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Executive Summary: Chapter 1: Diet of feral cats Felis catus in 
Otago and Southland: Functional and numerical responses to 
rabbit availability. 

Study venue: Otago and Southland, New Zealand 
Investigator: Kerry M. Borkin 

Objectives: 
1. Determine the diet of feral cats in Otago and Southland prior to the release of 

Rabbit Haemorrhagic Disease (RHD). 

2. Determine if functional responses of feral cats occur. Methods used will 
ascertain the model that best predicts the frequency of occurrence of 
lagomorph in feral cat diet. Variables measured will include feral cats' sex, 
and age, rainfall, altitude, season and lagomorph abundance. 

3. Determine if numerical responses of feral cats occur. Methods used will 
ascertain the model that best predicts feral cat abundance. Variables 
measured will include lagomorph abundance, season, rainfall, and altitude. 

Methods and results: 
Feral cats were collected from Otago and Southland between 1993 and 1997. 
Prey items were identified from 175 cat guts. Of the 158 guts containing prey 
items 61% contained lagomorph prey. Birds were present in 36% of guts, skinks 
in 23%, and weta in 17%. Invertebrates were present in 44% of guts, but 
contributed only 7% by weight. Frogs (Litoria ewingii) were identified in one 
juvenile female's digestive tract. Sex and age had no significant effect on diet 
when prey items were grouped into 'lagomorph', 'large' (hedgehog, rat, bird, 
and sheep), 'medium' (skink, gecko, frog, and mouse), and 'small' prey 
(invertebrates including weta). Data were analysed using hierarchical log-linear 
modelling (in SPSS program). When A. Middlemiss' data were included in the 
analyses sex had a significant effect on feral cat diet. Female cats appeared to eat 
a higher proportion of lagomorphs than males did. However all Middlemiss' 
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(1995) cats were collected during summer at Macraes Flat. Any differences in 
diet from Macraes Flat cats may be seasonal or site-specific. 

Functional response: The behavioural change that induces a change in individual 
predators' diets (specifically the amount of the prey population eaten) is termed 
the functional response. Data on lagomorph abundance were collected at sites 
where 94 cats were trapped (including data collected by Middlemiss 1995). The 
data were examined using 1010 logistic regression models that included two-way 
and some three-way interactions of predictor variables (using the SPSS™ 
program). The proportion of feral cats that ate lagomorphs increased as the 
density of lagomorphs increased. This study also found that the proportion of 
feral cats that ate lagomorphs differed between seasons. In Spring (September, 
October, November) when the peak of the rabbit breeding season occurs in 
Central Otago (Fraser 1988) the proportion of feral cats which ate rabbits was 
highest. This suggests that both general and seasonal functional responses of 
feral cats are occurring in response to changes in lagomorph abundance. 

Numerical response: The change m size of the feral cat population with changing 
prey density is termed the numerical response (Mills 1994). Data on cat 
abundance (as measured by cats caught per trapnight) were collected at 18 sites 
during Ragg, Moller, and Waldrup's (1995) study. General linear modelling 
(SPSS™ program) was used to analyse relationships between lagomorph density, 
altitude, rainfall, and season. None of these variables had any significant effect 
on cat abundance, and therefore numerical responses of feral cats to changes in 
lagomorph abundance are not expected to occur. 

Conclusions: While lagomorphs often make a large contribution to feral cat diet, 
feral cats can survive at low lagomorph densities, and where lagomorphs are not 
present, as is shown by their consumption of alternative prey in this and other 
studies. Functional responses of feral cats to changes in lagomorph abundance, 
but not numerical responses, were suggested by this study's results. If the feral 
cat population does not decrease in response to a reduction in rabbit numbers 
then it inevitable that direct predation pressure on native species will increase 
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after rabbit control. Management agencies are therefore recommended to 

continue widespread predator trapping to mitigate these effects. 

Executive Summary: Chapter 2: Diet of feral cats (Felis catus) in 
and near shingle riverbeds of Mackenzie Basin, New Zealand. 

Study venue: Tekapo and Ahuriri River Catchments, Mackenzie Basin, 
Canterbury, New Zealand. 
Investigators: A. Pascoe, H. Moller, R. Maloney, K. Borkin, and R. Pierce. 

Objectives: 
1. Describe feral cat diet from in and near shingle riverbeds of Mackenzie Basin, 

New Zealand. 

2. Compare differences in diet of cats of different ages and sexes. 

3. Investigate differences in cat diet between habitat types (riverbed, and 

farmland). 

Methods and results: 
53 cats were trapped for diet analyses in Mackenzie Basin between November 
1992 and May 1993. Of these 45 (22 male and 23 female) digestive tracts 

contained identifiable remains. 56 seats were also examined.Lagomorphs were 
the most abundant prey item in digestive tracts and seats; occurring in 61% (% 

frequency of occurrence) of guts and 77% of seats. Lagomorphs contributed 78% 

to total diet by weight in guts and 83% by weight in seats. Birds, mice, skinks, 
weta or other invertebrates were each present in at least 13% of guts. 

Lagomorph remains in guts and seats combined were 18% nestlings, 51% young, 

and 31% adults. Lagomorph remains were categorized into weight classes using 
the weight to claw length relationship presented by Pierce (1987), and relevant 

weight classes classified as 'nestling' ( < 100g), 'young' (100-500g), and 'adult'(> 
500g). 
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Male and female cats ate similar prey. Males preyed upon lagomorph, geckos, 
and other invertebrates more than females did, but these differences were not 
significant. Females ate significantly more weta than males. This result was 

greatly influenced, however, by two juvenile females who together ate 24 weta. 

Significantly fewer juvenile cats preyed upon lagomorphs than did adults. More 
juveniles ate birds, skinks, weta, and other invertebrates than adults did, but this 

was only significant for weta and other invertebrates. 

There was no significant difference in the proportion of cats eating lagomorphs, 
large, or small prey items that were trapped on the riverbed compared with 

those trapped on farmland. However the proportion of the total number of prey 
items that were lagomorph was twice as high in cats trapped on riverbed than 

those trapped on farmland. Similarly the proportion of large prey items was 
four times greater in riverbed-trapped cats, and the proportion of small items 

three times greater in farmland-trapped cats. These differences between 
farmland and riverbed cat diet mainly reflect the greater proportion of captures 

of skinks and invertebrates caught on farmland compared to on riverbeds. 

Conclusions: Feral cats living on or near braided shingle riverbeds of the 

Mackenzie Basin ate mainly rabbit. Diet appears similar between different sexes 

of feral cats. Any apparent differences are weak and may only be detected by 
meta-analysis. Significantly fewer juvenile cats preyed on lagomorphs than did 
adults. There was a general trend for juveniles to eat more alternative prey but 
this was only significant for weta and other invertebrates. Cats trapped on 

farmland ate more skinks and insects than those trapped on nearby riverbeds. 
Most of the rabbits eaten were young (100-SOOg) rather than nestlings or adults. 

If the release of RHD or the removal of willows on shingle riverbeds reduces 
rabbit numbers feral cats could alter their diet to include a larger proportion of 
native species. 
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Chapter 1: Diet of feral cats (Felis catus) in 

Otago and Southland, New Zealand: 

Functional and numerical responses to rabbit availability. 

Introduction: 
Feral house cats (Felis catus, Linnaeus 1758) live independently of humans and 
breed in the wild (Fitzgerald 1990). Cats were probably first introduced to New 
Zealand by early European explorers from 1769 onwards (Fitzgerald 1990). 
They were present in Canterbury in large numbers by 1860 (Butler 1863). When 
rabbits became a problem, farmers fetched cats from the cities to release on 
rabbit-infested farmland (Bull1969). Feral cats are now found in most 
terrestrial habitats in New Zealand from sea level to 1500m, including sand 
dunes, pasture, tussocklands, scrub, pine plantations, and native forest (Daniel 
and Baker 1986). 

Feral cats consume small mammals, particularly lagomorphs (rabbits, 
Oryctolagus cuniculus, and hares, Lepus europaeus) as a large portion of their diet 
(Alterio and Moller 1997; King et al. 1997; Gibb, Ward, and Ward 1969). Cats 
supplement their diet with alternative prey (prey other than lagomorphs), and 
this may have a severe impact on native species. In New Zealand feral cats 
have been identified as a major threat to the survival and distribution of native 
animals (Cowan 1993). Cats led to extinction of the Stephens Island wren 
(Xenicus lyalli; Fitzgerald and Karl1979). Six species of landbirds (yellow
crowned parakeet Cyanoramphus auriceps, fernbird Bowdleria punctata, robin 
Petroica australis, brown creeper Mohoua novaeseelandiae, banded rail Rallus 
philippensis, and snipe Coenocorpha aucklandica) were exterminated by cats on 
Herekopare Island (Fitzgerald and Veitch 1985). Kakapo (Strigops habroptilus), 
an endangered ground-parrot, were in rapid decline on Stewart Island due to 
predation by feral cats. The remaining 61 kakapo were eventually transferred 
to cat-free islands (Heather and Robertson 1996). 
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In the South Island cats are thought to have been one factor in the decline of 

hoiho (yellow-eyed penguin, Megadyptes antipodes; Ratz 1997). Hoiho numbers 

are probably declining on Stewart Island where feral cats are the only 
mammalian predators present (Moller, Ratz, and Alterio 1995). Cats have been 

observed preying on long-tailed and short-tailed bats (Chalinolobus tuberculatus 
and Mystacina t. tuberculata; Daniel and Williams 1984), giant skinks (Oligostoma 
grande; Middlemiss 1995; Baker 1989), banded dotterel (Charadrius bicintus; 
Sanders 1997), and royal albatross (Diomedea epomophora; Ratz 1997), but the 

quantitative importance of this predation for prey population biology has not 

been determined. 

Feral cats may help protect New Zealand's biodiversity indirectly by 

suppressing the numbers of other more damaging introduced mammals. Cats 

suppress rat numbers (Elton 1953). The latter are thought to have serious 

impacts on forest birds (Fitzgerald, Karl, and Veitch 1991), weta, moths, beetles, 

lizards, and vegetation (Campbell1978, Ramsay 1978, Whitaker 1978). Cats are 
also thought to compete with and exclude stoats (Mustela erminea; Pierce 1987; 

Gibb, Ward, and Ward 1978) which are known as predators of many New 
Zealand bird species (King 1990). The regulation of rabbit abundance by feral 

cats, as seen at Kourarau (Gibb, Ward, and Ward 1978), may protect ecosystem 

health and prevent rabbit browsing of threatened plants. 

Feral cats are a potential threat to agricultural production values in New 

Zealand (Williams 1993). Bovine tuberculosis (Mycobacterium bovis) can be 
considered one of New Zealand's most important animal health diseases (Ragg, 

Moller, and Waldrup 1995a). Control of this disease is necessary to protect 
New Zealand's access to overseas beef, dairy and deer markets (Animal Health 

Board 1995). It is understood in New Zealand that the major problem with 
bovine tuberculosis control is reinfection of domestic stock by tuberculous feral 

animals (O'Neil and Pharo 1995). While the percentage of tuberculous feral cats 
in Otago and Southland is low (0.9%; Ragg, Moller, and Waldrup 1995a) this 
does not exclude the possibility that feral cats are a wild vector of bovine 
tuberculosis in New Zealand, or that feral cats do not indirectly affect bovine 

tuberculosis transmission rates by their interactions with ferrets and their prey. 
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Effects of Rabbit Haemorrhagic Disease release 

Rabbit haemorrhagic disease (RHD, also known as rabbit calicivirus disease) 

was released illegally in August 1997 in the Mackenzie Basin (Brown and 

Keedwell1998)1• A long-term reduction in rabbit numbers was expected with 

the action of RHD (RCD Applicant Group 1996). However in the first year 

since the introduction of RHD, rabbit numbers have changed by varying 

amounts (Brown and Keedwell1998). Nightcounts performed by the 

Canterbury Regional Council have shown declines of up to 94% (B. Glentworth, 

pers. comm., cited in Brown and Keedwell1998), however in other areas the 

reduction has not been so extreme. In some areas of North Canterbury rabbit 

abundance has increased by 7% (G. Norbury, pers. comm.). In the long-term a 

new equilibrium level of rabbit abundance is likely to be reached (Pech and 

Hood submit.). If this new long-term equilibrium level of rabbit abundance is 

reduced compared to initial levels, this could possibly produce functional and 

numerical responses in the feral cat population. The behavioural shift that 

induces a change in individual predators' diets (specifically the amount of the 

prey population eaten) is the functional response (Mills 1994; Rolling 1959). 

Functional responses could include feral cats changing their diet to eat more 

alternative prey in response to reduced rabbit availability. The change in size of 

the feral cat population with changing prey density is termed the numerical 

response (Mills 1994; Rolling 1959). If numerical responses do not counteract 

functional responses then as rabbit numbers decrease the predation pressure on 

native species may increase. 

Objectives of this study 

An understanding of functional and numerical responses of feral cats to 

changing prey densities is critical in assessment of the indirect impact of RHD 

on feral cats and their prey (Norbury and Murphy 1996). 

This study, therefore, aimed to: 

l.Determine the diet of feral cats in Canterbury, Otago, and Southland prior to 

the release of RHD. 
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2.Determine if functional responses of feral cats occur. Methods used will 
ascertain the model that best predicts the frequency of occurrence of lagorn.orph 
in feral cat diet. Variables measured will include feral cats' sex, and age, 
rainfall, season, and altitude. 

3.Determine if numerical responses of feral cats occur. Methods used will 

ascertain the model that best predicts feral cat abundance. Variables measured 
will include lagomorph abundance, season, rainfall, and altitude. 

Methods: 
From 1993 to 1997 feral house cats were trapped or collected in Otago and 

Southland. The majority of these cats were trapped as part of a wider 

investigation (Ragg, Moller, and Waldrup 1995a) into the prevalence of bovine 

tuberculosis and mammalian predator ecology in the region (and included feral 
house cats, ferrets Mustela Jura, and stoats; Smith 1994). Trapping methods and 

study sites are further described by Ragg, Moller, and Waldrup (1995a). 

Study sites 

Properties where trapping occurred were all grazed by cattle, and ranged from 

scrubby farmland to developed tussock grasslands that were dominated by 

introduced grass species (Smith, Ragg, and Moller 1995). Sites ranged from 

Twizel in the north, to Waikaia (Southland) in the south, and from the Otago 

Coast in the east, to Wakatipu (near the West Coast) in the west (Ragg, Moller 

and Waldrup 1995a). Trapping sessions continued for ten consecutive nights 

between January 1993 and February 1994 (Ragg, Moller and Waldrup 1995a). 

The remainder of the feral cats used in this study were shot, trapped, or found 

as roadkills on private properties or crownland in Otago and Southland from 

1993 to 1997. The digestive tract of each cat was removed, individually bagged, 
labelled, and frozen for later investigation. Cats were considered adult if they 
weighed greater than 2000 g (as in Middlemiss 1995, and Pascoe 1995). 

1The first confirmed outbreak of RHD in the Mackenzie Basin was 26 August 1997 (B. 
Glentworth, CRC, pers. cornrn., cited in Brown and Keedwell1998). 
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Gut analysis 

Guts were examined in two sections (stomach and intestine; and rectum) for 

identifiable prey. Each section was opened and washed into a 500 micron sieve 

to help in identification of prey items. Prey were identified using the body 

parts outlined in Table 1. 

Table 1. Body parts used in identification of prey species. 

Prey Type 

Lagomorph 

Rodents 

Birds 

Lizards 

Insects 

Hedgehogs 

Data analysis 

Used for identification 

claws, teeth, hair 

teeth, hair, claws, entire animals 

feathers, beaks, feet 

entire animals, feet, skin 

head capsules, wings, legs, mandibles, chiton 

quills 

The minimum estimate of the number of separate mammal prey items present 

in each gut was determined by counting the most commonly occurring body 

part. 

Results are presented as: 

(a) frequency of prey item occurrence in total number of cat digestive tracts, 

irrespective of the number of items present in each cat. Frequency of 

occurrence does not take into account differences in prey species' sizes, and 
underestimates the importance of large prey while overestimating the 

importance of smaller prey (Fitzgerald 1988). Different sizes reflect different 

contributions to the predator's daily food intake (Fitzgerald and Karl1979). 

Frequency of occurrence is included, however, as it is the most common 
method of analysis used in cat diet studies (Fitzgerald 1988). This allowed 

comparison of my results with other studies. 
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(b) food items were expressed as percentage of total diet by weight. This was 
calculated from (total number of particular prey item X it's relative estimated· 

meal weight of species) divided by (total number of all prey items X their 
relative estimated weights). 

Relative estimated meal weights of prey assigned to the diet of cats were 

derived from Fitzgerald and Karl (1979; and used by Alterio and Moller 1997; 

Appendix 2) and from P. Bishop (pers. comm.). 

Statistical analysis for general diet study 

Prey items were grouped into lagomorph, 'large prey' (hedgehog, rat, bird, and 

sheep), 'medium prey' (skink, gecko, frog, and mouse), and 'small prey' 

(invertebrates and weta) categories. The relationships between diet and 

predictor variables were investigated using a SPSS™ hierarchical log-linear 

model that regressed frequency of occurrence of a prey category with predictor 

variables, and interactions between these variables. Individual prey types were 

not tested as these classes are not independent of each other and therefore 

assumptions for chi-square tests are not met. 

Functional response 

Data on lagomorph abundance were collected at sites where 94 cats were 

trapped. This includes 22 cats caught for A. Middlemiss' study on predators of 
lizard populations at Macraes Flat, Otago (Middlemiss 1995). Data were used 

to determine relationships between cat diet (frequency of occurrence), 

lagomorph abundance, rainfall, altitude, and season using SPSS™ for logistic 
regression. Logistic regression was used as the response variable was 

categorical. 1010 models were analysed which included two-way and some 

three-way interactions. 

Lagomorph abundance 
Lagomorph abundance was assessed by Gibb scores at every trapsite as 
described by Gibb, Ward, and Ward (1969; Appendix 1). The Gibb index is a 

predetermined scale used to subjectively estimate relative lagomorph 

abundance from pellet frequency (Smith 1994). Gibb scores were estimated by 

Ragg (1997) and Middlemiss (1995) using two slightly different systems. Ragg 
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(1997) surveyed a 5m2 area around each trapsite for each estimate, whereas 
Middlemiss (1995) surveyed for one metre either side of the trapline running 
between each trapsite (i.e. lOOm). Field workers for these studies tested the 
consistency of their scores by recording independent Gibb scores at a sample of 
the same 21 trapsites. A paired t-test of these scores (performed by Smith 1994) 
showed no significant difference between observers. Therefore scores from 
both Ragg (1997) and Middlemiss (1995) have been used in this study. 

Numerical response 

Data on numbers of cats trapped at each site and the number of trapnights were 
presented in Ragg, Moller, and Waldrup (1995b). Relationships between cats 
caught per trap night (cat catch-rate) and predictor variables (Gibb scores, 
rainfall, altitude, and season) were investigated using general linear modelling 
in the SPSS™ program. This t)Tpe of modelling was used as the response 
variable was continuous. 123 models were analysed including all possible one
way and two-way interactions. 

For all models -2Log Likelihood scores were calculated. These scores provide a 
measure of how well the model fits the data. The smaller the value the better 
the fit. AIC weightings were used to determine which model best fitted the 
data, taking into account the number of terms included in the model. 

Statistical analyses for functional and numerical responses 

The large number of models, and the many terms, tested when analysing for 
functional and numerical responses may result in some Type II error. Type II 
error refers to the acceptance of a false null hypothesis (Sokal and Rohlf 1981). 
Low power (the probability of rejecting the null hypothesis when in fact it is 
false; Sokal and Rohlf 1981) may also result in greater Type II error. Data on cat 
catch-rate was only collected at 18 sites. This may be insufficient data to test the 
null hypothesis that numerical responses do not occur. With the many terms 
tested a greater sample size is likely to be required to finetune models and to 
determine which predictor variables are significant. This study, however, 
identifies general relationships which warrant further study. 
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Results: 
One hundred and seventy three cat guts were sampled for this diet analysis. Of 
these 15 guts were empty (9% to the nearest 1 %). These empty guts were 

excluded from further analysis. Of the 158 that remained 76 were female, and 
82 were male, 49 juvenile, and 109 adult. 

Lagomorphs made the largest contribution to cat diet (52% by weight) 

occurring in 61% of all guts. Birds were also relatively common (23% by 

weight) and occurred in 36% of guts. 

Invertebrates were found in 44% of guts but made little contribution to diet by 

weight (7%). Skink remains were identified in 23% of cat guts and contributed 

7% by weight. Weta were found in 17% of cat guts. Mice, geckos, rats, . 

hedgehogs, frogs, and sheep were the least common prey items (Fig. 1). 

Percentages are included as Appendix 3. 

There was no significant effect of age or sex on prey type class proportions 

(Lagomorph, Large, Medium, Small; sex: x1
2=0.372, p=0.5421; age: x1

2=2.589, 

p=0.1076), however there was a significant interaction between sex and age, 
demonstrating that at least one sex/ age class differed from the others 

(x1
2=5.864, p=0.016; Figure 2, Appendix 4). There was a general trend for 

females and juveniles to eat more alternative prey, and males to eat a greater 

proportion of lagomorphs. Mice, skinks, invertebrates (excluding weta), birds, 

rats, and geckos were more common in female than in male guts (Appendix 5). 

Hedgehogs, rats, mice, skinks, invertebrates, weta, and frogs were more 

common in juvenile than in adult guts (Appendix 6). 

Three adult frogs (Litoria ewingii) were identified in one juvenile female's gut. 
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Figure 1. Diet of feral cats expressed as frequency of occurrence and percent 
contribution of diet by weight. 
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Figure 2. Frequency of occurrence of prey type classes (Lagomorph, Large 
prey, Medium prey, Small prey) for female, male, adult, and juvenile feral 
cats. 
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Functional response 

Lagomorph abundance had a small significant effect on the proportion of cats 

that ate lagomorphs when sex and age were taken into account (model: sex + 

age+ density p = 0.0108; density: p = 0.0398; coefficient = 0.7638 +I- 0.3714; R = 

0.1303). As the lagomorph abundance increased the proportion of cats that ate 

lagomorphs increased. 

Sex and season had a significant effect on the proportion of cats which ate 

lagomorphs when sex and age were taken into account (model: sex + age + 

season+ sex*age*season p = 0.0001; sex: p = 0.0367, R = 0.1350 (Figure 3); 

season: p = 0.0044, R = 0.2343 (Figure 4)). Female cats ate more lagomorphs 

than males did. The proportion of feral cats that ate lagomorphs was larger in 

spring compared to other seasons. Frequency of occurrence data by sex and 

season is shown in Appendices 7 and 8. 
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Figure 3. Proportion of female and male feral cats that ate lagomorphs. 
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Figure 4. Proportion of feral cats that ate lagornorphs (frequency of 
occurrence) in each season. 
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Altitude and rain had no significant effect on the proportion of cats which ate 

lagomorphs when sex and age were taken into account (model: sex + age + rain 

+ sex*age + age*rain p = 0.0073; rain: p = 0.1044; model: sex+ age+ altitude p = 
0.0803; altitude: p = 0.52912). The 36 models that involved combinations of sex, 

age and other variables are included as Appendices 9, 10, 11 and 12. 

Numerical response 

There was no significant effect of rainfall, altitude, season, or lagomorph 

abundance on the cat catch-rate. The ten models that best explain variation are 

included as Appendix 13. 

2 The models that included altitude and rainfall were significant, however the individual 
variables do not significantly explain variation. Therefore the variables altitude and rainfall 
had no significant effect on the proportion of cats that ate lagomorphs. 
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Discussion: 
Feral cats consume small mammals, and particularly lagomorphs as a large part 
of their diet in this study (61% occurrence, and 51% contribution by weight), 

and where these species are available in New Zealand (in Pureora Forest Park, 
Central North Island, King et al. 1996; Wairarapa, Gibb, Ward, and Ward 1969; 

Mackenzie Basin, Pascoe 1995, Pierce 1987; Otago Peninsula, Alterio 1996; 

South-east coast, South Island, Alterio and Moller 1997), and overseas (in 

Macquarie Island, Jones 1977; South-eastern Australia, Jones and Coman 1981; 

South Australia, Bayly 1978; Victoria, Australia, Coman and Brunner 1972; New 

South Wales, Australia, Catling 1988). 

The reliance of feral cats on rabbits as a primary prey source varies between 
different habitat types containing different abundances of rabbits and 

alternative prey (Norbury and Murphy 1996; Table 2). 

Table 2. Rabbit abundance(% frequency of occurrence) in the diet of feral 

cats in a range of habitat types (after Norbury and Murphy 1996). 

Habitat Region Rabbit %rabbit Authors 
abundance abundance in 

cat diet 
Semi-arid Mackenzie High 76.7-86 Pierce( 1987) 
tussock Basin Pascoe 
grassland (1995) 

Macraes Flat Moderate 42-50 Baker(1989) 
Middlemiss 
(1995) 

Semi- Wairarapa High 48-79 Gibb, Ward, 
improved Ward (1969) 
pasture Coastal Otago Moderate 76 Alterio (1994) 

Otago and Low-High 61 THIS STUDY 
Southland 

Intensive Hawke's Bay Low 1.1 Langham 
farmland (1990) 
Open forest Orongorongo Low 22 Fitzgerald and 
valley Valley Karl (1979) 

Therefore rabbit controt and the subsequent decline in rabbit numbers, is likely 
to affect local feral cat populations in different ways. 
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Functional responses 

This study found that lagomorph abundance significantly explained the 

proportion of cats that ate lagomorphs. As lagomorph abundance increased the 

proportion of cats that ate lagomorphs increased. This may indicate that cats 

do exhibit a functional response to changes in rabbit abundance. Feral cats 

could have changed their diet in response to rabbit availability. The degree of 

diet change after rabbit control in each habitat may be positively correlated 

with the feral cat populations' reliance on rabbits as a primary food source 

(Norbury and Murphy 1996). Diet shifts following declines in rabbit abundance 

have only been described from habitats that initially supported high rabbit 

numbers (Norbury and Murphy 1996). In the semi-arid tussock grassland of 

the Mackenzie Basin, lizards and invertebrates increased in prevalence in the 

diet of feral cats after rabbit numbers declined (Pierce 1987). Predation impact 

on birds in Tekapo and Cass was highest after 1080 poisoning operations 

reduced rabbit numbers (Pierce 1987). Despite these findings, there is no 

evidence that rabbit abundance changed significantly during Pierce's (1987) 

study. Density estimates used in Pierce's (1987) final analyses were contrary to 

those estimated by other methods such as spotlighting. 

This study also found that the proportion of feral cats which ate lagomorphs 

differed between seasons. In Spring (September, October, November), when 

the peak of rabbit breeding season takes place in Central Otago (Fraser 1988), 

the proportion of feral cats that ate lagomorph was highest. During other 

seasons a change to include more alternative prey in cat diet occurred. This 

higher consumption of non-lagomorph prey also suggests that a functional 

response to rabbit density is occurring in Otago and Southland. In Central 

Otago rabbits have marked seasonality in breeding compared to other areas 

(North Canterbury, Wanganui, and Wairarapa) where monthly pregnancy rates 

rarely fall below 20% (Fraser 1988). Therefore seasonal functional responses of 

feral cats may be more apparent in Central Otago, where much of this study 

took place, than other areas in New Zealand. Functional responses of feral cats 

to rabbits have previously been observed in semi-arid western New South 

Wales during the rabbit breeding season (Catling 1988). 
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Due to this seasonal functional response of feral cats to rabbits, increased 

predation pressure on alternative prey species is likely to occur when rabbit 

abundance is low. Management agencies in areas where RHD reduces rabbit 

numbers are recommended to accompany this with predator trapping at least 

in the short-term in an attempt to reduce predation pressure on native species. 
A predator-trapping program designed with the intent of mitigating the 

indirect effects of RHD is not currently in place in the Mackenzie Basin, nor is 

one planned for the future (K. Brown, pers. comm.). I believe that this situation 

should be rectified. 

Effect of sex on diet 

The sex of cats also had a significant effect on the proportion of cats that ate 

lagomorphs when data from A. Middlemiss' study was included in the 

analyses. However A. Middlemiss 22 cats were only collected in summer at 

Macraes Flat and this effect may seasonal and site-specific. A greater 

proportion of female cats ate lagomorphs than males. This suggests that male 

and female cats may be affected slightly differently by changes in rabbit 

density. When A. Middlemiss' cats were excluded there was no significant 

effect of sex on diet. There was, however, a general trend for females to eat 

more alternative prey than males. Some other studies of diet have found that 

male cats tend to eat more lagomorph, and less alternative prey than females (E. 

Jones pers. comm. cited in Fitzgerald 1988; Niewold 1986 cited in Fitzgerald 

1988), but differences in diet of male and female cats are not always apparent 

(Pascoe 1995, Fitzgerald 1988). This is despite considerable sexual dimorphism 
(Fitzgerald 1990; Fitzgerald and Veitch 1985). Presumably any effect of sex on 

diet is weak and may only be detected by meta-analysis (Fernandez-Duque and 

Valeggia 1994). 

Effect of age on diet 

I observed a general trend for juveniles to eat more alternative prey (frogs, 

weta, invertebrates, skinks, mice, rats, and hedgehogs) than adults. However 

age had no significant effect on diet when prey classes were grouped, and also 
when A. Middlemiss' cats were included. Changes in diet with age have been 

poorly documented (Fitzgerald 1988). King et al (1996) study of 12 cats from 
Pureora Forest, New Zealand, found that juveniles preyed on insects and mice 
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to a greater extent than adults did. Pierce (1987) and Fitzgerald and Veitch 
(1985) found that juveniles ate more insects than did adults. In addition over 

wide ranges of carnivore body size,~there is a strong correlation between body 
size and weight of prey (Dayan et al. 1990). This suggests that smaller 

carnivores may be unable to bring down larger prey (Dayan et al. 1990). 
Strength differences may account for this trend (Dayan et al. 1990). Taking this 

into account, male and adult cats would have a greater frequency of occurrence 
of larger prey than females and juveniles. This seems apparent from Figure 2. 
Furthermore, this study found that juvenile female cats (presumably with the 
smallest body size and least strength) had the highest frequency of occurrence 

of medium and small prey. In contrast Catling (1988) found no significant 

differences in diet between juvenile and adult cats. 

Presence of frogs in cat diet 

Frogs were identified as prey of feral cats in this study. The presence of frogs in 
the diet of feral cats has been only rarely recorded previously world-wide. 

Fitzgerald (1988) reported that frogs had been identified in only six studies of 

cat diet from Europe, North America, and Australia. While the species of frog 
found during this study was introduced to New Zealand from Australia, cats 

may be a potential threat to New Zealand's native frog fauna. 

Numerical responses 

Use of Cat catch-rate as a relative abundance measure 

Cat catch-rate was used as a measure of relative abundance for this study. It 

would have been ideal to know the absolute abundance of feral cats, but time 

and monetary constraints ruled this out. While the relationship between catch
rate and absolute density has not been determined for feral cats, trapping has 
previously provided a reliable relative index of absolute abundance of ferrets in 
South Island pastoral habitat (Cross et al .1998). However juvenile cats are 
more trappable than adults and therefore the relationship between cat catch
rate and absolute abundance may not be as clear-cut as that for ferrets G. Ragg, 
pers. comm). There is, nevertheless, a need to confirm this relationship to 
provide a valuable tool for measuring the efficacy of control operations and 

estimating cat abundance quickly and cheaply. 
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This study found that lagomorph abundance had no significant effect on cat 

catch-rate. This result may be due to low power as data on cat abundance was 
only collected at 18 sites. In addition a reduction in lagomorph abundance may 
result in hungrier cats that are easier to catch. This "hunger" effect may 
particularly inflate cat catch-rate in areas where rabbits have decreased 

substantially, and produce a similar effect as is seen in this study. Mills (1994) 
also found that the number of feral cats caught per trapnight showed no 

correlation with rabbit abundance in Central Otago and Mackenzie Basin. Cat 
density was best explained by a combination of seasonal effects, hare density, 
and sward thickness in Mills' (1994) study. This may reflect feral cats' 

adaptable hunting strategy (Mills 1994). 

Nevertheless a numerical response of feral cats to changes in rabbit abundance 
may occur after rabbit control operations. A number of studies have reported 

declines in feral cat numbers following declines in rabbit numbers. The feral cat 

(and ferret) population of the Mackenzie Basin reportedly declined after 1080 
poisoning reduced rabbit abundance in the region (Pierce 1987). However 

rabbit and cat abundance may not have changed significantly during Pierce's 
(1987) study. Cat abundance (as measured by trap-catch) was not significantly 
different on a year-to-year basis (Pierce 1987). As mentioned earlier, measures 

of rabbit abundance were conflicting in Pierce's (1987) study. Reduced feral cat 
(and ferret and harrier, Circus approximans) sightings almost immediately 

followed natural rabbit declines at Kourarau, Wairarapa (Gibb, Ward, Ward 
1978). However Gibb, Ward, and Ward (1978) observed that cats did spend 

time unobserved within their study area. The apparent decline in cat sightings 
may have been due to avoidance of humans present. Norbury and McGlinchy 
(1995) also observed a reduction in predator sightings after rabbit poisoning, 
but it is not clear whether feral cats or ferrets, or both declined after this rabbit 

control. 

Differences in rabbit behaviour at high and low densities may also affect 

predation pressure on alternative prey. When rabbits and cats were numerous 
at Kourarau, rabbits almost ignored cats until they were approximately 15 
paces away (Gibb, Ward, and Ward 1978). In contrast, when both rabbits and 
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cats were scarce rabbits took cover as soon as a cat appeared (Gibb, Ward and 
Ward 1978). This change in rabbit behaviour is likely to result in greater 

difficulty for cats to catch rabbits. Therefore predation pressure on alternative 
prey may increase whether or not cat numbers decrease. 

If the feral cat population does not decrease in response to a reduction in rabbit 

numbers it is inevitable that direct predation pressure on native species will 
increase with rabbit control. This effect may be long term if control is 

continuous. Myxomatosis triggered an increase in predation pressure on some 
birds in the United Kingdom for at least 20 years until its effects on rabbits 

waned (Sumption and Flowerdew 1985). This potential long-term increase in 

predation pressure is in contrast to the RHD import assessment. This risk 

assessment generally stated that numerical responses occur in predator 

populations (Norbury and Murphy 1996). Previous studies upon which RHD 
import assessment was based have all been relatively short-term (for example 
Norbury and Heyward (1995) 20 months; Gibb, Ward and Ward (1978) 9 years; 
Pierce (1987) 2 years). These short-term observations of systems are not likely 
to be useful for estimating long-term impacts (Yodzis 1988). The direction and 

size of long-term responses to press perturbations may be quite different (and 

even opposite) to those observed in the short-term due to many slower acting 
indirect ecological effects (Moller, Brown, and Alterio 1997; Moller and Raffaeli 

1996; Yodzis 1988). A general rule of thumb suggested by Yodzis (1988) was 
used to predict how long before the final equilibrium state would be reached 
following a press perturbation to directly test the impact of RHD by Moller and 
Raffaeli (1996). It was estimated that at least 50 years would be required before 
any outcomes could be predicted with certainty (Moller and Raffaeli 1996). It is 
imperative that the lack of reliable knowledge available is better acknowledged 

in future risk assessments. 
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Conclusion: 
While lagomorphs often make a large contribution to feral cat diet, feral cats 

can survive at low lagomorph densities, and where lagomorphs are not present, 

as is shown by their consumption of alternative prey in this and other studies. 

Functional responses, behavioural changes that induce changes in individual 

predators' diets, are likely to occur in response to any variation in rabbit 

abundance. This study found the frequency of occurrence of lagomorphs in 

feral cat diet to increase as lagomorph abundance increased. Seasonal 

functional responses were also suggested by this study's results. The 

proportion of feral cats that ate lagomorphs was greatest when the abundance 

of lagomorphs was presumably greatest in the peak of the rabbit breeding 

season. Numerical responses were not found in this study. 

If the feral cat population does not decrease in response to a reduction in rabbit 

numbers then it is inevitable that direct predation pressure on native species 

will increase with rabbit control. Therefore management agencies are 

recommended to continue widespread predator-trapping in an attempt to 

mitigate the effect of RHD. A predator-trapping program designed with the 

intent of mitigating the indirect effects of RHD is not currently in place in the 

Mackenzie Basin, nor is one planned for the future (K. Brown, pers. comm). I 

believe that this situation should be rectified. 

Most studies that have been used to inform decision-makers about the impact 

of rabbit control in the past have been short-term. These short-term studies 

may not be useful for estimating long-term impacts (Yodzis 1988). Future 

studies that attempt to inform on the impact of rabbit control are highly 

recommended, and would be most beneficial if long-term (that is greater than 

fifty years). 

23 



References: 
Alterio, N. 1994. Diet and movements of carnivores and the distribution of 
their prey in grassland around Yellow-eyed penguin (Megadyptes antipodes) 
breeding colonies. M.Sc Thesis, University of Otago, Dunedin. 

Alterio, N. 1996. Secondary poisoning of stoats (Mustela erminea), feral ferrets 

(Mustela Jura), and feral house cats (Felis catus) by the anticoagulant poison, 
brodifacoum. New Zealand Journal of Zoology 23:331-338 

Alterio, N.; and Moller, H. 1997. Diet of feral house cats Felis catus, ferrets 

Mustela Jura, stoats M. erminea in grassland surrounding yellow-eyed penguin 
Megadyptes antipodes breeding areas, South Island, New Zealand. Journal of 

Zoology, London 243: 869-877. 

Animal Health Board. 1995. National Th strategy: proposed national pest 
management strategy for bovine tuberculosis. Animal Health Board, 

Wellington. 

Baker, G. 1989. Aspects of mammalian predator ecology eo-inhabiting giant 
skink habitat. M.Scthesis, University of Otago, Dunedin. 

Bayly, C. P. 1978. A comparison of the diets of the red fox and the feral cat in 
an arid environment. South Australian Naturalist 53 (2): 20-28 

Brown, K.; and Keedwell, R. 1998. Predator control to mitigate the effects of 
RCD-induced prey switching in the Mackenzie Basin. Department of 

Conservation: Canterbury Conservancy Technical Report Series: 8. 

Bull, P.C. 1969. The smaller placental mammals of Canterbury. In: Knox, G. 
A. (Ed.) The natural history of Canterbury. (Pp.400-417). Reed, Wellington. 

Butler, S. 1863. A first year in Canterbury Settlement. Brassington AC and 
Maling PB (Eds.). Reprinted Blackwood & Janet Paul, Auckland, 1964. 

24 



Campbell, D. J. 1978. The effects of rats on vegetation. In: Dingwall, P. R.; 
Atkinson, I. A. E.; and Hay, C. (Eds.). The ecology and control of rodents in 
New Zealand nature reserves. (Pp. 99-120). New Zealand Department of Lands 
and Survey information series 4. 

Catling, D. C. 1988. Similarities and contrasts in the diet of foxes, Vulpes 
vulpes, and cats, Felis catus, relative to fluctuating prey populations and 
drought. Australian Wildlife Research 15:307-317 

Coman, B. J.; and Brunner, H. 1972. Food habits of the feral house cats in 
Victoria. Journal of Wildlife Management 36 (3): 848-853 

Cowan, P. E. 1993. Environmental pests: how can we identify the values at 
risk? New Zealand Journal of Zoology 20:279-283 

Cross, M.; Smale, A.; Bettany, S.; Numata, M.; Nelson, D.; Keedwell, R.; Ragg, J. 
1998 ... Trap catch as a relative index of ferret (Mustela jura) abundance in a New 
Zealand pastoral habitat. New Zealand Journal of Zoology 25: 65-71 

Daniel, M.; and Baker, A. 1986. Collins Guide to the Mammals of New 
Zealand: A complete guide to all species of land and marine mammals. 
William Collins Publishers Ltd.: Auckland. 

Daniel, M. J.; and Williams, G. R. 1984. A survey of the distribution, seasonal 
activity and roost sites of New Zealand bats. New Zealand Journal of Ecology 
7:9-25 

Dayan, T.; Simberloff, D.; Tchernov, E.; and Yom-Tov, Y. 1990. Feline canines: 
community-wide character displacement among the small cats of Israel. The 
American Naturalist 136(1): 39-60 

Elton, C. S. 1953. The use of cats in farm rat control. British Journal of animal 
behaviour. Pp. 151-155 

25 



Fernandez-Duque, E.; and Valeggia, C. 1994. Meta-analysis: a valuable tool in 
conservation research. Conservation Biology 8(2): 555-561 

Fitzgerald, B. M. 1988. Diet of domestic cats and their impact on prey 

populations. In: Turner, D. C.; and Bateson, P. (Eds.) The domestic cat: the 
biology of its behaviour. (Pp. 123-146). Cambridge: Cambridge University 

Press. 

Fitzgerald, B. M. 1990. Family Felidae. In C. M. King (Ed.) The handbook of 

New Zealand Mammals (Pp. 330-348). Auckland: Oxford University Press. 

Fitzgerald, B. M.; and Kart B. J. 1979. Foods of feral house cats (Felis catus L.) 

in forest of the Orongorongo Valley, Wellington. New Zealand Journal of 

Zoology 6: 107-126 

Fitzgerald, B. M.; Karl, B. J.; and Veitch, C. R. 1991. The diet of feral cats (Felis 
catus) on Raoul Island, Kermadec group. New Zealand Journal of Ecology 15 
(2): 123-129 

Fitzgerald, B. M.; and Veitch, C. R. 1985. The cats of Herekopare Island, New 
Zealand; their history, ecology, and affects on birdlife. New Zealand Journal of 

Zoology 12:319-330 

Fraser, K. W. 1988. Reproductive biology of rabbits, Oryctolagus cuniculus (L.), 

in Central Otago, New Zealand. New Zealand Journal of Ecology 11: 79-88 

Gibb, J. A.; Ward, G. D.; and Ward, C. P. 1969. An experiment in the control 
of a sparse population of wild rabbits (Oryctolagus c. cuniculus L.) in New 

Zealand. New Zealand Journal of Science 12: 509-534 

Gibb, J. A.; Ward, G. D.; and Ward, C. P. 1978. Natural control of a 

population of rabbits, Oryctolagus cuniculus (L.), for ten years in the Kourarau 
enclosure. DSIR Bulletin 223. New Zealand Department of Scientific and 
Industrial Research, Lower Butt. 

26 



Heather, B.; and Robertson, H. 1996. The field guide to the birds of New 
Zealand. Penguin Books, Auckland. 

Holling, C. S. 1959. The components of predation as revealed by a study of 
small mammal predation of the European Pine Sawfly. The Canadian 

Entomologist 91:293-320. 

Jones, E. 1977. Ecology of the feral cat, Felis catus (L.), (Carnivora: Felidae) on 

Macquarie Island. Australian Wildlife Research 4: 249-262 

Jones, E.; and Coman, B. J. 1981. Ecology of the feral cat Felis catus (L.) in 

South-eastern Australia I. Diet. Australian Wildlife Research 8: 537-547 

King, C. M. 1990. Stoat Mustela erminea. In C. M. King (Ed.) The handbook of 
New Zealand Mammals (Pp. 288-312). Auckland: Oxford University Press 

King, C. M.; Flux, M.; Innes, J. G.; and Fitzgerald, B. M. 1996. Population 

biology of small mammals in Pureora Forest Park 1. Carnivores (Mustela 
erminea, M. jura, M. nivalis, and Felis catus ). New Zealand Journal of Ecology 20 

(2): 241-251 

Langham, N. P. E. 1990. The diet of feral cats (Felis catus L.) on Hawke's Bay 
farmland, New Zealand. New Zealand Journal of Zoology 17: 243-255 

Middlemiss, A. 1995. Predation of lizards by feral house cats (Felis catus) and 

ferrets (Mustela jura) in the tussock grassland of Otago. M.Sc Thesis, University 

of Otago, Dune din. 

Mills, R. G. 1994. Rabbit predators in the semi-arid high country of the South 

Island of New Zealand. M.Sc Thesis, Lincoln University, Lincoln. 

Moller, H.; Brown, K.; and Alterio, N. 1997. Major issues of ecology and 
wildlife management to be considered for RCD Import Decision Making. A 
report to the Chief Veterinary Officer, MAF, Wellington, New Zealand. 
Ecosystems Consultants Report No. 7, Dunedin. 

27 



Moller, H.; and Raffaeli,D. 1996. Predicting risks from new organisms: The 
potential of community press experiments. Statistics in Ecology and 
Environmental Monitoring. (Pp.131-156). Dunedin. 

Moller, H.; Ratz, H.; and Alterio, N. 1995. Protection of Yellow-eyed 

penguins (Megadyptes antipodes) from predators. A report to World Wide Fund 
for Nature New Zealand, other funding agencies, landowners and research 

collaborators. University of Otago Wildlife Management Report Number 65. 

Norbury, G.; and McGlinchy, A. 1995. The impact of rabbit control on predator 
sightings in the semi-arid high country of the South Island, New Zealand. 

Wildlife Research 23:93-97. 

Norbury, G.; and Murphy, E. 1996. Understanding the implications of Rabbit 

Calicivirus Disease for predator /prey interactions in New Zealand: a review. 
Wellington: Landcare Research Contract Report: LC 9596/61 

O'Neil, B. D.; and Pharo, H. J. 1995. The control of bovine tuberculosis in New 
Zealand. New Zealand Veterinary Journal43:249-255. 

Pascoe, A. 1995. The effects of vegetation removal on rabbits (Oryctolagus 
cuniculus) and small mammalian predators in braided riverbeds of the 

Mackenzie Basin. M.Sc Thesis, University of Otago, Dunedin. 

Pech, R. P.; and Hood, G. M. Foxes, rabbits, alternative prey and rabbit 

calicivirus disease: ecological consequences of a new biological control agent for 

an outbreaking species in Australia. Submitted to Journal of Applied Ecology. 

Pierce, R. J. 1987. Predators in the Mackenzie Basin: their diet, population 

dynamics, and impact on birds in relation to the abundance and availability of 
their main prey (rabbits). Unpublished Wildlife Service Report, Department of 
Internal Affairs. 

28 



Ragg, J. R. 1997. Tuberculosis (Mycobacterium bovis) epidemiology and the 
ecology of ferrets (Mustelafuro) on New Zealand farmland. Ph.D. Thesis, 

University of Otago, Dunedin. 

Ragg, J. R.; Moller, H.; and Waldrup, K. A. 1995a. The prevalence of bovine 

tuberculosis (Mycobacterium bovis) infections in feral populations of cats (Felis 
catus), ferrets (Mustela Jura) and stoats (Mustela erminea) in Otago and 

Southland, New Zealand. New Zealand Veterinary Journal333-337 

Ragg, J. R.; Moller, H.; and Waldrup, K. A. 1995b. The prevalence of bovine 

tuberculosis (Mycobacterium bovis) infections in mammalian predators in Otago 

and Southland: A contract report to the Animal Health Board (Project 306/92). 

University of Otago Wildlife Management Report Number 63 

Ramsay, G. W. 1978. A review of the effect of rodents on the New Zealand 

invertebrate fauna. (Pp.89-95). In: Dingwall, P. R.; Atkinson, I. A. E.; Hay, C. 

(Eds.) The ecology and control of rodents in New Zealand nature reserves. 

New Zealand Department of Lands and Survey information series 4. 

Ratz, H. 1997. Ecology, identification and control of introduced mammalian 

predators of Yellow-eyed penguins (Megadyptes antipodes). Ph.D. Thesis, 

University of Otago, Dunedin. 

RCD Applicant Group 1996. Import Impact Assessment and Application to the 

Director General of Agriculture to approve the importation of Rabbit 

Calicivirus under the Animals Act 1967 and to issue an Import Health Standard 

under the Biosecurity Act 1993. 

Sanders, M. D. 1997. Video-monitoring of banded dotterel nests in braided 

rivers. (Pp. 93-97). In: Sim, J.; and Saunders, A. (Eds.) Predator workshop 1997: 

Proceedings of a workshop held 21-24 April1997, St. Arnaud, Nelson Lakes. 

Department of Conservation, Wellington. 

29 



Smith, G. 1994. Ferret (Mustela furo) diet in relation to prey abundance and Tb 
infection in pastoral habitats of Otago. University of Otago Wildlife 

Management Report Number 57, Dunedin. 

Smith, G. P.; Ragg, J. R.; and Moller, H. 1995. Diet of feral ferrets (Mustela 
furo) from pastoral habitats in Otago and Southland, New Zealand. New 

Zealand Journal of Zoology 22: 363-369 

Sokal, R. R.; and Rohlf, F. J. 1981. Biometry (2nd ed.). W. H. Freeman and 

Company, U. S. A. 

Sumption, K. J.; and Flowerdew, J. R. 1985. The ecological effects of the decline 
in rabbits (Oryctolagus cuniculus L.) due to myxomatosis. Mammal Review 15: 

151-186 

Whitaker, A. E. 1978. The effects of rodents on reptiles and amphibians. 

(Pp.75-86). In: Dingwall, P. R.; Atkinson, I. A. E.; Hay, C. (Eds.) The ecology 

and control of rodents in New Zealand nature reserves. New Zealand 

Department of Lands and Survey information series 4. 

Williams, M. 1993. Effects of public perceptions and global market strategy on 
the development of biological control technology in New Zealand. New 

Zealand Journal of Zoology 20:347-356 

Yodzis, P. 1988. The indeterminacy of ecological interactions as perceived 

through perturbation experiments. Ecology 69(2): 508-515 

30 



Appendix 1. Relative estimated meal weights of prey assigned to the diet of 
feral cats (derived from Fitzgerald and Karl1979; and used by Alterio 1994) 
and from P. Bishop (pers. comm.). 

This was to standardise contributions made by these prey items to the diet of 
feral cats. 

Prey Type 
Mammals 

Bird 

Rat 
Mouse 
Lagomorph 
Stoat 
Hedgehog 
Unidentified mammal 

Large 
Medium 
Small 

Invertebrates 
Weta 
Beetle 
Spider 

Lizards 

Frogs (Litoria ewingii) 

3 1 

Meal weight (g) 

125 
15.5 
170 
170 
170 
170 

170 
89 
15 

1.67 
0.68 
0.50 

7 

4 



Appendix 2. The Gibb Index of lagomorph pellet abundance. 
(from Gibb, Ward, and Ward 1969) 

Score 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Description of sign 
No sign detected. 

Very few droppings, sometimes grouped; easily 
overlooked. 

Very infrequent heaps; very light and patchy 
scatter. 

Infrequent heaps; light and patchy scatter. 

Frequent heaps; light and patchy scatter. 

Heaps occasionally within five paces of each 
other; moderate scatter over whole area. 

Heaps often within five paces of each other; 
moderate scatter over whole area. 

Usually two or three more heaps within five 
paces of each other. 

Usually three or more heaps within five paces 
of each other; dense scatter over whole area. 

Some heaps almost merging; scatter very dense. 

Some heaps merging; very dense scatter over 
whole area. 
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Appendix 3. Diet of feral cats expressed as percent contribution of diet by 
weight and frequency of occurrence. 

Prey type 

Lagomorph 
Hedgehog 
Rat 
Mouse 
Bird 
Skink 
Gecko 
Invertebrate 
Weta 
Frog 
Sheep 

%by weight 
(95% confidence 

intervals) 
52.18 (45.27-59.09) 
0.99 (-0.44-2.43) 
2.13 (0.14-4.12) 
3.23 (0.82-5.64) 
22.94 (17.35-28.53) 
7.25 (3.85-10.65) 
0.30 (-0.02-0.61) 
7.28 (3.51-11.05) 
2.97 (0.758-5.18) 
0.12 (-0.12-0.37) 
0.60 ( -0 .58-1.8) 

% occurrence 
(95% confidence 

intervals) 
61.39 (1.12-67.96) 
1.9 (0.39-5.44) 
3.16 (1.04-7.24) 
5.06 (2.23-11.61) 
36.08 (11.61-44.03) 
23.42 (22.49-30.84) 
2.53 (0.70-6.35) 
44.3 (36.64-52.68) 
17.09 (11.34-24.03) 
0.63 (0.02-3.48) 
0.63 (0.02-3.48) 

Appendix 4. Frequency of occurrence (%) of prey type classes for juvenile 
and adult female and male feral cats. 

Prey type class Juvenile Juvenile male Adult female Adult 
female male 

Lagomorph 58.6 65.0 59.6 62.9 
Large prey 34.5 40.0 40.4 38.7 
Medium prey 37.9 30.0 34.0 19.4 
Small prey 58.6 45.0 51.1 46.8 

Appendix 5. Female and male feral cat diet expressed as percent frequency of 
occurrence. 

Prey type 
Lagomorph 
Hedgehog 
Rat 
Mouse 
Bird 
Skink 
Gecko 
Invertebrate 
Weta 
Frog 
Sheep 

Female (n=76) 
59.21 
1.32 
3.95 
6.58 

35.53 
30.26 
3.95 

48.68 
15.79 
1.32 

0 

Male (n=82) 
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63.41 
2.44 
2.44 
3.66 

36.59 
17.07 
1.22 

40.28 
18.29 

0 
1.22 



Appendix 6. Juvenile and adult feral cat diet expressed as percent frequency 
of occurrence. 

Prey type 
Lagomorph 
Hedgehog 
Rat 
Mouse 
Bird 
Skink 
Gecko 
Invertebrate 
Weta 
Frog 
Sheep 

Juvenile (n=49) 
61.22 
4.08 
4.08 
6.12 

30.61 
28.57 
2.04 

44.90 
22.45 
2.04 

0 

Adult (n=109) 
61.47 
0.92 
2.75 
4.59 

38.53 
21.10 
2.75 

44.04 
14.68 

0 
0.92 

Appendix 7. Proportion (frequency of occurrence,%) of female and male 
feral cats that ate lagomorphs. 

Sex 
Female 
Male 

Mean proportion (%) 
50.94 
40.48 

Standard error 
6.9333E-02 
7.666E-02 

Appendix 8. Proportion of feral cats that ate lagomorphs (frequency of 
occurrence) in each season. 

Season Mean proportion (%) 
Autumn 
Winter 
Spring 
Summer 

Note: Autumn = March, April, May 
Winter = June, July, August 

0.49 
0.25 
0.83 
0.33 

Spring= September, October, November 
Summer= December, January, February 
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Standard error 
7.22E-02 

0.11 
0.11 
0.11 



Appendix 9. Models used in logistic regression that included only Sex, Age, 
and Density. 

Model -2Log Number of AIC DAIC Weighted AIC 
Linear terms 

A+S+D 119.994 4 117.994 0.000 0.9772 
A*S+A+S+ D 118.587 5 128.587 10.593 0.0049 
S*D+S+ D+A 119.082 5 129.082 11.088 0.0038 
S*D+S+ D+A 117.560 6 129.560 11.566 0.0030 
A*D+A+D+S 119.610 5 129.610 11.616 0.0029 
A *S*D + A + S + D 119.991 5 129.991 11.997 0.0024 
A*D +A+ S + D 118.053 6 130.053 12.059 0.0024 
D*A+ D*S+ D + 118.557 6 130.557 12.563 0.0018 
A+S 
A *S + A *D + S*D + 116.894 7 130.894 12.900 0.0015 
A+S+D 

Key: A = Age; S = Sex; D = Density of lagomorphs 

Appendix 10. Models used in logistic regression that included only Sex, Age, 
and Season. 

Model -2Log Number of AIC DAIC Weighted AIC 
Linear terms 

A *S*SE + A + S + 97.745 5 107.745 0.000 0.5995 
SE 
A *SE + S*SE + A + 97.185 6 109.185 1.440 0.2918 
S+SE 
S* A + A *SE + A + 100.773 6 112.773 5.028 0.0485 
S+ SE 
A *SE +A + S + SE 103.207 5 113.207 5.492 0.0391 
S*SE + A + S + SE 105.657 5 115.657 7.912 0.0115 
A *S + S*SE + A + S 105.186 6 117.186 9.441 0.0053 
+SE 
A*S + S*SE + A*SE 105.186 7 119.186 11.441 0.0020 
+A+S+SE 
A+ S+ SE 112.013 4 120.013 12.268 0.0013 

A*S +A+ S +SE 110.374 5 120.374 12.629 0.0011 

Key: A = Age; S = Sex; SE = Season 

35 



Appendix 11. Models used in logistic regression that included only Sex, Age, 
and Altitude. 

Model -2Log Number of AIC DAIC Weighted AIC 
Linear terms 

A+ S+ALT 124.432 4 132.432 0.000 0.2067 
A *S + A + S + ALT ·122.938 5 132.938 0.506 0.1605 
A*ALT+A+ S+ 123.542 5 133.542 1.110 0.1187 
ALT 
A*S + A*ALT +A 121.598 6 133.598 1.166 0.1154 
+S+ALT 
S*ALT +A+ S+ 123.904 5 133.904 1.472 0.0990 
ALT 
S*ALT + S*A +A 122.080 6 134.080 1.648 0.0907 
+S+ALT 
A*S*ALT +A+ S 124.423 5 134.423 1.991 0.0764 
+ALT 
A*S+ S*ALT+ 120.434 7 134.434 2.002 0.0760 

A*ALT+ A+ S + 
ALT 
ALT*A + ALT*S + 123.024 6 135.024 2.592 0.0566 
A+S+ALT 

Key: A= Age; S =Sex; ALT =Altitude 
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Appendix 12. Models used in logistic regression that included only Sex, Age, 
and Rainfall. 

Model -2Log Number of AIC DAIC Weighted AIC 
Linear terms 

A *S + A *R + A + S 115.342 6 127.342 0.000 0.3974 
+R 
A*R+A+S+R 118.487 5 128.487 1.145 0.2242 
A *S + S*R + A *R + 115.308 7 129.308 1.966 0.1487 
A+S+R 
R*S + R*A +A+ S 118.081 6 130.081 2.739 0.1010 
+R 
A+S+R 123.756 4 131.756 4.414 0.0437 
S*A+ A+ S + R 122.287 5 132.287 4.945 0.0335 

A*S*R +A+ S + R 123.059 5 133.059 5.717 0.0228 
S*R+A+ S+R 123.749 5 133.749 6.407 0.0161 
S*A + S*R +A+ S 123.245 6 134.245 6.903 0.0126 
+R 

Key: A = Age; S = Sex; R = Rainfall 
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Appendix 13. The ten models which best explained variation in Cat 
abundance (as measured by cats caught per trapnight). 

Model -2Log Number of AIC DAIC Weighted AIC 
Linear terms 

L*S + R*A + R*S + 3.3546 9 21.3546 0.000 0.76 
A*S+L+R+A+ 
s 
L *R + L *S + R* A + 5.4241 10 25.4241 4.070 0.10 
R*S + A *S + L + A 
+S+R 
L*R+ L*S + A*S + 8.0631 9 26.0631 4.709 0.07 
S*R+ L +A+S + 
R 
L *R + L *S + R*S + 9.0518 9 27.0518 5.697 0.04 
R*A+A+S+R+ 
L 
L*A + L*S + R*A + 10.1901 10 29.8845 8.530 0.01 
R*S + A *S + A + S 
+R+L 
L*R+ L*A + L*S + 19.6665 10 30.1901 8.836 0.01 
R*S+S*A+A+S 
+R+L 
L*R + L*A + L*S 81.1649 10 39.6665 18.312 0.00 
R*S+A*R+A+S 
+R+L 
A *S + S*R + A + S 80.6403 6 93.1649 71.810 0.00 
+R+L 
R*A + R*S +A *S + 89.0591 7 94.6403 73.286 0.00 
R+A+S 
S*R + S + R 93.9314 4 97.0591 75.705 0.00 

Key: D = Log Gibb score; R = rainfall; A = altitude; S = Season; 
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Chapter 2: Diet of feral cats (Felis catus) in and near 
shingle riverbeds of Mackenzie Basin, New Zealand. 

By A. Pascoe+, H. Moller+, R. Maloney*, K. Borkin+ & R. Pierce• 

+Zoology Department 
University of Otago 

PO Box 56 
Dunedin 

*Department of Conservation 
Private Bag 

Twizel 

•Department of Conservation 
Private Bag 
Northland 

Submitted to: NZ Journal of Zoology 

Running headline: Cat diet 

Abstract: Feral cats (Felis catus) living on or near braided shingle river beds of 

the Mackenzie Basin mainly ate rabbit (Oryctolagus cuniculus). Birds, mice, 

skinks, weta and other invertebrates were often eaten, but contributed little to 

diet by weight. Diets of male and female cats were similar, but juveniles relied 

less on rabbits and more on birds, skinks and invertebrates than adults. Cats 

trapped on farmland ate more skinks and insects than those trapped on nearby 

riverbeds. Most of the rabbits eaten were young (100g-500g) rather than 

nestlings or adults. As time since rabbit poisoning increased frequency of 

occurrence of lagomorph in diet increased. If the release of RHD reduces rabbit 

numbers feral cats could alter their diet to include a larger proportion of native 

species. 

Keywords: diet, cats, Felis catus, conservation, rabbits, Mackenzie Basin, 

braided rivers, New Zealand. 
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Introduction: 
Braided shingle riverbeds traversing the Mackenzie Basin (inland Canterbury, 

South Island, New Zealand) have special conservation value because they are 

the main nesting sites of the endangered black stilt (Himantopus novaezelandiae), 

the threatened wrybill (Anarhynchus frontalis) and the black-fronted tern 

(Sterna albostriata). The rare robust grasshopper (Brachaspsis robustus) and two 

recently discovered invertebrate species, Prodontria sp. (a flightless grassgrub 

beetle) and Hemiandrus sp. (a burrowing orthopteran) also live there (L. 

Sinclair, pers. comm.; White 1994). It is unknown which predators are 

responsible for the high predation levels on most birds nesting on the riverbed 

(Rebergen et al.. 1998). Feral house cats (Felis catus) are common there, and 

have been shown to be very effective predators of ground nesting birds both in 

the Mackenzie Basin and elsewhere in New Zealand (Ratz, Alterio, and Moller 

1994; Pierce 1987; Veitch 1985; Merton 1970). Banded dotterel (Charadrius 

bicintus) remain common in the Mackenzie Basin, but also suffer high predation 

rates from feral cats (Rebergen et al. 1998; Sanders 1997). 

Study of cat diet in the Mackenzie Basin is of special interest because of the 

high abundance of rabbits (Oryctolagus cuniculus) inhabiting the area at the time 

of study (Gibb & Williams 1990). Given that rabbits form a major proportion of 

the diet of feral cats (Chapter 1; Alterio and Moller 1997; Middlemiss 1995) any 

changes in rabbit abundance may have impacts on other potential prey species. 

Understanding cat diet will aid allow better targeting of predator control 

programs, and through measuring diet switching following large scale 

reductions in rabbits (such as following RHD, or vegetation clearance) 

management of protected native fauna will be aided. 

Introduction of Rabbit Haemorrhagic Disease (RHD) to the Mackenzie Basin 

occurred in August 1997 (Brown and Keedwell1998). This is expected to 

greatly reduce rabbit numbers (Norbury and McGlinchy 1995). Feral cats 

consume rabbit as a major part of their diet, so the introduction of RHD may 

reduce cat abundance and indirectly protect wildlife living on the riverbeds. 

Alternatively feral cats could change their diet to include more native wildlife, 

thus increasing predation pressure. Increased predation on native species 

following rabbit control has previously been observed in the Mackenzie Basin 
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(Pierce 1987). Similarly predation rates on banded dotterel nests increased 

following rabbit control by poisoning (Rebergen et al. 1998). 

Some previous diet studies have found that male cats tend to eat more 

lagomorphs and less alternative prey than females (Niewold, 1986 cited in 

Fitzgerald 1988; E. Jones pers. comm. cited in Fitzgerald 1988). Over a wide 

range of carnivore body size there is generally a strong correlation between 

body size and the usual weight of prey (Dayan et al. 1990). If diet varies with 

sex or age of cats, the effect of rabbit control may be different for each group. 

Although our primary goal is to report the details of a diet study in the 

Mackenzie Basin in 1993 and 1994, we also summarise the results of earlier cat 

diet studies there and in other pastoral habitats of Canterbury, New Zealand. 

Our studies provide useful baselines of cat diet before RHD arrived, and uses 

comparisons of diet before and just after rabbit poisoning operations to predict 

outcomes. 

Diets of predators within the open riverbed are likely to differ from 

composition in vegetated riverbed and on the farmland. This is because rabbits 

are more common in areas of shingle riverbed with woody vegetation than 

open areas (Pascoe 1995). Reducing vegetation cover may thus indirectly 

reduce predation on birds by predators that rely heavily on rabbit for their diet 

(Maloney 1993). 

Feral cats have been identified as a potential vector of bovine tuberculosis 

(Mycobacterium bovis; Ragg, Moller, and Waldrup, 1995). Cats may contract 

tuberculosis by eating carrion or infected prey (Lugton 1997). Therefore studies 

of feral cat diet are also potentially important for understanding and combating 

the spread of bovine tuberculosis. 

The research reported here aims to describe cat diet; measure age and sex 

related differences in diet of cats; and investigate differences in cat diet 

between riverbed and farmland habitat. 
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Study area and methods: 
The Tekapo River is a modified braided river, which has been reduced to one to 
three channels of permanent flow ( <5m3s-1

). Infrequent large flow releases from 

Lake Tekapo help maintain its former bed width of approximately 500-lOOOm. 
The riverbed consists primarily of cobbles and shingle. As a result of reduced 

river flow adventive weed species (particularly crack willow, Salixfragilis) have 
invaded this area. The river is bordered by a rabbit-proof for its entire length. 

In comparison the Ahuriri River flow rates average about 22m3s·I, in one to five 
braided channels. Two exotic species, crack willow and Russelllupin (Lupinus 
polyphylus cultivar) dominate the river flora, and as a consequence, few native 
plants are abundant on the riverbed. 

Farmland adjacent to both rivers is predominantly undeveloped tussock. This 

grassland is highly degraded due primarily to overgrazing by stock and 
rabbits. The shrub species present in these areas are scattered clumps of 

matagouri (Discaria toumatou), hymenanthera (Myrsine alpina) and briar (Rosa 
rubiginosa). One section of the farmland adjacent to the Ahuriri River trapping 
site comprised of a border dyke irrigation system with clover and ryegrass 

pastures. 

In March 1991 rabbits were poisoned using 1080-coated carrots on the true left 

of the Tekapo River. 1080-poisoning took place in March and April1992 on the 
Ohau Riverbed and the true right of the Tekapo River. 

Feral cats were trapped at six sites within the Mackenzie Basin (Fig. 1). Four 
sites were within the Tekapo River system and two sites were within the 
Ahuriri River system. Five sites were trapped for two successive 10 day 

periods between November 1992 and May 1993. In the second session five 

riverbed sites were paired with nearby farmland sites to allow detection of 

potential differences in diet between habitats. Farmland trapsites were 
between 100 m and 300 m from the riverbed at all five sites. Site 6 in the 

Ahuriri River area was trapped in the second session only and was not paired 
with a farmland site. 
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Traps were 1.5 inch soft-jaw victor leg-holds, baited with rabbit meat that had 

been skinned and declawed. Cats were killed by ether overdose, and then 

weighed and sexed. Cats less than 2 kg were classified as juvenile (as in 

Middlemiss 1995). The entire digestive tract was opened and food items 

washed into a sieve, separated and identified. 

Cat seats were collected from the Tekapo River, the lower 1km of the Ohau 

River and the lower 5km of the Ahuriri River (Fig. 1). Old (hard, white and 

crumbling) seats were ignored. Seats were soaked in water for several days 

until soft enough to be teased apart (Pierce 1987). 

Remains in seats were identified using various body parts. Mammals were 

identified by teeth, claws, ears and hair, and birds by feathers, beaks and feet 

(following Day 1966, Brunner and Coman 1974). Lizards were identified by 

feet and skin, and invertebrates by mandibles, head capsules, legs and wings. 

Lagomorph remains (rabbits and hares, Lepus europaeus) were categorised into 

weight classes using the weight to claw length relationship presented in Pierce 

(1987; Figure 2). Specifically we calculated the average length of lagomorph 

claws found in each gut tract and scat, and assigned these to a weight class 

('nestling' ( < 100 g), 'young' (100-500 g) and 'adult' (> 500 g)). Where no claws 

were found, the lagomorph remains were classified as weight 'unknown'. 

Diet was expressed both as percent occurrence (percentage of digestive tracts 

or seats containing remains of each prey type) and percent composition by 

weight (percentage of the overall weight contributed by each prey type) as 

described by Fitzgerald and Karl (1979). Estimated meal weights were derived 

from Alterio and Moller (1997) and Fitzgerald and Karl (1979) and are shown in 

Table 1. 

In some instances prey items were lumped into 'lagomorph', 'large' (birds, 

possum, rats and hedgehogs) and 'small' (mice, lizards and invertebrates) prey 

categories to meet sample size requirements for statistical analyses. Differences 

in prey item % occurrence and % by weight in digestive tracts and seats were 

tested using Chi-square contingency tables. 
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Diet and time since rabbit poisoning 
Using data provided by Pierce (1987) the relationship between prey type 

percentage frequency of occurrence in diet and years since rabbit poisoning was 

. analysed using linear regression in the SPSS™ program. 

Results: 

Overall Diet 
Fifty-three cats were trapped for diet analyses. Three (6 %) of digestive tracts 

were empty, three (6 %) contained unidentifiable bone remains which may 

have come from ingested bait, and two (4 %) contained totally unidentifiable 

remains. These digestive tracts were excluded from further analysis. Forty

five (22 male and 23 female) digestive tracts contained identifiable prey 

remains. Of these 23 were adults and 22 were juveniles. Fifty-six seats were 

examined. 

Lagomorphs were the most abundant prey item in cat digestive tracts, 

occurring in 69 % of the digestive tracts and contributing 78 % to the total diet 

by weight (Figure 3). Birds, mice, skinks, weta or other invertebrates were 

present in at least 13% of digestive tracts, but their contribution to the overall 

diet by weight was low. Fifty-three percent of digestive tracts contained either 

weta, other invertebrates, or both, but only contributed 0.9% and 0.4% 

respectively by weight (weta and other invertebrates occurred in 24 % and 42 % 

of the digestive tracts respectively, but contributed only 0.9% and 0.4% to the 

diet by weight). Although mice were present in over three times as many 

digestive tracts as birds (42% c£.13 %), bird prey by weight contributed only 

marginally less (5% cf. 6 %) to cat diet. Geckos, possums (Trichosurus 

vulpecula), hedgehogs (Erinaceus europaeus), and rats (Rattus spp.) were the least 

common prey items. 

Lagomorphs were found in the greatest percentage of seats, occurring in 77% 

of seats and contributing 83 %by weight (Fig. 4). Mice remains were present in 

fewer seats compared to digestive tracts (in 27 % of seats, and contributing 4 % 

by weight). Birds were found in a greater percentage of seats (in 32% of the 

seats, and contributing 10% by weight). Skinks, weta and other invertebrates 
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were uncommon in seats. Geckos, possums, hedgehogs and rats were absent. 

The only prey item found in a scat and absent from the digestive tracts was the 

remains of a sheep. 

Lagomorph remains in digestive tracts and seats combined consisted of 18% 

nestlings, 51% young, and 31% adults. Young lagomorphs accounted for 59 % 

of lagomorph remains in digestive tracts and for 43% in seats. Nestling and 

adult lagomorphs accounted for 11 % and 30 % of lagomorph remains 

respectively in digestive tracts, and for 25 % and 32 % of lagomorph remains in 

seats. 

Differences between sexes and ages 
Male and female cats ate similar prey. When taking the total number of prey 

items eaten into consideration, females ate significantly more weta than males 

(x2=10.107, d.£.=1, p = 0.0015). Nestling, young and adult rabbits were found in 

similar ratios in adult cats of both sexes and in adults compared to juveniles. 

Significantly fewer juvenile cats preyed upon lagomorphs than did adults (55% 

cf. 85%; x2= 4.132, d.£.=1, p=0.0421; Fig. 5). More juveniles ate birds, skinks, 

weta and other invertebrates than adults did, although this difference was only 

significant for "other invertebrates" (x2=11.891, d.f.= 1, p = 0.0006). The total 

number of weta eaten by juvenile compared to adult cats was also significantly 

higher (x2=12.057, d.£.=1, p=O.OOOS) with juveniles eating four times as many 

weta as adults. This result was greatly influenced by two juvenile females who 

together ate 24 weta. 

There was no significant difference in the proportion of adults and juveniles 

with large or small prey items in their guts. However, the total number of 

small prey items eaten by juveniles was significantly more than eaten by adults 

(x2=10, d.f.=l, p=0.0014), and the relative proportion of lagomorphs eaten by 

adults was twice as high as that of juveniles (x2=11, d.£.=1, p=0.0008). 

Differences between farmland and riverbed 
There was no significant difference in the proportion of lagomorph, large or 

small prey items in the digestive tracts of cats that were trapped on the 
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riverbed compared to those trapped on farmland. However, the proportion of 
the total number of prey items which were lagomorphs was twice as high in 

cats trapped on riverbed than in cats trapped on farmland (x2=4, d.f.=l, 

p=0.0439, Table 3). Similarly, the proportion of large prey items was four 

times greater in the cats trapped on the riverbed (x2=6, d.f.=l, p=0.0156), 

whereas the proportion of small items was three times greater in the farmland

trapped cats (x2=10, d.f.=l, p=0.0017). These differences between farmland and 

riverbed cat diet mainly reflect the greater proportion of skinks and insects 

caught on farmland compared to on riverbeds (Table 3). 

Diet and time since rabbit poisoning 
As time since rabbit poisoning increased the frequency of occurrence of 

lagomorphs in cat diet appears to increase, however raw data is required for 

further robust statistical analysis. The frequency of occurrence of weta, skink, 

and 'other invertebrates' was highest in the first year since rabbit poisoning 

(Fig. 6; Table 2). There was a general trend for the percentage frequency of 
weta in diet to decrease with increasing time since rabbit poisoning. Birds, 

skinks, and 'other invertebrates' appear to be eaten seasonally, but raw data is 
required for any further robust statistical testing. This is because variation in 
data cannot be analysed from data currently available. 

Discussion: 
In this study the lagomorphs eaten would have been predominantly rabbits 
rather than hares. The latter are rarely seen and occur at much lower 

abundance than rabbits in most pastoral landscapes (Flux, 1981). On the 

Tekapo, Ohau, and Ahuriri riverbeds Pascoe (1995) made 212lagomorph 
observations during daylight, 75% of which were rabbits. Had night-time 

counts been made, much more than 75% of observations would have been 
rabbits. 

The proportion of lagomorphs (69 %) found in cat diet in this study is slightly 
lower than in other studies where lagomorphs are readily available. Seventy
six percent of cat guts contained lagomorph remains around Yellow-eyed 

Penguin breeding colonies in the Catlins, Otago Peninsula and North Otago 
coast (Alterio and Moller 1997). Eighty-six percent of cat seats collected in the 
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Tekapo River, Mackenzie Basin, contained lagomorph remains (Pierce 1987). · 

In the Orongorongo Valley where rabbits were scarce (Fitzgerald & Karl1979) 

and on Stewart Island where rabbits were completely absent (Karl & Best 1982), 

rats made up the greatest proportion of cat diet. Rats are uncommon in the 

Mackenzie Basin (Pascoe 1995, Pierce 1987) and were only recorded in the 

stomach of one cat in this study. On Herekopare Island, where other mammals 

were absent, cats fed mainly on petrels supplemented by land birds and insects 

(Fitzgerald & Veitch 1985). 

Brachaspsis robustus was absent from digestive tracts and seats of feral cats in 

this study. However feral cats have been identified as predators of this rare 

robust grasshopper (White 1994). 

Young rabbits (100 - 500 g) accounted for the majority of the lagomorph 

remains. The relatively low number of nestlings that occurred in both cat 

digestive tracts and seats may be due to cats usually not consuming rabbits 

until they leave their burrows or "stops" (Pierce 1987; Gibb, Ward, and Ward 

1978). Although Pierce (1987) found several cases where cats had attempted to 

dig into rabbit stops, most of these diggings had been abandoned after a few 

scratchings. At Kourarau, Wairarapa, feral cats apparently knew rabbit nest 

locations and lay in wait for the young rabbits to emerge (Gibb, Ward, and 

Ward 1978). 

Percentage occurrence of nestling lagomorphs in cat seats was over twice as 

high as in the digestive tracts. This may be a seasonal effect. Seats were 

collected throughout the entire study period, whereas the majority of digestive 

tracts were obtained from kill-trapped animals caught in April and May 1992 

and 1993. In the Mackenzie Basin, although rabbits breed all year round, there 

is a peak in rabbit nesting from August to December (Pierce 1987). During our 

kill trapping regime in late autumn and early winter there were likely to have 

been fewer nestlings and young rabbits present than in other periods during the 

year. 
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Intraspecific differences in the diet of cats 
Despite considerable sexual dimorphism (Fitzgerald 1990; Fitzgerald & Veitch 
1985) there appears to be little dietary difference between sexes of Mackenzie 
Basin cats. Slight differences detected were mainly because two juvenile 
females ate a large number of weta. In the Catlins, Southland, and on the 

Otago Peninsula male cats ate more lagomorphs and less invertebrates than 
females (Alterio and Moller 1997). However, these analyses were also greatly 

influenced by a large number of weta consumed by two female cats. Diet 

studies undertaken in the Netherlands (Niewold 1986 cited in Fitzgerald 1988) 
and in Australia (E. Jones pers. comm.; cited in Fitzgerald, 1988) support a 

general conclusion that male cats tend to eat more lagomorphs and less 

alternative prey than females. Results from our study and Pierce (1987) suggest 

that this trend is weak or not always apparent. 

Fewer juvenile cats preyed upon lagomorphs than did adults. This may be 
because these large prey items are difficult to catch and kill for smaller and 

weaker young cats (Dayan et al.1990). A similar relationship was detected by 
Pierce (1987). In addition, all juvenile seats in Pierce's (1987) study contained 

skinks and/ or insects, and on Herekopare Island juveniles contained 
significantly more insects (weta) than did adults (Fitzgerald and Veitch 1985). 

Consequently endemic biota, such as the rare robust grasshopper, may be at 
greater risk of predation during late summer and autumn when juvenile cats 

are most abundant (Pierce 1987). 

Although capture of prey needs to be directly observed to confirm where food 
items were obtained, differences in diet between cats trapped on farmland and 
riverbed were still evident. Higher numbers of small prey items (particularly 
skinks, weta and "other invertebrates") had been consumed by mdividual cats 
caught on the farmland indicating that cats on farmland have markedly 

different diets. Therefore diet studies on farmland may have limited power for 

predicting consequences of control of rabbits on conservation of riverbed 
wildlife. 

The proportion of cats preying on animals other than rabbits (birds, mice, 

lizards and invertebrates) in this study, is higher than found in other studies in 
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the Mackenzie Basin (Table 2). Nine times as many seats contained mice, and 
four times as many seats contained birds in this study compared to Pierce's 
study (1987). The increased use of non-rabbit prey in this study may indicate 
that a change in diet occurred following the extensive rabbit poisoning 
operation in the area over two consecutive winters prior to this study 
commencing. However, comparing diet before and after reducing rabbit 
densities in replicated treatment and control sites is the only way to fully test 
this interpretation. 

Reduction of rabbits along the riverbed is likely to affect feral cats in a variety 
of ways ( eg. by inducing diet switches, emigration or starvation). Analyses of 
Pierce's (1987) data showed that the proportion of cats that ate alternative prey 
was highest in the first year after rabbit poisoning. The proportion of cats that 
ate alternative prey decreased as the proportion of cats that ate lagomorphs 
(and presumably the density of lagomorphs) increased. This suggests that 
predation pressure on native species is highest in the first year after rabbit 
control if rabbit control is not continuous. Predation rates on banded dotterel 
nests have been higher in years following 1080 poisoning of rabbits (Rebergen 
et al. 1998). This is presumably due to functional (behavioural) responses of 
predators to reduced rabbit densities. One potential advantage of viral controls 
is that such disruptions of predator-prey cycles will not be repeated 
continuously (RCD Applicant Group 1996). 

Functional responses to rabbit reductions, such as diet switching may have 
severe impacts on native biota if numerical responses do not immediately 
counteract them. However the extent of the numerical response in cats to large 
scale rabbit reduction has not yet been demonstrated (Chapter 1). A reduction 
in lagomorph remains in cat diet, and a subsequent decrease in cat numbers 
after rabbit poisoning was observed by Pierce (1987). However rabbit and cat 
abundance may not have changed significantly during Pierce's (1987) study. 
Rabbit density estimates used in Pierce's (1987) final analyses were contrary to 
those estimated by other methods such as spotlighting. Cat abundance (as 
measured by trap-catch) in Pierce's study was not significantly different on a 
year to year basis. Norbury and McGlinchy (1995) also observed a reduction in 
predator sightings after rabbit control. However since they did not discern 
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between cat and ferret sightings it is not clear if just cats or just ferrets, or both 

declined after rabbit poisoning. A reduction in feral cat abundance almost 

immediately followed natural rabbit declines at Kourarau, Wairarapa (Gibb, 

Ward, and Ward 1978). However this reduction in cat sightings may have been 

due to small home range shifts by cats or learned avoidance of humans present 

- functional and not numerical responses. A reduction of rabbits by 1080-

poisoning (Pierce's study) may have a different effect on feral cats than a 

reduction of rabbits through willow removal. The latter might simply result in 

small scale redistribution of where rabbits occur and feral cats hunt. 

Whether long-term conservation benefit or harm results from the action of 

RHD depends on the new long-term equilibrium balance between functional 

and numerical responses of predators. Conservation protection could be better 

assured if introduction of rabbit biocontrols was accompanied by predator 

controls (trapping and poisoning) at sites of particular wildlife value in the first 

few years. Further dietary studies will continue to be a valuable tool in 

assessing impacts of cats on native fauna. 

The present and previous studies emphasise the ability of feral cats to sustain 

themselves on a number of prey types. If the release of RHD, and the removal 

of willows (by Project River Recovery) is effective in reducing rabbit numbers 

along the Tekapo River, feral cats could potentially alter their diet to include a 

larger proportion of native species. 
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Figure 1. Map of the Tekapo, Ohau and Ahuriri Rivers of the Mackenzie 
Basin, the surrounding farmland and the locations of the six sites where cats 
were trapped for diet analysis. 
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Figure 2. Rabbit claw lengths in relation to total body weight, Tekapo River. 
Vertical bars are the range of values. Numbers denote the numbers of rabbits 
in the sample. Data are taken from Pierce (1987). 
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Figure 4. The percentage of cat diet constituted by each prey type present in 
56 cat scat collected from riverbeds and farmland of the Mackenzie Basin. 
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Table 1: Relative mealweights used in calculating prey item's percentage 
composition by weight. 

Prey Item Meal Weight (g) Source 

Lagomorph 170 Fitzgerald and 

Karl (1979) 

Bird 54 Alterio and 

Moller (1997) 

Possum 125 Present study 

Rat 125 Fitzgerald and 

Karl (1979) 

Hedgehog 170 Alterio and Moller 

(1997) 

Mouse 15.5 Fitzgerald and 

Karl (1979) 

Lizard 7 Alterio and Moller 

(1997) 

Insect 0.65 Alterio and 

Moller (1997) 

Weta 1.67 Fitzgerald and 

Karl (1979) 
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Table 2: Frequency of occurrence of lagomorph and other prey items in cat seats in Mackenzie Basin 

Years since 

Locality and Year and rabbit Sample Lagomorph % occurrence 

source season poisoning type (rabbit) Mice Weta Bird Skink Invertebrate Other Gecko Hedgehog Possum Ra1 

Mackenzie 

(Pierce unpubl.) 1981-83 0-5 Guts 89 <10 14 3 11 0 

--
Cass (Pierce 1982) 

1979-81 0-5 Guts 50 28 34 8 10 0 

Tekapo Sp'84 .25 Seats 74 8 0 10 17 9 

(Pierce 1987) Su '84 .50 69 24 13 23 31 7 

Au '85 .75 78 29 7 28 54 25 

W'85 1.00 90 17 5 16 30 13 

Sp '85 1.25 86 17 12 7 19 2 

Su'86 1.50 91 11 13 9 15 4 

Au '86 1.75 90 15 4 22 37 22 

W'86 2.0 99 0 8 0 0 0 

Sp'86 2.25 95 4 7 0 8 4 

Average 1984-86 1.2 85 3 14 8 13 24 10 

Twize1, 1993-94 1.2 Seats 77 27 13 32 7 14 0 0 0 0 

Present Study 1993-94 1.2 Guts 69 42 24 13 22 42 7 2 2 2 

Footnotes: Sp = Spring, Su = Summer, Au =Autumn, W =Winter. 
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Table 3: Prey items found in digestive tracts of feral house cats trapped on 
riverbeds and nearby farmland· of Mackenzie Basin. 

There were 19 digestive tracts from cats trapped on riverbeds, and 26 digestive 
tracts from cats trapped on farmland. 

Prey category 

Lagomorph 
Large 

Small 

Prey item 

Lagomorph 
Bird 

Rat 

Hedgehog 

Possum 

Weta 

Other inverts 

Mouse 

Skink 

Gecko 

Individual number of prey 
items 

Riverbed Farmland 

16 16 
2 2 

0 1 

1 0 

2 0 

6 28 

18 29 

12 17 

2 22 

1 2 
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