 1982b). 

So far it has been established that stoats in Okarito during 1994/95 (a year of low rat 

numbers and poor stoat breeding success) consumed a larger amount of invertebrate 

material (principally Gymnoplectron sp. and freshwater crayfish) than found in other 

studies. It has been suggested that this is not a typical diet but represents a stoat population 

subsisting on whatever is available in a year oflow rat abundance. However, it is puzzling 

to note that birds are only consumed in moderate numbers (frequency of occurrence 15.9%) 

when compared to other studies (Murphy & Bradfield 1992, King & Moody 1982b, King 
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et al. in prepB). Initially it was proposed that this may be due to lower bird abundances in 

Okarito than other forests, however comparison of bird count data for Okarito (Norton et 

al. 1994) with other areas (Coker & Imboden 1980, Odonnell & Dilks 1986) suggested that 

this was not the case. Therefore, it is unclear why birds are not predated in higher numbers 

as was found in Mapara (Murphy & Bradfield 1992). However, it is important to remember 

that stoats are responding to the pressures of optimal foraging theory, they have no 

preconceived idea of what is best to prey upon. This indicates that for some reason in the 

trapping season of 1994/95 (a period of low rat abundance) it was more energetically sound 

for stoats to prey upon invertebrates (freshwater crayfish and wetas) than birds. 

In summary, it is hypothesised that the results of gut content analysis for the trapping 

season of 1994/95 are not typical. The very low abundance of rats in the 1994/95 season 

possibly coupled with low possum abundance resulted in both a numeric and functional 

response in the stoat population. It is thought that the large amount of invertebrate material 

consumed is the result of stoats making increased use of a secondary food source due to a 

scarcity of preferred food (ship rat). These findings tend to support the suggestion that 

stoats are flexible and opportunistic in their food habits (Murphy & Dowding 1995). 

5.5.3. The invertebrate portion of the diet. 

Section 5.5.2. describes possible reasons why invertebrates make up such a large portion 

of stoat diet in the sample collected for this study. It is interesting that two invertebrate 

species (Gymnoplectron sp. and freshwater crayfish) made up the majority of invertebrate 

material consumed. This section is intended to discuss possible selection mechanisms 

which may have caused this and to study in more detail the invertebrate portion of the diet. 

Gymnoplectron sp· 

Of the 117 weta known to have been consumed by the 48 stoats trapped, 39 have been 
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positively identified as Gymnoplectron sp. However, as explained in the results section, it 

is strongly believed that the vast majority of the 69 unidentified weta are likely to belong 

to this species, raising the total to approximately 100 individuals. Pitfall trapping (chapter 

3) did not result in the capture of any weta belonging to this species, so the study area was 

revisited in an attempt to find out more about the ecology of this species. Intensive 

searching resulted in the capture of only one adult female weta (under the bark of a 

windthrown rimu), although a further specimen (an adult male) was collected by a D.o.C. 

employee at night (J.Reid pers. comm.). It is thought that this species of wet a is unlikely 

to live in large groups (P. Johns pers. comm.), a suggestion which is backed up by the 

capture of two individual specimens. 

This raises the question; if this species is so difficult to find, why is it consumed in such 

high numbers by stoats? This continued to be a mystery until discussions with D.o.C. 

employee John Reid established that the weta he collected was located because of a rasping 

sound. Close examination of the two specimens collected showed that both had the 

morphological structures necessary for sound production (abdominal pegs) (P.Johns, L. 

Field pers. comm.). It therefore seems likely that this weta is able to produce sound, either 

by rasping its hind legs against its abdomen or by drumming its hind legs, as observed in 

Anostostomatid wetas (L. Field pers. comm.). Both sexes of weta are likely to produce 

sound (P. Johns pers. comm.). It is hypothesised that this production of sound is the factor 

that makes Gymnoplectron sp. particularly vulnerable to stoat predation (NB although 

Gymnoplectron is of the family Rhaphidophoridae, it does have pegs and apparently sound 

production, previously unrecorded in this family(P. Johns pers. comm.)). 

The hypothesis outlined above is supported by information gathered from the weta 

consumed. Measurements of Gymnoplectron sp. tibia (fore and mid legs only, Table 5.3) 

have indicated that all 39 tibia measured are likely to have come from individuals in the last 

three instars of a probable eight (ie they were all large and near maturity) (P.1ohns pers. 

comm.). Unlike many other insects, weta do not seem to have a dramatic change in 

morphology or sexual behaviour during the last instar. It has been observed in other species 

of weta that sound production occurs in the last three instars (L. Field pers. comm.). It 
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would appear that in juvenile stages, prior to sound production, this species of weta is 

rarely predated by stoats. However once it starts producing sound it is very vulnerable to 

predation. 

There is relatively little evidence of stoats hunting according to audible cues in published 

literature. Moors (1983) found that broods of chicks are more vulnerable to predation than 

clutches of eggs; this was thought to be due to both increased visibility (due to parents 

feeding chicks) and increased sound production (chicks calling for food). There are also 

examples of individual stoats being attracted by the use of a bird squeaker (Crouchley 

1994) and whistling (R.Mierlo pers. comm.). 

The majority ofweta were consumed by six stoats caught on the 22 September, 1994. It is 

not clear why wetas were consumed in such large numbers by stoats during this time, and 

any interpretation is complicated by the fact that the three stoats containing most weta were 

all female, making it impossible to differentiate between sex and other factors as selection 

mechanisms. It appears unlikely that oviposition during this time made the wetas 

vulnerable as has been found for Hemidiena crassidens (Moller 1985), because slightly 

over half of the wetas consumed are male. Increased sound production over this time could 

make the weta particularly vulnerable to predation. It has been observed that weta sound 

production is highly variable over time as a result of environmental and behavioural factors 

(L.Field, P. Johns pers. comm.). 

Freshwater crayfish. 

During 1994/95 freshwater crayfish, Paranephrops planifrons (Hopkins 1970), were an 

important part of the food consumed by stoats in Okarito Forest. Crayfish remains were 

found in 25% of stomachs containing food and it was estimated they made up 18.9% of the 

total volume of gut contents. 

Okarito Forest has numerous small streams and pools due to the landforms present and the 

high rainfall. These contain many freshwater crayfish which are easily observed and caught 

both by day and night (pers. obs.). The large size of freshwater crayfish is likely to make 
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them a particularly attractive alternative food source for stoats in a time of low rat 

abundance. Stoats leave characteristic sign after consuming crayfish. Once caught, the 

crayfish is taken to a nearby flat clear area(often on the trunk of a winthrown tree) and 

eaten. The carapace, legs and chelipeds are left in a neat pile, often with a stoat scat nearby 

(pers. obs., Marshall 1963) The same site is often used repeatedly and a number of piles of 

crayfish remains may accumulate (pers. obs.). Crayfish provide an important alternative 

food source for stoats especially in an environment such as Okarito Forest. 

Freshwater crayfish have been found to be a relatively rare food item in other studies of 

stoat diet in New Zealand. King and Moody (l982b) found that overall crayfish were 

present in 2% of stomachs. Crayfish occurred regularly in stoat diet in only two of the 15 

study areas (Egmont, frequency of Occurrence 15%; Tongariro, 10%). 

Stoats are excellent swimmers (pers. obs. Crouchley 1994) and are not afraid to enter the 

water as is illustrated by the fact that many territories are bisected by large rivers (Murphy 

& Dowding 1994). It is therefore not surprising that they make use of food from the many 

streams present in Okarito Forest, especially in a year such as 1994/95 when preferred prey 

was in low abundance. Fish are another alternative food source utilised by stoats; fish 

occurred in 9.1 % of gut contents. A stoat has been observed perched on a branch 

overhanging a small stream fishing for spawning whitebait in a manner described as very 

similar to a bear catching salmon (S. O'Dea pers. comm.). 

Other invertebrates. 

Although ants (Prolasius advena) occurred frequently (frequency of occurrence 22.7%) it 

is thought that these were not deliberately consumed. Observations of bait used for stoat 

trapping indicated that ants were often swarming allover the bait and it would seem likley 

that the majority of ants were ingested accidentally with bait. This is reinforced by the fact 

that the majority of ants were found in the stomach of stoats as opposed to intestines (pers. 

obs.), indicating that they were ingested shortly before death occurred. 

All other invertebrates were only found in low numbers. However, it is interesting that 
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occasional individual stoats consumed a disproportionate amount of other invertebrates. For 

example, stoats number 28, 38, 42 and 43 collectively accounted for 19 of the 25 other 

invertebrates consumed by all 44 stoats . .It is possible that these stoats are consuming 

invertebrates as an alternative food source when they are unable to catch large prey as 

proposed by Day (1968). 

In summary, it appears that stoat predation on invertebrates is very selective. The numbers 

of an invertebrate species consumed are not closely related to the abundance of the 

organism in the environment. In the case of Gymnoplectron sp., it is proposed that sound 

production makes this species particularly vulnerable to predation. 

5.5.4. Conservation implications. 

There is much debate regarding the effects of mustelid predation on the New Zealand 

fauna, as it is extremely difficult to separate the effects of predation from other synchronous 

effects, eg habitat degradation (King 1984). Even studies designed to test the effects of 

stoat control on prey ·species are often unable to offer a conclusive answer (King 1994). It 

is difficult to speculate about the effects of predators on prey without detailed information 

regarding the populations of both the predator and the prey (King 1989). However it would 

seem logical that in a year of extremely low stoat density, such as 1994/95 the effects of 

predation would be correspondingly low. This does not seem to necessarily be the case. 

Very vulnerable species, eg the Okarito brown kiwi, were still subjected to high levels of 

predation during the 1994/95 season (Reid et al. in prep). It may be that the most preferred 

species are still heavily predated in years of low predator density, as has been found to 

occur in New Zealand with respect to browsing mammals and the most palatable plants. 

It is impossible to estimate the effects of predation on the invertebrate species consumed, 

as there is little or no information regarding the prey species in general, let alone in this 

study area. For example, although this study has established that the weta species 

Gymnoplectron sp. is very vulnerable to predation (possibly because it produces sound), 
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it is impossible to speculate about possible effects of this predation because there is no 

information regarding the abundance of this species let alone its ecology and breeding 

biology. 

It may be that invertebrate predation remains just as high during a mast year as a crash year, 

because although it is likely that invertebrates make up a smaller portion of the diet in a 

year of high rat abundance, the increased number of stoats may consume just as many 

invertebrates as a small population of stoats feeding predominantly on invertebrates. 

The very low catch rate during the season of 1994/95 was initially a disappointment (as it 

resulted in a small sample size and did not allow separation of the sample into subsets with 

respect to sex, age or season). On reflection it appears that the data set provides valuable 

information regarding the ecology of stoats in a year of very low rodent abundance and 

poor stoat breeding success. It also adds to knowledge of stoat ecology in a podocarp 

ecosystem. The value of this research would be vastly increased if a similar project was 

carried out in the same study area during a year of high rat abundance, as this would test 

many of the theories proposed. 

5.5.5. Summary of findings. 

From the results of stoat trapping, autopsy and information gathered regarding rat 

abundance and rimu seedfall, a system very similar to that described in New Zealand's 

beech forests is proposed for the Okarito study area. A rimu mast year leads to increased 

rat abundance, which in tum results in increased stoat numbers. Data indicates that the 

trapping season of 1993/94 was a mast year and that of 1994/95 a crash year. 

The diet of stoats during 1994/95 included a much larger invertebrate component than 

expected (close to 50% of volume). It is proposed that this is a result of stoats switching to 

invertebrates in a year of very low rat abundance. It is not evident why increased amounts 

of invertebrates are consumed in preference to birds. 
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Invertebrates were not consumed in numbers reflecting their abundance. Stoats appeared 

to selectively consume two main invertebrate species; Gymnoplectron sp., a weta which is 

thought to be a particularly attractive prey item as a result of sound production, and 

freshwater crayfish, which are likely to be an important alternative food source because of 

their large size and abundance in the many waterways running through Okarito forest. 
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Chapter 6. The ship rat (Rattus rattus). 

6.1. Introduction. 

The ship rat (Rattus rattus) is one of four introduced rodents which have colonised New 

Zealand, the others being kiore (Rattus exulans), Norway rat (Rattus Norvegicus) and the 

house mouse (Mus musculus). The ship rat is distributed throughout the world in almost 

every habitat that humans have occupied. Because of its cosmopolitan distribution, 

confusion exists concerning its naming. There are a large variety of synonyms, both 

common and scientific, some of the more common ones are; Mus rattus, Mus alexandinus, 

Mus frugivorous, Mus novazealandiae, roof rat, black rat and European house rat. The 

length of the tail, longer than the head and body combined, allow the ship rat to be readily 

distinguished from the other common rat on mainland New Zealand, the Norway rat. Ship 

rats are also extremely adept climbers, spending a good proportion of their time up trees. 

They rarely dig burrows and are reluctant swimmers unlike the Norway rat (Innes 1990). 

The kiore (introduced by early Polynesian settlers) is likely to have been present in New 

Zealand for close to 1000 years before the first European rats (the Norway rat) arrived with 

the early sailing ships, during the late 1700s and early 1800s. At that time the Norway rat 

was the predominant rat through much of Europe, it was therefore by far the most common 

rat aboard ships. During the 1850s the ship rat became more common in Europe (it is also 

suggested that the advent of steam ships provided warmer, more favourable conditions for 

this species). Whatever the reason, the ship rat is thought to have first successfully 

colonised the North Island during the 1 860s and was first identified in the South Island in 

the early 1880s (Atkinson 1973). By this time the Norway rat was widespread and had been 

present for more than 50 years. Soon after the spread of the ship rat the distribution of the 

Norway rat became more restricted. It is uncertain whether this is the result of competition 

with the ship rat or predation by mustelids, which arrived at a similar time to the ship rat 

(Atkinson 1973, Taylor 1978), 



The ship rat (Rattus rattus). 98 

The ship rat is now the most common and widespread rat species on mainland New 

Zealand. The Norway rat is restricted mainly to living commensally with humans in towns 

and cities. Away from human habitation Norway rats live in small populations near rivers 

or streams. Kiore occur only in small isolated populations in Fiordland and Stewart Island. 

The ship rat is found throughout the North Island, South Island and Stewart Island wherever 

suitable habitat occurs, from sea level to the bushline (Innes 1990). In the wild they are 

most abundant in mature, diverse, lowland podocarp-broadleaved forests and are scarce in 

beech forest. 

It is generally accepted that spread of introduced rodents has resulted in the decline and 

extinction of many native species especially the more archaic forms which evolved in a 

land free from mammalian predators. However it is impossible to isolate the effects of the 

ship rat from other factors. The spread of the ship rat was coincidental with introduction 

of mice and mustelids, and considerable habitat degradation by humans (Atkinson 1973, 

Innes 1990). It must also be realised that by the time ship rats colonised, New Zealand was 

far from a rodent free paradise. Kiore and the Norway rat had been present for many years 

and are likely to have had considerable impacts on the New Zealand fauna prior to the 

introduction of the ship rat (Campbell 1978). Nevertheless ship rats are known to be more 

effective predators of roosting tree birds than the other two rat species (Atkinson 1973) and 

the spread of the ship rat was coincidental with the decline of the bellbird, robin, stitchbird, 

saddleback, New Zealand thrush, yellow head, South Island kokako and the red and yellow 

crowned parakeets. 

The effect of the ship rat on the invertebrate fauna of mainland New Zealand is similarly 

unclear. Invertebrates also form a large part of the diet of both kiore and the Norway rat 

which have been present for many years prior to the arrival of the ship rat (Ramsay 1978). 

Although rodents in general can be implicated in many of the extinctions and disjointed 

distributions of predominantly large flightless invertebrates recorded on mainland New 

Zealand, it is difficult to lay the blame on a particular rodent species, especially the ship rat 

which was the last to arrive. The exception to this rule appears to be the giant wetapunga 

(Deinacrida heterocantha). Although kiore are thought to have caused severe reductions 
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in distribution and numbers of the majority of giant weta species on mainland New 

Zealand, the giant wetapunga which is principally a tree dweller is known to have been 

present on mainland New Zealand until the 1860s. It has been proposed that the arrival of 

the ship rat, an agile climber, was the last blow for this species on the mainland (Ramsay 

1978). 

Although the effects of the ship rat on mainland New Zealand are somewhat unclear due 

to complicating factors, Big South Cape Island (near Stewart Island) provides an example 

of the impact ship rats can have when introduced to an environment free of introduced 

species (other than the occasional redpoll) (Bell 1978). 

Prior to 1964 the Big South Cape Islands group were largely unmodified, with a varied and 

abundant bird life which made them a key wildlife conservation area. The ship rat is 

thought to have first colonised the island early in 1963, presumably arriving as a stowaway 

on a boat (the island is a popular mutton birding area). By April 1964, when the 

introduction was first officially reported, rat numbers had reached plague proportions. The 

interior of huts used by mutton birders were a mess, the wallpaper was chewed off the walls 

and mattresses had been turned into rats nests. However, the real damage was occurring in 

the forest. Within a few months the robin, fembird, South Island saddleback and short tailed 

bat were all extinct on the island. Effects were not limited to vertebrates, prior to the 

invasion by rats the islands had been described as being "alive with insects" (Bell 1978). 

Weta, the stag beetle (Dorcus helms;) and a large weevil (Hadramphus stilbocarpae) were 

all abundant (Ramsay 1978). However when the island was revisited by entomologists in 

1968 the populations of large ground dwelling invertebrates were dramatically reduced; 

Dorcus helms; was rare and Hadramphus stilbocarpa extinct (Ramsay 1978). Plants were 

also heavily browsed; Stilbocarpa [yami, the host plant of Hadramphus stilbocarpae, was 

browsed to ground level and many Psuedopanax sp. trees were stripped of bark and had 

died (Bell 1978). 

Since the initial irruption of 1964, rats have reached a more stable level and do not appear 

to be having major additional effects. Some of the less heavily predated species have 
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recovered and the island now largely resembles mainland New Zealand. However it is no 

longer teeming with insect and bird life, and the more specialised archaic bird and insect 

species which made the island unique are now extinct. 

The two factors which have lead to the flexibility and success of the ship rat as a species 

are its diet and breeding. These factors will now be discussed. 

Diet. 

The ship rat is an omnivorous generalist (Innes 1990). It is able to make use of a vast range 

of food types. Worldwide, vegetation is the most important food item. Seeds, fruit, green 

vegetation, bark and fungi are all consumed, usually constituting in excess of 80% of 

stomach contents (Norman 1970, Fall et al. 1971, Watts & Braithwaite 1978, Copson 

1986). The remaining portion is generally made up of animal material, most often 

invertebrates. 

In New Zealand the ship rat has adapted its diet to take advantage of the many large 

invertebrate species present. The overall diet generally consists of approximately equal 

amounts of vegetation and invertebrate material (Best 1969, Daniel 1973, Innes 1979, Gales 

1982). There is a strong seasonal pattern, invertebrates predominate during the spring and 

summer months, and vegetation during autumn and winter (Best 1969, Daniel 1973, Innes 

1979). This is thought to reflect the availability of these food types rather than any selection 

mechanism of the rat (Daniel 1973). Invertebrates are more abundant and active during the 

warmer months of spring and summer. The most commonly consumed invertebrate groups 

are wetas (in particular Hemideina sp., the tree weta), beetles, spiders, moths, stick-insects 

and cicadas (Best 1969, Daniel 1973, Innes 1979, Gales 1982). During autumn and winter, 

seeds and fruit become more available, leaves are almost never consumed. Daniel (1973) 

found that each seed source was found in the diet only during the time that it was abundant. 

Important fruits include rimu, miro, matai, hinau, pigeonwood, Coprosma sp., supplejack 

and kiekie. Feeding trials have established that the order of preference of common podocarp 

species is rimu, matai, miro and kahikitea (Beveridge 1964). 
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Although ship rats are known predators of bird eggs and young (Moors 1983), these do not 

make up a significant part of the diet, except possibly in a population irruption such as that 

recorded on Big South Cape Island during .1964. The diet and ecological impacts of a ship 

rat population during an irruption are quite different to that of established populations on 

the mainland. 

There is some evidence of dietary differences with respect to sex and age. Gales (1982) 

suggested that females and juveniles consume more invertebrates than adult males, possibly 

due to increased protein demands. 

BreedinliJ and population dynamics. 

The flexibility of the ship rat breeding cycle is one of the factors which has allowed it to 

colonise such a wide range of habitats. In more tropical areas breeding occurs all year 

round (Best 1973). However, New Zealand has a much more seasonal climate and breeding 

is confined to the warmer months, typically September to April (Daniel 1972, 1978, Best 

1973, Innes 1979). However, it has been proposed that high productivity (in particular a 

large number oflitters) during the six month breeding season leads to an equivalent annual 

productivity as in tropical regions (Best 1973). 

The rat breeding cycle allows very rapid increases in numbers, as illustrated by the Big 

South Cape Island example. This is due to a short gestation period, early maturation and 

large litters (Daniel 1978). Young rats typically reach sexual maturity at 3-4 months of age 

(Innes 1990). The oestrus cycle is approximately 4-6 days long and gestation 20-22 days 

(Daniel 1978, Innes 1990). Litters may be produced approximately every 32 days (Innes 

1990). Studies of New Zealand rats have indicated that a female rat will produce on average 

approximately 4-5 litters per breeding season. There is typically 3-10 pups per litter (Innes 

1990), with averages of 5.0 (Innes 1979), 5.9 (Best 1973) and 6.1 (Daniel 1972) being 

recorded in New Zealand. Theoretical estimates of productivity have estimated that a 

female in New Zealand surviving through one breeding season could produce between 20.1 

and 29.3 young per year (Daniel 1972, Best 1973, Innes 1979). Best (1973) found that the 

breeding system was bimodal with a peak in production early in the season and again later, 
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with little production during December. It was also suggested that breeding in a West Coast 

population (Waimangaroa) was approximately one month earlier than a Banks Peninsula 

population (Best 1973). As males are thought to be fertile all year round, the breeding 

season is controlled by the fertility and receptivity of the females (Daniel 1972, Best 1973, 

Innes 1990). 

Mortality is very high, with an annual mortality rate in excess of 90% (Daniel 1972, Best 

1973). The average life expectancy for ship rats in Orongorongo Forest (near Wellington) 

has been calculated as 4.5 months for females and 2.3 months for males (Daniel 1978). 

Therefore potential annual productivity is rarely achieved as few rats survive through an 

entire breeding season. The most common causes of death are starvation and predation by 

stoats and cats (Daniel 1972, Best 1973). It is thought that continual predation of ship rats 

can significantly dampen population dynamics (Daniel 1978). In the majority of years only 

very low numbers of juveniles are trapped, probably because of the very high juvenile 

mortality rate (Daniel 1978). 

The combination of high levels of mortality and the seasonal production of large numbers 

of young lead to seasonally variable rat abundance. Density is usually highest in autumn, 

immediately after breeding ceases, decreasing to a low in spring and early summer (Daniel 

1972, Best 1973). 

As well as seasonal variations in abundance there is also significant variation between 

years. It has been found that this is largely a result of winter food availability (Beveridge 

1964, Daniel 1972, 1978). The ship rat feeds predominantly on seeds and fruits during the 

autumn and winter months (Best 1969, Daniel 1973). A great number of New Zealand plant 

species have highly variable seed crops (Beveridge 1964, Norton & Kelly 1988), with 

seedfall typically occuring during autumn. Daniel (1978) has found that the length of the 

breeding season and the over winter survival of rats is directly controlled by the size of the 

autumn seed and fruit crops. In years of good seed production rats may continue to breed 

through to mid winter (Daniel 1972, 1978, Best 1973, Innes 1979). Thus a year of good 

seed production can result in dramatic increases in rat abundances. 
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A study of ship rats in the Orongorongo Forest (Daniel 1978) found that the autumn of 

1971 was an unusually good season for the production ofhinau and pigeonwood fruit. This 

was reflected in rat abundance which increased from a baseline level of approximately three 

rats per hectare to a peak of nine per hectare by June 1971. Rats were found to be actively 

breeding throughout most of the winter and (unlike other years) in 1971172 a high 

proportion of captures were juvenile rats. By October 1972 rat abundance had declined 

again to approximately three per hectare. A similar phenomenon has been observed in 

podocarp forest. Beveridge (1964) trapped an exceptionally high 22 rats/l00TN in May 

1962, following an unusually heavy rimu seedfall in autumn 1962 (Beveridge 1973). Daniel 

(1978) concludes that "large numbers of ship rats starve to death in winters following light 

forest fruit and seed crops. An event which is likely to occur in three out of every four 

years". 

Population regulation due to the availability of winter food is not unique to the ship rat. A 

similar but more spectacular variation has been described for the house mouse in New 

Zealand's beech forests (King 1983). Winter food supply has also been shown to be an 

important factor regulating winter breeding and survival in European rodents (Hansson 

1971, Flowerdew 1973). 

The objectives ofthis chapter are: 

1 ) To describe the diet of rats within a lowland podocarp ecosystem with emphasis on 

the invertebrate portion of the diet. 

2) To advance knowledge ofthe ecology of rats in a lowland podocarp ecosystem. 
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6.2. Methods. 

6.2.1. Trapping. 

Rats were collected from all five of the study areas described in chapter two. The trapping 

system described in chapter 5.2.1. for stoats also simultaneously collected rats. Most studies 

of rats use standard breakback traps, however it has been found that fenn traps in tunnels 

baited with cat food are equally as efficient as standard break-back snap traps baited with 

peanut butter and rolled oats (King et al. in prepA). As rats commonly predate clutches of 

eggs (Moors 1983), it was felt that the egg baits used for stoat trapping were appropriate. 

6.2.2. Necropsy. 

All rats brought out of the forest were frozen and later subjected to necropsy. Total length, 

head body length, weight and sex were recorded. Age was estimated on the basis of tooth 

wear, using the method of Kamoukhova (1971) adapted for New Zealand material (Innes 

1990). Male rats were considered to be fecund if macroscopic tubules were visible in the 

cauda epididymis (Jameson 1950). Females were classed as mature if the vagina was 

perforate or the animal was pregnant or lactating. The stomach and intestine were removed 

and stored separately in 70% alcohol for later analysis. 

6.2.3. Stomach analysis. 

Initially it was intended to analyse both the stomachs and the intestines for food items. 

However analysis of stomachs resulted in sufficient results and the exploratory analysis of 

several intestines added little to the results of stomach analysis. Stomach contents were 

washed through a 180um sieve and analysis was carried out as described in section 5.2.3. 

However, no entire weta legs were collected, and all invertebrate material was treated as 

a single category for estimation of volume due to difficulties in dividing any further. 
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Results are presented as frequency of occurrence and estimated percentage volume. 

The total head and body length of one specimen belonging to each species of beetle 

collected during pitfall trapping (chapter three) was measured using vernier callipers. A 

representative beetle belonging to each species found in a rat stomach was also measured 

(an entire specimen from the reference collection (see chapter 3) or the University of 

Canterbury reference collection). The size of beetles consumed by rats was then compared 

to the size of beetles obtained by pitfall trapping by graphing the results of these 

measurements, thus highlighting any mammalian preference for beetles of a certain size. 

It was decided to use beetles as a group for comparison of size because of the relatively 

uniform shape of most species within this order. 

6.3. Results. 

6.3.1. Trapping. 

Traps were active for a period of 256 days between 1/6/94 and 1312/95 giving a total of 

105656.5 trap nights (corrected for sprung traps using the method of Nelson and Clarke 

1973). A total of 57 rats were caught, giving an overall capture rate of 0.054 captures per 

one hundred trap nights (C/100TN). 

The results of trapping are presented in Table 6.1. Because of the low number of trap nights 

carried out in June (120) this month has been omitted from further analysis. The catch rate 

per month is graphed (Fig 6.1). Catch rate is low in July, but increases to a peak of 0.3 30 

C/100TN in August. After August there is a continual decline in the number of rats caught 

to very low numbers late in the trapping period (November to February, 0.031 C/100TN 

or less). 
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Table 6.1. Monthly capture rate of ship rats during the 1994/95 trapping season. 

Month- 1994/95 No. rats caught Trap nights R/100TN 
June 0 120.0 0.000 
July 2 3,952.0 0.051 
August 18 5,449.5 0.330 
September 17 12,843.0 0.132 
October 10 19,222.5 0.052 
November 6 19,384.0 0.031 
December 1 20,076.5 0.005 
January 3 19,117.0 0.016 
February 0 5,492.0 0.000 
Total 57 105,656.5 0.054 

Figure 6.1. Monthly rat capture rate during the 1994/95 season (ell OOTN). 
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6.3.2. Necropsy. 

Unfortunately not all rats captured were collected for autopsy; 29 of the 57 rats captured 

were discarded by D.o.C. field staff as they were thought to be to decomposed to be of any 

use. The remaining 28 rats were subjected to necropsy and the results are presented in 

appendix three. Fifty seven percent of rats (16) were male and 43% female (12). 

All but two of the rats were sexually mature and therefore classed as adults. Rats 18 and 20 

were juvenile, both were caught in October 1994 (13th and 27th respectively). Tooth wear 

analysis determined that rat 18 was in class 2 (1-4 months) and rat 20 in class 3 (3-7 

months), indicating that both are likely to have been born during the winter of 1994. The 

vast majority of other rats appear to have been born during the summer of 1993/94. Rats 

caught early in the trapping period have less worn teeth (often class three) than those caught 

later (class four or five). Two rats (11 and 13) were assigned tooth wear class six, indicating 

that they were possibly two years or more old at the time of capture. None of the 12 female 

rats captured showed any sign of pregnancy or lactation. 

6.3.3. Stomach analysis. 

The stomachs of all 28 rats collected were analysed for food items. No stomachs were 

empty. Food items identified are tabulated in Table 6.2. Numbers represent minimum 

counts using body parts and in many cases this is likely to be an underestimate. It is also 

likely that not all species in every gut were recognised. This is because food items in rat 

stomachs are very finely masticated, making recognition and identification very difficult 

(much more so than for either stoats or possums). 

Invertebrates were an important part of the diet, occurring in all guts. An average of 4.64 

individuals were found in each stomach representing an average 3.71 species per stomach. 

A comparison of the size of beetles consumed with those identified from pitfall sampling 

(Fig 6.2) indicates that rats are only consuming large beetles. No beetle with a length ofless 
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Figure 6.2. Comparison of beetle size between pitfall traps and rat stomachs. 
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than 8mm was found. 

Vegetation was a common food item, but for the purposes of this study vegetation was 

treated as a single food category. The vast majority of vegetative material appeared to be 

seed endosperm or fruit of unidentified species, with bark also found occasionally. All 

stomachs containing green plant material also contained the weta Hemidiena crassidens. 

The green plant material was very finely masticated indicating that it was likely to originate 

from the crop of the weta (Daniel 1973). 

Vertebrate material was found in only two stomachs. Rat 6 was caught in a tunnel along 

with a partially consumed stoat. Stomach analysis indicated that the rat had consumed a 

large amount of stoat flesh and hair before being caught in the remaining unsprung trap. A 

single feather belonging to a passerine bird was found in the stomach of rat 22, but analysis 

of intestine contents produced no further bird remains. It is uncertain whether this single 

feather is the result of a predation event or accidental ingestion. 

The results of estimated percentage volume are presented in Table 6.3. Invertebrate material 

made up an estimated 38.7~ of gut contents. Vegetation made up 16.2% by volume and 

indeterminate material 26.9%. Other lesser categories were nematode (a parasite, not a food 

item) 8.4% and stoat 9.9%. 

The results of frequency of occurrence analysis are presented in Table 6.4. Invertebrate 

material occurred in all 28 guts (100%). Vegetation was present in 17 guts (60.7%). Weta 

material was identified in 17 guts (60.7%), four species were positively identified, the most 

common of which were Hemideina crassidens, 21.4% and Hemiandrus sp,. 17.9%. The 

cockroach (Celatoblatta sp.) occurred in over half (53.6%) of guts. Other common 

invertebrate food items were long legged harvestmen (Opiliones), 35.7%; unidentified 

spiders (Araneae), 32.1%; beetle larvae, mainly Aertystoma sp. (P Johns pers. comm.), 

25%; and unidentified beetles and weevils, 25 and 21.4% respectively. A total of six 

individuals of the large beetle Blosyropus spinosus occurred in three guts. 
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Table 6.3. Estimated percentage volume of prey items in 28 ship rat stomachs. 

Total volume (ml) Percentage of total volume 

Indeterminate material 34.3 26.9% 
Invertebrate 49.4 38.7% 
Vegetation 20.7 16.2% 
Passerine 0.0 0.0% 
Mustela erminea 12.6 9.9% 
Nematode 10.7 8.4% 

Total 127.7 100.0% 
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Table 6.4. Frequency of occurrence of prey items in 28 ship rat stomachs. 

No. guts Fr~ ofOcc. 
Invertebrate 28 100.0% 
Total wetas 17 60.7% 
Vegetation 17 60.7% 
Passerine 1 3.6% 
Mustelia ermina 1 3.6% 
Nematode 20 71.4% 
Indeterminate material 21 75.0% 

0.0% 
Invertebrates 0.0% 

ColeoDtera 0.0% 

Carabidae Indet. 1 3.6% 
Cerambycidae Blosyropus spinosus 3 10.7% 

Cerambycidae Eburida like 3 10.7% 

Cerambycidae Prionoplus reticulatus 1 3.6% 

Cerambycidae Somatidia 1 3.6% 

Curculionidae Indet. 7 25.0% 

Elateridae Species 3 5 17.9% 
Lucanidae Dorcus helmsi 1 3.6% 
Scarabaeidae OdontrialSericospilus like 4 14.3% 

Tenebrionidae Indet. 2 7.1% 

Indet Adult Beetle 6 21.4% 

Indet Beetle Larvae 7 25.0% 

Orthoptera 0.0% 

Anostostomatidae Hemiandrus sp. 5 17.9% 

Rhaphidophoridae Pleioplectron sp. 2 7.1% 

Rhaphidophoridae Talitropsis sedilloti 1 3.6% 

Anostostomatidae Hemidiena crassidens 6 21.4% 

indet Indet weta 5 17.9% 
Blattidae Celatoblatta sp 15 53.6% 
Arachnida 0.0% 

Opiliones Indet 10 35.7% 

Araneida Indet 9 32.1% 

Acari Indet 2 7.1% 

Others 0.0% 

Formicidae Prolasius advena 5 17.9% 

Diptera adult Indet adult 1 3.6% 

Diptera I ndet larvae 1 3.6% 

Pill Millipede 2 7.1% 
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6.4. Discussion. 

6.4.1. Population dynamics. 

Results of trapping and autopsy for the 1994/95 trapping season describe a rat population 

in a period of decline (Fig 6.1). While a decline in rat abundance during winter, spring and 

early summer is usual, it would be expected that the catch rate should be increasing by the 

end of trapping (mid February) due to the dispersal of young produced during the breeding 

season (Daniel 1972, 1978). Although very few female rats were collected during the 

breeding season (only five females were caught between September and the middle of 

February), none showed any sign of reproduction during the 1994/95 breeding season 

(pregnancy, lactation or enlarged mammae). Tooth wear analysis of all rats autopsied 

indicated that none were born during the 1994/95 breeding season; the majority of rats were 

likely to have been born during the last breeding season (1993/94). These factors all suggest 

that 1994/95 was a year of poor reproductive success and an overall decline in the rat 

population. 

The Cemetery Creek trap line which has been operated using consistent methodology since 

1991 (Joyce 1994) provides a valuable opportunity to compare the 1994/95 results with the 

results of the three previous trapping seasons. Results from all four trapping seasons are 

summarised in Table 6.5, while the monthly catch rates are compared in Figure 6.3. It 

appears that the catch rate during 1993/94 was higher than the other trapping seasons. This 

was confirmed using a single factor ANDV A (P<O.05). The most distinctive feature of the 

1993/94 trapping season is the dramatic peak in the catch rate occurring during November 

(Fig 6.3). This is likely to be due to the dispersal of young rats from breeding which 

commenced early in September (Daniel 1972, Best 1973), but autopsy results are not 

available to confirm this. Unlike the curve for 1993/94, the results of trapping at Cemetery 

Creek during the 1994/95 season show a continually declining catch rate. 

In summary, the catch rate during 1994/95, a period of decline in the rat population was 

significantly lower than that of 1993/94 which was a year of unusually high rat density in 
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Table 6.5. Summary of four years rat trapping data from Cemetery Creek. 

1991/92 1992193 1993/94 1994/95 
Total captures 1 7 36 24 
Total C/100TN 0.01 0.12 0.4 0.28 
Total corrected TN 1154 5983 8951 8469.5 
August C/100TN 0 0 0.67 1 0.78 
September C/100TN 0 0.4 0.56 0.46 
October C/100TN 0 0 0.25 0.12 
November C/100TN 0 0 0.9 0.13 
December C/100TN 0 0.09 0.19 0 
January C/100TN 0 - 0.19 0 
February C/100TN 0.09 . 0.24 -
March C/100TN 0 - - -

I This is calculated from a total of only 149 trap nights and as such has been omitted from 

any graphs of this data. 

Figure 6.3. Comparison of rat capture rate over a four year period at Cemetery Creek. 
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Okarito Forest. 

Daniel (1972, 1978) has found that the most important factor influencing overall rat 

abundance is winter food availability. Rat diet during the winter months is predominantly 

made up of seeds and fruit (Best 1969, Daniel 1973). Exceptionally heavy seedfall of a 

number oftree species including hinau (Elaeocarpus dentatus), pigeon wood (Hedycarya 

arborea) and rimu (Dacrydium cupressinum) has been found to result in peaks in rat 

abundance (Daniel 1972, 1978, Beveridge 1964, 1973). Therefore the most likely 

explanation for variability in rat abundance between the 1993/94 trapping season and 

1994/95 is variability in the seed available as a winter food source. 

Rimu is likely to be the tree species that most affects rat abundance in Okarito forest. There 

are a number of reasons for this. Firstly, rimu is the dominant canopy tree in the Okarito 

forest (Norton et al. 1994), therefore rimu seed is likely to provide an important winter 

food source for rats. Secondly, studies ofrimu seed production at Wanganui Forest (30km 

to the north-east) have indicated that rimu seed production is highly variable (ranging from 

0-1600 seeds/m2) with a number of years standing out as having a particularly heavy 

seedfall (mast years) (Norton & Kelly 1988). Thirdly, evidence from field observations and 

caged preference experiments have proven that rimu seed is a highly preferred food of ship 

rats (Beveridge 1964). Finally, rat numbers have been found to increase as a result of high 

rimu seedfall in other studies (Beveridge 1964, 1973). 

The majority of rimu seed falls between mid March and mid April (Norton et al. 1988). 

Unfortunately rimu seedfall data has not been collected in South Westland since the late 

1980s (D. Norton pers. comm.). However, observations suggest that the autumn of 1993 

was a period of particularly heavy rimu seed fall (Joyce 1994a), and a student researching 

rimu stand dynamics in Saltwater Forest observed that the rimu seedfall in autumn 1993 

was much heavier than the other two years during which field work was carried out (1992, 

1994) (H. Rodgers pers. comm.). 

It is therefore proposed that the high rat abundance of 1993/94 was due to a large rimu 
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seedfall (a mast year in 1993), which is likely to have prolonged the breeding season and 

resulted in increased survival rates during winter. If this is the case it is likely that rat 

abundance reached a peak in Mayor June 1993 (cf. Daniel 1972, 1978). Although there is 

anecdotal evidence to support this, trapping was not carried out during the winter of 1993 

(or any other winter) so this peak, if it occurred, went undetected. The high catch rate 

observed during the 1993/94 season is likely to be a direct result of the increased food 

resource that the seedfall provided. It is also likely that the initially high capture rate during 

the 1994/95 season is a flow on effect from the high breeding success of 1993/94, Daniel 

(1978) has found the effect of a large seedfall event may be detectable as increased rat 

abundance for up to two years. 

Predation is thought to be an important factor influencing population dynamics of the ship 

rat on mainland New Zealand (Daniel 1972, 1978). Cats and mustelids have been identified 

as important predators in the Orongorongo Valley (Daniel 1972). However, cats are not 

thought to be present in Okarito Forest (J. Reid pers. comm.). It seems likely that stoats 

have an impact on rat abundance in Okarito. For instance, in November 1993 rat abundance 

peaked at 0.9 CIlOOTN, possibly reflecting the dispersal of young rats. Abundance then 

decreases dramatically to 0.19 CIl OOTN in December and January. This sudden decline in 

rat abundance is surprising considering that the breeding season should continue until 

April. However it coincides with increased stoat abundance from December onwards 

(chapter 5). It is possible that the increase in stoat abundance has resulted in increased 

predation on rats, causing the decline in rat abundance. Stoat predation may also be a factor 

holding rat abundance at the very low levels observed in the latter part of the 1994/95 

season. Rats are still an important food item of stoats during this time (see Chapter 5) 

suggesting that even though they are in low abundance, stoats are continuing to prey on 

significant numbers of rats. 

Evidence from other years trapping and observations (J Reid, J. Lyall pers. comm.) suggest 

that rat abundance in Okarito Forest can fall to very low levels. In some years rats are 

almost absent (for example, no rats were caught from 31,551.5 trap nights during the 

1995/96 season). 1991192 was also a year of very low rat abundance; 11,544 trap nights 
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resulted in the capture of only one rat (0.009 CIl OOTN) at Cemetery Creek (Joyce 1994a). 

Overall rat abundance in Okarito appears to be very low when compared to studies in North 

Island podocarp forest (eg King et af. in prepA, 5.89 C/IOOTN, using similar methodology 

in Pureora Forest over a five year period). However it appears that very low rat abundance 

is not unique to Okarito, but occurs throughout large parts of South Westland and parts of 

Fiordland. Innes (1990) stated that extensive trapping between Fox Glacier and the Paringa 

river resulted in the capture of none or very few ship rats, and abundance was also 

extremely low at Jacksons Bay and at a number of sites in Fiordland. It is possible that 

these areas display similar population dynamics to Okarito and sampling has been carried 

out in a year of particularly low rat abundance. However, abundance during apparently 

good rat years in South Westland still appears to be considerably lower than in other parts 

of New Zealand. It is not certain why ship rat abundance is so low in parts of South 

Westland, one can only speculate that the productivity of these forests may be very low, or 

more likely some environmental factor (eg the heavy rainfall) limits numbers in these 

regions or forest types. 

In summary South Okarito Forest experienced a much higher rat abundance than is usual 

during 1993/94. Rat·capture rates are typically very low, suggesting that Okarito Forest 

provides only marginal habitat for the ship rat. Population decline appears to occur often 

and rat abundance may drop to very low levels (possibly due to the effects of winter 

starvation and predation). However, infrequent mast seeding of the dominant canopy tree 

(rimu) results in increased food availability and temporarily provides a more favourable 

habitat for the ship rat, causing a brief popUlation increase. 

6.4.2. Diet. 

The sample of gut contents collected during the course of this study can be regarded as 

representing a sample of ship rat diet in Okarito Forest during spring and summer (other 

than two rats caught in July, all rats were caught between August and January). Studies of 

ship rat diet in New Zealand have generally found a predominance of invertebrates in the 
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diet during spring and summer (Best 1969, Daniel 1973, Gales 1982). This study supports 

these findings. Invertebrate material was found in all 28 guts analysed which appears to be 

slightly higher than other studies (Daniel 1973, spring 67%, summer 79%; Gales 1982, 

94 %), however this may reflect more extensive searching for invertebrate remains in this 

study, rather than an actual difference in diet. Estimated volume of invertebrates is 

comparable with other studies (Gales 1982). 

Ship rats in Okarito Forest appear to be opportunistic generalists with respect to 

invertebrate consumption. The two factors influencing the intensity of rat predation appear 

to be size and availability of prey. There is an obvious selection pressure towards large 

invertebrates, as illustrated with the beetle example (Fig 6.2). This is probably partially 

because large individuals are conspicuous and partly due to the constraints of optimal 

foraging (it may not be energetically viable to consume small invertebrates). Availability 

can best be described as a rat's perspective of abundance. It differs from actual abundance 

due to variation in the distribution and behaviour of invertebrate species. This means 

certain species appear to be more abundant than they actually are, whereas other species 

may appear to be less abundant because they live in habitats which make them more 

difficult to find (eg in rotten wood or leaf litter), or they do not display behaviours which 

are likely to attract the attention of a predator. 

There is a remarkable similarity between the invertebrates present in the stomach contents 

of ship rats (which are largely nocturnal) and the invertebrates observed during surveys 

using torch light at night. Those invertebrates which occur most often in the stomach 

samples such as wetas, cockroaches (Celatoblatta sp.), long legged harvestmen (Opiliones) 

and spiders (Araneae) are all conspicuous components ofthe nocturnal invertebrate fauna 

(pers. obs.). However some species which occur regularly in rat diet are often not found 

either by nocturnal searching or pitfall sampling (eg Blosyropus spinosus, Eburida sp. and 

Somatidia sp.). This is more likely to be due to the differences between sampling 

techniques and rat foraging behaviour, than selective foraging on the rats part. These three 

species are all relatively common and conspicuous in the forest canopy (P. Johns, P. Walsh 

pers. comm.). The ship rat, which is an extremely agile climber, spends a great deal oftime 
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foraging in the forest canopy and it is likely that these species are predated at this time. 

However the canopy is a relatively inaccessible habitat for humans and was not sampled 

during this study. 

The invertebrate species identified as being of importance in ship rat diet tend to vary 

between studies (eg Best (1969) found native slugs were present in approximately 20% of 

ship rat guts, a finding quite unique to that study). This variation is likely to represent 

differing availability of these food items (presumably mainly due to habitat variation), 

rather than variable preferences of the ship rat. 

This study has identified some of the features which predispose an invertebrate species to 

high levels of predation. However, it is beyond the scope of this project to predict the effect 

of this predation. Taking this into account it is still possible to make some more general 

comments. It seems that the majority of extinctions and destruction caused by rats occurs 

in the initial colonisation phase. This has been illustrated by the Big South Cape Island 

example (Bell 1978). Colonisation of Okarito Forest by rats (kiore) is likely to have 

occurred close to 1000 years ago. Ship rats have been established for over 100 years. It is 

therefore likely that· the most dramatic changes to the invertebrate fauna have already 

occurred. Those species remaining seem able to survive in spite of predation. This is not 

to suggest that rats are not still having an effect on the mainland invertebrate fauna. It is 

likely that overall invertebrate abundance and species composition is altered in the presence 

of rats and these effects may be reversed if rats are eradicated. Many studies have indicated 

that predation has lead to alteration of invertebrate behaviour (Notman 1984, Bremner et 

al. 1989, Meads 1990) and it is likely that over time invertebrates exposed to high levels 

of predation will evolve better predator avoidance behaviours. 

The recent advances in rat eradication on New Zealand's offshore islands provide a unique 

opportunity to better understand the effects of rats on the invertebrate fauna of New 

Zealand. Detailed monitoring of invertebrate abundance, species composition and 

behaviour, both prior to and after, rat eradication would provide valuable information 

regarding the effects of rat predation on invertebrates in New Zealand. 
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6.4.3. Summary of findings. 

It is proposed that Okarito Forest is marginal habitat for the ship rat. In the majority of 

years, rat abundance is extremely low. However, mast seeding of the dominant canopy tree, 

rimu, results in a temporary increase in rat abundance. The high catch rate of 1993/94 is 

thought to be due to a good seedfall in March and April of 1993. It is proposed that rat 

numbers reached a peak in May/June 1993 (although this is unrecorded, as trapping was 

not carried out at this time). During the 1994/95 season the catch rate continually declined, 

presumably due to a combination of low food resources and high predation rates. 

The results of the diet analysis confirmed the findings of other studies; invertebrates 

predominated, during spring and summer months. It is proposed that ship rats are not 

foraging in a particularly selective manner. Invertebrates are consumed in relation to size 

and availability. 

It is difficult to establish effects of predation, however it is proposed that the majority of 

extinctions due to rats occur during the initial irruption phase. It is thought likely that the 

ship rat is resulting in altered abundance and species composition of the invertebrate fauna 

in Okarito Forest. It is also likely that invertebrates are developing more appropriate 

predator avoidance behaviour. Advances in rat eradication technology on offshore islands 

offer a unique chance to determine the effect of rats on invertebrates. 
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Chapter 7. The possum (TTichosUTUS vulpecula). 

7.1. Introduction. 

The brushtailed possum (Trichosurus vulpecula) is endemic to the Australian region. It was 

first successfully introduced to New Zealand in 1858 in an attempt to establish a fur 

industry. Unlike other small mammals introduced to New Zealand, the possum spread 

relatively slowly. However additional liberations, both legal and illegal, greatly hastened 

the rate of spread. Despite numerous liberations throughout much of mainland New 

Zealand several areas are still possum free, including parts of South Westland and 

Fiordland and the northern areas of Northland (Cowan 1990). However natural dispersal 

is continuing and the size of these possum free areas is continually declining. 

For many years the possum was considered a beneficial introduction. However by the 

1920s it became obvious that numbers had increased to such a level that damage was 

occurring to native forest. This sparked continuing debate, resulting in the eventual lifting 

of protection and legalisation of poisoning during 1946-47 (Cowan 1990). The possum has 

been regarded as a serious pest of conservation land ever since. 

Possums have had widespread impacts on much of New Zealand's native forests (Cowan 

1990, Nugent 1995). Ranging from widespread catastrophic die back to the inhibition of 

regeneration (Nugent 1995). This has sparked much research on possum diet (for example, 

Fitzgerald 1976, Warburton 1978, Fitzgerald & Wardle 1979, Coleman et al. 1985, Owen 

1993, Owen & Norton 1995) These studies have indicated that the vast majority of possum 

diet is leaves (typically in excess of95%). Although possums are generalists and as such 

are able to consume most species of vegetation, they often browse very selectively. This 

can greatly accentuate damage to preferred species or individual. 

Although leaves constitute the majority of diet, possums are opportunists and will take 
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advantage of almost any available food source, vegetable or animal. Fruit, buds, bark, 

flowers, ferns, bark and fungi are consumed and at times constitute the majority of the diet 

(Cowan 1990). Animal food is also taken to supplement the predominantly vegetarian diet. 

There is increasing evidence that possums prey on native vertebrates. In captivity possums 

will readily accept meat (Cowan 1990), and feeding trials have established that possums 

will consume dead birds, eggs and Powelliphanta snails (Brown et al. 1993, Innes 1994). 

Possums are known to have predated eggs, chicks or adults of at least six native bird 

species including kokako, North Island brown kiwi, harrier hawk, fantail, keruru (native 

pigeon) and North Island saddleback (Innes 1995). They have also been observed to kill 

sparrows, green finches and mice (Cowan 1990, Brown et al. 1993). It is unclear whether 

these are isolated events or whether possums regularly predate birds. However in the case 

of the North Island kokako, at least, possums have been implicated as a factor contributing 

to decline. It is likely that possums caused the failure of 10 out of 33 kokako nests 

monitored in Pureora Forest during a four year study (Innes 1995). 

While vertebrate predation by possums is a relatively recent discovery, possums have been 

known to consume invertebrates for considerably longer (Mason 1958). There are a number 

of observations of possums actively catching moths and other invertebrates (Murray 1977, 

Cowan & Moeed 1987). The majority of dietary studies have considered invertebrates to 

be an insignificant part of the diet or suggested that they are consumed accidentally (for 

example, Fitzgerald 1976, 1979). However, several studies have found invertebrates to be 

a significant component of the diet (Clout 1977, Warburton 1978, Cowan & Moeed 1987, 

Owen & Norton 1995). Cowan and Moeed (1987) investigated the invertebrate portion of 

the diet, and found that invertebrate material was frequently consumed (45.7% of 2596 

pellets), but made up only a small percentage of the total dry weight or volume. Large 

invertebrates occurred in stomachs much more often than would be expected by chance 

indicating that possums were actively selecting large invertebrates. 

Invertebrates can be found in possum diet throughout the year but there are two distinct 

seasonal peaks. The first occurs during summer and autumn. Invertebrates commonly 
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consumed during this period include weta, stick insects, cicadas, huhu beetles and the large 

green cockchafer beetle (Stethaspis sp.) (Warburton 1978, Cowan & Moeed 1987). This 

seasonal peak in consumption is due to a peak in abundance and availability of these 

invertebrates due to emergence and increased activity. 

The second seasonal peak occurs during the winter months due to increased consumption 

of Diptera larvae. It is thought that possums actively seek out these larvae which are known 

to live in dense aggregations in leaf litter (Cowan & Moeed 1987); the time of maximum 

larvae consumption by possums has been found to coincide with maximum larval 

abundance (McColl 1975). A number of studies have found Diptera larvae to be an 

important winter food source (Clout 1977, Warburton 1978, Cowan & Moeed 1987, Owen 

& Norton 1995). Clout (1977) found an average of 336 larvae per stomach in a sample of 

31 stomachs collected from a pine plantation during September, in which larvae made up 

a maximum of 26% of the dry weight of stomach contents. Owen and Norton (1995) 

confirmed this finding in a study of possum diet in South Westland beech forest. Diptera 

larvae made up 28% of the August diet. 

The consumption of invertebrates in the Orongorongo Valley was described as 

opportunistic rather than accidental (Cowan & Moeed 1987). Effects of this predation on 

the overall invertebrate fauna are largely unknown. However, metal bands attached to 

northern ratas to prevent possum damage resulted in a marked increase in stick insect 

abundance (Cowan & Moeed 1987). Cowan and Moeed (1987) conclude that "invertebrates 

most at risk are likely to be small localised populations of large bodied, relatively sluggish, 

nocturnal species with high detectability", for example, giant weta, stag beetles or large 

weevils. 

The main aims of this chapter are: 

1) To describe the invertebrate diet of possums in Okarito Forest. 

2) To identify features that make an invertebrate species vulnerable to possum 

predation. 
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7.2. Methods. 

Trapping and Necropsy. 

Possum trapping was carried out at four of the five study sites (Jenkins, Deep Creek, 

Cockabulla and Totara). At each site between four and seven Timms traps were placed at 

what were considered to be positions of maximum possum activity within 100m of the kiwi 

nesting burrow. Each trap was permanently attached to a tree trunk approximately one 

metre above ground level to reduce captures of non target species, and baited with apple. 

Traps were checked and maintained by D.o.C. field staff during regular kiwi monitoring 

activities. Any captures were recorded and all possums were frozen for later necropsy and 

stomach analysis. 

All possums caught were subjected to necropsy. Sex, weight, head body length and total 

length were recorded. Age was assessed on the basis of tooth wear using the method 

described by Winter (1980). The stomach was removed and frozen for later analysis. 

Stomach analysis. 

Each stomach was sorted individually. Stomach contents were placed in a 180j..tm sieve and 

washed to remove very finely masticated material. Excess moisture was removed by gentle 

shaking and the sieve was left to drain for two minutes. Total volume of stomach contents 

was assessed by placing the gut contents in a one litre measuring cylinder containing 500ml 

of water and measuring the water displacement. The contents of the measuring cylinder 

were placed in a large white sorting tray and the percentage volume occupied by 

invertebrate material visually assessed. 

Entire stomach contents were methodically sorted under a large magnifying lens and all 

invertebrate material was removed. Invertebrate remains were identified by comparison to 

a reference collection of invertebrates. Invertebrates that were not present in this reference 

collection were identified with the assistance ofP. Johns, P. Walsh and J. Hutcheson and 

the reference collections held by the University of Canterbury and the New Zealand Forest 

Research Institute. Remains were identified to species if possible but in some cases Family 
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or even Order was all that could be identified. The species and number of individuals 

present in each stomach were recorded. The number of individuals was recorded as the 

minimum number of identifiable specimens~ It was assumed that only one prey item of each 

recognisable species had been consumed unless there was clear evidence to the contrary. 

It was often possible to count recognisable body part such as mandibles, abdomens, elytra 

or legs. 

The size of beetles consumed by possums was compared with those obtained by pitfall 

trapping as for rats (section 6.2.3). 

7.3. Results. 

Trappin~ and Autopsy 

Traps were active between 1/6/94 and 13/2/95 for a total of 2942 trap nights. eighteen 

possums were caught, an overall catch rate of 0.6 C/I00TN. Autopsy results (Appendix 4) 

indicated that three possums were juvenile. There was no significant difference between 

the capture rate of males and females. 

Stomach contents. 

Invertebrate material made up an estimated 2.4% of the overall volume of stomach contents 

(Table 7.1).The majority of possums had consumed very little invertebrate material, 39% 

(7) of stomachs contained no invertebrates, while only 22% (4) contained more than two 

invertebrates. Invertebrates made up 1 % or less of the stomach contents of 15 possums. 

However, invertebrate material comprised between 10 and 20% of stomach contents ofa 

sample of three possums collected between 16/1/95 and 19/1/95. The invertebrate portion 

of these three stomachs was made up predominantly of the large weevil (Rhyncodes ursus) 

and the huhu beetle (Prionoplus reticulatus), although a few ants (Prolasius advena) were 

also present (Table 7.1). A comparison of the size of beetles found in the environment and 

those found in possum guts (using the methodology described in section 6.2.3.) suggests 

that large beetles are preferentially consumed (Fig 7.1). Most invertebrate species identified 
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Table 7.2. Frequency of occurrence of prey items in 18 possum stomachs. 

No. guts Freq. of Occ. 
Vertebrate 
Passerine 2 11.1% 
Invertebrate 
!:hlmenQPtera 
Formicidae Pro/asius advena 4 22.2% 
CQleptera 
Scarabaeidae Sericospilus advena 2 11.1% 

indet 1 5.6% 
Cerambycidae Prionoplus reticulatus 3 16.7% 

Blosyropus spininosus 1 5.6% 
Curculionidae Rhyncodes ursus 3 16.7% 

Rhytirhininae or phrynixinae 1 5.6% 
Cryptophagidae indet 1 5.6% 
LlilpidQptera 
indet indet larvae 1 5.6% 
Qr::tOQptera 
Anostostomatidae Hemidiena crassidens 1 5.6% 
Aranlilida 
indet indet 1 5.6% 
AQari 
indet indet 1 5.6% 
Djptera 
indet indet larvae 1 5.6% 
Blattidae Ce/atoblatta sp. 1 5.6% 
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Figure 7.1. Comparison of beetle size between pitfall traps and possum stomachs. 
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only occurred in one possum stomach. However the scarab beetle, Sericospilus advena 

occurred in two guts (11.1 %) (Table 7.2) and Rhyncodes ursus and Prionopius reticulatus 

occurred in three stomachs each (16.7%). The ant (Prolasius advena) was the most 

commonly consumed species; it was found in four stomachs (22.2%), a total of 72 

individual ants were identified. Feathers from passerine birds were found in two stomachs, 

in both cases only one or two individual feathers were present. It was unclear whether this 

signified a predation event or whether the feathers were accidentally ingested. 

7.4. Discussion. 

The low catch rate of possums is not particularly surprising as Okarito has always 

supported a relatively low possum abundance (J. Reid pers. comm.). An extensive possum 

control operation carried out between 1993-1995, resulting in the removal of 6073 

possums, also significantly lowered possum abundance (1. Reid pers. comm.). 

Overall, invertebrates form a relatively small part of possum diet. However, a sample of 

three possums collected during January 1995 had consumed much more invertebrate 

material. The bulk of invertebrate material in these stomachs was the large weevil, 

Rhyncodes ursus and the huhu beetle, Prionoplus reticulatus. It is proposed that warm 

weather during this period (NIWA unpublished data) resulted in increased emergence and 

activity of these species. Evidence from stomachs suggests that possums are selectively 

consuming both Prionopius reticulatus (5 individuals in possum 16) and Rhyncodes ursus 

(22 individuals in possum 18). Possums have been demonstrated to switch their diet to 

selectively consume fruit in times of high fruit availability (Warburton 1978, Cowan 1990). 

It is likely that a similar process is occurring with respect to invertebrate consumption, the 

seasonal abundance of a large invertebrate leads to opportunistic selective feeding by 

possums. 

It is unlikely that large invertebrates such as Rhyncodes ursus, Prionoplus reticuialus, 

Blosyropus spinosus, Sericospilus advena, Celatoblatta sp. and Hemidiena crassidens 
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could be ingested accidentally. The frequency at which these species are consumed 

suggests possums are opportunistically feeding on them, rather than ingesting them 

accidentally, confirming the findings of Cowan and Moeed (1987). 

A number of small bodied invertebrates were also found in possum stomachs, these 

included one small spider, one mite, one lepidopteran larvae, two small weevils and 

numerous ants. Cowan and Moeed (1987) suggested that the majority of small invertebrates 

were eaten by chance with vegetation. This would seem to be a logical explanation for the 

presence of the small invertebrates described here, as almost all spend time on or near 

leaves and as a result could easily be consumed by chance. 

It is interesting that ants were consumed in much larger numbers by the three possums 

caught between the 16th and 19th of January, as possums would not be expected to 

selectively feed on ants, due to their small size. It is however possible that the warm 

weather that occurred during this period resulted in increased activity (P. Johns pers. 

comm.) and hence increased the likelihood of accidental ingestion. Although, three of the 

four stomachs containing ants had in excess of ten individuals, it is unlikely that this 

represents selective feeding behaviour by these possums; it is more likely that ants are often 

found in groups, so several individuals could be accidentally ingested in a single bite. 

In summary, possums have been shown to opportunistically consume several invertebrate 

species, especially those of large size. It is proposed that increased abundance or activity 

oflarge invertebrates leads to selective feeding behaviour by possums in order to utilise this 

food source. 
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Chapter 8. General Discussion. 

8.1. The invertebrate portion of small mammal diet. 

This section is not intended to summarize the details of the invertebrate diet or population 

dynamics of the three small mammals studied, as this has been done in earlier chapters (5,6 

& 7). Rather, it is intended to concentrate on some ofthe important, more general themes 

which have arisen during this part of the thesis. 

The word that recurs in discussion of the invertebrate component of each small mammal 

studied and best sums up invertebrate predation by small mammals in South Okarito Forest 

is opportunistic. It is this opportunism and ability to adapt that enables these mammals to 

survive in the New Zealand environment. All three species of small mammal rarely 

consume invertebrates within their natural distribution, yet in New Zealand they have 

adapted their diet to include the abundant invertebrate fauna as an important additional food 

source. 

Although each mammal consumes invertebrates in a largely opportunistic manner, there 

is significant variation between the invertebrate diet of each species. These differences are 

presumably due to ecological and behavioural differences between the mammals. 

Both the ship rat and the possum show predominantly generalist foraging behaviour; a wide 

range of invertebrate species are consumed and appear to occur in the diet in direct relation 

to their availability in the environment. However, while the ship rat seems to regularly prey 

upon spiders, harvestmen and free ranging beetle larvae, the possum only rarely consumes 

these groups. It seems likely that this variation is due to the constraints of optimal foraging. 

Whereas the rat may gain sufficient energy from these medium sized invertebrates, it may 

not be energetically viable for the substantially larger possum to consume them. The 

possum appears to actively select the very largest invertebrate species (eg the large beetles 
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Prionoplus reticulatus and Blosyropus spinosus, and the large weevil Rhyncodes ursus), 

other invertebrates of medium size which are highly available and are consumed by the two 

smaller mammals (eg the smaller weta), were not found in possum diet. In summary, 

although both the ship rat and the possum are largely generalists they must still comply 

with the theory of optimal foraging; for this reason small invertebrates are rarely consumed 

and larger animals (eg the possum) are constrained to larger prey items. 

The stoat shows a more specialised foraging behaviour than either the rat or the possum. 

The invertebrate portion of stoat diet is restricted to two main species: the weta, 

Gymnoplecteron sp. which is thought to be largely hunted by sound; and the freshwater 

crayfish, an aquatic species. Both of these species are relatively inconspicuous components 

of the forest fauna and are rarely consumed by either the ship rat or possum. Within its 

natural distribution (the Northern hemisphere) the stoat has evolved as an advanced and 

specialised predator of small rodents, whereas both the ship rat and the possum are largely 

herbivorous within their natural distributions. It is therefore not surprising that the stoat has 

developed more advanced and selective hunting behaviours. 

All small mammals studied showed distinct preferences for large bodied invertebrates. 

That is not to say that small invertebrates were never consumed; many species of small 

invertebrates were identified from gut contents (eg mites, Diptera, and Lepidoptera larvae, 

adult Diptera and adult and larval Staphylinidae). However, with the exception ofthe ant, 

all species of small invertebrates were found infrequently in small mammal gut contents 

(frequency of occurrence was always below 10%), and in all cases small invertebrates made 

up a insignificant amount oftotal gut contents and were likely to be insignificant in terms 

of total energy intake. 

The ant (Prolasius advena), which is abundant in almost all habitats within the forest, was 

frequently consumed by all three small mammals sampled (frequency of occurrence 17.9-

22.7%). The majority of guts contained only one or two ants but several possum guts 

contained larger numbers (up to 43 individuals). However, it is unlikely that this represents 

active selection of the ant as a food source, as even 43 ants represent a relatively 
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insignificant energy intake for an animal the size of a possum. It is proposed that possums 

may incidentally ingest ants while feeding on leaves. Large numbers of ants were also seen 

on trap bait (either egg or apple) and therefore could have been consumed with the bait. 

Deliberate consumption of ants should not be entirely ruled out as it is possible that ants 

are deliberately consumed if encountered during normal foraging activities. However the 

results of this study suggest that it is unlikely that any of the small mammals studied are 

deliberately searching out and consuming ants. 

Occasionally small invertebrates have been found to make up a large portion of small 

mammal diet. For example, Diptera larvae have been found to be an important part of 

possum diet (Clout 1977, Warburton 1978, Owen & Norton 1995), and Staphylinidae 

larvae less than 4mm long have been found in very large numbers in rat stomachs on 

Breaksea Island (Bremner et al. 1984). However in both cases the invertebrates consumed 

are known to live in dense aggregations (Diptera larvae often occur in dense localised 

populations in leaf litter (McColl 1975) and Staphylinidae larvae are known to occur in 

huge numbers in the supra-littoral zone (P Johns pers. comm.)). Dense aggregations such 

as these reduce the energy expended per item and make feeding on these items more viable. 

In summary, small invertebrates were rarely consumed and made up an insignificant part 

of mammal diet during this study, suggesting that mammal predation has minimal impacts 

on populations of small invertebrates. However small invertebrates which occur in dense 

aggregations have been found to be important in mammal diet in the past and as such may 

be subjected to higher predation pressure than species that do not occur in aggregations. 

A high proportion of large invertebrate species appear to be subjected to very high 

predation pressure by small mammals. While Hemidiena crassidens is the only large 

invertebrate consumed by all three species of small mammal, many others, including 

Prionoplus reticulatus, Blosyropus spinosus, Rhyncodes ursus and Gymnoplectron sp., 

occur frequently and in large numbers in the guts of one or more of the small mammals 

studied. However it appears that predation is not constant for all large invertebrate species, 

some species which would be expected to occur in gut samples were only found rarely or 
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not at all. 

Although carabid beetles are relatively large and abundant in the forest (particularly 

Neoforonia sp. and Mecodema sp.) they rarely occurred in small mammal guts (only one 

individual beetle was found). It is well known that carabid beetles have advanced defence 

mechanisms including distastefulness and a pungent odour which is secreted when harassed 

(Thiele 1977) (both Neoferonia sp. and Mecodema sp. display these characteristics (pers. 

obs.)). Walls (1981) found that carabids are rarely consumed by tuatara on Stephens Island 

despite relatively high abundance and availability, he suggested this was due to such 

defence mechanisms. This would seem to logically explain the lack of Carabid beetles in 

the gut samples collected during this study. However, several other papers have suggested 

that carabids, both in New Zealand and through out the world, are subjected to high 

predation pressure (eg Notman 1984, Parmenter & MacMahon 1988), thus confusing the 

issue. 

Although amphipods are extremely common in the litter layer and reach a large size, no 

amphipods were identified during gut analyses. This may be because the litter layer within 

which they spend much of their time protects them from predation. 

The majority of research regarding the conservation of New Zealand's invertebrates and 

effects of predation has been focused on the prey rather than the predator. There is little 

detailed information regarding the invertebrate portion of small mammal diet, or even 

evidence that those species thought to be affected by predation are preyed upon. This study 

is an attempt to remedy this situation. The invertebrate diet of three introduced small 

mammals within a mainland lowland podocarp ecosystem has been described (chapters 5,6 

& 7). In general the findings support the conclusions that have been reached by studying 

the prey. There is a strong preference for large invertebrates, which occasionally occur in 

small mammal guts in very high numbers and can form a significant part of diet. A number 

of species which display evasive behaviour and are less common, or do not reach maximum 

size on the mainland have been positively identified from mammal guts (eg Dorcus helms;, 

pill millipedes and Hemidiena crassidens), supporting claims that predation may be 
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affecting mainland populations of these species. 

There appears to be minimal overlap between the invertebrates consumed by the three 

small mammals sampled during this study and the Okarito brown kiwi. Although data is 

not available regarding the diet of the Okarito brown kiwi specifically there are a number 

of studies of the diet of both the North Island and Stewart Island brown kiwi and the little 

spotted kiwi (Gurr 1952, Bull 1959, Reid et al. 1982, Colbourne & Powlesland 1988, 

Colbourne et al. 1990) which can be assumed to approximate the diet of the Okarito brown 

kiwi. These suggest that the kiwi feeds mainly by probing the litter and soil layer for 

invertebrates (Colbourne et al. 1990). This environmental niche does not seem to be 

utilized by the small mammals studied (other than the possum, which seasonally feeds on 

diptera larvae in the litter layer), thus minimising overlap in diet. 

The amount of overlap between invertebrates consumed by small mammals and other forest 

birds is not immediately clear. Although a number of studies have investigated the foraging 

techniques and diet of forest birds (eg Moeed & Fitzgerald 1982, O'Donnell & Dilks 

1994), the invertebrate portion of diet is rarely identified further than order, making it 

difficult to assess any overlap. It is likely that many of the large birds which have become 

extinct during the last 1000 years were specifically adapted to feed on the large 

invertebrates preferentially consumed by the small mammals studied (Holdaway 1989). 

However the insectivorous avifauna of Okarito Forest is now dominated by small 

passerines which are unlikely to specialise on large invertebrates (Moeed & Fitzgerald 

1982). 
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8.2. Mammalian predation and invertebrate conservation on mainland 

New Zealand; a personal overview. 

The most obvious question arising from this thesis is "what effect is mammalian predation 

having on mainland invertebrate populations?", and the most simple answer is "it is 

impossible to say". As stated earlier, the effects of predation are impossible to assess 

without detailed information concerning the demography of both the predators and their 

prey. Therefore this study does not supply sufficient information to answer this question 

directly. However the findings of this study combined with information gained from the 

literature allows me to make some general comments. It should be remembered that this 

section is largely speculative; there is little hard evidence to back up many of the opinions 

expressed. However I believe that speculation is an important scientific tool as it provides 

direction for further research. 

While it is tempting to refer to the pre-human invertebrate fauna of New Zealand as 

defenceless and imply that there were few natural predators, this is unlikely to be the case. 

Holdaway (1989) describes a vast pre-human avifauna of which many species are now 

extinct. While there are few extant bird species which prey upon large invertebrates (Moeed 

& Fitzgerald 1982, Odonnell & Dilks 1994), it is likely that a significant portion of the pre

human avifauna was specially adapted to feed on large invertebrates (eg the smaller moa 

species and all moa chicks, Finsch's duck, the adzebill and some of the large snipe and rail 

species) (Holdaway 1989). It is also known that in pre-human times the reptile fauna of 

New Zealand was much more diverse and abundant. Thus New Zealand was far from a 

predator free paradise for invertebrates. However, the invertebrate fauna had co-evolved 

and adapted to th~se predators over millions of years. These forms of predation did little 

to prepare the invertebrates for a terrestrial mammalian predator such as the kiore which 

was introduced by early Polynesian settlers approximately 1000 years ago. Holdaway 

(1989), in reference to the effect of the kiore on the avifauna states, liThe original 

equilibrium between predators and prey would have been upset easily and catastrophically 

by the arrival of a new, nocturnal predator with a high reproductive potential." This quote 

is likely to be equally applicable to the invertebrate fauna. 
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While the New Zealand fauna was in general long lived and slow breeding, the kiore, like 

many small mammals, was adapted to life in the fast lane. Kiore life expectancy is short 

and the reproductive rate is high. Holdaway (1989) suggests "Kiore probably spread rapidly 

from local centres of high populations which developed near the original landfalls, 

penetrating ahead of the human colonists, entering dense forests, and reproducing 

exponentially in the presence of unlimited food. A rat 'blitzkrieg' may have advanced across 

the landscape; a grey tide turning everything edible into protein as it went". A rodent 

irruption of these proportions would have been devastating for an invertebrate fauna 

defensless against an abundant nocturnal predator such as the kiore. The changes on Big 

South Cape Island in the 1960s provide us with an insight into what may have occurred on 

mainland New Zealand with the arrival of the kiore. 

The kiore was the first predatory small mammal introduced to New Zealand and as such 

it is likely to have had the most devastating effect. However the arrival of European settlers 

brought a new suite of mammalian predators and additional effects on the invertebrate 

fauna. The Norway rat replaced the kiore, which is thought to have also experienced a 

dramatic population irruption with associated predation effects. The Norway rat was in turn 

replaced by the ship rat. The house mouse, three species of mustelids and the domestic cat 

were also introduced, each of which is known to consume invertebrates. 

Bearing in mind this tale of destruction, it is little wonder New Zealand's off-shore islands 

which have never been colonised by introduced mammals have such a unique and valuable 

invertebrate fauna (nearly half of the protected invertebrate species in New Zealand (48%) 

are now confined to off-shore islands, Gibbs 1990). There seems to be no doubting the fact 

that the introduction of mammalian predators had a devastating effect on the invertebrate 

fauna of mainland New Zealand. However it is unlikely that we will ever know the true 

extent of these effects. In order to illustrate just how little is known about the pre-human 

fauna of New Zealand, we only need to look at the knowledge regarding the avifauna. 

Despite much research on this unique fauna, there are still many species which became 

extinct within the last 1000 years about which almost nothing is known. Research regarding 

the pre-human invertebrate fauna is not likely to have done much more than scratch the 
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surface, it is likely that numerous species have become extinct before they were ever 

discovered, while we can only guess at the ecology of those species that have been 

identified (Kuschel 1987, Worthy & Holdaway 1994). 

So far it has been established that the mainland invertebrate fauna of New Zealand is only 

a battered relic of what once existed. However the question I set out to answer was not 

"what effect has the introduction of mammalian predators had on the invertebrate fauna?", 

but "what effect is predation having on the invertebrate fauna of mainland New Zealand 

today?" There is no doubting that mammalian predation has had a major effect on the New 

Zealand fauna in the past, but are these effects continuing, and is the invertebrate 

population still in a state of decline as a result of mammalian predation? 

During the last 18 months I have formed a personal opinion regarding this question. This 

opinion was not arrived at hurriedly, but rather has slowly developed throughout my 

research and discussions with various experts. Originally I believed that predators were 

causing a decline in the invertebrate fauna. However, over time I have had to revise this 

opinion, and I have finally come to the conclusion (and it should be remembered that this 

is largely speculative) that the invertebrate fauna of mainland New Zealand and introduced 

predators have largely reached an equilibrium. This is not to say that introduced 

mammalian predators are not having an effect (evidence will be discussed later suggesting 

they are), rather, I believe that this effect is now largely stable. During the following section 

I will briefly outline the evidence upon which this opinion was formed, and explain the 

effects I believe mammalian predation is having on the invertebrate fauna of mainland New 

Zealand. 

Evidence from the Big South Cape Islands (Bell 1978, Ramsay 1978) suggests that impacts 

of predation on invertebrates are not gradual, rather the vast majority of damage occurs 

over a short period during the initial colonization stage. New Zealand was colonised by rats 

approximately 1000 years ago, since then numerous other mammalian predators have been 

introduced. However introductions ceased over one hundred years ago; introduced 

predators have been a part of all mainland forest ecosystems ever since. Because all 
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invertebrates are relatively short lived they are likely to respond to the effects of predation 

faster and reach a stable level (or go extinct) earlier than longer lived organisms (eg kiwis 

or trees). For this reason, I believe that any extinctions due to the effects of predation alone 

are likely to have occurred decades or even centuries ago. 

The invertebrate species present on mainland New Zealand have survived in spite of the 

effects of predators for approximately 1000 years. It is therefore likely that any decline in 

an invertebrate population occurring on mainland New Zealand at present is initiated by 

secondary environmental factors, and not simply predation. Habitat degradation, due to the 

effects of introduced mammals or human management practices, may cause decline (eg 

browsing mammals may alter the invertebrate community (Hutcheson 1991). Predators may 

be involved as secondary agents of decline if habitat alteration results in increased 

susceptibility to predation. For instance (and this is a totally fictitious example), severe 

possum browsing of rata may reduce the amount of foliage on a tree and could expose the 

stick insect population to heavier predation pressure by the ship rat. 

Although extinctions and decline due to the effects of predation alone may have ceased, 

mammals are still likely to be having an effect on the invertebrate fauna. This study has 

provided evidence that numerous invertebrate species, especially large ones, are heavily 

predated by small mammals. It is likely that this predation significantly reduces populations 

of these species, as compared to predator free environments, therefore altering the 

composition of the entire invertebrate fauna. It has also been suggested that invertebrate 

behaviour is significantly different in areas with predators as opposed to predator free 

islands (Notman 1984, Bremner et al. 1989). It is likely that this behavioural adaptation 

will continue due to the severe selection pressure against any non-apt behaviour, and the 

invertebrate fauna is likely to eventually develop behaviour more appropriate to an 

ecosystem containing mammalian predators. 

The large stag beetle, Dorcus helmsi, is an example of an invertebrate species which is 

likely to be heavily predated on mainland New Zealand but is able to survive in spite of this 

predation. Dorcus helmsi is known to be much more abundant on predator-free off-shore 
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islands than on the mainland (Meads 1990, P. 10hns pers. comm.). It is also thought that 

predation has resulted in alteration of the behaviour of Dorcus helmsi. In the presence of 

predators Dorcus helmsi is a relatively secretive species only feeding under the cover of 

darkness and fleeing at relatively slight stimulus (Sherley 1994, pers. obs.). However on 

predator-free islands the species is often seen foraging during daylight hours in misty 

weather (P. 10hns pers. comm.). Dorcus helmsi is just one example of a relatively high 

profile species which survives on mainland New Zealand with a lower abundance and 

modified behaviour, probably a result of mammalian predation. It is likely that many other 

species, including weta, beetles, cockroaches and pill millipedes, are being affected in a 

similar fashion. 

Advances in predator control technology on off-shore islands offer a unique opportunity 

to directly assess the effects of mammalian predators on the invertebrate fauna. Introduced 

mammals are now routinely being eradicated from small off-shore islands, some of which 

have been colonised by kiore for hundreds of years, and have an invertebrate fauna similar 

to mainland New Zealand. A detailed survey of invertebrate abundance, species 

composition and behaviour prior to eradication and continued surveys in the years 

following eradication would document any changes in the invertebrate fauna due to the 

removal of predators. Thus experimentally testing the hypotheses discussed above and 

greatly advancing our understanding of the effects of mammalian predators on the 

invertebrate fauna. 

In summary, I believe that the effects of mammalian predation on the invertebrate fauna of 

mainland New Zealand have reached a stable level. However it is likely that predation 

significantly alters invertebrate behaviour and the abundance of many invertebrate species, 

thereby altering the composition of the entire invertebrate fauna. Advances in predator 

eradication on off-shore islands offer a unique opportunity to test the response of the 

invertebrate fauna to the removal of mammalian predators. 
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Appendix one. Invertebrate RT.U.s identified from pitfall sampling in Okarito Forest. 

ColeoRtera Curculionidae 

(Beetles) (Weevils) 

Anthicidae Anthicus sp1 Iridet Species 1 

Bothrideridae Species 1 Indet Species 2 

Byrrhidae Species 1 Indet Species 3 

Byrrhidae Species 2 Rhytirininae Species 1 

Byrrhidae Species 3 Rhytirininae Rhysthesus sp1 
Carabidae Mecodema sp1 Rhytirininae Rhysthesus sp2 
Carabidae Mecodema sp2 Rhytirininae Gramilus sp 
Carabidae Neoferonia sp Phrynixinae Species 2 

Carabidae Species 1 Phrynixinae Species 1 

Carabidae Species 2 Phrynixinae Species 3 

Carabidae Species 3 Eugnominae Rhopa/omerus sp 
Carabidae Species 4 Cryptorhynchinae Species 1 

Cerambycidae Ptinosoma sp 1 Cryptorhynchinae Species 2 

Cerambycidae Ptinosoma sp2 Cryptorhynchinae Agacalles sp1 
Colydiidae Species 1 Cryptorhynchinae Agacalles sp2 
Elateridae Species 1 Cryptorhynchinae Crooktacalles sp 1 
Elateridae Species 2 Cryptorhynchinae Zeacalles sp 1 
Hydrophilidae Species 1 Cry ptorhynchinae Microcryptorhynchus sp1 
Hydrophylidae Species 2 Haplonychinae Geochus sp1 

Lathridiidae Species 1 

Leiodidae Species 1 

Leiodidae Species 2 

Leiodidae Species 3 

Lucanidae Dorcus helms;; 
Melandryidae Species 1 

Melandryidae Species 2 

Phloestrichidae Species 1 

Scarabaeidae Species 1 

Scarabaeidae Sophobius sp 
Scarabaeidae Odontria sp 1 
Scarabaeidae Sericospilus advena 
Scirtidae Species 1 

Scirtidae Species 2 

Scirtidae Species 3 

Scirtidae Species 4 

Staphlynidae Species 1 

Tenebrionidae Species 1 

Beetle Larvae 
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Appendix One. contd. 

Araneida Ogiliones (Harvestmen) 

(&gide[§) 

Agelenidae Species 1 Phalangiidae Species 1 

Agelenidae Species 2 Harvestman Species1 

Agelenidae Species 3 Harvestman Species 2 

Agelenidae Species 4 Triaenonychidae Nuncia sp1 

Agelenidae Species 5 Triaenonychidae Nuncia sp2 

Agelenidae Species 6 

Agelenidae Juvinile Oahogtira {Wetas} 

Clubionidae Species 1 Rhaphidiophoridae Gymnoplectron sp 

Clubionidae Species 2 Rhaphidiophoridae Hemiandrus maculifrons 

Clubionidae Species 3 Rhaphidiophoridae Hemiandrus sp 1 

Clubionidae Juvinile Rhaphidiophoridae Pleiop/ectron sp 

Cycloptenidae Species 1 

Cycloctenidae Cyclotenus sp1 Others 

Cycloctenidae Toxopsiella sp Amphipoda 

Cycloctenidae/ Adult Diptera 

Toxopidae Adult Tipulid 

Dictynidae Species 1 Huttonina scutellaris 

Dictynidae Species 2 Wingless Diptera 

Dictynidae S~ecies 3 Diptera larvae 

Dictynidae Species 4 Adult Lepidoptera 

Dictynidae Species 5 Lepidoptera larvae 

Dipluridae Hexethe/e sp1 Cryptic Lepidoptera larvae 

Dipluridae Hexethele sp2 Formicidae Proiassius advena 

Gradungulidae Gradungula sorenseni Formicidae Species 1 

Lycosidae Species 1 Wasp 

Lyniphidae Species 1 Hymenoptera Wingless wasp 

Lyniphidae/ Blattidae Celatoblatta sp 

Erigonidae Heteroptera 

Mimetidae Species 1 Homoptera 

Mimetidae Species 2 Plecoptera 

Mimetidae Species 3 freshwater crayfish Paranephrops planifrons 

Oonopidae SpeCies 1 Centipede 

Pisauridae Species 1 Millipede 

Salticidae Species 1 Pill millipede 

Salticidae Species 2 Slater 

Salticidae Species 3 Wingless Cricket 

Salticidae Species 4 Earwig 

Segestriidae Species 1 Pseudoscorpion 

Segestriidae Species 2 Worm 

Segestriidae Species 3 Flatworm 

Segestriidae Species 4 Mollusc 

Theridiidae Species 1 Slug 

Thomisidae Sidymella sp1 

Thomisidae Sidymella sp2 

Thomisidae Sidymella sp3 

Indet spider Immature 



N 
co ..-

<I 

r:Jl ..... -::s en e 
~ 
0.. 
.8 ::s 

CI:l 

1:ij 
0 ..... 

00 

= ! 
~ .. 

"CI 

= ~ 

=-
~ 

Stoat" 

1 

" 3 

4 

5 

0 

6 

li 

1U 

12 

1';> 

,4 
1:> 
11) 

11 

11> 

'" 20 

21 

22 

23 

"'I 

25 

20 

21 

2!:l 

"l:I 

.lU 

31 

~ 

33 
34 

"" 
.l!) 

3f 

3tI 

"" 4U 

41 

42 

43 

44 

.. " 
-46 

41 

""-

uae _x -
141"""'" ama ... aaun 

"''''''''' .... male adun 
4/Uf_ ramale aoun 

"/till,,.. mille aauR 

'lifUffli4 male aaua 
21>f1J'_ male sOUR 

::IlUOl>1'l mare aaun 
5f06fli4 male aaua 

lifUts/lI4 Temale SOUR 

• ""U"'".. mare aaun 

"''''UISI'''' remale adun 

14/ll!:1Jli4 male SOUR 

l::Iluo,n"" ma .. aeu" 

22109fli4 male aault 

22/ll!:IJ>14 lemale SOUR 

LLJU>S/"" emae aeUR 

2210S194 remale aaun 

=U~/':J4 TemalS aaUl! 

LLJU>S/"" emae aaUlt 

221Ulifli4 male aault 

""'W'':J4 malS SOUR 

301091\14 male adun 

~ male adun 

"U/ll!:IJlI4 male aaun 

30109fli4 male adun 
;:!I,1JI>14 male aaun 

""ut"" mae aeun 

1I1U/S4 male aaun 

nUl"" Tem_ SOUlt 

11'1\""" mae aault 

l11100l4 male adUlt 

UI1IJ1>14 malS aaUR 

16110fli4 m_ aoun 

1li11U/S4 male soun 

2::1l100l4 male adUlt 

.<DllU1,... mare aaUR 

2{11OOl4 malS soun 

""I1U1".. rna .. SOUlt 

1111_ male aaun 

4"1fli4 msrte adUlt 

1111"_ ramBle aaun 

'41'""" mBle BOUlt 

10111fli4 male adun ='11_ msrte aaun 

,<)I'""" mae aaun 

f/121li4 male SOUR 

2111:ol:14 male aaun 

2UfUlIl:"+ male aauR 

... ace rap no. MaS$\g, tengm\mm) 'v 

J U(4 1~ "";, 
J 0'/2 320 380 12.1:1 

J 11.1 «0:> .:>4:> 11 

J un ,,~ """I'" , '" 
J 20 200 3t!:> "J 

J UT'" "'''' """ '4.3 

J '13 .. au 12.9 

J 46 34U 4U:> 13.<: 

I.;em "0 "Uts ';>::>0 ".4 

"em 4 4::>:> 350 , 1.9 

J , 1SO 340 ".3 

" :" 3/11 4W ''''.,, 
J " """ 410 '" !.II.; 0 4211 421.1 14.:> 

1.11.; 111 1(0 .;\«U 111.a 

1.1" 13 ",,0 335 11.9 

!.II.; 21 23::' 34U 11.1 

1.1" .;14 ~UO .;IW 11.1 

m; 44 195 = 10.9 

Ut; 'Ill 2W 3,3(:i lJ "." 
" Oltl 'IV::> 41U 1.;1.1) 

I.;em " 335 385 13 

I.;am 1" :52l:1 ;;I>1U 12.'1 

"em 22 ,,= .;If 0 '''.L 

I.;em 24 ,S::' 36::' 13 

J ;;IOU ",,0 '''.,, 
"em 22 "'u """ 12." 

I.; U'/'> 33::. 3l1::. 13.1 

" Uf!) ;au 3411 ". 
Cern 1 333 395 '".''''' 
\.i8m ~ ""0 36'> 12.li 

" " "'0 ""U 1;;1,'" 

"em 1 365 4U<l '''. 
I.; 13 "til) -.J 12.0 

J .;\«U "W '''., 
G 1;;1 275 360 13.4 

I 41 :.!.tU 3tu 13.' 
J "" 41" .,W ''''.1) 
G 4 325 4U<l 1.<." 

I.;em 10 3f::' 4U:> 13.0 

I 3 :.!4U 33:> " 
J " """ 41U l.;1.Oj 

Gem 2 395 420 12.6 

J t:J1 ;j2~ 3li::. 13.1 

L L\:IlI "1:10 13 

r 11 210 .l!) '''.,, 
I 23 330 300 1;;1 

I 14 ,1:1'> 3tIU 12.1 

'U fVll"U """" Lyg<l '''''''' DDneycres I<eproaucuve ccnanlOn M " " 1.1 

"." ...... 1) "4.4 snarp yes u=stnng 3 3 3 3 
,1M 1.2 4S.0 26 RelatiVely st1arp l" ""''''''' '" '" '" '" ,,-' ,.,3 4;:lJ ,:>.3 snarp one DI'OK90 u=stmQ " " .. .. 

lU.1>O l.a 'IQ.4 4t>.'" l'$amV81)' snarp yes =~. 3 3 3 :3 
S.O '.22 46.0 26.6 "esiRveIY snarp yas [=scrotal " 4 " 2 

"." Ll4 'I' u.r worn yes '=SCf!)IaI 3 3 :3 :3 
lU.'" '."" 'II." "".4 realitlVelY snarp yes =scrotal 4 4 4 4 
10 '.32 46.6 30 wom yes " " 4 3 

lU." '.12 43.:> 2:>.2 snarp yes u~stnng 2 2 2 3 

lU." '."'" 4".4 ,,".a snarp yes u= stnng ;;I ;;I ;;I , 
S.3 1.22 44.1 25.4 wom yes U=SlOng " '" " 3 

lU.o 1.U 41Ui 2li.ts wom+cruppeCl yes l=scrOtaI 3 3 :3 :3 
lU.O 

' .'" 4".1 ';>u.4 slIgmlYwom yes 3 3 3 3 

".'1 1.21 49.2 30.0 wom+cllIppeo exageratea =saatlil .;I .;I 3 3 

a."1:1 ,., 43J 24 :illgml)'wom yes u=stnng 3 .. 'I .. 
'.lID 44.4 "0.1:1 yes u=strtng " 3 3 3 

li.::' 1.23 4<l, L:),5 qurteworn , yes u=slfIng " " 4 4 
1:1.1:< un 4<1.1:1 24.1:1 verywam yes u~cora 2 2 2 2 

a." 
""" 

4"'.Oj "'I," wom yes U"Stnng (1 nipple) ~ 2 ;;I 3 
lI.9I:> 1.10 4f.S 2".3 slIgntlyworn yes =scrOta " " 4 .;I , 
10.1) 1.21:1 4l1.4 30." wom yes 3 2 2 2 
10.6 LL" 'If ." Lf verywom yes "scrota OJ 2 OJ 3 ,u., 1.22 4fJ 2f.!j worn yes l=scrOtaI " " " " IU." -"" ::>3.1 "l:IA wom yes I=ScrOlBI 4 4 4 

" I 
11 1.16 "a." LLL signtywom yes =scrota " " .. 2 

" 1.2 4!:l,4 30.;/ worn yes <I 3 3 3 

" ... ." '1L"'" ""." telatlV8l)' snarp yes I "scrotal " 4 " 3 
9J '.35 46.3 29.5 wom yes '" " " ".0 ,.;/" 40.ti a Dltwarn yes U=s1nng <I 3 3 3 

'u." ." 4" • .;1 "".tI warn yes I =ScrOtal 4 " 'I Z 
9.91:1 '.29 4f.o 2!l.1 warn yes "scraIB' " " " " 1UJ ,."" 4f,o 30." very warn yes 2 1 2 1 

'U ."" 'IQ.I) "'''.b verywom yes I "SCf!)Ial " .. 4 2 
11.11 1.20 46.1 26.6 very very wom yes =SCf!)Ia " " 

.., 
" 11.1 un 'IQ.f 3U.3 warn+cmppea yes ;; 3 2 ;; 

11 .a 4Q.<l "'''. sngrmywarn yes I=SCfOtal .. " 2 2 
10J 1.22 'It! 26.6 WOm>f>Qllppea yes L L " 1U.L 1.";; :>!.I.ti 21:1.t! worn yes 3 3 ;; 3 

"." . ." 4"." "'., warn yes I :SCf!)Ia1 3 " ;;I 3 
1UJ 1.27 4".L L"." "'lIml)'wom yes "satllal .., 'I " .;I 

".0 1.10 V, worn IU1CI CIllpped yes pregnarn 10 KRS} 2 "- " L 

lU.L 1."" 30." warn yes 3 3 3 3 

10 '.",a "IV." 30 wom yes I"'SCf!)IaI " .;I " " li.lI '.34 00 29.2 worn+Cll'Ppea yes ., 
" " " 1U.l I ,."" 41:1.1 '" Slrgntly worn yes 2 ;j 3 2 

lV." I .4' 4Q.II :la. , worn yes u U u U 

S.6 I '.:33 41)." .;>U. worn>f>Qllppea yes " " " " 
".S I 1.2/j 4f.3 ;a.s yes 3 3 3 3 
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0.. ..... 
...c:: 
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~ 
f! .c -iI< .-"0 
1:1 
IV c.. 
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Rat No . 
1 
2 

11 
3 

-~ 4 

5 
6 

- 7 

8 
9 
10 
12 
13 

~~~ ~-

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Date 
~-~-~ ~ ~c-:--

7107/94 
7107/94 
5/08/94 
19/08/94 
19/08/94 
19/08/94 
19/08/94 
25/08/94 
25/08/94 
25/08/94 
25/08/94 
2/09/94 

22/09/94 
29/09/94 
6/10194 
7/10/94 
12/10/94 
13/10/94 
27/10/94 
27/10/94 

' 4/11194 
4/11/94 
11/11/94 
11/11/94 
11/11/94 
11/11/94 
8/12194 

20/01/94 

Sex Age Place 
r-

M Adult J 
F Adult J 
F Adult J 
M Adult Cem 
M Adult Cem 
F Adult Cem 
F Adult I Cem 
F Adult Cem 
F Adult Cern 
M Adult Cem i 

I--~~-~~ 

F i Adult Cem 
M Adult Cem I 
F Adult D 
F Adult C 
M Adult C 
M Adult C 
M Adult C 
F Juv T 
M Adult Cem 
M Juv T 
F Adult Cem I 

M Adult Cem 
F Adult T 
M Adult T 
M Adult 

T ~~~~ 

M Adult T 
M Adult Cem 
M Adult D 

TraP!lo: Total length (mm) Body length (mm) weight (g) Tooth wear 
? 400 185 158.4 3 

----

? 345 170 112.3 3 
57 375 185 153.7 6 
8 365 175 134.4 4 
9 365 180 117.9 3 
? 315* 190 144.3 5 
10 370 175 151.8 4 
4 345 160 111.5 3 
9 400 190 139.4 4 

22 345 165 106 4 
24 380 185 130.9 4 

--_ .. -

1 390 210 169 5 
49 370 175 111 6 
? 275* 150 118.6 4 
? 385 185 165.8 4 
? 390 190 160.9 3 
8 370 180 140.3 5 
17 320 145 77.3 2 i 

10 350 185 125.4 5 
50 300 155 106.8 3 
9 370 165 119.6 4 
4 360 180 144.5 4 
3 365 170 161.3 4 

21 390 190 150 5 
44 345 170 118 4 
60 345 170 115 4 
2 380 185 125.4 5 
14 360 170 102 4 



~ ..-

Number Date caught' Sex Age Place Weight (kg) Body length (mm)!Totallength (mm)' Tooth wear 
1 14/09/94 M, A J 3.4 490 845 5 
2 15/09/94 M Juv J 2.15 450 765 2 
3 26/09/94 M A DC 3.05 475 775 3 
4: 13/10/94 M A T 3.55* 515 845 6 u:i 

.:t:: 
5 18/10/94 F A J, 3.75 495 900 6 :l rn 
6 25/10/94 M A J 4.1 535 895 1 6 
7 25/10/94 M A C 3.75 495 900 6 

~ 
» rn 
0.-
.9 8 31/10/94 M A DC 3.45 470 805 5 a 9 15/11/94 F Juv T 2.65 425 735 2 
§ 10 22/11/94 M! A J 3.75 485 825 4 

11 22/11/94 F A J 2.8* 525 865 3 rn rn 

12 28/11/94 M A J 3.6 515 85 5 
0 
~ 

13 30/11/94 F A C 3.05 495 840 5 a.: 
= ~ 14 19/12/95 M A DC 3.2 470 840 4 

15, 15/01/94 M Juv J 2.85 460 790 3 
16 16/01/95 F A DC 3.75 515 860 5 

~ ... 
"0 = 

17 17/01/95 M A J 2.95 480 820 3 
Qj 
Q. 

-<I ~ 18 19/01/95 F A J 3.35 470 820 3 
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