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Abstracts.
Each chapter in this thesis has been written as a separate paper intended for
later publication. Rather than write one summary, an abstract for each chapter has
been given in the order they are presented in the thesis.

Chapter I.

The

prey species of domestic cats (Felis catus) in two suburbs of Auckland city, New
Zealand.

The prey brought in by 80 cats (Felis catus), over a year was monitored in two
suburbs of Auckland New Zealand. The survey technique followed that of Churcher

& Lawton (1987) where cat owners were asked to record (and if possible keep) the
prey their cats brought

in.

The results for the year indicated that there were distinct

differences in the type of prey taken by cats in each area. Rodents were the most

important prey brought in by domestic cats in an urban

/ forest fringe habitat and

invertebrates were the main prey brought in by domestic cats in a fully urban habitat.

Birds and lizards were the second and third most important prey groups in both study
areas. Rat and mouse snap trap indexes which were run at each study location, did not

detect rodents in the urban habitat. The results from the urban/forest fringe concurred
more with studies of feral cat diet in New Zealand whilst those from the urban area
compared more

to studies of domestic and stray cat diet in urban areas overseas.

There were seinonal trends in the prey captured in each area and in both areas cats
hunted less over the winter months.

Chapter

II.

Diets of coexisting alien mammalian carnivores in Northern New Zealand.

120 feral cats, 85 stoats (Mustela erminea),28 weasels (M. nivalis) and 16
ferrets (M. furo) were caught over three years, in Northland, New Zealand. The gut
contents of these animals were examined and their food habits described. The main

prey groups of cats were (in order of importance by weight), lagomorphs, rodents
(Rattus spp

prey

of

& Mus

musculus), other mammals, birds and invertebrates. The main

stoats were rodents, birds, lagomorphs, skinks (Cyclodina spp) and

invertebrates. Skinks, followed by mice, were the main prey of weasels. Rabbits
(Oryctolagus cuniculus) were the most commonly occurring prey item in the ferret

guts. The food habits for cats and stoats were compared between different habitats
within the Northland region where these animals were collected from. There was

little difference between habitats, but invertebrates occuned more frequently

and

lagomorphs less frequently in the diet of animals from forest habitats compared to
those from forest / pasture and coastal habitats. No differences were found in the prey

of male and female cats, but invertebrates occurred more frequently in the guts of sub-

adult cats compared to adult cats. Skinks occurred more frequently in the guts of
female stoats, which tended to take smaller prey items than males.

Chapter

III.

Home range of innoduced mammalian carnivores, feral cats (Felis catus), stoats

(Mustela erminea) and aferret (M. furo) at Trounson Kauri Park, Northland, New
Zealand.

The minimum home ranges of eleven feral cats, four stoats and one male ferret
were examined by radio telemetry at Trounson Kawi Park in Northland New Zealand.

The average minimum home range of male feral cats was 305 + 74ha. This was not

significantly larger than the L22

*

35 ha minimum average home range of female cats.

The minimum average home range of three male stoats was 108 +19 ha and the
minimum home range of one female stoat was 50 ha. The male ferret had a minimum
home range

of 179 ha.

There was no overlap spatially, in the home range of three

adult male cats. There was also very little spatial overlap in the home range of four
female cats. There was substantial home range overlap with four sub-adult male cats.

The home ranges of these sub-adult male cats also overlapped spatially with those

of

the adjacent females and adult males. The home ranges of two male stoats overlapped

spatially to some degree and the home range of another male stoat overlapped that

of

the female stoat substantially. The home range of the male ferret overlapped the home
ranges

of all of the cats occupying similar areas of the park. The home ranges of two

male stoats overlapped the home ranges of the adjacent cats but not into the "core"
areas

ofthose cats ranges.
Chapter IV.

Secondary poisoning of introduced mammalian carnivores during possum and rodent

control operations at Trounson Kauri Park, Northland New Zealand.

Predatory mammals were monitored by radio telemetry through a 1080 then

brodifacoum poison baiting operation at Trounson Kauri Park in Northland, New
Zealand to taf,get possums (Trichosurus vulpecula) and rodents (Rattus rattus, Rattus
norvegicus & Mus musculus).

All six feral

cats (Felis catus), and the single stoat

(Mustela erminea) and ferret (Mustelafuro) being monitored at the beginning of the
operation died of secondary poisoning following the 1080 operation. A further two
cats and four stoats were radio tagged and monitored through the ongoing poisoning

campaign using brodifacoum in a continuous baiting regime. None of these radio
tagged carnivores died of secondary poisoning. However, tissue analysis of additional
camivores trapped at Trounson found that cats, weasels (Mustela nivalis) and to a
lesser extent stoats did contain brodifacoum residues. The duration that the radio
tagged predators were alive in and around Trounson Kauri Park suggested that the
secondary poisoning effect was much reduced under the continuous baiting strategy,

compared to the initial 1080 poison operation.

Chapter V.

Managing alien mammals in mainland New Zealand: The implicationsfor
predator/prey interactions in complex communities.

Recent advancements in alien pest mammal control technologies have enabled
conservation managers to attempt long term, large scale, predator and browser control

prograrnmes

at mainland sites in New Zealand. At Trounson Kauri Park (in

Northland, New Zealand) feral cats, ferrets, stoats and weasels plus rodents and
possums were controlled for two and a half years. Early results from Trounson
suggested that some native birds and plants responded positively and quickly to the

control of these alien pest mammals. Howevero the management also affected the
predator-prey and predator-predator interactions, within the mammalian community,

with changes in the predator guild and some prey species increasing in

abundance.

The long term effects of these responses within the mammalian community to control
efforts are unclear. A review of the international literature served only to confirm the

view that managing alien mammals where re-invasion is constant will be a complex

task. Conservation management at mainland sites like Trounson Kauri Park, may in
effect be acting as crude mammalian predator removal experiments. Monitoring
changes

in predator-prey interactions and predator-predator interactions at this and

other intensive management sites over sufficient time frames could provide scientists

with the critical ecological data required to construct useful predictive models. The

ability of managers to target specific pests at critical times would represent
significant advancement

a

in controlling predatory mammals on the New Zealand

mainland.

l.

Feral cat photographed whilst restrained in a soft catch leghold trap at
Trounson Kauri Park, Northland, New Zealand.
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General Introduction.
Background

Up until 1000 years ago the islands of New Zealand were free of all mammals
apart from bats and seals (King 1990

a). The arrival of humans in New Zealand and

the land mammals they brought with them, particularly the Carnivora introduced by
the Europeans in the last 200 years were associated with the declines and extinctions

of several species of native avifauna (King 1990 a). Cats (Felis catus) were brought
to New Zealand on the ships of early European explorers in 1769 and probably first

a). By the mid 1870's
rabbits (Oryctolagus cuniculus) had become a serious agricultural pest in New
Zealand (King 1990 b, Lavers & Clapperton 1990). Demands from farmers for
became feral some

fifty years after that (Fitzgerald

1990

natural enemies of the rabbit to be inhoduced led to the first of many introductions

of

mustelids (King 1990 b, Lavers & Clapperton 1990). The first introduction of ferrets
occurred in 1879, followed by further large scale introductions in 1882. These ferret

introductions were also supplemented

by local breeding programmes (Lavers &

Clapperton 1990). The fust of several shipments of stoats and weasels from Britain
arrived in New Zealarrd in 1884 (Kine 1990

b).

Today the descendants of these cats

and mustelids are widespread throughout New Zealand with the exception of some

offshore islands (Fitzgerald 1990, King 1990 b, Lavers

&

Clapperton 1990). The

impacts these alien predatory mammals have had are not unique to New Zealand,

similar problems have been paralleled on other oceanic island groups such

as

Mauritius, the Canary Islands and Hawaii (King 1990 a). New Zealand however, has
now lost over 40

o/o

of it's pre-human land bird fauna and no other country currently

has a higher proportion of

it's surviving avifauna classed as threatened (Clout 1997).

Many of the surviving populations of native animals are now restricted to
isolated offshore islands that are free of alien mammals or do not contain the full suite

of "post European" predatory mammals (Clout 1997). Until recently most efforts in
New Zealand to control or eradicate these introduced mammalian carnivores for
conservation purposes were focused on these offshore islands where re-invasion was

lest

likely. Conservation

managers are now beginning to apply the techniques leamed

on these offshore islands to control alien predatory mammals at selected sites on the
New Zealand mainland (Clout & Saunders 1995). Issues facing managers attempting

to control these predatory milmmals on the mainland and hold them at densities that

will

significantly reduce predation upon vulnerable native species are far more

complex than those found on offshore islands. On the mainland predator management
involves perpetual population conhol as opposed to offshore islands where eradication

is possible, ie all individual predators can be put at risk and re-invasion can

be

prevented (Clout 1997).

Northland and Trounson Kauri Park.

The New Zealand Department of Conservation (DoC) cunently manages six
sites, throughout the country officially titled "mainland islands" ranging from l 17 ha

to 4600 ha in size (A. Saunders, DoC. pers. comm.) where predatory mammals (and
other alien mammal pests) are intensively controlled either by trapping or poisoning.
Trounson Kauri Park

in Northland, New Zealand is one of

these DoC "mainland

islands". Trounson provides a refuge for one of the most significant populations of
the North Island brown l<rwi (Apteryx australis mantelli) in the Northland region.
Northland has traditionally been considered the stronghold of North Island brown

kiwi, however their range has contracted markedly in the region between the 1970's
and early 1990's (Miller

&

Pierce 1995). Cats and stoats have been identified

as

being largely responsible for the deaths of young North Island brown kiwi in the wild,
and a significant reduction in this juvenile mortality is required to ensure the survival

of the species on the New Zealand mainland (Mclennan et. al. 1996). There is
growing body of research

in the literature

describing aspects

a

of the ecology of

introduced carnivora and methods of managing them in this country, but as yet none
from the mainland of Northern New Zealand.

The nature of this studv.

This PhD project started out as a one year MSc project at the University of
Auckland with the aim of describing the prey species of domestic and feral cats in
Northern New Zealand. The proposed Trounson Kauri Park ecosystem restoration
project provided the opportunity to widen the study to include aspects of the ecology

and management

of feral cats and mustelids.

excellent field laboratory where

I

Trounson Kauri Park provided an

could study these carnivores prior to,

and

throughout poison operations (to control possums (Trichosurus vulpecula) and rodents
(Rattus ro"ttus, R. norvegicas and Mus musculus)), which were then followed up by an

extensive feral cat and mustelid trapping programme. The predator management
programme at Trounson Kauri Park is focused upon enhancing the survival chances

of

juvenile kiwi so that sufficient of their number are recruited into the adult population.
Obtaining baseline data on aspects of the ecology of cats and mustelids, and their
responses to poison operations, was the

first step towards understanding how we can

improve the efficacy of the predator management programme in order to achieve that
goal.

The domestic cat prey species chapter may seem out of place in a study of
feral cats and wild mustelids. Howevern one of the difficulties facing conservation
managers

in Northern New Zealand and most certainly at Trounson is how to

approach the problem of the "neighbour's catno. This study may provide some useful

information for conservation managers faced with that dilemma. This thesis has been
put together as a series of separate papers each intended for future publication. This
approach however, has resulted in some degree of repetition between chapters which
was unfortunatelv unavoidable.

Aims.

The individtnl airne of each chapter 'sf this PhD studyi in the order they are
presented were;

1. To describe the prey qpecies of donestic oaB in Auckland city in the North trsland

of N.ew Zealafi rurd comBare theso results to those frorn

othen shrdies

in

the

sciEntific literature.

2. Ts deseribe the diet of co-existing rnanmalim carrivores caught at
sites

'around

eonser,vation

the Nortlrlaud regron and compar€ these rezulte to -those ftom other

sfudies in the scientific literature.

3. To detemine the home range of as many carniv.ores

as possible

in the six msnths

prior to the oo"rnrisfic€rnent of pest coatrol work at Tr,ouuson Kaui Park and
co4paf,e these resulfs to those f.rom oiher studios in the soientific literature.

4. To monitsr

the impaat of the possurn and rodent control operations on radio tagged

cats and mustelids.

5. To desoribe and suggest ome of the predator-prey interaotions tlut may

ta;ke place

at conservation sites where alien mammals are being managed, using information
from Troqnson Kaurj Parh a'tnainland islandnn as a case study, and,to deseribe any
evidmce to support these suggested interactions in the literature.
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Chapter

I.

The prey species of domestic cats (Felis catus') in two

suburbs of Auckland city, New Zealand.

Introduction.

There have been several studies on the diet offeral cats in different habitats on

mainland New Zealand and on some of the offshore islands (Marshall 196l a, Gibb,

Ward & Ward 1978, Dilks 1979, Fitzgerald

& Karl 1979, Karl &

Fitzgerald

& Veitch 1985, Pierce 1987, Baker 1989, Langham

& Veitch

1991, Middlemiss 1995, Pascoe 1995, King er.

1997 a, Norbury

Best 1982,

1990, Fitzgerald, Karl

al. 1996, Alterio & Moller

& Heyward 1997) but there is no documented

study of the diet

of

domestic cats in an urban habitat. In recent times there has been passionate debate in

the media regarding whether or not the domestic cat is having an impact on New
Zealand native wildlife (NZ Herald 15 June, 1995). Those who argue that the
domestic cat is impacting upon wildlife have based their arguments upon studies

of

feral cat diet or more commonly, from a study of the prey of domestic cats in the
United Kingdom by Churcher

& Lawton (1987). The counter to this argument has

been that feral cats are different to domestic cats and there is little to be inferred bv

extrapolating from overseas data (NZ Herald 15 June, 1995).
The primary aim of this survey was to describe the prey species of domestic
cats in Auckland city, North Island, New Zealand. The survey technique followed
that of Churcher

& Lawton (1987), except that the survey

was between two areas, a

fully urban habitat and an urban forest fringe. The secondary aim was to describe any
seasonal trends

in the prey take of domestic cats, compare the prey take for the year

between areas and relate this to indices of rodent and bird abundance for each area.

The results from each survey area were also compared to those of feral and domestic
cat diet studies from overseas and to feral cat diet studies within New Zealand.

ll

Studv Areas.

The study was carried out in two areas each approximately 750 ha in size

within the boundaries of Auckland City, North Island, New Zealand. The two sites
were separated by 32.5

km.

The Oratia site, was located on the eastern face of the

Waitakere Ranges (36"56'5, 174'35'E). The houses in this area bordered (and were
interspersed with) several native forest reserves @late 2) of predominantly secondary

kauri-podocarp-hardwood forest (Denyer et al 1993) with some prominent patches

of

nikau palm (Rhopalostylis sapida). The Browns Bay site was located on Auckland's

North Shore, (36'43'5, 174o45'E), in a fully urbanised area with no stands of native

forest remaining within

or

near the study location. Nearby pastureland was

undergoing residential development at the time of this study @late

3). Both sites

had

been progressively subdivided (from farmland) for housing over the last thirty years

and development was still occurring

initially for the nature of the habitat, for

in

each area. The study sites were chosen

ease

of access and in part by random selection

of several potential locations. However, it was decided that the cat owners should
represent a similar socio-economic section of the community at each study site, this
was based arbitrarily on an estimation of property prices. The selection of houses to
be surveyed was based upon boundaries defined in advance on a map.

t2

Plate

2. View lookine north towards the Oratia study

Plate

3. View lookine nortli lcross

site.

the Browns Bay study site

IJ

Methods.

The survey methods in this study were based on those used by Borkenhagen

(1978), Churcher

&

Lawton (1987), Paton (1991) and Barratt (1997

a).

Every

household in each of the study areas (101 households in Oratia and 189 households in

Browns Bay) was hand-delivered a "return by post" questionnaire, (Appendix

I). The

questionnaire was divided into two parts. The first requested details of any cats in the

household and what the owners thought each animal regularly caught. The second
part was a general request to participate in a year long survey of the prey take of each
cat, running from January 1995 to January 1996. Householders from each area who
agreed to participate in the survey made a record of every prey item that their cats

brought

in. In instances

where the participants were unable to confirm the species of a

prey item, prey were collected for later identification. These cat owners were also
asked whether or not their cats wore

bells. Participants were contacted at the end of

each month in order to report the prey take of each cat.
Cats monitored in the ongoing survey were assigned an arbifrary age class

analysis purposes.

All

for

cats, both male and female, should have reached their adult

body weight by three years of age (Liberg

l98l)

so all cats under three years of age at

the start of the survey were assigned to the kitten-subadult age class whereas all others
were assigned to the appropriate adult age class based upon their age at the start of the
survey.

In order to compare the relative abundance of avian prey between the study
areas and the seasonal trends

Bull 1975) were conducted

in bird abundance five minute bird counts (Dawson &

once a month at each survey

in clear weather when possible just after dawn, at

I

I

site. Counts were conducted

stations spaced 200 m apart in

each study area. To ensure the counts were representative

of the different habitat

types, the distance between some stations was greater than 200 m within the Oratia
survey area.

The relative abundance of rodent prey in each of the study areas was assessed
using rodent snap trap indices (Cunningham & Moors 1993). Index trap surveys wero

carried out in November 1995 in both study areas. Snap traps were laid out in twin

t4

sets, comprising one

ooEzeset

Supreme" rat trap and one "Ezeset Supreme" mouse trap,

baited with peanut butter and rolled oats, each under a steel or plastic cover closed

off

at one end. 33 sets were run over 3 nights in Oratia and 34 sets over 3 nights the

following week at Browns Bay. The location of trap

by

sets was largely determined

willing to allow trapping on their property. Despite this restriction,

those participants

attempts were made to ensure the indices were as representative as possible

all

relevant habitat types and

sets were positioned under vegetative

of

the

cover. The

minimum distance between trap sets was 20 m.

Results.

Response to the

I received

initial survey.

109 responses to the questionnaire (61

in Oratia and 48 in Browns

Bay) and of these, 56 households in Oratia had 82 cats and 39 households had 60 cats

in Browns Bay. Significant differences were found in the prey of cats in the two
suburbs. (Table I).

Table

I

The relative importance of different prey types as reported by cat owners in Oratia and
Browns Bav.

Prey type

Rodents
Invertebrates

Location

Oratia
Browns
Oratia
Browns
Oratia
Browns
Oratia
Browns

Bay
Bay

Percentage of
cats reported as
takin
70.73

Chi-square, Yates
correction factor.

Probability
(with I dfl

0.881

> 0.05

70.73

2t.3r1

< 0.01

3r.67
24.39

10.317

< 0.01

2.503

> 0.05

63.33

Bay

53.33

Bay

31.7r
20.00

l5

One year survey.

Total prey catch in Oratia and Browns Bay.

From the original 290 questionnaires distributed, 22 households

in Oratia

(with 34 cats) and 30 households in Browns Bay (with 46 cats) participated in the year
long survey. During the year the cats brought in a total of 1674 prey items (734 in
Oratia and 940 in Browns bay). Rodents were the most common prey cauglrt in
Oratia and invertebrates were the most common prey in Browns Bay, (Fig. l.).

Fig.

l.

Relative Proportions of Prey Take (by type) over one year, for both study

areas.
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I
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Significantly more rodents were caught per cat in Oratia (mean 14.44
than in Browns Bay (mean 0.74

Browns Bay (mean 16
expressed

*

t

t

t

4.95)

0.24). More invertebrates were caught per cat in

6.46) than

in

Oratia (mean 1.62

+ 0.47), (Means are

standard error), there was however, no significant difference between

medians, (Table II).

l6

Table

II

Comparison of prey take (by taxa) per cat over one year between Oratia and Browns
Bay.

Prey Type
Birds
Insects
Rodents
Lizards

Mann-Whitney U tesl
656
917.5
98.5
702.5

Probability
>
>
<
>

0.05
0.05
0.01

0.05

A total of 226 birds were caught (98 in Oratia and 128 in Browns Bay) over
the year. Sparrows (Passer domesticus) were the most commonly caught bird species

in both study areas, waxeyes (Zosterops lateralis), blackbirds (Turdus merula) and
song thrushes (Turdus philomelos) were also common prey in both areas,

b).

(Fig.2 a &

"Other" represents less commonly caught species, including starlings (Sturnus

vulgaris), mynas (Acridotheres tristis), finches (Carduelis spp or Fringilla coelebs)
and domestic chickens. [n Oratia the following native species were included under

this category; one New Zealand pigeon, (Hemiphaga novaeseelandiae), two tui
(Prosthemadera novaeseelandiae), two grey warblers (Gerygone igata), one fantail

(Rhipidura fuliginosa) and one kingfisher (Halcyon sancta). None

of these bird

species were caught in Browns Bay.
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Fig.2a. Relative Proportions of Bird Prey Take (by taxa) over one year in Oratia.

Lhidentified Bird
,|,00/o

Blackbird
15o/o

Fig.

2b.

Relative Proportions of Bird Prey Take (by taxa) over one year in Browns

Bay.

A total of 787 invertebrates were caught (55 in Oratia and732 in Browns Bay)

over the

year.

Crickets (Teleogryllus commodus), lepidopterans and cicadas

(Cicadidoe) were common invertebrate prey in both areas (especially in late summer
and autumn). Tree wetas (Hemideina thoracica) were relatively more common prey

in Oratia than in Browns Bay (Fig. 3a & b).

l8

Fig. 3a. Relative Proportions of Invertebrate Prey Take (by taxa) over one year in
Oratia.

Lepidoptera

Fig. 3b. Relative Proportions of lnvertebrate Prey Take (by taxa) over one year in
Browns Bay.

Wetas
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Ocadas
9Yo

Other Orthoptera
1%

A total of 520 rodents were
Browns

caught over the year (486

Bay). In Browns Bay more mice (Mus

(Rattus spp) (mice 59%

&

rats 4lYo

in Oratia and 34 in

musculus) were caught than rats

of rodent prey), in Oratia more rats were caught

than mice (rats 61 .5% & mice 38.5% of rodent prey). No other mammals were caught

r9

in

Brorvns Bay; but, four stoats (Mustela erminea), two rabbits (Oryctolaguy

c.wnianlus) and one hedgehog (Ertnacws anropaeus) were caught by cats in Orafia

A tstal af

127 Lizards were caught over tbo yew, 82

in Oratia arnd 45 in

Browns Bay. In Browns Bay all the lizards were skinks. In Oratia lTok of the lizards
caught were Geokos, the remaining

spp) throughout the survey,

o-ne

8-8%o

were skinks. Two frogs were caught (Litvria

in Oratia and one inBrowns Bay.

Seasonal distribution afprey. tala and comparisons baween arefrs.

The averrage bird prey tarken per cat per month washighest in spring and early
swnmer in Browns

Bay. The pattern of bird captures was similar in distributisn in

Oratia but with more being eaught frrougb the Aufiron months. (Fig. 4). Throughout

the year the bird prey taken per oat was not si"gnificantly different betrween areas,
except for Auturnn where the rate was signfficanfly higfoer in Oratia (Table III).

zo

4. Comparison

of bird prey taken per cat, per month between Oratia and Browns
Bay. Note, means are expressed * standard error.
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Table

III

Seasonal comparisons of bird prey taken between locations. Based upon total bird
prey taken for each cat over three month seasons. Summer includes December 1995.
January 1996 plus February 1995.

Season

Autumn
Winter
Spring
Summer

Mann-Whitney U test
statistic
s85.5

759
7s9
643

Probabilirv
<
>
>
>

0.05
0.05
0.05
0.05

Capture rates for invertebrates in Browns Bay were highest during the Autumn

months, capture rates were also high in late spring. The capture rate was (with the
exception of February) consistently higher in Browns Bay than in Oratia (Fig. 5).

Only in autumn however was the capture rate significantly higher in Oratia than in
Browns Bay (Table IV).

2l

Fig. 5. Comparison of invertebrate prey taken per cat, per month between Oratia and
* standard error.
Browns Bay. Note, means are ex
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Table IV
Seasonal comparisons of invertebrate prey taken between locations. Based upon total

invertebrate prey taken for each cat over three month seasons.
December 1995, January 1996 plus February 1995.

Season

Autumn
Winter
Spring
Summer

Mann-W'hitney U test
statistic
964
829.5
909.5
818

Capture rates for rodents
capture rates occurred

in Oratia were lowest

<
>
>
>

Summer includes

0.05
0.05
0.05
0.05

through winter and peak

in late spring to summer (Fig. 6). The capture rates were

significantly higher in Oratia than in Browns Bay over each seasonal period (Table

v).
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6.

Comparison of rodent prey taken per cat, per month between Oratia and
Browns Bay. Note, means are expressed t standard error.
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Table V
Seasonal comparisons of rodent prey taken between locations. Based upon total
rodent prey taken for each cat over three month seasons. Summer includes December
1995, January 1996 plus February 1995.

Season

Autumn
Winter
Spring
Summer

Mann-Whitney U test
statistic
213
426
249.5
287.5

Probability
<
<
<
<

0.01
0.01
0.01
0.01

Capture rates of lizards were highest in both areas in late spring to summer.
The highest capture rate (for a single month) occurred in April in Oratia and no lizards

were caught at all

in Oratia through the winter months (Fig. 7). There was

no

significant difference in capture rates between areas over the four seasons (Table W).
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7.

Comparison of lizard prey taken per cat, per month between Oratia and
Browns Bay. Note, means are expressed * standard error.
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Table VI
Seasonal comparisons of lizard prey taken between locations. Based upon total lizard
prey taken for each cat over three month seasons. Summer includes December 1995,
January 1996 plus February 1995.

Season

Mann-Whitnev U test

Autumn
Winter
Spring
Summer

Probabilitv
>
>
>
>

712
850

714
670.5

0.05
0.05
0.05
0.05

Cat age, sex and individual predation efficiency.

There was no significant bias in sex ratio within each area and no difference
between areas (21 neutered male cats and 22 spayed females
neutered male cats and 17 spayed female cats in Oratia.

X':0,

in Browns Bay,

with

1

17

df; probability:

1). Three unspayed or neutered kittens were excluded from the analysis. There was
no significant difference in the prey take over the year for male and female cats in
both study areas (total of 38 neutered male cats and 39 spayed female cats, MannWhitney U test statistic :782.5, probability

:

0.671). Cat ages were not significantly

24

different between the study areas (Mann-Whitney U test statistic: 548.5, probability

:0.286).

There was however, considerable variation in the total number of prey items

brought home by individual cats in both areas: 21 cats caught less than l0 prey items

for the year (four caught nothing) and six caught over 80 prey items. This variation
may be a factor of cat age, kittens and sub adult cats generally brought home more
prey items than older adult cats (Fig. 8).

Fig. 8. Average number of prey items brought in by cats from different age classes
from Oratia and Browns Bay (4 Cats from 2 households in Oratia were excluded
because of unknown age). Note, means are expresseda standard error.
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Rodent survevs and bird counts.

Rodents were not detected in the Browns Bay survey area during November

1995. Howevero six rats (five Rattus rattus plus one Rattus norvegicus) and four mice
(Mus musculus) were caught in Oratia the week before (Table VII).

Table

VII

Rodent trap captures in Oratia and Browns Bay. Note, CIOOTN is the capture rate for
100 trap nights, corrected for sprung traps (Nelson & Clark 1973).

Location
Oratia
Browns Bay
Oratia
Browns Bay

Trap Type Number of target animals caught
Rat
6
Rat
0
4
Mouse
Mouse
0

Index

r00TN)
7.6
0
5.1

0

Sparrows were recorded more often in Browns Bay counts than in Oratia, as

were (to a lesser degree) starlings, blackbirds, magpies (Gymnorhina hypoleuca) and

songthrushes. Counts for waxeyes were similar for both areas. More

tui

were

recorded in Oratia counts than in Browns Bay as were (to a lesser degree) rosellas

(Platycercus eximus). Grey warblers, New Zealand pigeon (kereru) and fantail
occurred in the Oratia counts but not in Browns Bav.
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VIIIa

Table

Five minute bird counts from Oratia, (means are of three counting sessions carried out
+ standard error).
within the three month period and are
Feb-Apr
May-Jul Aug-Oct
Nov-Jan
Sampling Period
Mean
Mean
I 99s-96
Mean
Mean
Sparrow
Waxeye

Tui
Kereru
Starling
Grey Warbler
Myna
Blackbird
Thrush
Rosella
Fantail
Seagull
Magpie
Greenfinch
Unknown/other

5.55
0.18
2.27
0.36
0.48
0.48
2.73

l.3

r l.0l
+ 0.09
+ 0.28
+ 0.11

*032

r 0.13
*

0.53

*0.24

0.36
0.64 r 0.17
0.61 t0.21
0.03 * 0.03
0.03 * 0.03
0.18 + 0.1
0.15 + 0.09
+ 0.08

5.58 L 1.02
1.88 L0.44

2.61 r 0.52
1.97 + 0.48
1.18 *0.26

1.7

+ 0.28

0.27
0.76
0.45
2.24
1.39
0.55
0.18
0.67

0.1

0.2t

0.34
+0.17
0.47
+0.21
+ 0.14
+ 0.08
+ 0.16

1.7

0

r
r

t

+0

0.06 + 0.04
0.39 * 0.16

0.2t

+ 0.09

+ 0.08

0.79 t 0.2
1.33 + 0.33
2.03 + 0.33
0.39
0.48
0.24

0
0

+
a
+
+

O.26

0.15

0.16
0.11

+0
+0

0.09 + 0.05
0.88 + 0.43

7.73 + t.42

l.l8

+ 0.25
0.85 + 0.15
0.12 + 0.07

1.09 r 0.3
0.76 + 0.16
1.94 + 0.35

|.67

l.l2

0.45
0.73

0
0

+
+
+
+

0.21

0.14
0.12
0.17

+0
+0

0.03 r 0.03
0.94 + 0.18

VIIIb

Table

Five minute bird counts from Browns Bay, (means are of three counting sessions
carried out within the three month period and are expressed * standard error).
Aug-Oct
Nov-Jan
Feb-Apr
May-Jul
Sampling Period
r

995-96

Sparrow
Waxeye

Tui
Kereru
Starling
Grey Warbler
Myna
Blackbird
Thrush
Rosella
Fantail
Seagull
Magpie
Greenfinch
Unknown/other

Mean

Mean

Mean

Mean

14.55 + 0.5
1.06 +0.22
0.48 + 0.12

17.2t +0.64

9.12 + 0.55

14.73 + 0.88
0.91 + 0.17

0

+0

1.24 + 0.33

0

t.27
1.7
1.3

0
0
0
0
0

2.79

+0
+0.24
+ 032
+ 0.17

+0
+0
+0
+0
+0
+ 0.35

1.64 t032
0.48 t0.12

0 *0

2.27 + 0.31
0 +0
1.94 +0.32
2.09 + 0.33
0.55 + 0.14

0.3

0

+ 0.14

+0

0.06
0.09

+ 0.04
+ 0.05

3.58

+ 0.58

0 *0

t.64

+ 0.43

0.15 + 0.08
0 +0
2.52 + 0.45
0 +0
1.09 +0.2
2.21 +0.25

0.21 * 0.08
0 +0
0.55 + 0.09
0 +0
2.36 r 0.36
1.64 + 0.18

+ 0.15
+ 0.07

L 0.24

t.t2

0.21

0

+0

0.76 +0.27
0.t2 + 0.06

0

+0

2.61 + 0.5

7

0.27

t 0.08

0 *0

0.36 + 0.08
0.27 + 0.1I
0 +0
4.27 r 0.55
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Discussion.

Prey species and seasonal trends in prey take.

The results indicate that there are distinct differences in the prey take of
domestic cats between the two study areas. Rodents were the most important prey
items brought home by domestic cats in Oratia, whereas invertebrates were the most

frequent prey in Browns

Bay. When compared in detail against

studies of feral cat

diet in New Zealand and that of feral and domestic cats overseas, the results obtained

in this survey are not unusual. What was important however was that the results from
the domestic cats in Oratia" (the urban forest fringe site) bear more resemblance to
otlrer New Zealand studies of feral cats and the results from Browns Bay, (the fully
urban site) concur more with some overseas sfudies of domestic and stray cat diets.
Rats and mice were the most important mammalian prey of the cats in Oratia,

where very few rabbits were caught. The peak period for rodent captures in Oratia
occurred in spring. Most of the animals brought in during that time were juvenile rats.

The variation befween cats was high during this period, with one two year old male

cat catching 59.7 o/o of all the rodents brought home in Oratia. The Oratia results
concur with other studies where, (with the exception
mammals are typically the most important prey

of offshore islands)

small

of feral cats in New Zealand

(Fitzgerald & Karl 1979, Gibb et. al. 1978, Pierce 1987, Baker 1989, Langham 1990,

Middlemiss 1995, Pascoe 1995, Alterio & Moller 1997 a, (chapter 2 this thesis)) and
of domestic cats overseas (Bradt 1949, Borkenhagen 1978, Howes 1980, Liberg 1981,
Churcher & Lawton 1987, Carss 1995, Barratt 1997

a).

Rodents were also the most

important prey on Hawke's Bay farmland (Langham 1990). The Oratia results and
the Hawke's Bay study differ from other New Zealand studies in the low percentage
of rabbits recorded in the mammalian prey. Fitzgerald & Karl (1979) found that rats,

followed by rabbits, were the most important prey of cats in the Orongorongo valley,
whereas rabbits alone were the most important prey species of feral cats in six other

al 1978, Pierce 1987, Baker 1989, Middlemiss
Alterio & Moller 1997 a). Several cat owners in both Browns

New Zealand diet studies (Gibb et
1995, Pascoe 1995,
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Bay and in Oratia reported that in the past their cats, or cats they had previously
owned, regularly caught rabbits when there was more pastureland surrounding the
respective study sites. At the time of this study the last remaining patch of farmland
near the Browns Bay survey site was being developed for housing. The two rabbits

caught

by cats in Oratia were probably caught in a small area of

pastureland

approximately 800m from the study site, which would have been within the foraging
range of some male cats (Carss 1995, Barratt 1997 b).

Analysis showed that the number of invertebrates taken on a per cat basis over
the year in Browns Bay was not significantly different to that in Oratia. This was
probably due to the high variation in numbers of invertebrate prey brought in by cats.

No invertebrate surveys were carried out in either study area, but it would

seem

unlikely that there would be less available for cats to catch in Oratia than in Browns

Bay. Cat

age could be a factor influencing the

old at the start of the survey brought in 62.7

data. Four cats, all under six months

Vo

of the invertebrate prey in Browns

Bay. Other studies in New Zealand and overseas have revealed a similar pattern of
prey take in juvenile cats. Fitzgerald (1988) describes the stomach contents of feral
cats caught at Pureora forest

in the central North Island of New Zealand, during

sumlner and autumn, juvenile cats were feeding mainly on insects. At Tekapo in the

South Island

of New

Zealand juvenile cats were dependent on altemative prey,

including insects, when rabbits and rodents were scarce (Pierce
Herekopare island, insects were an important component

1987).

On

of the feral cat diet

(Fitzgerald & Veitch 1985), however when the data was re-examined, juveniles were
preying on insects more than adults (Fitzgerald 1988). In Great Britain domestic cats
six to eight months old regularly caught invertebrates; sometimes up to 180 prey items
in the first year (Howes 1982).
Regardless of the variability

in invertebrate prey brought in at Browns Bay,

the number of prey items per cat in autumn was significantly higher than in Oratia for

the same period. This result differs from many cat diet studies, where invertebrates
are corlmon prey but generally of less importance than other prey types (Fitzgerald

1988, Alterio 1994, (chapter

2 this thesis)) and in some cases not reported at all

(Liberg 1981, Churcher & Lawton 1987, Carss 1995, Barratt 1997 a). Invertebrates
however, can become locally important when other prey types are scarce @altridge,
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Gibson

& Edwards 1997). In an urban

area of

Kiel the proportion of arthropod prey

was higher (46 %) where mouse numbers were low (Borkenhagen 1979) and a similar

pattern can be inferred from the gut contents

of

house cats and stray cats in

Magdeburg (Achterberg &Metzger 1978). The low number of rodents brought in by
cats at Browns Bay compared to Oratia and the results of the rodent trapping survey
carried out in November suggest that with the scarcity of mammalian prey, insects are
an important alternative prey.

The occurence of wetas (a large flightless Orthopteran) in the invertebrate
prey brought home by domestic cats in both study sites is consistent with most other
New Zealand studies of feral cat diet (Marshall 1961, Fitzgerald & Karl 1979, Karl

&

Best 1982, Fitzgerald & Veitch 1985, Pierce 1987, Fitzgerald 1988, Fitzgerald, Karl

& Veitch 1991, Alterio

1994, (chapter 2 this thesis)). The importance

of crickets

however, as invertebrate prey (particularly in autumn) in both study areas does not
concur with many New Zealand studies except for the Hawkes Bay farmland study

where crickets were common invertebrate prey during autumn months (Langham
1990). Crickets are a grassland species that can reach high numbers especially where
soils are prone to cracking (Chapman 1984). The grass lawns over clay soils, typical
of many of the Browns Bay properties, is probably a more suitable habitat for crickets
than the forest fringe lawns at Oratia. Orthopterans as a group however, have often
been reported as being present, and in some cases as important invertebrate prey in the

guts or scats

of

feral

Goldschmidt-Rothschild

or stray cats overseas

& Liips 1976, Brooker

(Hubbs 1951, Parmalee 1953,

1977, Borkenhagen 1978, Jones

&

Coman 1981, Panaman 1981, Konecny 1987 b, Catling 1988, Tidemann, Yorkston &

Russack 1994, Martin, Twigg

& Robinson 1996, Paltridge et al. 1997). When

comparing this study with those of gut and scat analysis is important to note, that in

most

of

these cited diet studies invertebrates generally constitute only

percentage

by weight of the total

recorded

prey.

Cicadas

a

small

(in Autumn)

and

lepidopterans were also important invertebrate prey of domestic cats in both study
areas. Cicadas occurred commonly in scats in the Autumn of one year in the Hawkes

Bay study and every Autumn in the Orongorongo Valley (Fitzgerald

& Karl

L979,

Langham 1990). Lepidoptera however only occurred as larvae in the scats of the
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Hawkes Bay cats (Langham 1990), whereas all of those recorded by cat owners in this
study were adults.

Birds were the second most important prey group in Browns Bay and in
Oratia. The proportion of bird prey of all prey brought in by cats over the year and the
species most commonly caught were similar
13-62 % in Browns

in both areas (14.58

o/o

in Oratia and

Bay). The only period where the number of birds brought in per

cat was significantly higher in Oratia was during the autumn months,
invertebrates were more commonly caught in Browns

when

Bay. Predation on birds was

highest in Browns Bay in spring and summer. This peak does not however entirely
correspond with the bird counts for that period in Browns Bay, but could have been
due to the high number ofjuvenile birds caught by cats during this time that may not
have been detectable in call counts.

In both study

areas sparrows were the most common bird species brought

home by cats. These results differ from most New Zealand studies of feral cat diet in

which other bird species were more important (Marshall 1967 a, Fitzgerald & Karl
1979,Karl & Best l9S2,Fitzgerald & Veitch 1985, Pierce 1987, Fitzgerald 1990

a,

Fitzgerald, et al. 1991). Langham (1990) identifies sp:urows, finches and buntings as
important small introduced avian prey, but it is not clear which species occurred more
often or which was more important by weight. Studies of cat diet in other countries
have however, indicated that sparrows can be the most important avian prey species in

urban areas. Churcher

& Lawton (1987) found that spanows were the most common

avian prey species brought in by domestic cats in the village of Felmersham in the
United Kingdom, (16% of all prey items, 43.5 % of total avian prey brought
same was found

in).

The

in Kiel Germany, where 54 domestic cats brought in 28 sparrows

over ayear, comprising 41.2% of the total avian prey and 9.1 % of all prey species
(Borkenhagen 1978). Bradt (1949) observed the prey take of one (farm) cat over 18
months in Michigan, where 62 birds were caught, 54 of which were sp:urows. In
Canberra Australia 19 of 185 bird captures by domestic cats over an I 1 month period
were sparrows (Barratt 1995). Waxeyes were also an important avian prey species in

Oratia and to a lesser extent Browns Bay. Waxeyes occur at various frequencies in
other diet studies of feral cats in New Zealand. In the Orongorongo valley they were
the most frequently occurring avian prey item (equal with blackbird/thrush remains) in
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those scats where the bird remains could be identified to species (Fitzgerald

& Karl

1979). In the Hawkes Bay they were identified (along with fantails and grey
warblers) as making up 18

%o

of the individual birds identified (4 % of the prey

biomass) (Langham 1990). On Herekopare Island, waxeyes were the second most
common avian prey item occurring in guts and scats of feral cats (Fitzgerald & Veitch

1985); They were the third most commonly occurring avian prey item identified on
Stewart Island (Karl & Best 1982), and are listed as common amongst the small avian
prey of cats on Campbell Island (Dilks 1979). As with the frequency of occurrence

of

invertebrates in scat and gut analysis, waxeyes do not contribute much in percentage

of prey biomass

because

of their small size. There was a difference in the

seasonal

captures of waxeyes between the study areas, most of the waxeyes brought in by cats

in Oratia occurred during the winter months, when they were also occurring more
often in the bird counts for both areas. In Browns Bay however, most of the waxeyes
were caught during late spring and early sunmsr. Fitzgerald

& Karl (1979) reported

that in the Orongorongo valley waxeyes were not taken any more often in winter and
autumn when they were most abundant.

The relative importance of blackbirds and thrushes as avian prey in Browns
Bay and Oratia is consistent with some New Zealand studies (Fitzgerald & Karl 1979,

Langham 1990) however they are identified less frequently
elsewhere in New Zealand (Karl

& Best

1982, Pierce 1987

in the diet of

cats

& Fitzgerald, et al l99l).

Blackbirds and thrushes are also recorded as important prey on some overseas studies
of the prey of domestic cats (Churcher & Lawton 1987, Carss 1995). Barratt (1997 a)
lists blackbirds as being important prey, but not thrushes. Starlings can be a common
avian prey of cats (Liberg 1981, Fitzgerald 1988, Barratt 1997 a), but they are not
recorded as common prey in many New Zealand studies. Only on Raoul Island did
starlings occur in (2 %) of cat guts (Fitzgerald, et al

l99l).

Starlings made up 6.25

Yo

of the avian prey take in Browns Bay and 0.94 % in Oratia. This result does not
correlate closely with seasonal bird counts although starlings were more abundant
overall in Browns Bay than in Oratia.

An important difference in bird prey between areas was the greater diversity of

bird species brought in by cats in Oratia compared to Browns Bay, this was

also

reflected in the bird count data for the year. New Zealand pigeon, grey warbler,
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fantail and kingfisher did not occur in the bird counts or prey species in Browns Bay,
but occurred in the Oratia counts and as cat prey there. Tui occurred more often in the
Oratia counts than in Browns Bay, and only occurred as prey of cats in Oratia. Some

of these native species have also occurred as a small percentage of feral cat prey in
other New Zealand studies. Fantail and New Zealand pigeon were eaten by cats in the

Orongorongo valley (Fitzgerald

& Karl 1979) and tui and fantail were eaten on

Stewart Island and Little Barrier Island (Marshall 1961, Karl, Best 1982). Tui were

the most commonly occurring bird species in the guts of feral cats on Raoul Island
(Fitzgerald, et al 1991).

The seasonal trends in lizard prey brought home in both areas were similar.
Lizards were more commonly caught during spring and summer at both sites,
concurring with that found on Stewart Island (Karl & Best 1982). A large number
skinks were caught in April at Oratia, but by a very small proportion

survey (two cats caught 92.6 % of the total for

of

of the cats in the

April). The important difference was

in the species composition of the lizard prey from each area. No geckos were caught

by cats in Browns Bay but they were brought in by cats in Oratia. No specific
identification was carried out on the lizard prey from either area. Most identification
was either carried out by the cat owners themselves or by description over the phone
and lizards were either classed as either skinks or geckos. No geckos are recorded as

still occurring naturally in Browns Bay. The skinks brought in there would have most
likely have been copper skinks (Cyclodina aenea), although ornate skinks (Cyclodina
ornata), Australian skinks (Lampropholis delicata) and moko skinks (Oligosoma
moko) also occur in this area (Keri Neilson pers comm.). The lizards recorded as

occurring

in the Waitakere

ranges are; copper skink, ornate skink, forest gecko

(Hoplodactylus granulatus), Pacific grey gecko (Hoplodactylus pacificas) and the
Auckland green gecko (Naultinus elegans elegans\ (Denyer et al 1993). At least two

of the geckos brought in by cats at Oratia could reliably be identified as Auckland
green geckos; the others however were just recorded as "gecko species".

The occunence of lizards in the prey brought home by cats in Oratia and
Browns Bay, and the relative importance as a prey type,

is not unusual when

compared to some New Zealand studies of feral cat diet. The importance of lizards in

the prey of feral cats in New Zealand differs between studies. Karl

&

Best (1982)

JJ

found a 24

o/o

occurrence

of skink remains in

scats from Stewart Island, but no

gecko's were recorded despite their presence on the island (Karl & Best 1982). Pierce
(1987) found a 13

Vo

occurrence of skink remains in scats (plus two records of gecko

remains) from the Tekapo River. Fitzgerald

& Veitch (1985) found remains of one

skink in a cat scat from Herekopare Island. In all three studies skinks are listed only
as Leiolopisma

spp. Alterio

(

1

994) found a 4

o/o

occulrence of gecko in cat guts from

the South coast of the South Island. On a global scale, reptiles become more
important in cat diet with a decrease in latitude (Fitzgerald 1988, Carss 1995).

The occurrence of stoats (Mustela erminea) in the diet of feral cats has been
recorded before ( Gibb et.

al. l9TS,Fitzgerald & Karl 1979), but as with this survey

they are a very small component of the prey. Anecdotal reports of domestic cats
catching stoats have also been recorded periodically in northern New Zealand (see
chapter

5). In the initial

"one

off' survey five cats were reported as having taken

mustelids, four of which were listed as ferrets (Mustelafuro).
a cat catching a

lt

is hard to conceive

of

ferret, even a juvenile, so it is probably more likely that the cat owners

confused them with stoats or weasels (Mustela nivalis)The results obtained in the original "pre-sfudy" survey were generally reflected

in the ongoing study through the year. Surveys of this nature have been carried out
before

in Australia (Paton 1991). The similarity in results from the initial

and

ongoing surveys presented here suggest that the information gained from single
surveys of domestic cat prey species is useful. This assumes however, that any bias
caused by a high proportion of the original survey participants also participating in the

ongoing survey, was not significant.

Assumptions, sources of error and analysis.

There have been three major assumptions when discussing these results;

l. That the prey brought back to the home by domestic cats is representative of the
prey these cats take.
That cat owners participating in this survey had an equal interest and were equally
observant of the prey their cats brought in.
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3. That the cats and cat owners in this survey were representative of all those in the
respective survey areas.

Assumption (1) has been made by other researchers (Bradt 1949, Borkenhagen 1978,
Churcher

& Lawton

1987, Carss 1995).

brought home by domestic cats, or

if

It is not known what

percentage of prey is

some prey is more likely to be brought home

than others, so at best these results should be considered primarily as qualitative and

only conservatively as quantitative. Assumption (2) is probably the most likely
source of error in this survey. In reality some participants were more interested in the

survey than others. Some owners were quick to report when their cat or cats brought
any prey home, were prepared to save the specimen

if it required identification, and if

it was alive made detailed notes before they released

it.

Other cat owners were often

reluctant to preserve what their cats brought in, so no formal identification could be
carried out. Any bias was assumed to be similar between survey locations and not to
have affected comparisons between areas. It is also hard to assess the importance
assumption

of

(3). Results of a survey carried out by Effem Foods NZ Ltd in September

1993 suggested that

4l % of households in Auckland had on average 1.5-1.6 cats

(Simone Becker, Effem Foods NZ Ltd pers comm). The percentages of households

that participated in the ongoing survey were not significantly different,2l.S
(average 1.55 cats per household)
household) in Browns

Bay.

in

oA

Oratia and 15.9 % (average 1.33 cats per

Based on the Effem foods survey, these results are for

just over and just under 50 % of the domestic cats in Oratia and Browns Bay
respectively and are probably representative.
When comparing the seasonal differences between areas, the data for January
1996 were pooled with those for December 1995 and February 1995 to represent
summer prey

take. There is an assumption here that inter-year differences between

seasons were not

significant. This pooling of data was primarily for comparing

between study locations and any general seasonal trends have been described from the

monthly data. Comparisons of seasonal data from this survey with that of others
(particularly the diet of feral cats in winter) are made with a degree of caution. Very

few of the domestic cats in this survey did much hunting over the winter months;
owners often reporting that their cats simply "couldn't be bothered" during inclement

weather. The analysis was carried out using non-parametric techniques because the
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skewed nafure

of the data probably violates the assumptions of more robust

parametric techniques (Fowler

& Cohen 1990). The high variability between cats was

a factor of age, but ages were similar in each area, as were sex ratios, so any
differences in diet between areas should have been as a result of location. The only

other source of error could be where there was more than one cat in a household.
Most owners however, seemed confident of which cats caught what prey.
Cat owners participating in the ongoing survey were asked

if their cats wore

bells, but the results of this part of the questionnaire were not analysed for several

reasons. Very few owners actually put bells on their cats (20

o/o

of all cats in the

survey), and of those that did, many were not on for the duration of the survey.
Putting bells on cats did not appear to reduce the number of prey in an Australian
survey (Paton 1991).

The main problem encountered when conducting the five minute bird counts

was the difference in background noise between the study sites.

In

Oratia the

surroundings were generally quiet and most birds heard or seen were quantified as
accurately as possible. In Browns Bay however, there was considerable traffic noise

throughout most of the counting periods, and I was unable to differentiate the calls
some

birds. Gill (1989)

suggests that this type

of

of noise does not have a significant

effect on survey results but in this study it almost certainly did.

Predicting total predation and implications for conservation.

Without knowing much about the natural mortality and breeding success of
prey populations it is hard to quantiff any effects of cat predation. ln an unpublished
survey of urban birdlife in Seatoun, Wellington, several thousand birds were banded,
and of those returned dead, 70

(Brian Bell pers comm).
suggested that 50

A

o/o

were killed by cats, mainly waxeyes and sparrows

newspaper report

in the NZ Herald (15 June, 1995),

million to 100 million animals are killed each year by cats in New

Zealand, although it is unclear how this estimate was obtained. May (1988) estimated

that 100 million birds and small mammals are being killed each year in Great Britain
by six million cats, extrapolation of the predation data from Felmersham (Churcher &

Lawton 1987). This type of extrapolation has been criticized because

it

does not
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account for positional effects of cats living in urban areas and on the outskirts of urban
areas (Fitzgerald 1990 b, Barratt 1995).

In the ongoing suryey, the one adult New Zealand pigeon caught in Oratia was
observed as it was predated whilst sitting on a nest approximately 3.5m off the ground

in a tree (the owner was unable to rescue the bird from the cat). This type of predation
event may be unusual given that cats are typically "ambush" type hunters, but they are
also opportunistic predators taking prey based upon

it's availability (Turner & Meister

1988). ln the initial survey, one cat owner reported that he had also seen his cat catch
a

New Zealand pigeon, albeit one that had been stunned after hitting a window. New

Zealand, pigeons are a category

B, vulnerable species (Molloy & Davis 1992)

and

have declined as much as 50 % or more in some Northland forests between 1979 and
1993 (Pierce, Atkinson

& Smith 1993).

Although interpretation of predation levels from extrapolating the survey data
is subject to error and certainly doesn't account for differences in habitat, it may help

to illustrate the potential amount of prey taken by domestic cats in a large spread out
urban area such as Auckland. The Effem foods survey suggested that there were
300,000 households in Auckland

in

1993 (Simone Becker, Effem Foods

NZ Ltd pers

comm). Based upon the percentage of cat ownership, and the average number of cats
from that survey, and extrapolating from the data for the two study areas combined it
can be calculated that 170,663 sparrows, 83,025 waxeyes, 2306 kereru and 4613 tui
are potentially being

killed by cats in Auckland each year. Using the same calculation

howevero domestic cats would also catch 721,395 rats,477,855 mice, (a total

of

1,199,250 rodents) and 9225 stoats in Auckland over a year. Without any idea of the
effects this sort of predation would actually have upon the prey populations very little
can be taken from

it.

What is important however, is that this survey and others around

the world suggest that cats are primarily predators of small mammals but are also
generalist predators of other prey

if it

becomes available (Fitzgerald 1988, Turner

&

Meister 1988).
Cunently there are few measures that can be taken to reduce a domestic cat's
hunting efficiency, the usefulness of curfews has been questioned in Australia (Banatt
1997 a) but fencing and general responsible cat ownership however may be part

of

any solution. Where urban development encroaches on habitat that contains native

aJI

species thought

to be

sensitive

to oat predation" (e.g. New Zealand dotterel

(Charadrtw obsamtsl (Dowdiag 1997), short-tailed and Img-tailed bats (Fitzgerald
1990 a)r or North lcland brown ktw\ (Ap,teryx australis mantelli) (Meter,rnan et. al.
1996)), householders strould be eneouraged not to orlm cats or at le'ast be advised

of

the tbnoat their cats eould pose to these species. Domestic cats qfe not that different

from their feral counterparts in the prey they take, the only diflerence is domestic cats
do uot need to hunt to survive.
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Chapter

II.

Diets of coexisting alien mammalian carnivores in

Northern New Zealand.

Introduction.

The food habits of feral cats, ferrets, and stoats have been well documented

from various habitats around New Zealand (Marshall 196l a, Marshall 196l b,
Fitzgerald 1964, Robertson 1976, Roser & Lavers 1976, Gibb, Ward & Ward 7978,

Dilks 1979, Fitzgerald & Karl 1979, Karl & Best 1982, King & Moody 1982

a,

Fitzgerald & Veitch 1985, Pierce 1987, Baker 1989, Langham 1990, Fitzgerald, Karl

& Veitch

1991, Murphy

& Bradfield

1995, Pascoe 1995, Smith et.

Norbury

1992, Murphy

& Dowding 1994,

Middlemiss

al. 1995, King et. al. 1996, Alterio & Moller 1997

& Hayward 1997, Murphy

et. al. in press

b).

a,

Notes on weasel food habits

were also included in several of these studies. The diet of feral cats has also been
documented in numerous studies from Australia (Dickman 1996) and elsewhere in the

world (Fitzgerald 1988). The food habits of stoats, weasels and ferrets have similarly
been described in many studies from outside New Zealand (Korpimiiki, Norrdahl

Rinta-Jaskari 1991, Whisson

& Moore 1997).

&

However, very few of these studies

have included details of the diets of co-existing predator species from similar areas
and even fewer compare the diets of feral cats and mustelids.

To date there are no data on the food habits of these mammalian camivores in
Northland, so dietary changes as a result of any pest control cannot be detected. The
aim of this study was to describe the diet of co-existing mammalian camivores caught
at conservation sites around the Northland region and to compare the foraging niches

of

these carnivores with those revealed

bv other studies in New Zealand

and

elsewhere.
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Methods

Feral cat, stoat, ferret and weasel carcasses were collected from several areas
throughout Northland, New Zealand from 1994 to 1997 (Fig.

9).

The majority of the

cats were either shot or trapped by conservation workers in, or near native forest or
coastal habitat areas managed by the New Zealand Department of Conservation. At

least

two of the cats were shot by farmers and handed in to Department of

Conservation staff for autopsy.

A further

seven cats, one stoat and one ferret were

found dead following Department of Conservation possum (Trichosurus vulpecula)
and rodent poisoning operations at Trounson Kauri park (see chapter

4). The majority

of the mustelids were trapped on land managed by the Department of Conservation.

kill,

one was killed by a domestic cat and one

Of the remainder, one stoat was

a road

ferret was killed by a domestic

dog. All carnivores collected were frozen for

later

autopsy. Each animal was classified by species, sex, age, date of collection

and

general habitat type where collected (forest, forest / pasture or coastal).

The gut contents (stomach and intestine) of all carnivores were removed and
rinsed through a (0.5 mm) sieve under running water. Gut contents were then sorted

whilst suspended in water in a large petri dish under a hand-held magnifying glass.

All

samples were then transferred to a dry petri dish and desiccated in a drying oven at

60o C for 40 hours for preservation. Mammalian prey were identified from bones,

claws and teeth. Where there was no such identifiable material, the microscopic
characteristics of any hair or fur were used for identification (Day 1966, Brunner

&

Coman 1974). A sample of the hair was placed on a thin film of warm gelatine on a
microscope slide. Once the gelatine had set, some hairs were stripped away leaving
an impression of the scale pattern. This pattern and the appearance of the medulla in
the hairs remaining on the slide, enabled identification to species under a compound

microscope. Birds were identified from feathers, bones, feet and beaks. Bones were
compared

to reference

specimens held at the Auckland War Memorial Museum.

Feathers were identified using the microscopic characteristics of the downy barbules

of feathers (Day 1966), or were compared with reference samples collected during the
course of this study. Invertebrates were identified at autopsy under the hand-held
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magnifying glass. Where this was not possible, specimens were stored and later
compared to reference samples collected during the study. Individual invertebrate

prey items were counted from head capsules, mandible pairs or

elyra.

Individual

skinks (Cyclodina spp) were counted from feet or tail tips.

The results

of gut content

examinations were analysed

by frequency of

occurrence of prey types in guts. These results were presented as the percentage

of

guts containing each prey species or type. This method is used often to present results

from predator diet studies (Roser & Lavers l9T6,FiIzgerald 1988). Chi-squared tests

of

independence were used

to test for significant differences in the

percentage

frequency of occurrence of prey types between habitats, seasons, sexes and age classes

for cats and stoats. Frequency of occurrence of prey types in guts were also compared
between all carnivore species. Where there was only one degree of freedom in the
Chi-squared tests, Yates'correction factor was applied (Fowler

& Cohen 1990) and

where the observed frequencies were low, Fisher's Exact test was applied (Seigel
19s6).
The results for each habitat type were also presented as a percentage by weight

of each prey type or group for cats and stoats. Expressing the relative importance of
each prey item by percentage of prey weight, has the advantage over describing food

habits by frequency of occurrence in that it does not over emphasize the importance

smaller prey items (Roser

&

of

Lavers 1976, Fitzgerald 1988). The percentage by

weight was calculated for weasels and ferrets from all habitats combined. The
numbers of individuals of each prey type were multiplied by the mean weight of each

individual prey species, and expressed as a percentage of the total weight of all prey
identified in the guts from that sample group. An important assumption made when
describing food habits by weight, was the maximum weight

of food in the gut for

larger prey items. Because of a lack of specific correction factors calculated from
detailed feeding experiments (Roser

& Lavers 1976), these maximum weights

were

based upon those used in several other studies of camivore diet (Day 1968, Fitzgerald

& Karl 1979, King & Moody 1982 a, Langham

1990, Alterio 1994). The mean

weights used to calculate the percentage contribution by weight for individual smaller

prey items were also based upon or modified from those given by (Day
Fitzgerald

& Karl 1979, Karl &

Best 1982, King

& Moody

1968,

1982 a, Langham 1990,
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Alterio 1994) and are given in Appendix

II. All empty guts, or those containing

unidentifiable or vegetative material only, were excluded from the analysis.
Cats were assigned

to an age class at autopsy based on weight, size

general morphological condition (Pierce 1987, Langham

either sex weighing S

I

&

and

Porter 1991). Cats of

kg with milk teeth were classed as kittens. Female

cats

weighing befween I to 2 kg were classed as sub-adults unless morphological data such
as reproductive condition or the condition of the teeth suggested the cat was older.

All other females

over 2 kg were classed as

adult. Similar criteria were used to assign

male cats to an age class, but only cats over 3.5 kg were considered to be adults.

Male stoats were assigned to an age class based upon the dry weight of the

baculum. Male stoats with baculum weights < 38 mg were classed as juvenile; all
above 38 mg were classed as adults (King & Moody 1982

b). Age

class can be more

accurately assigned by determining the post-orbital ratio of the skull or by counting
cementum incremental lines on the canines (King

1984). However

as many

& Moody

1982 b, Grue

& King

of the skulls were shattered the former method often could

not be applied and the latter method was not used due to the costs involved making
histological sections of the canines.
Cats and stoats were assigned to an arbitrarily classified habitat type based
upon the area where they were collected and the estimated range size of these animals,

400 ha for male cats, 155 ha for female cats, 130 ha for male stoats and 50 ha for
female stoats, (see chapter

3). Animals were assigned to forest / pasture habitat when

their estimated range was likely to include small forest patches surrounded by, or near

pasture. Cats and stoats collected from Trounson Kauri Park, Riponui, Katui, Kaihu
and farm areas near Whangarei and Kerjkeri (Fig. 9) were assigned to this habitat
category. They were assigned to forest habitat when the estimated range was likely to
include predominately contiguous native forest. Animals collected from Waipoua,
Waima, Mataraua and Puketi (Fig. 9) were assigned to this habitat category. Where
the estimated ranges of the animals were likely to include dune country or shoreline

areas they were assigned

to

coastal habitat, which included samples from

Mimiwhangata, Mangawhai and Poutu (Fig. 9).
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Fig. 9. Location map sho,wing areas in Northland New Z;,ealand from which camiv,ote
carcasses were obtained.
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Results.

Cat Diet.

The gut contents of 120 feral cats were examined, 14 of which were empty or
contained only vegetative or unidentifiable material. These were not included in the

analyses. 30 cats were assigned to coastal habitat,

2l

were assigned to forest and 55

were assigned to forest / pasture habitat. Rodents were the most commonly occurring

prey item

in guts of

cats from coastal and forest / pasture habitats @ig.

10).

Invertebrates, followed by rodents, were the most commonly occurring prey items in

cat guts from forest habitats (Fig. 10). There was no significant difference in the
frequency

of occurrence of all prey grollps between coastal and forest habitats or

coastal and forest
forest and forest

/

/ pasture

habitat, but there were significant differences between

pasture habitats. Invertebrates occurred in significantly more cat

guts in forest habitat than in forest / pasture habitat (X'

:

7.30 with

I df P :

0.007).

Also, lagomorphs occurred in significantly more cat guts in forest / pasfure habitat
than in forest habitat

(N':4.70 witlt 1 df P :0.043).

Lagomorphs, followed by other mammals, were the most important prey items

of cats by weight in coastal habitat. Rats were the most important prey item by
weight

in forest areas followed by other mammals (mainly

possums) and birds.

Lagomorphs were the most important prey item by weight of cats in forest / pasture
habitat, followed by other mammals (mainly possums) and rats (Fig. 11).

Neither cat sex ratios nor age class ratios differed significantly between habitat

types (Table

IX) (N' -- 2.53 with 2 df P : 0.282).

There were no significant

differences in the frequency of occurrence of different prey group in the guts of either

sex. The only significant dietary difference between adult and sub-adult cats was with
invertebrate prey, which occurred more frequently in the guts of sub-adult cats than in

adult cats when samples from all habitats were grouped (X,'

:

4.20 with

l

df P

:

0.041).

Lagomorphs, followed

by other mammals (mainly possums) and

rats

contributed the most by prey weight when samples from all habitats were grouped

(Fig.

20).

Rodents were the most important prey item

of cats by frequency of
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occurrence (Fig. 16), mice were eaten more frequently than rats, however they
contributed relatively little by weight (Fig. 20). The most commonly occurring birds
were w:xeyes (Zosterops laterahs) and other small passeriformes, including fantails

(Rhipidura fuliginosa). Three unidentified Galliformes occurred in the guts of cats,

two from coastal habitat and one from forest i pasture habitat. The introduced field
cricket (Teleogryllus commodus), plus the native cave weta (Gymnoplectron spp) and
tree weta (Hemideina thoracica\ were the most important invertebrate prey (Appendix

ilr).
Rodents were the most commonly occurring prey in the guts of cats killed in
autumn and winter. lnvertebrates were the most common prey in spring and summer

(Fig.

l2).

5.83

I

:

Rodents were eaten more frequently in the winter than in sunmer (X'

df P :0.016). lnvertebrates were eaten more frequently in spring and summer

than in winter (spring vs winter, X'

: 9.31with I df P : 0.002 and (summer vs winter,

x' :9.33 with I df P : 0.002). Differences in consumption of other prey types did not
di

ffer

si

gnifi cantly between seasons.

Fig. 10. Percentage of feral cat guts containing each prey group from the three habitat
rypel.
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Fig. I l. Percentage contribution by weight of each prey type in feral cat guts in each
habitat. (Other includes, eel and frog spp)
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Table IX.
Age class and sex of cats from the three habitats.
Kitten
Adult Sub-adult
Coastal

Forest
Forest / Pasture

199
16
4t

Female

2

l8

t2

s
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4

10

4
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Fig.12. Percentage of feral cat guts containing each prey group by three month season
(ull yrqtrJ!4 ttgq!{! gg!pts),
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Stoat Diet.

The gut contents of 85 stoats were examined, 28 of which were empry or
contained only vegetative or unidentifiable material and were not included

in

the

analysis. Nine stoats were assigned to coastal habitat, 20 were assigned to forest
habitat, 27 to forest

/

pasture and one was from an unspecified location. Rodents,

followed by invertebrates and birds were the most commonly occurring prey item in
stoat guts, when samples from all habitats were grouped (Fig. 17). Overall, stoats ate

more rats (26

%

frequency

of

occurrence) than mice (17.5

%

frequency of

occurronce), but mice occurred more frequently than rats in stoat guts from coastal

habitat (Fig. 13). Small passeriformes were the most commonly occurring bird prey

in stoat guts. The only other two bird prey types found items only occurred
each, they were one unidentified passeriforme and the feathers of one

australis). The most frequently occurring

once

kiwi (Apteryx

invertebrates were manuka beetles

(Pyronota spp) (7 %) followed by tree wetas and field crickets each occuring in 5.3
% ofguts.

Skinks (Cyclodina spp) and rodents, followed by birds, were the most
commonly occurring prey type in coastal habitat. Invertebrates, followed by rodents,
were the most commonly occurring prey type in forest habitat. Rodents, followed by

birds, were the most commonly occurring prey type in forest / pasture habitat (Fig.
13).

Invertebrates occurred significantly more frequently in the guts from forest
habitat than from coastal habitat

(X':4.18 with I df P:0.041,

0.020) and from forest / pasture habitat (X'
test P

:

:

10.49

with

1 df P

Fisher exact test

:

P:

0.001, Fisher exact

0.001). Skinks occurred significantly more frequently in coastal habitat than

in forest / pasture habitat (X':4.27 with I df

P:

0.039, Fisher exact test P

:

0.024).

There were no other significant differences in prey types between habitats.
Rats were the most important prey by percentage of weight in forest habitat,

followed by mice. Rats, followed by lagomorphs, were the most important prey by
percentage of weight

in forest pasture habitat. Mice, followed by birds and skinks,

were the most important prey by weight

in

coastal habitat (Fig.

14).

"Other
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mammals" (50 % possum and 50 % unidentified mammal) were a more important
component of the stoat diet by weight in forest / pasture habitat than in the other two

habitats. Overall, rats, followed by mice, then birds and lagomorphs were the most
important prey by weight (Fig. 2l).
Sex ratios of sampled stoats (Table. X) differed significantly between coastal

habitat (one male to eight females) and forest

/ pasture

habitat (19 males to eight

females). There were however, no significant differences between the sexes in the
frequency

of

occurrence

of

rodents, invertebrates and lagomorphs

in

stoat guts.

Skinks occurred in significantly more female guts (27 %) than male guts (3.33 %), (yz

:4.55 with l df P:0.033,FisherexacttestP:0.019),butthisdifferencecouldbe
biased by habitat, since frve out

of the seven females that contained skinks

were

caught in coastal habitat. Of the 30 male stoats, 20 were classed as adult, and eight as

sub-adult based on baculum weight (two could not be classified). There were no

significant differences in the frequency of occurrence of any prey types between age
classes.

In winter, rodents were the most important prey of stoats and in

summer

invertebrates, followed by birds and rodents, were the most important prey types (Fig.

l5).

None of these differences were significant between seasons for any prey types.

Fig. 13. Percentage of stoat guts containing each prey group from the three habitat
types.
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Fig. 14. Percentage contribution by weight of each prey type in stoat guts in

each

habitat.

ffi

l00Vo

80%

issthk
g Ottrr

OJ

60%
600
-0,

Et

407o

c)

9.

2O7o

o%

ffi

I n

Coasta

Forest

rnanrnal

aMouse
aF.atnx spp

E
!'l

3l-agornorph

a lnvertebrate
aBird

Forest

pasffie
Ilalitat

Table X.
Sex of stoats from the three habitats.

Habitat

Male

Female
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Fig. 15. Percentage of stoat guts containing

each prey group

by three month season

(all years and habitats grouped).
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Iileasel diet.

The gut contents of 28 (24 male, four female) weasels were examined,

l0 of

which, were empty, or contained only vegetative or unidentifiable material and were
not included in the analysis. Skinks, followed by mice, occurred most frequently in
the guts of weasels compared to other prey types (Fig.

l8).

Skinks, followed by mice,

were also the most important prey by weight (Fig.22).

Ferret diet.

The guts of only 16 fenets were examined, 5 of which were empty or
contained only vegetative or unidentifiable material. Rabbits, followed by possum,

were the most important prey

by

frequency

of

occunence (Fig. 19) and as

a

percentage of total prey weight (Fig. 23).

Comparison of carnivore diets.

The frequency of occurrence of rats, mice, lagomorphs and birds

in gut

contents did not differ significantly between the four carnivore species. However, the
frequency of occurrence of some other prey types was significantly different between

carnivores. Invertebrates occurred significantly more frequently in the guts of cats
than those of weasels (X'

:

:

5.13 with

0.039, Fisher exact test P

:

I df P : 0.024)

and ferrets (X'

4.26 with

I df P

0.016). Also "other mammals" occurred significantly

more in the guts of cats than stoats (X'

:4.52 with 1 df P:0.033).

Skinks were eaten more frequently by stoats than cats (X'
0.002, Fisher exact test

:

P: 0.001) and weasels (X':

30.10

:

9-79

with I df

with I df

P

:

P < 0.001, Fisher

exact test P < 0.001) than by cats. They were also eaten more frequently by weasels

: 3.69 with I df P : 0.055 Fisher exact test P : 0.040) and ferrets
(X' : 3.72 with I df P : 0.054, Fisher exact test P : 0.026). "Other mammals"
occurred more frequently in ferret guts than in stoat (12 : 4.44 with I df P : 0.035,
Fisher exact test P : 0.028) and weasel guts (12 : 2.93 with 1 df P : 0.087, Fisher
than by stoats (X'

exact test

P:0.045).

50

Fig. 16. Percentage frequency of occurrenee of main prey types in the guts of cats (all
habitats grouped, other spp includes eel and frog spp).
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Fig. 17. Percentage frequency of occurrence of main prey types in the guts of stoats
(all habitats grouped).
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Fig.20. Percentage contribution by weight of
grouped, other spp

each prey type

in cat guts (all habitats
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Discussion.

Sources

oferror and bias.

The purpose of this work was to describe and compare the diet of mammalian

carnivores in northern New Zealand. Almost all of the carcasses were supplied from
conservation areas where some degree

of

mammal pest management was being

undertaken. All of the cat and stoat samples that were assigned to forest habitat were
collected during localized trapping operations, or were shot by hunters. Most of the
carcasses that were assigned

to forest / pasture habitat came from Trounson Kauri

Park where intensive mammal pest management including possum and rodent
poisoning, was being undertaken for much of the period that this study covers. The
same applies to most

of the samples classed as coastal, as many of these came from

Mimiwhangata Scenic Reserve where possum and rodent poisoning was being
undertaken. No surveys were carried out to assess the abundance of the mammalian
prey of carnivores at Mimiwhangata, but this was done at Trounson. These surveys
suggested that rat numbers were significantly reduced following the poison operations
(see chapter

4). The surveys also suggested

that mouse and rabbit numbers increased

following the poison operations. Increases in mouse numbers have been recorded
elsewhere in New Zealand following poison operations (Innes et.

al. 1995), similar

changes in mammalian prey abundance may have occurred at Mimiwhangata. The

results described in this study should be considered in light of these changes in prey
populations.

The small sample sizes, particularly for the mustelids may have biased the
results to some degree. Weasels and ferrets were not subdivided into separate habitats

for this reason. The results described for these two mustelid species in this study
should therefore be regarded with caution. The same problem of small sample size
occurred when cat and stoat samples were grouped by habitat, season, sex and age
class.

Most animals that were trapped were caught using rabbit meat or fish as bait.
Cats or mustelids caught in cage traps usually eat the bait Qters obs), so where the
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subject was caught in a cage trap any lagomorph or fish remains were excluded from

the analysis. This was only necessary on three occasions. Most of the cats that were
trapped were caught in soft catch leg-hold traps, and the trappers reported that the bait
was never eaten. The stoats and weasels were (apart from two incidental catches in

leg-hold traps on possum lines) caught in double Fenn trap sets, placed under wooden

tunnels. These are kill traps and the trappers reported that the bait was never touched
when the traps were sprung.

Cat diet.

Rodents and lagomorphs were the most important prey of feral cats from all
three habitat categories in Northland. These findings are similar to those of most New
Zealand studies where (with the exception of some offshore islands) small mammals

were typically the main prey of feral cats (Gibb, Ward
Fitzgerald

Karl

& Karl 1979,Karl & Best

& Ward 1978, Dilks

1979,

1982, Pierce 1987, Langham 1990, Fitzgerald,

& Veitch 1991, Alterio & Moller

1997, Norbury

&

Heyward 1997). Many

mainland studies from overseas report similar findings for feral and domestic cat field
prey, although differing in the species of small mammals recorded as prey (McMurray

&

Sperry 1947, Hubbs 1951, Parmalee 1953, Eberhard 1954, Liips 1972,

Goldsclunitt-Rothschild

& Liips 1976, Achterbert & Metzger 1978, Borkenhagen

1978, Spittler 1978, Borkenhagen 1979, Achterbert

Warner 1985, Churcher

&

& Metzger

1980, Liberg 1981,

Lawton 1987, Fitzgerald 1988, Dickman L996, Martin,

Twigg & Robinson 1996, Barratt 1997 a, Paltridge, Gibson & Edwards 1997).

In most

studies

of feral cat diet lagomorphs were found to be the most

important prey (Fitzgerald 1988). In this study lagomorphs were the most important

prey

of feral cats from forest /

percentage by weight of all

pasture and coastal habitats, when expressed as a

prey. In four South Island studies of feral cat diet, and one

North Island study from pastoral habitat, rabbits were also the most important prey
(Gibb et. al. 1978, Pierce 1987, Pascoe 1995, Alterio

& Moller

1997 a, Norbury

&

Heyward 1997). In those studies, however, rabbits were considerably more important

than other prey types compared

to this study. As mentioned

importance of lagomorph prey, especially in forest

/

previously the

pasture habitat may be due to
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changes in the prey species as a result of pest management at Trounson Kauri Park.

Rabbit numbers at Trounson may have increased nearly eight fold over the course

of

this study (see chapter 4), to the point that numbers were ten times that found at

a

nearby non-treatment site, Katui Scenic Reserve, by late 1997 (Gillies unpublished

data). Lagomorph prey occurred most frequently in summer and spring (although not
significantly so), which was similar to the pattern found in the Orongorongo Valley
(Fitzgerald

& Karl 1979). In Sweden rabbits were the most important prey of cats

especially in summer when young were available (I iberg 1981). Lagomorph prey
items were not formally aged in this study, but at least five of the 27 individuals found

in cat guts were juvenile, based upon the size of recognizable body parts observed
during autopsies. Alterio & Moller (1997 a) found that three quarters of the rabbits
eaten by cats around yellow eyed penguin (Megadyptes antipodes) breeding areas on

the coast of the South Island were young. Gibb er. al. (1978) reported that in the

in the Wairarapa, near Wellington New Zealand, cats had
difficulty catching full grown rabbits, which often escaped. However, in the
Kourarau enclosure

MacKenzie basin of the South Island of New Zealand adult cats of both sexes were

equally capable

of

catching adult rabbits, and these occurred only slightly less

frequently than juveniles as prey of the cats in that study (Pierce 1987).
The results from the forest habitats in this study most closely resemble those
from the Orongorongo Valley in the North Island of New Zealand, where rodent prey

was more important than lagomorph prey (Fitzgerald

& Karl 1979).

The relative

importance of mice in the diet of cats from coastal and forest / pasture contrasts with

that of forest habitat. As previously mentioned, this could possibly be a result of
comparing the diet of cats from poisoned and non-poisoned areas. Langham (1990)

reported that mice were numerous

in cat scats but were not as important

when

considered as a percentage of prey weight on farmland in Hawkes bay. Rats occurred

relatively consistently over the seasons in Hawkes Bay but mice did occur more
lrequently in autumn and winter months (Langham 1990). Lagomorphs formed only
a minor component

of feral cat diet in that study. l{tng et. al. (1996) found that mice

occurred more frequently than rats in a small sample of cats from Pureora forest in the

central North Island. Fitzgerald

&

Karl (1979) found that rats were the most

important prey of cats in forest in the Orongorongo Valley, although mice did occur
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more frequently than rats for one period during their study. This period corresponded

with

a peak in mouse captures on rodent survey trap lines being mn concurrently.

In most studies of cat diet outside New Zealand the house mouse is not

as

important in the diet of cats as are other small mammal species (Fitzgerald 1988,
Dickman 1996), although in some studies they do occur more frequently than other
rodents (Hubbs 1951, Eberhard 1954, Coman & Brunner 1972, Jones

& Coman

1981,

Catling 1988). Spittler (1978) found mice in 47 % of cat guts from Westphalia in
Germany, however the species were not identified. Warner (1985) reported that mice
and rats constituted 77 % of the prey of cats on Illinois farmsteads. Rodents were

important prey of the feral cats in autumn and winter in this study, which may be a
reflection of the high proportion of mice in their diet, similar to that found in Hawkes
Bay New Zealand (Langham 1990).

In this study other mammalian prey species, mainly possums, did not occur as

frequently

in the guts as lagomorphs or rodents but were a relatively important

component of the diet in all habitats by weight. In Hawkes Bay (Langham 1990) and

the Orongorongo Valley (Fitzgerald 1979), possums were scavenged mainly in the

winter, although some juveniles may have been predated

in the spring in

the

Orongorongo study. No such seasonal trend was evident frorn this study, although
most of the possum remains found were probably scavenged. Many of the cats that
contained possum remains from forest habitats were caught incidentally on possum
trap lines where they had probably been scavenging carcasses. [n two of those cases

adult blowflies (Calliphora spp) were included in the gut contents. These were
probably ingested with the carrion rather than deliberately caught. Following possum
shooting expeditions at Trounson Kauri Park, radio collared cats were often located
near, or feeding upon, possums shot the night before (C. Gillies pers. obs.), suggesting

that they may be quick to exploit this type of food resource when

it

becomes

available. Half of those cats that died from secondary poisoning at Trounson Kauri
Park following a 1080 (Sodium monoflouroacetate) operation to control possums and
rodents contained possum remains (see chapter 4).

With the exception of offshore islands, birds generally constitute a relatively
small proportion of feral cat diet (Fitzgerald 1988, Fitzgerald 1990

a). In this study

they were the third most frequently occurring prey type when all habitats were

58

grouped, but they did not contribute greatly

to the total prey biomass. Smaller

passerines were the most commonly occurring birds

in cat guts from

each habitat

category. Many of these could not be identified to species, but of those that were,
waxeyes (Zosterops lateralis), followed by fantails (Rhipidura fuliginosa) were the

most common. Waxeyes were also important avian prey in other New Zealand
studies of feral cat diet on the mainland and on some offshore islands (Dilks 1979,

Fitzgerald

& Karl

1979, Fitzgerald

&

Veitch 1985, Karl

& Best 1982, Langham

1990). In a study of domestic cats in Auckland New Zealutd, waxeyes were
common avian prey (see chapter

1). In Canberra Australi4 waxeyes

prey of domestic cats (Barratt 1997

a).

also

were common

However, Dickman (1996) suggests that in

Australia there is a tendency for cats to take larger ground-feeding birds rnore
frequently than small passerines. Small passerines, particularly sparrows (Passer
domesticus), have been commonly recorded among the prey of domestic cats overseas

(Bradt 1949, Borkenhagen 1978, Churcher & Lawton 1987,Barratt 1995) and more
recently in New Zealand (see chapter l), however they were identified in less than one
percent of the cat guts in this study.

Invertebrates were common prey items

in all habitats, and were the most

frequently occurring prey group in forest habitat, although contributing little to the

total prey biomass. In all habitats the most cornmon invertebrate prey were
Orthopterans. Field crickets occurred in eight percent of cat guts and in one cat 37

individual crickets were found. In the Hawkes Bay study by Langham (1990),
Orthopterans were

not the most important invertebrate prey, but field

crickets

occurred in seven percent of cat scats. Wetas were common prey items, particularly in
the forest habitat in this study. They have also been recorded as common invertebrate

prey of cats in other parts of New Zealand (Marshall 196l a, Gibb et. al. 1978,
Fitzgerald

& Karl 1979, Karl & Best 1982, Fitzgerald & Veitch

1985, Pierce 1987,

Fitzgerald et. a|.1991, Alterio & Moller 1997 a, (chapter 1 this thesis)). Outside New
Zealand Orthopterans are also often reported as common invertebrate prey

of

cats

& Ltips 1976, Borkenhagen
& Russack 1994, Martin et. al. 1996,

(Hubbs 1951, Parmalee 1953, GoldschmidfRothschild
1978, Panaman 1981, Tidemann, Yorkston

Paltridge et

al 1997). In this study invertebrates were caught most commonly

in

spring and summer. This is similar to the pattern found in the Kourarau enclosure
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(Gibb et. al. 1978\, but in two other New Zealand studies invertebrates were more
important prey in summer and autumn (Fitzgerald & Karl 1979,Langham 1990). In
those two studies cicadas (Cicadidae) were important summer prey, but they were not

found in any of the guts in this study.

Only one skink was recorded in the prey of cats in this study, but desiccation

of the diet sample concerned prevented accurate identification of these remains to
species. The two species of skink that are known to occur in the study areas are the
copper skink (Cyclodina aenea) and the ornate skink (Cyclodina ornata\, (Towns

&

Dougherty 1994). Skinks were certainly present in the study areas because they
occurred

in the guts of

stoats and weasels caught during the same

period. The

extremely small amount of lizard prey (either skinks or geckos) in cat guts in this

study concurs with some mainland New Zealand studies where few or none were
recorded (Gibb et.
1996, Alterio

al. 1978, Fitzgerald & Karl

& Moller

1997

a).

1979, Langham 1990, King et. al.

However, lizards have been reported as common

prey of cats in some other mainland New Zealand studies (Pierce 1987, Baker 1989,

I this thesis)). Outside New
Zealand reptiles become more important in the diet of cats at lower latitudes

Middlemiss 1995, Norbury & Heyward 1997, (chapter

(Fitzgerald 1988), and in some Australian studies they have occurred at relatively high
frequencies compared to New Zealand studies (Dickman 1996, Paltridge et. al.1997).

Sub-adult cats caught more invertebrate prey than adult cats, which was the

only statistically significant difference in prey groups between age classes. The
importance of insects in the diet of juvenile cats has been reported elsewhere in New
Zealand. Pierce (1987) reports that juvenile cats were dependent on insects (and other
alternative prey) when mammalian prey was scarce, and juvenile cats contained more
insects than adults on Herekopare Island (Fitzgerald 1990 a) and at Pureora Forest
Park (King et.

al.l996). [n Auckland juvenile domestic

ofthe invertebrate prey recorded

cats caught a large proportion

(see chapter 1).

Female cats are on average only 70-80 Yo the weight of male cats (Fitzgerald
1990 a) and therefore differences in their diets may be expected (Fitzgerald 1988). In

this study no differences between sexes in the amount or type of prey were detected.

Alterio & Moller (1997 a) found that male cats caught more lagomorphs and females
more invertebrates in coastal areas of the South Island, but Pierce (1987) however did
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not find any differences between the sexes of cats in the MacKenzie basin, also in the
South Island. Martin et. al. (1996) found no differences in the diet of male and female

cats

in rural and pastoral western Australia, although other studies outside New

Zealand have reported differences in the diet between sexes. Ltips (1972) found that

male cats contained more field prey than female cats in Switzerland and Niewold
(1986) found that male cats tended to take larger prey in the Netherlands. Differences
between sexes in the present study may have been masked by the predominance

of

smaller prey such as mice and rodents caught by both cat sexes.

Stoat diet.

There was more variation in the diet of stoats between habitats than that found

with

cats in this study. Rats, followed by mice, were the most important prey

of

stoats from all habitats combined. Comparison with other New Zealand studies is

difficult

because

of the variety in diets reported In general, however, stoats eat birds,

mice, lagomorphs, rats, possums and insects (King & Moody 1982
Zealand,

in the more temperate

areas

of

a)

Outside New

Europe, birds, lagomorphs and smaller

rodents tend to be the most important prey of stoats (Day 1968, Tapper 1976, Brugge
1977, King

& Moors 1979). In more northerly latitudes small

rodents are the most

important prey of stoats (King & Moody 1982 a, Erlinge 1983, Korpim?iki, Nondahl

&

Rinta-Jaskari 1991).

It is not clear to what extent the diet of stoats

changed at

Trounson or Mimiwhangata as a result of management during this study. Murphy

&

Bradfield (1992) reported that prior to a 1080 poisoning operation rats were the main
prey of stoats at Mapara in the central North Island. Following that 1080 operation
stoats switched diet to

birds. A more recent sfudy of the diet of

stoats monitored

throughout several large scale poisoning operations at Mapara and Kaharoa forests,

found that the stoats switched between eating rats and birds depending on the
abundance of rats (Murphy et. al. in press

b). In the present study birds were a more

important component of the diet in forest / pasture and coastal habitats (where poison
operations were conducted) compared with the forest habitat, but rodents were still the

most important prey group in all habitats. King & Moody (1982 a) conducted a large

6l

scale survey of the diet of stoats from forest around New Zealand and they found that

birds, followed by invertebrates, then mice, were the most frequently occurring prey
items. However, possums and lagomorphs were important prey by weight. Fitzgerald
(1964) found similar results from stoats collected from around New Zealand, although
rats were more important and lagomorphs less so. Marshall (1961 b) found that mice

followed by birds and invertebrates were the most important prey of stoats. He also
found crustacea and fish to be less important prey. King et. al. (1996) reported that at
Pureora forest, stoats contained invertebrates, followed by birds, then larger mammals

(possums and lagomorphs), followed

by rodents, in that order of frequency of

occurrence. Similar frequencies of prey were found in the guts of stoats in beech

in the South Island, except that birds occurred more
frequently than invertebrates and rodents did not occur at all (Murphy & Dowding
(Nothofagus spp) forest

1994). Lagomorphs were the main prey of stoats from coastal areas of the South
Island (Alterio

& Moller

1997 a) and in the MacKenzie basin (Pierce 1987). In the

present study lagomorphs were not recorded in the guts of stoats from forest habitat,

but they were important by weight in forest / pasture habitat. Fitzgerald ( 1964) found
that lagomorphs were more important prey of stoats from farmland compared to forest
areas where possums and rats were more important.

In the present study the most commonly occurring inveftebrates in stoat guts
were manuka beetles (Pyronota spp), followed by tree weta and field crickets. Weta
and coleopterans have also been reported as important invertebrate prey in other New

Zealand studies (Fitzgerald 1964, King

Bradfield 1992, Alterio

& Moller

1997

& Moody

a).

1982 a, Pierce 1987, Murphy

&

Ground weta (Hemiandrus spp) were

reported to be the most conmon orthopteran in the diet of stoats in New Zealand

forests (King

& Moody

1982 a), however none were found

carnivores in this study. The 16 o/o occurrence

in the diet of

of skinks in the guts of

any

stoats in

Northland is high compared with that found at Mapara and Kaharoa (Murphy et. al. in
press b) and other New Zealand studies that recorded lizards as prey

1982 a, Alterio 1994, King et.

(King & Moody

al. 1996). However, Pierce (1987) recorded skink

remains in 33 Yo of stoat scats from the MacKenzie basin. As mentioned previously,

it is unclear whether the high percentage of skinks reported is because most were
recorded in coastal habitat, or because female stoats caught more skinks than males.
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Skinks were the only prey that occurred significantly more in the guts of
female stoats than male stoats, but smaller prey items tended to occur more frequently

in female guts. Male stoats in this study took more rats than females although this
result was not significant. This tendency for females to take more smaller prey items
than males, and males to take larger prey than females has been reported elsewhere in

New Zealand and overseas. King & Moody (1982 a) reported significant differences
in the frequency of occurrence of some prey types between the sexes. In three of their

study sites, male stoats ate significantly more possums and unidentified mammals
than females, but females ate significantly more mice and ground wetas. Male stoats
ate significantly fewer mice than females at Mapara and Kaharoa (Murphy et. al. in
press

b), and in the South Island male stoats ate significantly more lagomorphs than

females (Alterio

& Moller

1997

a).

Fitzgerald (1964) found that female stoats ate

fewer rabbits and rats, but more invertebrates than males. In Britain, Day (1968)
found that lagomorphs were the main prey of male stoats and that birds and small
rodents were the main prey of females, however these differences were not significant.

ln Sweden male stoats ate significantly more lagomorphs than females, and females
ate significantly more field voles Miuotus agrestis than males (Erlinge 1983). The
tendency for males to eat larger prey and females smaller prey may be due to different

energetic requirements since males are generally larger than females, which may in
tum be more efficient at hunting smaller prey (Moors 1980).
There were no significant differences detected in the seasonal diet of stoats in

this study, although some prey were more important at different times. However, the
general seasonal patterns were similar to those found in other New Zealand forests by

King & Moody (1982 a). Rodents were most important during autumn and winter in
this study and King & Moody (1982 a) found that mice occurred more frequently in
autumn compared to summer. In this study the proportions of mice and rats did not

differ between seasons. It is interesting that in this study birds did not occur in the

guts

of

stoats

in

aufumn and winter, when rodents occurred most frequently.

However, birds occuned more frequently

in

summer and spring when rodents

occurred less frequently. The samples in this study are too small to infer much about
the relationship between rodent and avian prey frequencies.
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Weasel diet.

The sample of weasels examined in this study was too small to draw any major

conclusions regarding weasel diet in Northland. Most of the weasels were caught at

Trounson Kauri Park with the rernainder collected from Mimiwhangata Scenic
Reserve and Riponui Scenic Reserve. Skinks were the most important prey, occurring

in the guts of weasels from all three sites. The high frequency of mouse prey was
possibly a reflection of the increased abundance of mice at Trounson and possibly
Mimiwhangata as a result of poison operations at those sites. To date there is very

little information on the diet of weasels in New Zealand, probably

because they are

the least common of the three species of mustelid present in this country (King 1990

d).

Those studies that include notes on weasel food habits in New Zealand are all

based on similar sample sizes to this study (Fitzgerald 1964,

Kittg & Moody 1982

a,

King et. al. 1996). These studies all report that mice are the most frequently occurring
prey of weasels followed by birds or insects, lizards and rats (Fitzgerald 1964, King

&

Moody 1982 a, King el. al. 1996), mice were also important prey of weasels at
Mapara and Kaharoa (Murphy et. al. in press

b).

The results from this study differ

only in that skinks were the most important prey. In Europe studies, of weasel diet
suggest that small rodents (particularly Microtus voles) are the most important
component of their diet although they also feed on lagomorphs and birds (Day 1968,

Moors 1975, King & Moors 1979, King 1990 d, Korpimliki, Norrdahl & Rinta-Jaskari

1991). King (1990 d) suggests that the more specialist vole feeding strategies of the
weasel may be one reason for their apparent low abundance in New Zealand, where

Microtus voles do not occur.

Fetet

diet.

Ferrets have been reported as absent from most of Northland in the recent past

(Marshall

l96l

b, Lavers & Clapperton 1990), but the range of ferrets may have been

extending northwards since the late 1980s (Miller

& Pierce 1995).

Ferrets in
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Northland were probably still at relatively low abundances (compared to the other
mustelids), during the course of this study as they were the least commonly caught

mustelid

in

conservation areas where carnivores were trapped (Department of

Conservation, Northland. unpublished data, Gillies unpublished

data\. Other New

Zealand studies have shown that lagomorphs are generally the most important prey

of

ferrets, although possums, birds and rodents can also be important prey (Marshall
1961 b, Fitzgerald 1964, Robertson 1976, Roser

& Lavers 1976, Gibb

et.

Pierce 1987, Baker 1989, Middlemiss 1995, Smith et. al. 1995, King et.

al.

1978,

al. 1996,

Alterio & Moller 1997 a, Norbury & Heyward 1997). The results presented in this
study did not differ from that general trend, with the exception of birds, which were
not found in any of the ferret guts.

Comparisons between predators.

The statistical comparisons between carnivores in this study suggested that
there was probably considerable dietary overlap between them, especially for the main

prey species; rodents, lagomorphs and birds. Cats preyed on "other mammals"
(mainly possum) more than stoats and weasels. Ferrets did also, but the small sample
size probably weakened the power of the statistical analysis. Skinks occurred more

frequently

in the guts of

stoats compared to cats, and weasels took skinks more

frequently than either stoats or cats. Cats also took relatively more invertebrates than
other carnivores: The main invertebrate prey were generally the same for the other
three carnivore species.

Comparisons

of prey species between cats and stoats in this study

was

somewhat confounded by the seasonal pattems in capture rates of these carnivores.

Cats were mainly collected during autumn and winter, whereas most stoats were
caught in the spring and summer (Appendix

IV).

Cats were caught when more

possum carrion may have been available to carnivores to be scavenged. Possum
carcasses

would have been more available for cats to scavenge at Trounson in late

summer through to autumn when they were occurring more frequently as incidental
catch in cat traps there. Fewer possums were likely to have been available as carrion
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in

spring and early summer (McClellan 1997, Department

of

Conservation,

Northland. unpublished data) when most of the stoats were caught. This explanation
relies on the assumption that the seasonal availability of possum carrion at the other
sites was sirnilar to that of Trounson.

Skinks were caught more frequently by stoats during autumn months when cat
captures were high, so this dietary difference is probably a real

one. Significantly

more skinks were caught by female stoats which are generally smaller than males

(Moors 1980). Weasels, which are smaller than stoats (King 1990 b), caught
proportionately more skinks than stoats or cats, suggesting that the smaller mustelids

may be more efficient at hunting skinks than larger carnivores. Alterio (1994)
described the diet of cats, fenets and stoats from coastal areas of the South Island and

found that geckos (Hoplodactylus maculatus) were preyed upon

by all

three

carnivores, but skinks (Leilopisma nigratare polychroma) only by stoats. In his study

female stoats also ate more skinks than males. The same author also found similar
differences between carnivore species to those found in this study, with stoats eating
15 times rnore lizards (mainly skinks) than cats, and cats eating significantly more
invertebrates than stoats.

Interspecific competition between carnivore species, particularly cats and
stoats, has not been well studied

in New Zealand. However some New

Zealand

studies have alluded to the possibility that cats (and possibly ferrets) may exclude
stoats from areas. Pierce (1987) suggests that cats and ferrets may have controlled
stoat numbers in the MacKenzie basin, and Gibb et. al. (1978) only sighted stoats in

the Kourarau enclosure when cats were scarce. At Trounson cats appeared to
dominate the mammalian predator guild prior to the commencement of mammal pest

control operations. However after the resident predators were killed from secondary
poisoning (see chapter 4) following possum and rodent control operations, stoats (and

to a lesser degree weasels) re-invaded the

area much more rapidly than cats and

in

greater numbers than had been recorded prior to control (Gillies unpublished data\.

Erlinge (1983) reported that in Revinge, Sweden, when rabbit numbers dropped, more
generalist predators, including cats, switched prey to voles, which were the most
important food of stoats in the area. He suggests that increased competition for voles
was the primary cause for a marked decrease in stoat numbers. Erlinge (1983) also
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suggests that reduced rabbit numbers may have also resulted in increased intertbrence

between predators as stoat remains were recorded in cat scats found in the area. No
stoat or other mustelid remains were found in the guts of cats from Northland, but one

of the stoats autopsied in this study was killed by a domestic cat. More recently
(November 1997)

a

stoat was reported killed

neighbouring Trounson Kauri Park (see chapter

by a farmers cat on a

5).

property

Stoats were recorded in the prey

of domestic cats on the outskirts of Auckland city (see chapter 1) and in the scats of
feral cats in two other New Zealand studies (Gibb et. al. 1978, Fitzgerald

& Karl

r979\.

Current research

in Northland suggests that poison operations to

possums and rodents alone, and

control

in conjunction with predator trapping, can benefit

native avifauna, including kiwi (Pierce 1997). However the potential for changes in
predator guilds (Pierce 1987) and shifts in the diet of stoats (Murphy
1992, Murphy et. al.

&

Bradfield

in press b) cats and ferrets (Pierce 1987) following poison

operations to control mammalian pests highlight the need for more research in this

area. Dietary studies of coexisting mammalian carnivores conducted before, during
and following mammalian pest control operations are needed to examine any changes

that may occur as a result of management programmes. Planned predator removal
studies, in conjunction with dietary studies could be carried out where only cats (and

possibly fenets) are removed. The dietary and numerical responses
rnustelids

of

smaller

to the removal of higher level carnivores and reduced interspecific

interference could be monitored. In all of these studies, monitoring should be carried

out to determine any responses in prey species abundance to changes in predator
abundance or diet.
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Chapter

III. Home range of introduced

mammalian carnivores,

feral cats (Felis catus), stoats (Mustela ermineu) and a ferret (M. furo)
at Trounson Kauri Park, Northlando New Zealtnd,.

Introduction.

One of the complexities involved
management

in

mainland mammalian camivore

is the differences in ranging behaviour, not only between camivore

species but also between sexes and age classes of the same species, each of which may

require different control strategies (Clout 1997). There have been several studies done

on the home range, movement and activity patterns of mammalian carnivores in New
Zealand (Moors

& Lavers 1981, Fitzgerald & Karl 1986, Pierce

Dymond 1991, Langham

&

Porter 1991, Alterio 1994, Murphy

1987, Baker 1989,

& Dowding

1994,

Alterio & Moller 1997 b, Alterio, Moller & Ratz 1998, Norbury, Norbury & Hayward
1998, Alterio in press). Less than half of these studies have been done on multiple

carnivore species coexisting at one site and to date there is no published study on the
home ranges of mammalian carnivores in Northland New Zealand.

The primary aim of using radio telemetry to monitor mammalian camivores

(feral cats, stoats and ferrets) at Trounson Kauri Park was to observe their fate
throughout 1080 (sodium monoflouroacetate) then brodifacoum poison baiting
operation to target possums (Trichosurus vulpecula) and rodents (Rattus rattus, Rottus

norvegicus

& Mus musculus). The secondary aim

home range

of as many

carnivores as possible

however, was to determine the

in the six

months prior

to

the

comrnencement of pest control work to enable comparison with other New Zealand
and overseas studies of carnivore home ranges to those in Northland. Additionally the

home range information presented in this study

will be used as baseline data for

further studies of the home ranges of mammalian carnivores in and around Trounson

Kauri Park.
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Stud.y Area.

The core study site, Tfounson lfuuri Park, eomprises 450 ha of mixed kauri-

podocatp hsdwood foreet, surounded

by

grazed pasFreland- and bordered by the

Waima Riv.er on it's southwestem edge and pine forest on it's nsrthoastern edge:FiS.

24|. Thepark is Xocated south of the Waipoua Forest about 36 hn Norfi of Dargaville
on the West coast of the North Islan4 Nery'Zealand (35o'44'Sn 173'38'E). In order to

plot range utilization 6y
mapped

p-re.dators, Tro-unson

wing a I km by

I

Kauri Park and the surrounding arca was

km gr-id divid€d up into smaller 100m x 100rn

squares.

This grid rsyst€m w.as based arowrd that rwed by the Department of Lands alrd Survey

for thsir topographical maps of that

anea (rnap nurnbers

006, OO7, P06 and P-07) Fig.

24\.
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of Lands and
Survey topographical rnaps of the area (rnap numbers 006, O07, P06 and P07). Grid
references are those used for all other maps in the text.

Fig.24. Map of core study

area and surrounds, adapted from Department

so

1234567
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Methods.

Feral cats (Felis catus), stoats (Mustela erminea) and ferrets (Mustela -frro)
were trapped using a combination of drop door cage traps (after Veitch 1985), greaves

wire works cage traps (illustrated in Harding & Veitch 1992) and Edgar treadle traps

for mustelids (King & Edgar 1977). 17 to 20 cage traps were set around Trounson
Kauri Park and along roadsides leading to the Park, with

a

minimum spacing of 500m.

Traps were baited with skinned rabbit or hare meat which was replaced every three to

five days depending on the time of year. Edgar traps were also baited with rabbit or
hare meat, although whole eggs and rat carcasses were used occasionally. The Edgar
traps were set in similar locations to the cage traps but were spaced at 100-500m and

moved periodically, often located where stoats had been sighted or near waterways.
Trapping was conducted over ten-day sessions in every fortnight from January to June
1996, when poisoning of mammals in the Park commenced. Traps were opened less

frequently tluough July and August 1996, but ten-day trapping sessions every
fortnight were resumed from September 1996 through to January 1997.

All

traps

were checked daily and some were checked twice daily.

All cats, stoats or ferrets caught were coaxed into a plastic net (Plate 4) where
they were restrained and injected intramuscularly an appropriate dose of Ketamine
hydrochloride (100 mg/ml), based upon an estimation of the weight of the subject
(0.3-1.2 ml for cats,0.2-0.4 ml for stoats and 0.4-0.6 ml for ferrets). The predators

were weighed, sex, colour and general condition were noted and sequentially
numbered eartags were fitted for identification purposes. Each animal was fitted with

a

two-stage radio transmitter, (manufactured

by Sirhack, Landcare

Research,

Havelock North, New Zealand). Most cats were fitted with a whip aerial transmitter
attached to a leather collar,

with

with

a transmitter incorporated

a battery

life of 12-13 months, mustelids were fitted

into a brass loop aerial that also acted as a collar, The

larger brass loop transmitter package fitted to ferrets (and to some cats) had a battery

life of 12 months. The smaller package used for stoats had a battery life of 3-4
months. Six of the whip aerial cat transmitters were fitted with mortality transmitters

which increased the signal pulse rate from 40 pulses per minute to 80 pulses per

7l

minute

if

the animal did not move for seven hours, indicating it had died or shed its

collar.

Cats were assigned to an age class based upon, weight, size and general
morphological condition (Pierce 1987, Langham

& Porter l99l).

Cats of either sex

weighing < 1 kg were classed as kittens. Female cats weighing between

I

to 2 kg

were classed as sub-adults unless morphological data such as reproductive condition

or the state of the teeth suggested the cat was older. All females over 2 kg were
classed as

adult. Similar criteria were

used

to assign male cats to an age class, but

only males over 3.5 kg were considered to be adults.

Radio fixes of the locations of each radio-tagged animal were attempted
regularly during trap-checking rounds. Attempts at obtaining radio fixes on each
instrumented animal were made once in every 24hour period (Swihart

& Slade 1985)

when live trapping was being conducted at Trounson, using a hand-held 3 element
yagi aerial with a Telonics TR4 Receiver. Bearings were taken from 13 set locations
around the park (typically on the top of

hills).

Generally radio fixes were obtained

between 8:00 am to midday each morning, although some fixes were obtained at dusk.

Radio fixes were taken only during fine weather. Bearings on the direction of the
transmitter signal from the telemetry points were taken using a hand-held compass.
These were taken from at least two points and the location

of the subject animal

determined from the intersection of the bearings on a map. Use of a four wheel drive

vehicle enabled the observer to move between telemetry points quickly (usually no
more than ten minutes). Detection of multiple signals from some points may have
increased the time interval.

If the signal was erratic,

suggesting that the animal was

active (Pierce 1987, Alterio & Moller 1997 b) long distance bearings were not taken.
When time allowed, or

if a signal sounded in close proximity to one of the telemetry

points, the subject animal was physically located, to confirm

if it was still alive.

The

majority of the locations in every case were obtained by radio telemetry. Other
locational information was recorded however, from recaptures, incidental visual
observations (both day and night), and where the subject animal was killed or found
dead (Appendix V).

ln order to

assess the accuracy

of radio telemetry fixes, ten transmitters were

put around the Park in several different locations unknown to the observer over two
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days (Harris et

al 1990). Bearings were taken from the usual telemetry points,

then

plotted and compared to the real locations. Based upon four fixes (per transmitter)
taken over a mean distance of 829m (+ llSrn std err), the estirnated locations were
found to be accurate to within an average radius of l25nr

(r

23.7m std err).

Home ranges were described only for those animals ,,vhere at least fifteen
observations were collected. Home range for cats and ferrets should be revealed after

10-15 fixes have been taken over approximately one month
1986, Fitzgerald

& Karl 1986, Norbury et. al. 1998).

of obsewations required to reveal home range were

o[ monitoring (Apps

These estimates of the number

tested by plotting the cumulative

home range area against the number of observations to determine at rvhat point range

size reached an asymptote. defrned as the point at which additional locations result

orrly in a minimal increase in range size (Harris et al 1990). Range information was
plotted and calculated using the minimum convex polygon method (Hanis et al 1990)
turd core areas within that range described using a three dirnensional non-parametric

utilization distribution graph (Adams & Davis 1967, Macdonald, Ball & Haugh 1980.
Mauget 1980, Rhoades & Langham 1984, Flan'is et al 1990, Langham & Pofier 1991).

Plate

4. A rnale stoat in the restrainin.g net irnmediately

following admitristration of

the anesthetic.

ffiEFHHFEHEEHff

bI
'-=ffi'+i==Ellt
flHF?$F:+EEHIEBI
t#trff'fiiftrt'Fui
ns,$,ffi
====

73

Fig. 25. Predators caught at Trounson Kauri Park between January 1996 to January
1997 and duration msnitored.
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Results.

22 cats,7 stoats and 2 ferrets were caught between January 1996 and January
1997 (Fig.

25).

obtained for I

Sufficient observations

I cats.4

stoats and

(> 15) for describing home

range were

I ferret.

Cat home ranges.

Home ranges were plotted for four female cats and seven male cats (Table XI.)

using the minimum convex polygon method. The average range size for three adult
male cats was 378.5 ha

(*

161.5 ha) and

for four sub-adult males 249ha (+ 60.5 ha).

Tlre average range size for two adult female cats was 66.7 ha (+ 35.4 ha) and for two
sub-adult females 176.6 ha

(t

5.5 ha). The small sample sizes prevented statistical

comparison between age classes. The average home range size for all of the male cats
combined was 304.5 ha (+ 73.9 ha). This was not significantly larger than the 122 ha

(+ 34.9 ha) average home range of the female cats combined, (Mann-Whitney U test
statistic = 24,Probability is 0.059).

Table XI.

of 11 feral

cats monitored between January 1996 to February 1997.
Observations include trapping, telemetry and other locational information.
No'ohservations
No'of
Tag No'
Sex Age Class Home range (ha)
to asymptote.
calculated bv M.C.P. observations
168
t9
l4
801
male sub adult
r3
t92.1
t7
male sub adult
810
20
814
male sub adult
207
38
15
15*
816
male sub adult
428.8
l8
302.2
l5
802
male adult
t44.8
l6
l6*
823
male adult
25
20
688.4
825
male adult
aa
JJ
182.2
38
female
sub
adult
803
t7t.l
t7
l3
809
female sub adult
25
20
807
female adult
20
t7
31.4
female adult
815
* Cumulative range plot did not reach asymptote.

Home ranges

15

Sub-adult male cats.

There was considerable overlap in the home ranges of the sub adult male cats.

All

(except for 801 and 810) overlapped spatially when described using the minimum

convex polygon method

(Fig.26). The home

ranges of cats 810,814 and 816 also

overlapped temporally, although they were never located closer than 800m to one
another at any time. Cat 801 was only located at the northern end of his range for the

first week after capture. All subsequent fixes were at the southern end of his range
(Fig. 27a), outside the ranges of the other sub-adult males. Cat 801 had become
"semi-domesticated" and was often sighted with a local farmers cat eating food put

out for the farmers piglets (at study grid reference EB.3,SF.5). The farmer reported
that cat 801 was often waiting for him to put the piglet food in the trough and was not

disturbed when approached by humans. Once the farmer ceased feeding the piglets

regularly, cat 801 moved further south and was often located near the camp ground
rubbish dump (study grid EA.4,SF.4). It was near there that it was shot by the camp
ground owner after being chased up a tree by a pet dog.
Cat 810 was most often located in the north-eastern part of his range (Fig. 27b)

in the main block of the park although never further than 500m from the forest edge.
Cat 814 was most frequently located within the main block of the park at the western
end of his range

(Fig.27c). Although

he was also periodically located near the forest

edge on the eastem edge of the park and in the east block, where he died during the

poisoning operation in June 1996. Cat 816 was located less frequently than the other
cats but appeared to move more widely around his range than the other sub-adult

males. By June 1996 he was being located more often in the north block of the park
(Fig. 27d), where he died.
One other sub-adult male, (819) was captured in the north block (at study grid
reference EE.2,SD.4)

in March 1996. Cat 819 remained in the study area for

one

month, during which period eight good telemetry fixes were made on his location. He
was also sighted twice and recaptured there once. These observations suggested he
had been moving around the pasture and swamp areas between the north and main
blocks before he moved out of the study area in

April.

The transmitter could not be
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detected

by ground tracking, but the

remains

of cat 819 were

discovered six

kilometers west of the study site in September 1996 during a helicopter search. It is
thought he died in June 1996.

Fig. 26. Home ranges (MCP) of four sub-adult male cats monitored from January
1996 to October 1996.
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Fig.27a. Three dimensional non parametric range utilization distribution plot of the
home range of sub-adult male cat 801, monitored from January October 1996.
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Fig.27b. Tbree dimensional non parametric range utilization distribution plot of the
home range of sub-adult male cat 810, monitored from February to June 1996.
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Fig. 27c. Three dimensional non parametric range utilization distribution plot of the
home range of sub-adult male cat 814, monitored from February to June 1996.
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Fig.27d. Three dimensional non parametric range utilization distribution plot of the
home range of sub-adult male cat 816, monitored from March to June 1996.
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Adult male cats.

There was no overlap spatially between the home ranges of adult male cats
when described using the minimum convex polygon method (Fig. 28). Another three
adult males, possibly vagrants, were monitored briefly, cat 804, cat 822 and cat 833.
Cat 804 was caught within the range of cat 802 (at study grid reference EC.8,SB.l0)
but was killed soon after by a local farmer's dogs (at study grid reference EB.l0,58.6)

south of 802's home range. Cat 822 was captured within the western comer of the

home range of cat 823 (at study grid reference EE.8,SD.5) one day prior to 823's
capture. However, cat 822 was only detected a further four times by telemetry near
study grid areas EF,SB and EF,SC which were west northwest of the plotted home
range for cat 823. Cat 833 was also caught within the westem corner the home range

8l

of cat 823 (at study grid reference EE.6,SD.4). Cat 833 moved out of the study area
immediately (possibly through the home range of cat 825) and dropped the transmitter
collar approximately two kilometers east of study gnd area EA,SF.

Cat 8Q2 was located most frequently at the southern, western and northern
extremes of his range and rarely in-between (Fig. 29a). The daily monitoring of cat
802 suggested that he was moving between these areas within his range on a 24 hour

basis. He was never located in these frequently visited

areas on consecutive days,

except for two days in February 1996. Cat 802 was last detected in the study area in

late March 1996. During a helicopter search conducted

in September

1996, the

transmitter signal was briefly detected approximately 3.5 kilometers northwest from
any previous fixes on his location. This suggests that the actual home range for this
animal was probably considerably larger than that described in this study.
Cat 823 was most frequently located at the eastem side of his range (Fig. 29b)

in a stream gully

bordered by native vegetation. Initially he was located at the

western side of his range but he was not detected there again until the day he was shot

by the park ranger in October 1996. Cat 825 was located most often along the Waima

river, frequently in the vicinity of the camp ground rubbish dump (study grid
EA.4,SF.4), (Fig. 29c). Cat 825 was often detected on the move, especially at dusk.

No good fixes were able to be taken whilst the animal was moving, however,

he

traversed up to approximately three kilometers in under three hours in two instances.
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Fig. 28. Ilome ranges (MCP) of three adult rnale cats monitored from January 1996
to February 1997.
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Fig. 29a. Three dimensional non parametric range utilization distribution plot of the
home range of adult male cat 802, monitored from January to March 1996.

o

o
l!

e
o
o

II

o

South Gridref lkm

84

Fig. 29b. Three dimensional non parametric range utilization distribution plot of the
home range of adult male cat 823, monitored from May to October 1996.
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Fig. 29c. Three dimensional non parametric range utilization distribution plot of the
home range of adult male cat 825, monitored from April 1996 to February 1997.
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Female cats.

There was very little overlap spatially between the home ranges of female cats

when described using the minimum convex polygon method (Fig. 30). Cat 815 was
located twice on the edge of cat 803's range. At both times cat 803 and 815 were no
closer than 400m apart. Cat 803 was located most often in the southwestern edge
her range close, to the forest margin of the main block of the park (Fig.

was located most often on the central western edge of her range (Fig.

3

of

1a). Cat 809

3lb).

Most of

these observations were close to the road edge and near adjacent pasture land under

bracken and blackberry scrub. At the time most of these fixes were obtained there
were several flocks of wild turkeys in the area nesting and with young chicks. Twice

cat 809 was located within five meters of nesting turkeys. Cat 807 was most often
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located on the northern and eastern margins of the west block which was near the
center

of her range (Fig. 3lc). Many of the fixes occurred in open pastureland

however, in most cases these were actually

in old tree stumps that are scattered

throughout these paddocks. Several radio telemetry bearings that couldn't be fixed to
a good

location suggested that cat 807's home range probably extended further west at

least to the bank of the Waima river as far up as the village of Donnellys Crossing

(survey grid area EE,SA). Cat 815 was located most often in the westem edge of her
range along the banks of the Waima river (Fig.

March she appeared to be pregnant,

3ld).

When cat 815 was captured in

if that was the case she may have been nursing

young for much of the time her movements were being monitored.
One other sub-adult female, cat 818, was captured in March in the norJh block

(at study grid reference EE.3,SD.8) however she was never relocated after this. Two
other adult females were captured prior to June 1996, cat 805 and cat 812. Cat 805
was captured in the north block (at study grid reference ED.I0,SD.7) but died soon
afterwards, possibly as a result of drowning whilst still drowsy from the effects of the

anesthetic. Cat 812 was captured on the edge of cat 803's range (at study grid
reference EC.3,SD.I). The five fixes obtained before she was shot were located
southwest of 803's home range around study grid area EC,SD.
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Fig;, 30. Home ranges (MCP)
1996.

of four female cats monitored from January to June

-'

-r'- *'- L" Ji" n- E ir = d-. "1-- 3." t .{ A L l
a
l A
oo oi lL r.l rt ,tl .rl t t o' on rit r,A 4,L .r.t
o
4
,r la al .,!i .*.i' i a'1 aa la ti ii .rt at .t
'.4 ol ,u'it i'l .t,l
Ll
."'ra ,,.[ al lo ta ai ll gi ,t''
"14
n
,ti ri ^r?rr'+';.3'.i.l r,a,f i atl ,t'l o'l an r& lL aa
*
.o ,:,*
I n i n'l o'] .r i,i .rJ'.i.1' ii{ *l ," r.6
," ii'.r"1[1..] La:l *{ r'" r" ri' ;r' ;tl rr' r'r'

rl)

:

ri

lr rt'rr\*ol'-r,'i r,l'.tL,].'1 "..i r.a.ua.tt,at la
n
nq*\l),
,\a i.l
-'l Tll il,I ot tt .r.1 r.,i.,!l i..i, r.l
^
oa oe ,l ,a ,a ua ll' ot ol
al ,,Jt i i.t,t aa ol *6
irir la .r, .o lr lt lt *
, :'r i: i ..1 .L -,.i. -,i -.1 ..{ -l
r1-- i:'- t"'.1- Jr- l',-.1-.$- t- A

tr6

!t it

hi...t

,,'l

.

lt

c"a*j
&"t .ai ,t

L.T,T
ianeaf.
t'{ Ll oo o'
ui ,,.r ,*,1 ia

.,t,a,t.

"r"t'ao

SA

SB

SC

SE

SF
<-1000m

-+

88

Fig. 31a. Three dimensional non pararnetric range utilization distribution plot of the
home range of sub-adult female cat 803, monitored from January to June 1996.
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Three dimensional non parametric range utilization distribution plot of the
home range of sub-adult female cat 809, monitored from February to June 1996.
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Fig. 31c. Three dimensional non parametric range utilization distribution plot of the
home range of adult female cat 807, monitored from February to June 1996.
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Fig. 31d. Three dimensional non parametric range utilization distribution plot of the
home range of adult female cat 815, monitored from March to June 1996.
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Home range overlap between sexes and age classes of cats'

Home range overlap occurred between sexes and between age classes of
different cats. The home range of adult male cat 802, overlapped the home ranges of
two adult females (807 and 815) and a sub-adult female (S03). Male 802 was located
twice within rhe home range of female 807 during February 1996; each time within
400 meters of her position. Male 802 was located twice within the home range of subadult female 803 and both times female 803 was located at the same position. This
was the only time male 802 occupied the same part of his range over two consecutive

days. Male 802 was located six times within the home range of adult female

815,

however all of these fixes occurred during February and March 1996 before female
815 was being monitored.

92

Male 802's home range also overlapped that of sub-adult males 801, 810, 814
and 816. There was however, only any temporal overlap between the home ranges

of

802 and 814. Cat 814 was located five times near the westem end of his home range

during periods when male 802 could have moved through that part of his range.

The home range of adult male cat 825 overlapped that of sub-adult females
803 and 809 in the southern parts of their ranges. Male 825's home range also
overlapped that of the four sub-adult males. However the areas where sub-adult males

814 and 810 were most commonly located were outside of the range of male 825.
Sub-adult male 801 was located most commonly in the southem area of his home
range and this was entirely inside the range of male
nearest that these two animals were ever located

825. One kilometer was the

to each other. Male 825 was

captured next to the pig sty where cat 801 was residing at the time (at study grid
reference EB.3,SF.5), however on that day cat 801 was unable to be located. Both
825 and 801 were often located near the camp ground rubbish dump but never on the
same day.

The ranges of the four sub-adult male cats overlapped those of the two subadult female cats. Cat 801 was never located in the northem part of his range whilst
sub-adult females, cats 803 and 809 were being monitored. The ranges of sub-adult

males 810, 814 and 816 overlapped that

of

sub-adult females 803 and 809

considerably, although none of these young male cats were ever recorded in the areas
where these females were most frequently recorded within their ranges.

Kittens.

Three kittens (806, 808, 811) were captured and monitored during the course

of this study. Kitten 808 was lost immediately after her capture (at study grid
reference ED.8,SD.l), but her remains were discovered (by accident during a routine
(at
search for other transmitters) 11 months later under a house in Donnellys Crossing,

study grid reference EC.t0,SA.9) 2.4 kilometers away form where she was caught.
The presence of milk teeth and the size of the skull suggested that kitten 808 probably
died soon after she was captured. Kitten 811 was co-located with adult female 812 on

two occasions. The signal from kitten 811 became harder to detect not long after
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female

gl2 was shot. The corpse of kitten 811 was found in an advanced

state

of

clecay, two months after the death of female 812'

Kitten 806 was captured in the north block (at sfudy grid reference EE' 1,SD.7)
(at
in February 1996. She was recaptured the next day at a trap near the ranger station
study grid reference ED.8,SD.7). This kitten was recapfured at the ranger station

twice a day for 10 days after that. By late March 1996, kitten 806 was usually located

outside the door of the staff accomrnodation at the ranger station each morning,
waiting for the bait to be taken to the nearby trap. By May of 1996 kitten 806 had
become

fully domesticated (Plate 5) and was taken home as a pet by one of

the

contractors working at the park at that time.

plate 5. Kitten 806 under the kitchen table rvaiting for rne to do the trap rounds.
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Mustelid home ranges'

Home range was calculated for three male stoats, one female stoat and one
male ferret (Table

xII.), using the minimum convex polygon method. The average

home range for the male stoats was 108 ha (+19.4 ha). Male stoats 813,

&

842 and

female stoat 838 were classed as yearlings, from upon external examination of their
reproductive organs and when they were caught (King 1990

c). Male stoat

820 was

captured in autumn, so age class could not be determined from external examination

(King 1990 c). Ferret 817 was classed

as a juvenile based on extemal examination

of

reproductive organs, body size and weight.

Table XII.

Tag

No'lSpecies

813
820
838

842
817

Stoat
Stoat

Sex

male
male
Stoat female
Stoat male
Ferret male

No'of
Home range (ha)
calculated by M.C.P. observations
27

87

90.3
49.5

178.6

No' observations
to asymptote.
10

l5

8

aa
JJ

20

JJ

t7

23

12

Stoats.

The home ranges of two male stoats (813 and 820) overlapped (Fig' 32). They
were however only once located in relatively close proximity to each other (400 m).

Male stoat 813 was most commonly located in the southeastern and central parts of
his range (Fig. 33a) in the main block of the park, often near stream gullies within the

forest. Male stoat 820 was located most frequently along the Waima river bank in the
west block of the park (Fig. 33b). An additional male (possibly adult) stoat, 830 was
captured (at study grid reference EC.7,SB.8)

in

September and monitored for two

weeks before the transmitter failed. Those fixes that were obtained were all located
near the Waima river close to the area where he was captured.
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The home ranges of male stoat 842 and female stoat 838 overlapped
considerably (Fig. 32) for the four month period over which they were monitored in

1997. Male 842 was located most often along the stream running along the southern
edge of the north block and on the forest margins on the north of the main block (Fig.

33c).

Female 838 was most often located

in the swampy areas surrounded

by

pastureland between the north and main blocks of the park (Fig. 33d). However, she
was also located on the northern forest edges of the main block and near the stream at

the southern edge of the north block. Three times both 838 and 842 were located to

within

100 m

of each other. Male 842 was killed in a Mk 6 Fenn trap (FHT Works,

Worcester, England)

in Septembet

1997 (at study grid reference EC'6,SC.5)' This

suggests that his range may have increased since May 1997 and be larger than that
described in this

caught

study.

in January

One additional male stoat (also a yearling), 840 was

1997 (at study grid reference EE.6,SC.5). Five fixes on 840's

location were taken before he was killed in a Fenn trap (at study grid reference

ED.10,SC.6). For the week that stoat 840 was being monitored however, he was
detected moving around the north block in similar areas to those used by 842 and 843.
During January 1997 another yearling female stoat, 837 was caught along the Waima
river south of the main block (at study grid reference EB.10,SC.3). Only four fixes
were obtained on her location before she died (at study grid reference EC'3,S8'10).

The Ferret.

The juvenile male ferret, 817 was located most often near a barn at the east
the east block (Fig.

3 ).

of

Ferret 817's home range covered most of the east block and

large areas at the eastern side of the main block (Fig. 32). The home range of ferret
817 did not overlap with stoats 813 and 820. One additional ferret, an adult male

(828) was caught in October 1996 (at study grid reference EC.7,SB.9). Ferret 828
moved out of the study area immediately after capture and was considered lost- His
transmitter signal was located whilst undertaking a wider search in January 1997 and
his skeletal remains were found approximately 2 km north of study gnd area EF,SC.
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Fig. 32. Home ranges (MCP) of four stoats and one feret monitored from February
1996 to May 1997.
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Fig. 33a. Three dimensional non parilmetric range utilization distribution plot of the
home range of male stoat 813, monitored from February to June 1996.
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Fig. 33b. Three dimensional non parametric range utilization distribution plot of the
home range of male stoat 820, monitored from April to June 1996.
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Fig. 33c. Three dimensional non paramehic range utilization distribution plot of the
home range of male stoat 842, monitored from January to May 1997'
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Fig. 33d. Three dimensional non parametric range utilization distribution plot of the
home range of female stoat 838, monitored from January to May 1997.
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Three dimensional non parametric range utilization distribution plot of the
home range of male ferret 817, monitored from March to June'

Fig.

34.
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Home rdnge overlaps between mustelids and cats.

The home range of ferret 817 overlapped substantially with those of cats 803,

809, 810, 814, 816 and 825. There were also minor overlaps with the home range
cats 801 and

of

802. The home range of stoat 813 overlapped with those of cats 802 and

803, although stoat 813 was located most often outside those areas in which cats 803
and 802 were most frequently located. There were also marginal overlaps between
stoat 813 and the home ranges of cats 810, 814 and

816. The home range of stoat 820

overlapped with that of cat 807. Stoat 820 was however most frequently located on
the western edge of the west block and cat 807 on the eastern edge. The home ranges

of cats 803 and 810 marginally overlapped that of stoat 820. The home range of cat

102

802 overlapped that of stoat 820 spatially but not temporally. Cat 802 had left the
study area prior to the capture and radio monitoring of stoat 820 (Fig. 25).

Discussion.

The home ranges of feral cats and stoats described in other studies from both

New Zealand and overseas vary greatly (Vaisfeld 1972, Erlinge 1977, Dards 1978,
Corbett 1979, Simms 1979, Macdonald 1981, Panaman 1981, lzawa, Doi & Ono
1982, Jones

Erlinge

&

Coman 1982, Debrot

&

Mermod 1983, Warner 1985, Apps 1986,

& Sandell 1986, Fitzgerald & Karl 1986, Niewold 1986, Sandell

1986,

Konecny 1987 a,Pierce 1987, Liberg & Sandell 1988, King 1989, Langham & Porter
1991, Page, Ross

& Bennett !992, Alterio 1994, Murphy & Dowding 1994,Bartatt

lggT b, Norbury et. al. 1998, Alterio in press). The methods by which home range
data have been collected and analysed in different studies of predator home range can

& Sandell 1988, Langham & Porter 1991). Two important
factors that affect home range size of cats are population density and availability of

also vary greatly (Liberg

food resources (Liberg & Sandell l98S). Food supply is probably also an important
determinant in range size for stoats (Murphy & Dowding 1994) and for ferrets (Lavers

& Clapperton 1990). The June

1996 Department of Conservation poisoning operation

at Trounson Kauri Park decreased both the density of resident predators and the
availability of rodent prey (see chapter

4). All interpretation of range data for

predators collected after June 1996 in this study should be considered in the context

of

these changes in the mammalian fauna following the poison operation.

Feral cats.

The average home ranges of both male and female cats in this study were
larger than those calculated by the minimum convex polygon method for three other

New Zealand sfudies. The average home ranges of feral cats on farmland in Hawkes
Bay, New Zealand (calculated using diurnal fixes only) were 134 ha for males and 9l

ha for females, (Langham

&

Porter

l99l).

The home ranges of feral cats in the
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Orongorongo valley, near Wellington, New Zealand,,were 140 ha for males and 80 ha

for females (Fitzgerald & Karl l936). The average home range of the three males cats

at Boulder beach near Dunedin, New

Zealand was 210.43

ha (Alterio 1994).

However, the average home ranges of male and female cats in this study were smaller
than those found by Pierce (1987) who recorded average home ranges of 828'8 ha for

feral cats in the MacKenzie Basin in the South Island.
The home ranges of feral cats revealed in this study were considerably larger
than those of four overseas studies. Male cats had an average home range of 44 ha
and females 19 ha on Dassen Island off South Africa (Apps 1986). In Portsmouth
England male cats had home ranges

of 8.4 ha and females 0.84 ha (Dards

1978).

Izawa et. al. (1982) found that feral cats in a fishing village in Japan had very small
home ranges the average was 0.72 ha for male cats and 0.51 ha for female cats. The
average home range of trvo adult female cats in Scotland was

3l

ha (Corbett 1979)-

The ranges revealed in this study were also greater than those found by Niewold
(1986) and Page, Ross & Bennett (1992), but because different methods were used to
calculate home range in those studies, the results were not directly comparable- The

home ranges of feral cats at Trounson were however similar to four other overseas

studies. In the Galapagos Islands male feral cats had an overall average home range

of

235 ha and females 82.5 ha (Konecny 1987

had home ranges

of

a). Male farm

cats in Illinois, U.S'A

228 ha and females 112 ha (Warner 1985). The average home

range, of 50 ha for female cats at Revinge in Sweden (Liberg

&

less than that of the Trounson females, but the average home range
cats was marginally greater than that of the Trounson

Sandell 1988), was

of 370 ha for male

males. Liberg & Sandell (1988)

cite a study in Holland (Langeveld & Niewold 1985) where the home range of male
cats was 367 ha and that

of females I l3 ha. In only one ovorseas study were the home

ranges of both sexes larger than those found at Trounson. In Victoria Australia male

feral cats had average home ranges of 615 ha and females had average home ranges
170 ha (Jones

of

& Coman 1982).

In this study adult male feral cats had larger

ranges than females. This

concurred with that of most other studies (Dards 1978, Liberg 1981, Macdonald 1981,

Tabor 1981, lzawa et. al. 1982, Jones
Fitzgerald

& Karl

&

Coman 1982, Wamer 1985, Apps 1986,

1986, Konecny 1987, Langham

&

Porter 1991, Alterio 1994).
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However, Pierce (1937) found no difference in the home ranges of male and female
cats (except for those females with kittens) in the MacKenzie Basin. Adult females
may have smaller ranges whilst they are rearing kittens (Fitzgerald

& Karl 1986). The

cat with the smallest home range (31.4 ha) in this study (female 815) appeared to be
pregnant and may have been nursing young whilst radio monitoring was taking place.

No kittens were sighted on the two occasions that cat 815 was physically located

so

this suspicion could not be confirmed. The home range of adult male cat 823, was
smaller than that of all other males including the sub-adults. This was probably due in

part, to the low number of fixes not revealing the full extent of his range. Although

the signal was detected an additional l0 times in the approximate area of his home
range (Appendix

V). After 823 was killed in October 1996, autopsy revealed he had

suffered a considerable loss in condition since the time of his initial capture. Male

823 may have been sick, or suffering from the effects of secondary poisoning as
result of eating poisoned prey (see chapter

4). His movements

a

immediately prior to

his death were uncharacteristic, in that he seemed lethargic and unconcerned about the
presence of humans.

The results of home range studies of feral cats in New Zealand and overseas
have often included an estimate of the density of cats in the study area (Fitzgerald

Karl 1986, Liberg & Sandell 1988, Langham & Porter 1991, Page et. al.

&

1992).

Attempts at indexing the predator population at Trounson were carried out prior to the
commencement

of the June 1996 pest control operation, but

these provided no

indication of cat density. Live capture trapping was mostly focused in the core of the
study area, within the area managed by the Department of Conservation. Therefore it

is impossible to know what proportion of the feral population was being monitored
over the wider 36 km'z study area. The live capture traps were distributed over an area

of approximately 12 km2. I I radio tagged feral cats were being monitored in the last
two weeks of May 1996; the most for any period during the study. The majority of
the home ranges described for cats at Trounson were generally within this 12 km2
area. Additionally nine domestic cats were known to be residing within that 12

km'z

area during

May 1996 and one other feral cat was seen within this part of the study

area on the

2lst of May 1996.

Based upon those figures the minimum cat density at

Trounson was calculated at 1.75 cats per km2 on the 21st of May 1996. This density
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estimate however, should be regarded with caution as it is only based upon those cats
that were known to be in the core area on that date.

Liberg

&

Sandell (1988) reviewed several worldwide studies

of feral

and

domestic cat home range and showed that there is an inverse relationship between cat

density and home range
estimated density concur

size. The home ranges of cats in this survey and their
with the relationship described by Liberg & Sandell (1988).

ln those studies where cat home ranges have been small, the cats have been in high
densities, usually as a result of being dependant to some degree, on supplementary
feeding (either directly or indirectly) by humans (Dards 1978, Macdonald 1981, Tabor

l98l,Izawaet al

1982, Liberg

&

Sandell 1988, Barrett 1997

b).

Liberg

&

Sandell

(19S8) suggest that female cat population density is determined by the abundance and

density of food. They also suggest that the density and distribution of female cats is
the primary factor in determining male range size. In this study no range information

was collected for domestic cats in the study area. Also no quantitative data were
collected on the distribution of prey species at Trounson. Rodents form an important
component

of the diet of feral cats in Northland, New

Zealand (see chapter 2),

although two radio tagged cats were known to be relying to some extent on food
resources supplied by humans. Sub-adult male cat 801 was known to be utilizing

food resources provided by one farmer. Cat 801 and adult male 825 were also
frequently located at the camp ground dump site. The other radio tagged cats in this
study were assumed to be hunting for their food.

In this study there was very little overlap between the home ranges of female

cats. There was also no overlap with the home ranges of adult males, although the
ranges of sub-adult males overlapped with each other and those of adult males. In the

Orongorongo valley both females and males had overlapping home ranges (Fitzgerald

& Karl 1986).

The ranges of three male cats at Boulder Beach also overlapped

(Alterio 1994), although the age class of these animals was unknown. In the Hawkes
Bay study adult males occupied exclusive home ranges (Langham

&

Porter 1991).

Female cats in the Hawkes Bay were sometimes found in groups centered around
barns (Langham

& Porter 1991). Similar female groupings particularly where there is

some reliance on human food or shelter resources, have been reported

studies (Dards t978, Macdonald 1981, Panaman 1981, Izawa et

al

in

overseas

1982, Warner
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1985, Liberg

& Sandell 1988). There was no evidence in this study of any groupings

occurring among females at Trounson, based upon the telemetry data.
One of the difficulties with expressing home range using the minimum convex

polygon method is that it tends to include "outliers" in the overall territory and does
not describe the core parts of the animals range (Rhoades & Langham 1984, Voigt

&

Tinline 1980). Leyhausen (1979) suggested that territories should be considered in
terms of space and

time.

Page et.

al. (1992) found that at the Avonmouth docks in

England cat home ranges were shared spatially but appeared temporally discrete. Due

to the non-continuous nature of the data in this study, very little can be concluded
regarding temporal overlaps in home ranges. Adult male 802 visited the core areas

of

three females whilst he was being monitored and of these "visits", on four occasions
the resident females were known to be in that part of their territory at that

time. The

three dimensional non parametric utilization distribution graphs showed that for most

of the cats at Trounson there were core areas within which the animals were more
frequently located. For the majority of cases, range overlaps, as described by the
minimum convex polygon method tended not to include these core areas. The only
exceptions to this were where adult male 802's range overlapped the three females
home ranges, and where adult male 825 overlapped the range of female 809 and subadult male 801.

The majority of the fixes for all the predators in this study were, by necessity,

obtained during daylight hours and almost all
animals were inactive (Appendix

of the fixes were taken when

the

V). A study of the activity patterns of feral cats over

autumn and spring on the Otago peninsula in the South Island, found that cats were
more active at night than during the day (Alterio and Moller 1997

patterns were recorded

b). Similar activity

for cats in the MacKenzie Basin (Pierce 1987). Not

surprisingly, nocturnal ranges ofcats are generally greater than those described using
only diurnal fixes (Langham & Porter

l99l).

Therefore the home ranges presented for

feral cats in this study should be considered as minimal.
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Mustelids.

The average home range of the three male stoats at Trounson (108

ha)

compares closely to that found for three male stoats at Boulder beach (109.7 ha),

(Alterio 1994). The home range data for the four stoats presented in this study were
collected in late summer to early winter. Those for the Boulder beach study were
collected in late winter to spring (Alterio 1994). The average home range of the male
stoats and the range of the single female stoat at Trounson were smaller than the
average home ranges of male and female stoats respectively in two South Island, New

Zealmdstudies, (Murphy & Dowding1994, Alterio in press). The average range size

of male stoats at Trounson was similar to the lI2 ha average range of male stoats
from several areas in the former Soviet Union (Vaisfeld 1972) but considerably larger
than that found for male stoats in other Northem hemisphere studies (Simms 1978,
Debrot

& Mermot 1983, King 1990). The average

range size of male stoats in this

study was also considerably larger than the autumn-winter average home range (16

ha) for male stoats in the Revinge area in Sweden, although the spring-sumrner
average home range (733.5 ha) there was much larger than that of the Trounson males

(Erlinge & Sandell 1986).

Male stoats 813 and.842, (plus female stoat 838) were classed as yearlings
based on external characteristics and their date of capture (Erlinge 1983, King 1990

c). At Revinge yearling stoats were found either to be transient or stationary
occupying smaller (approximately 200 ha) home ranges than males > two years of age
during the mating season (Sandell 1986). None of the stoats were monitored through
the spring mating season during this study. Male stoat 842 was killed 1.3 km outside

his summer to autumn home range in a kill trap in the spring of 1997. This suggests
that stoat 842 may have expanded his range over the four months after his transmitter

battery expired. Spring appears to be one of the peak times for capturing stoats,
particularly males, at Trounson (McClellan 1997). It could be possible that male 842
had modified his ranging behaviour as a result of territorial changes that occur with
male stoats through the mating season (Erlinge & Sandell 1986)'
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In the Eglinton valley stoats preferred forest habitat and avoided open

areas

(Murphy & Dowding1_9g$. The majority of the radio fixes for stoats 813 and 820 at
Trounson were in forest and often close to the Waima river or one of the streams in
the main block of the park. Most of the radio locations on these two stoats were taken

over long distances so only "inactive" signals could be plotted and these probably do

not realistically reflect habitat use. Close approach fixes (generally to within l0-30

m) were used to locate stoats 838 and 842. Both "inactive" and "active" fixes were
able to be plotted. 100% of the fixes for stoat 842 andglo/o of the fixes for stoat 838

were within 100 m of the forest/pasture edge. The majority of these fixes were in
swampy areas and old tree stumps in, or near pasture.

Two close approaches disturbed female stoat 838, whilst she had been feeding
on rabbits in long grass on the pasture/forest edge. Most of the fixes for female 838
corresponded to areas where rabbits were regularly sighted. Two North Island brown

kiwi chicks (Apteryx australis manetlli), were predated on the northern edge of the
main block of the park within the territories of stoats 838 and 842. The chicks were
believed to have been killed by a mustelid, most probably a stoato but it is impossible

to know

if either of the two radio tagged stoats were responsible.

Stoat 838 was in

that part of her range for several days about the time at least one of the chicks was
believed to have been killed.

Range overlap occurred between the two male stoats 813 and 820 when

plotted using the minimum convex polygon method, although the three dimensional
non-parametric utilization distribution graphs of these stoat's ranges suggested that
there was

little overlap in the more frequently used parts of their home ranges. Alterio

& Moller (1997) found that stoats were equally active during the night

as they were

during the day through autumn. Since all of the frxes for stoats 813 and 820 were
taken during daylight hours, the ranges presented in this study should be considered as

minimal. Male range overlap was recorded in the Eglinton valley (Murphy &
Dowding 1994), at Boulder beach (Alterio 1994) and Maruia, New Zealand (Alterio
in press). Erlinge & Sandell (1936) found however, that during autumn and winter at
Revinge, male stoats had small, exclusive territories. At Trounson the home range of
female stoat 838 was overlapped almost entirely by that of male stoat 842. A yearling

male stoat in the Eglinton valley also had a home range which overlapped that of one

r09

female (Murphy

& Dowding 1994). In Sweden, stationary yearling stoats only

maintained contact with a low number of females present within their range (Sandell

1936). In January, for a week prior to his death another yearling male (840)

was

moving within the range of stoats 838 and 842. The relationships between these three
stoats was not

known. All three stoats were captured within 800 m of each other and

all in the same week. Five yearling stoats were killed in Fenn traps in the same

areas

the week prior to the capture of stoats 838, 840 and 842. Stoats often move around in

family parties between October and February (King 1990

c). It may be that these

stoats were part of one such family group.

Since only one ferret was tracked during this study very little can be said about

the home ranges of ferrets at Trounson. Only two ferrets were caught in live traps
around the park over a

year. Extensive Department of Conservation kill trapping

around Trounson Kauri Park also caught only three ferrets over the first year that the

predator control operation was underway. These trapping data suggest that ferrets
were probably in low densities in this area when compared to other carnivores. The
home range for the male ferret in this study was larger than the average home ranges

of male ferrets in two other New Zealandstudies. At Boulderbeach the average home
range of male ferrets was 116 ha, although the

full extent of their ranges may not have

been revealed (Alterio 1994). The average home range of male ferrets at Pukepuke

lagoon was 31.3 ha (Moors

&

Lavers

l98l). The home range of one male ferret in

another study at Boulder beach was 107 ha (Dymond 1991), also smaller than that

of

ferret 817 in the Trounson study. Pierce (1987) however, found that male ferrets had
an average home range of 288.1 ha in the MacKenzie basin. This was considerably

larger than that of ferret 817. Ferrets are largely noctumal predators (Pierce 1987,

Alterio & Moller 1997). All the fixes obtained for ferret 817 were daytime fixes and
only "inactive" signals were plotted. This would explain why so many of the fixes
were to den sites where the animal was repeatedly located. The home range described

for ferret 817 should be considered as minimal.
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I nter actions b etw e en pr e dators.

There was considerable overlap between the home ranges of six cats and ferret

817. Similar range overlap

between cats and ferrets was found at Boulder beach

(Alterio 1994) and in the MacKenzie basin (Pierce 1987). There was range overlap
between stoats 813 and 820 with nearby cats when the ranges were described using

the minimum convex polygon method. Both stoats however, were rarely

if

ever

recorded in the core areas of those cat's ranges (as indicated by three dimensional non

parametric utilization distribution graphs).

It is possible that

there may been some

interspecific interaction affecting the ranges of these stoats. Any assumptions that
stoats 813 and 820 may have avoided the core areas

tentatively because

of cat home ranges are made

of the lack of any continuous or

nocturnal telemetry data.

Interspecific competition between feral cats and mustelids has not been well studied in

New Zealand or overseas, but cats are known to prey upon stoats (Gaughran 1950,

Gibb, Ward

& Ward 1978, Fitzgerald & Karl 1979, Erlinge 1983, (chapter I

this

thesis)). Stoats only appeared following exclusion of cats in an enclosure study at
Kourarau, New Zealand (Gibb et. al. 1973) and in one area of the MacKenzie basin
ferrets and cats may have directly controlled the number of stoats (Pierce 1987). In
Sweden interspecific competition for prey with larger predators, including cats (when

rabbit numbers were low), was believed to be the primary cause for a marked decline

in the stoat population (Erlinge 1983). Alterio & Moller (1997 b) found that stoats
visited different areas from ferrets within ungrazed grassland habitats. At Trounson
stoat captures in Fenn traps increased markedly following the commencement of pest

control operations which probably killed all of the resident cats (see chapter
implications

of potential

changes

4).

The

in predator guilds in the wake of pest control

operations at mainland sites such as Trounson Kauri Park need to be further explored

in controlled predator removal experiments.

lil

Recommendat ions for cons ervation management.

The range data collected in this study does not provide managers with much

useful information on carnivore habitat use at Trounson beyond the

general

observation that most of the cats and stoats were often located in cover near the forest

/ pasture margins. Stoats were also often located near streams or swampy areas where
rabbits were known to be abundant at the time of the study. Several of the cats also
frequented areas associated with human activity, particularly hay barns and the dump
where mice and rats were known to be abundant.
Perhaps the important management implication highlighted by this study (and

other New Zealand carnivore home range studies) is the scale over which these
predators range relative to the 450 ha intensively managed area of Trounson Kauri
Park and other smaller (e.g. < 1000 ha) mainland New Zealand sites. At least two

of

the radio tagged adult male cats monitored at Trounson utilized large ranges with core
areas outside the managed areas

poisoned

of the park, so they were rarely exposed to traps or

prey. Other studies have

suggested that female cats may utilize smaller

ranges whilst nursing kittens @itzgerald

& Karl 1986) and stoats may exhibit seasonal

differences in ranging behaviour (Erlinge

& Sandell 1986). Predator

management at

mainland sites should therefore be carried out on a temporal and spatial scale relevant

to those predators being targeted and those species being protected. Short "pulsed"
predator control operations at smaller mainland sites
are resident or regularly visit the managed area at

will only put those predators that

risk. This may be an appropriate

predator control approach for those native bird species such as mohua (Mohua
achrocephala) or the yellow-crowned parakeet (Cyanorampus auriceps) for which

protection from mammalian predators may only be necessary for a discrete (and
predictable) period

of time (O'Donnell 1996). North island brown kiwi

chicks

however, are potentially vulnerable to predation by cats and stoats for at least the first

300 days after they hatch and may only be able to survive on the mainland in
relatively predator-free habitats (Mclennan et.

al. 1996).

Therefore

to provide

sufficient protection for species such as the kiwi on the mainland, predators will have

to be controlled all year round. Unfortunately current accepted predator control

fi2

trobniques sush as trapping, shooting and direct poisoning are costlJ and can only be
cafri€d out on a perpetual basis over relative,ly small aroas, Thie highlights an urgeut
need fur reser,eh towards more cost efficient control mothods that can be applied over

large 4sas (relative to the predator rangmg pattenrs) and can put all marnnralian
ptedotorspecies at risk simultaneously.

113

Chapter

IV. Secondary poisoning

of introduced mammalian

carnivores during possum and rodent control operations at
Trounson Kauri Park, Northland New Zeala'nd.
Introduction.

The acute toxin compound 1080 (Sodium monoflouroacetate) is widely used

in New Zealand to control the brushtail possum (Trichosurus vulpecula)

and rabbits

(Livingston 1994). The second-generation anticoagulant brodifacoum is now also
widely used in New Zealand forests to control possums and rodents (Innes et. al.

1995). Recent studies in New Zealand have shown that cats and mustelids

are

susceptible to secondary poisoning when rabbit and rodent pest species are controlled
using brodifacoum (Alterio 1996, Alterio, Brown

& Moller, 1997, Brown, Alterio &

Moller in press). These studies raised the possibility that secondary poisoning may
provide conservation managers with an efficient multi-species tool for controlling
mammalian pests. The current method of controlling mustelids and feral cats in New
Zealand is trapping, which is time consuming, costly, subject to seasonal limitations

(Alterio 1996) and does not always significantly reduce predation pressure

on

threatened species (Peters 1997).

Field and laboratory research overseas has illustrated the potential risks to

wildlife through secondary poisoning from 1080 (Hegdal Gatz & Fite 1981, Mcllroy

& Gifford

1991) and from anticoagulant rodenticides (Evans

&

Ward

L967,

Mendenhall & Pank 1980, Merson, Byers & Kaukeinen 1984, Townsend et. a|.1984,
Hegdal

& Colvin

1988, Shore et. al. 1996). This secondary poisoning of non-target

mammalian and avian predators may pose a greater conservation risk in other parts

of

the world than in New Zealand, where most mammals are alien pests and avian
predators are

few. Although 1080 is widely

used

in New Zealand, its use worldwide

is declining (Eason et. al. 1993). Howevero brodifacoum is registered for use in over
40 countries (Kaukeinen & Rampaud 1986).

The New Zealand Department of Conservation is intensively managing
introduced mammals at a series of mainland conservation sites, including Trounson

n4

Kauri Park in Northland. One aim is to control introduced mammalian pests to such a

level that would allow reintroduction of locally or regionally extinct fauna and allow
recovery of those native species still present in the park (McClellan 1997). Possums

and rodents (Rattus rattus, Rattus norvegicus

& Mus musculus)

were targeted at

Trounson Kauri Park initially using cereal based pellets laced with 1080 poison in bait

stations. This operation was followed by continuous baiting with brodifacoum laced

pellets. The aim of the research described here was to monitor the impact of the
possum and rodent control operations on radio tagged cats and mustelids.

Studv Area.

Trounson Kauri Park in Northland, New Zealand (see chapter 3) is being
managed by the Department

of Conservation (DoC) as a 'Mainland Island" where

animal pest control is carried out for mustelids, cats, possums and rats (Fig. 35). The
goal is to restore the kauri (Agathis australis) forest ecosystem, including the eventual

reintroduction of local or regionally extinct or threatened fauna and flora.

The main non-treatment control site for the work being done at Trounson
Kauri Park was Katui Scenic Reserve. Katui Scenic Reserve consists of 295 ha of
regenerating mixed kauri-podocarp hardwood forest (140-240 m a.s.l.) (Fig. 35) and is

located 6.5 km west north west of Trounson Kauri Park (Grid 35o43'S, 173"33'E).
Maungatapere

Hill

treatment control

Scenic Reserve (Fig. 35) in Northland was also used as a non-

site for comparing indices

commencement of this study. Maungatapere

Hill

of rodent abundance at the

Scenic Reserve consists

of 70 ha,

volcanic broadleaf forest, (160-359 m a.s.l.) and is located 51 km east of Trounson
Kauri Park (Grid 35'46'S, 174"1l'E).

115

Methods.

Department of Conservation Pest Control Operations.

Intensive possum and rodent pest control began at Trounson in June 1996.

Bait stations ("Philproof' feeders, Phil Thomson, Taupiri, New Zealand) @late 6)
were set out in the forested areas of the park at 100 m spacings (Fig. 35), giving a
coverage of one station per hectare. The initial phase of the poison operation involved

using "Wanganui No. 7" cereal-based (Animal Control Products Wanganui, New
Zealmd) baits laced with 1080 (sodium monoflouroacetate) at 0.15 7o concentration,
dyed green and flavoured with cinnamon. Four "pre-feeds" with non-toxic baits were
carried out to lure target animals to the bait stations prior to the poison operation. The

toxic baits were put out into the bait stations on 10 June 1996 and any remaining were
removed from the stations after 18 days.

The second phase of the pest control operation involved loading and
continuous replenishment of the bait stations with "Talon@ 20P" (ICI Crop Care) or
"Pest

off' (Animal Control Products,

laced

with the anticoagulant brodifacoum (at 20 ppm). The objective of

Wanganui, New Zealand) cereal-based pellets
this

saturation baiting technique (Eason & Spun 1995) was to maintain possum and rodent
numbers at the low levels achieved using compound 1080. The anticoagulant pellets

were first loaded into the bait stations on 16 July 1996, and were replaced in
September 1996, November 1996, February 1997,

April 1997, Iuly 1997,

September

1997 and December 1997.

Kill

trapping of predators by the Department of Conservation commenced in

August 1996. Mustelids were targeted using Mk

6 Fenn traps (FHT Works,

Worcester, England) in 108 double sets placed under wooden tunnels. These were set

at 100 to 200 m spacings around the forest margins. Additional

sets

of Fenn traps

were placed along the Waima river (Fig. 35). Feral cats were targeted using l% inch

"Victor" soft catch leg-hold traps (Woodstream Corporation, U.S.A) set above ground
on ramps to avoid non-target animals. 91 cat traps were set around the forest margins

of the park every 200 m. Six Greaves wire works cage traps (Harding & Veitch 1992)

ll6

were also set along the Waima river and at sites close to public access points. Cat and

mustelid traps were usually baited with rabbit or hare (Lepus europaeus) meat, but
periodically fish or cat food were also used. Some Fenn sets were later baited with

artificial eggs instead of meat. Periodic night shooting was also carried out for
additional control of possums and cats.

Predator monitoring and secondary poisoning.

The fates of individual predators were directly monitored using radio telemetry
(see chapter

3). The survival of all radio

tagged animals (except for those cats fitted

with mortality transmitters) was determined by physically locating the subject daily
after the commencement of the 1080 operation. All radio tagged predators recovered
dead whilst the 1080 was in the bait stations were immediately stored in a freezer (-

l8'

C) to prevent further breakdown of any 1080 residues within the tissues. Sections

of skeletal muscle were later removed from one hind leg of each specimen and frozen
separately to be analysed for 1080 residues. Special care was taken to prevent cross

contamination between specimens by washing dissection equipment and changing
gloves after each muscle sample was removed.

All predators killed in Department of Conservation traps or by shooting at
Trounson Kauri Park were collected for autopsy. The livers of any predators killed
after 16 July 1996 were removed and frozen at -l8o C for later toxin analysis to detect

brodifacoum residues. Some predators were too decayed to warrant removing the
livers for toxin analysis, especially during surruner months.

Analysis

for

1080 residues was initially carried out

by the

toxicology

laboratory of Manaaki Whenua, Landcare Research, New Zealand Ltd, Lincoln. Tests

for 1080 were carried out using TLM 005, 1080 measurement in water, soil and tissue
by gas liquid chromatography. The limit of detection in tissue was 0.005 pdg bpm).
Subsequent analyses

for 1080 residues and all analyses for brodifacoum residues were

carried out by the National Chemical Residue Laboratory, Ministry of Agriculture,

Wallaceville Animal Research Center, Upper Hutt, New Zealand. The tests for 1080
used method l080Tox.v2 which can detect residues

to a minimum of 0.1 mg/kg

(ppm). Analysis for brodifacoum residues was carried out using method anticoag.v2.
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The minimum detectable levels of brodifacoum for the first batch (carnivores killed
between 09108196 - l9l0ll97) of liver samples was 0.05 mg/kg (ppm). For the second

batch (carnivores killed between

2ll0ll97 -

05109197)of

liver samples the minimum

detectable level of brodifacoum was 0.01 mglkg(ppm).

Department of Conservation rodent surveys.

As part of the ecosystem recovery plan for Trounson Kauri Park the
Department of Conservation conducted regular rodent monitoring. Rodent snap
happing to estimate indices of rodent abundance were carried out at Trounson in May
1996 prior to pest control

work. Rodent trapping was repeated during July, August

and October 1996 and January and

April 1997. Snap trapping to estimate indices of

rodent abundance was carried out at Katui Scenic Reserve in October 1996, February
1997 andMay 1997. Rodent indices were not able to be carried out at Katui prior to

the start of the poison operation, so indices of rat abundance were calculated from
snap trapping data for June 1996 from Maungatapere

Hill Scenic Reserve.

These data

from Maungatapere were used as a non-treatment comparison for the pre-poison
rodent indices at Trounson.

At

Trounson and Katui 5 trap lines each with 20 trap sets spaced at 20m

intervals were run from random start points. Each set consisted
Supreme" break back

of one

"Ezeset

rat trap and one plastic "Better mouse trap" (Intruder

Incorporated Australia) snap trap, set under natural cover. Mouse and rat traps were
spaced far enough apart (approximately

> 30 cm) at each set to prevent interference

between haps by captured animals. Trap lines were run for three consecutive nights

in periods of clear weather. At Maungatapere 33 "Ezeset Supreme" rat traps were set
along one line at 20 m intervals, placed under natural cover. These traps were set for
three consecutive nights in a period of clear weather. Trap catch data was corrected

for sprung traps and converted to an index of abundance expressed as the number of

rats

or mice caught per 100 corrected trap nights (Nelson and Clark,

1973,

Cunningham and Moors, 1993).

From September 1997 rodents were monitored using tracking tunnels rather
than traplines. lndices were estimated using 4 tunnel lines, each with 25 tracking
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tunnels (baited with peanut butter) set at 50 m spacing "set" over one

night. Work

was carried out simultaneously at Trounson and Katui and the results were expressed
as the mean percentage

of funnels with rat and / or mouse tracks from the four tunnel

lines at each site. Tracking tunnel construction is more fully described by King and
Edgar (1977).
Rabbit survevs.

Spotlight counts of rabbits were carried out at dusk

in the pasture

areas

surrounding the park. All rabbits seen (within 70m) using a spotlight operated frorn a
vehicle were counted over a distance of one km. The first surveys were carried out in
an informal manner in April and May 1996. These initial surveys were considered

informal because the intention of the trips was to shoot possums, not survey rabbits'
Rabbits were also shot during these outings and this degree of observer interference

would have undoubtedly negatively biased the counts. The rabbits at Trounson were
resurveyed more systematically (ie. night time outings specifically to court rabbits)

beginning in May 1997 over four nights. Results were expressed as a mean number

of

rabbits per spotlight kilometer. No rabbit surveys were carried out at the nontreatment site during the course of this study.

Plate

6. "Philproof Feeder" bait station

at Trounson Kauri Park.

Fig. 35. Location map showing Trounson Kauri Park and trapping and bait station
layout in the study area (note, all bait station and trap locatiot'ts on this rllap are
approxirnate. Also some trap sites along the Wairna River 1 km soutli of the park are
not shown).
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Results.

Secondary poisoning

Zl

from

I 080.

cats, two stoats, and one ferret were captured and fitted with radio

transmitters between the I 8th of January 1996 and the t Oth of June I 996' Prior to the

poison operation, eight of the cats died from various causes, one was removed from

the survey and one stoat shed its transmitter. Three male cats were outside the
treatment area for the duration of the 1080 operation in June 1996, but one of these
(cat 823) may have moved through the treatment area two nights after the toxic baits
were loaded into the stations. Six radio tagged cats, one stoat and one ferret were
present in the treatment area at the commencement of the 1080 operation.

All of the

radio tagged cats present in the treatment area died within one week of the start of the
poison operation. The stoat died ten days after the start of the operation. The ferret
was found dead twenty one days after the start of the poison operation, but may have

died much earlier than

this.

1080 residues were detected in the skeletal muscle

of the radio tagged animals that were recovered (Table.

XIII).

of all

Two additional cats

(not study animals) were found dead near the treatment area (within 100 m of the
nearest

bait station) after the start of the poison operation. 1080 residues were

detected in the skeletal muscle of one of these (a female), found three days after the
operation began. Residues were not detected in the muscle tissue of the other cat (also
female), discovered 27 days after the operation began.
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Table

XIIL

1080 residues in skeletal muscle.

residue

Minimum
detectable
to death
level
pg/g
0.00s
0.57
I
cat
810
0.00s pglg
1.06
2
cat
803
0.005 pglg
l.2a vglg
2
cat
816
0.241t{g 0.005 pglg
2
cat
814
a
0.005 pglg
0.43 1tglg
J
cat
815
nla
5+f
not tested
cat
807
0.00s pg/g
0.2r
3:rs
cat
um# 1
not detected 0.01 mg/kg
27*
cat
um#2
0.005 Pglg
0.079
10
stoat
820
0.01 mg/kg
13
2l*
ferret
817
* : strillsl possibly dead earlier than this. t : carcass inside large tree stumP and
could not be recovered. um: non-radio tagged animal, found dead during course of

Id number

Species

Days

from bait application

1080

pele
pg/g

1tflg
pglg
mg/kg

routine searches.
Secondary Poisoning from

B

rodifacoum.

Two cats and four stoats were monitored using telemetry between July 1996
May 1997 (Table XIV). Both cats and two of the stoats were killed in this period
by trapping or shooting during the course of predator control operations. A third
stoat, 837 was found dead in an Edgar trap five days after it was fitted with a radio
and

transmitter, but the cause of death is unknown. The transmitters expired on two of the

four stoats (542 & 838) which had occupied ranges almost entirely within the
treatment area of the park (see chapter 3). However, stoat 842 was later killed in a
Fenn trap

in

Septemb

er

1997

.

The livers of two stoats (842

& 840) contained

brodifacoum residues.
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Table XIV.
predators monitored through Brodifacoum poison operation targeting possums and
rodents and toxin residues found in livers.
Cause of death Brodifacoum
Days monitored.
Date
ID
Spp
in liver.
caPtured
no

sex

m 21104196
823 lcat
m 12/05/96
825 lcat
842 lstoat m 20101/97
14101197
838 lstoat f
840 lstoat m l7l0ll97
l3l0ll97
837 lstoat f

227*
110

4
5

shot
shot
Fenn trap
fate

unknown

0.13
0.25
0.08
not tested

0.36
FenntraP
not detected
died in live
107 days before transmitter failed (see chapter 3).
poisoned area not in core ofterritory (see chapter 3).

: rtoa@

t:

t
2r2 |
el

Of the two radio tagged cats, 823 was finally found wandering near human
habitation, and appeared to be sick, when it was shot. Autopsy showed that this
animal had lost condition since it was originally caught in May 1996. There was no
outward signs of haemorrhaging to suggest anticoagulant poisoning. The "core" areas

of the ranges of both cats (823 and 825) were outside the treatment area (see chapter
3), but both were killed in the treatrnent area of the park and the livers of both animals
contained brodifacoum residues.

An additional male cat, one male stoat and one male ferret were also captured
whilst the brodifacoum operation was underway. The cat shed its transmitter four
days following capture, the stoat transmitter failed soon after the animal was radio
tagged and the ferret was lost immediately after capture. The ferret was discovered
dead approximately 2 km from the park four months later,

in an advanced state of

decay, which prevented tissue analysis. One of the cats killed

in a Department of

Conservation trap was a domestic animal belonging to a neighbouring landowner'

This animal had been sighted in the park on two occasions (Gillies unpublished data)
over six months prior to its capture and contained a relatively low concentration of
brodifacoum residues in its liver.
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Brodifacoum residues.

The livers of 19 cats, 19 stoats, 13 weasels and one male ferret were analysed

for brodifacoum residues (Fig. 36). The proportions of residues detected varied
significantly between species (Xt

:

I 1.309, d.f .

:

2, P

:

0.004).

carnivores killed during Department of
Conservation pest control operations at Trounson kauri Park (note; one stoat died in a
live capture traP).

Fig. 36.

100%
90%

tl
o
6

o
tt
o,

.E

o
o
ttt
t!
tr

o
o
o

G

80%
7Oo/o

60%
50%

4lYo
30o/o

20Yo
10o/o

o%

Brodifacoum residues

I
Cat (n=19)

in

Stoat (n=19)

Species

il

Weasel (n=13)

Only a small number of female predators was captured during the study
period. Fifteen of the cats, 14 of the stoats and 1l of the weasels tested for
brodifacoum residues were males (Appendix

VI).

There were no significant

differences in the proportions of animals containing brodifacoum residues between

of the predator species (Table XV) or the mean residue levels of brodifacoum
between cat sexes (Fig. 37). The level found in the one female weasel was within the
sexes

range of those found in male weasels. The single male ferret liver that was tested did
not contain brodifacoum residues.
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Table XV.
Proportions of male and female carnivore livers containing brodifacoum residues.
Species
Sex Percentage of livers tested n Fisher's exact test (proportion
co nt ainin g b r o difac oum
males vs females containing
residues.
brodifacoum res idues).
M
87
Cat
l3
F
50
2
P:0.178
36
Stoat
M
5
F
p:0.257
0
0
Weasel
M
36
4
p:0.462
F
50
1

of

Fig. 37. Mean levels of brodifacoum detected in male and female canrivores from
Trounson Kauri Park.
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Rodent Indices.

Results from snap trap indices suggested that the initial June 1080 poison
operation reduced the numbers

of rats to non-detectable levels (Fig. 38).

Mouse

numbers also appeared to be greatly reduced. The indices also suggested that the
ongoing poison campaign using brodifacoum may have suppressed rats continuously
and mice at least until the autumn

of 1997. The pre-poison rat abundance indices

had

been at a similar level to those recorded at Maungatapere one month later (Fig. 39).

Rodent abundance indices were lower at Trounson compared to Katui in spring 1996

and Summer 1997 (Fig. 38

& Fig. 39).

The autumn indices suggest that mouse

numbers had increased at Trounson to a level gteater than that detected at Katui.
Rodent hacking tunnel indices of rodent abundance carried out

in September 1997

revealed that the average proportion of tunnels tracked per line for mice at Trounson

(36.5

+ 5.56) was significantly higher than that for Katui (20.83 + 4.04),

Whitney U test statistic:

(Mann-

I p:0.043).

Fig. 38. Rodent snap trap capture rates at Trounson Kauri Park, (before and during
poison operations to control possums and rodents). Note, C100TN is the capture rate
for 100 trap nights, corrected for sprung traps (Nelson & Clark 1973).
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Fig. 39. Rodent snap trap capture rates at Maungatapere Reserve and Katui Scenic
reserve, (non-treatrnent sites for comparison with Trounson Kauri Park). Note,
CIS6TN is the capture rate for 100 trap nights, corrected for sprung traps (Nelson &
Clark 1973).
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Rabbit survevs.

Pre-poison counts during April and May 1996 gave an approximate figure

of

6-8 rabbits per spotlight-kilometer at Trounson. Post-poison counts during May 1997
revealed an average of 39.5 (+ 5.2 std en) rabbits per spotlight-kilometer at Trounson.

Discussion.

Secondary poisoning

following the

1080 operatiort.

The possibility that mustelids (and cats) may be affected by secondary
poisoning following 1080 operations to control rabbits or possums in New Zealand
has been suggested or considered by several researchers in the past (Marshall 1961 b,

pierce lgST,Murphy & Bradfield 1992, Richardson 1995, Moller, Showers & Wright

lgg6,Norbury & McGlinchy 1996, Norbury & Hayward 1997, Pierce 1997 a). High

kills of carnivores have been recorded overseas following 1080 baiting
campaigns (Hegdal et al 1981, Mcllroy & Gifford 1991), but until recently reported

non-target

incidental carnivore kills in New Zealand following 1080 operations have been low

or
fNorbury & Hayward 1997) or unable to be confirmed as the result of secondary
direct poisoning (Moller, Showers & Wright 1996)'

All of the radio

tagged predators in Trounson Kauri Park died soon after the

1080 baits were put into the stations. The occurrence

of

1080 residues in the skeletal

muscle of these predators strongly suggests that poisoning was the cause of mortality.

The predators probably died from secondary poisoning as a result of eating 1080poisoned prey,

or

scavenging the carcasses

of

poisoned

animals. It is

not

inconceivable that the predators could have directly eaten toxic baits (Morgan et al
1996), although autopsies of the gut contents of the Trounson predators that contained
1080 residues in the tissues, did not reveal any traces of bait or dye. Dyed cereal bait

was found in the guts of one cat, but this was inside a mouse the cat had eaten. The

guts

of these animals contained remains of

rodents and

/ or possums, one also
r28

contained a small passerine (see chapter

2).

Each of the two radio tagged mustelids

were found in burrows along with dead rats containing dyed cereal bait in their guts'

In both cases the mustelids had only partially consumed their prey. Another recent
New Zealand study at Waimanoa, in Pureora forest in the central North Island has also

shown that a large proportion
operation

in (Murphy et. al. in

of

stoats can die following an aerial sown 1080

press

c).

The results from this and the Waimanoa

study suggest that secondary poisoning may have potential as a useful mammalian
carnivore control technique, particularly if the poison operations are timed to coincide

with wlnerable periods (e.g. just before bird breeding times) for threatened species.
The question remains as to why the incidental carnivore kill was so high in these two
studies compared to other New Zealand studies.

Secondary poisoning during the brodifacoum operation.

High incidental kills of carnivores following brodifacoum

poisoning

operations to target other pest mammals were reported in three South island, studies

(Alterio

1996,

Alterio et al. 1997, Brown et al., in press). In the central North island

stoat capture rates were reported

to

have dropped (possibly due

to secondary

poisoning) after successful brodifacoum poison operations (Murphy et al. in press a)

and studies from elsewhere in the world have also shown that camivores can be
susceptible to secondary poisoning with anticoagulants (Mohr 1952, Evans
1967, Townsend et.
Qters. comm.) cited

al 1984,

Shore et. al., 1996) and Morris, Kaukeinen

& Ward

& Morris

in Godfrey (1985). However, none of the radio tagged predators

at Trounson died from brodifacoum secondary poisoning.

Attempting to determine the efficacy of secondary poisoning by brodifacoum,
as a potential technique for controlling carnivores, was confounded by the intense
predator trapping and control methods being carried

out.

However the period over

which two of the cats and two of the stoats were monitored, combined with the
analysis

of 52liver samples,

enable some interim conclusions regarding secondary

poisoning to be made. Brodifacoum residues were found in the livers of carnivores
trapped and shot at Trounson, despite the fact that none of the radio tagged animals

actually died from secondary poisoning. The concentrations of brodifacoum residues
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found in the livers of stoats from Trounson were considerably lower than those found

in stoats that died of secondary poisoning in two of the South island studies (Alterio
1996, Alterio et

al. 1997). They were

also lower on average than those found in the

other South island study where prey densities were low (Brown et al., in press). The

of brodifacoum in male stoats from Trounson were however
similar to those found in male stoats trapped in the Mapara reserve in the central

mean concentrations

North island (Murphy et al., in press b). The concentrations of brodifacoum found in
the cats from Trounson were also lower than that found in the cats that died at Sandfly

Bay (Alterio 1996). The mean residue level found in the weasels sampled from
Trounson was similar to that found in the single weasel killed at Maruia (Alterio et al.
lggT), it was lower than the mean residues detected in weasels happed at Mapara
(Murphy et al. inpress b ).

A higher proportion of female stoats at Mapara were found to contain
brodifacoum residues than males (Murphy et al. inpress b). . However, no differences
were detected between predator sexes at Trounson, either in the proportions of livers
containing brodifacoum or in the mean concentrations of toxin detected. This could

be a result of the sample size for each of the predator species, particularly the low
number of females captured. Comparison of brodifacoum concentrations detected in

predator livers may however, be of limited value as there is very little toxicological
data available to

link residue levels with mortality and sub-lethal effects (Shore et. al.

1ee6).

There is also the problem that most of the samples taken from Trounson were

from carnivores cauglrt in

kill

by each animal in the
brodifacoum residues in stoats

traps, and the time spent

treatment area prior to capture is unknown. Mean

increased with time at Mapara, suggesting that there is a cumulative effect from
continuing to eat poisoned prey (Murphy et al. in press b). Some carnivores however,

might eventually have died of brodifacoum poisoning given the cumulative nature of
this toxin (Eason & Spun 1995). Although brodifacoum residues were detected in
many of the predator livers, the time that the radio tagged animals were alive in (or

near) the treatment area suggests that the secondary poisoning effect was much
reduced and perhaps of limited conservation value, especially when compared to the

initial 1080 operation at Trounson, and the South island brodifacoum

operations
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where the carnivores died soon after the poison application (Alterio 1996, Alterio e/.

al. 1997).

Comparison between secondary poisoning effects after the 1080 and brodifacoum
operations.

High secondary kills of camivores occurred with both an acute toxin, 1080

(this study) and at Waimanoa (Murphy et. al. in press c), and elsewhere with

an

anticoagulant toxin, brodifacoum, (Alterio 1996, Alterio et. al. 1997, Brown et. al. in

press). This suggests that the differing nature of the toxins is trnlikely to be the reason

for the

reduced secondary poisoning effect on predators

with brodifacoum at

Trounson. A more likely explanation is that the reduced number of toxic prey at
Trounson could mean that the carnivores were exposed to less risk of brodifacoum
poisoning.
Rats may be one of the key vectors of toxin to predators (Alterio et.

Murphy et al., in press

b).

al.

1997

,

Rodents form an important component of the diet of cats

and stoats in Northland forests (see chapter 2) and other New Zealand habitats
(Fitzgerald & Karl 1979, King & Moody 1982, King 1990 c, Langham 1990, Murphy

& Bradfield 1992). Rats can range for
brodifacoum (Hooker

3-5 days after consuming fatal doses of

& Innes 1995). High concentrations of brodifacoum were

found in dead (Alterio et al.,1997) and live rats (Murphy et al. in press b) following
poison operations. This suggests that rats are a likely vector for poisoning carnivores.

Alterio et al. (1997) also suggest that that the ingestion of very few poisoned ship rats
can

kill

stoats and therefore secondary poisoning may occur at low prey densities.

Brown et. al. (in press) confirmed that secondary poisoning still occurred when mouse
numbers were low, but the carnivores took longer to succumb to the effects of the

poison. It is difficult to

assess the impact

of the 1080 operation on rats in this study

due to the lack of adequate pre-control non-treatment comparisons. Infra-red video
footage taken during the pre-feed phase of the 1080 operation showed that rats were

frequently visiting the bait stations and taking baits (C. Gillies & R. Pierce pers. obs.).

Also, comparison with the Maungatapere and Katui surveys suggests that rat numbers
at Trounson were significantly reduced following the 1080 operation. Rats however,
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have continued to be caught in the Fenn traps around the perimeter

of the park

(McClellan 1997), which shows that they were still present, albeit in low numbers.
The carcasses of these rats (and any possums caught) were generally discarded near

tlre trap (C. Gillies pers. obs.) and therefore able still able to be scavenged by
predators.

Mice could also have been a potential vector for brodifacoum poisoning of
carnivores (Alterio 1996, Brown, Singleton

& Lovick 1996, Alterio et al., in press,

Brown et al., in press). Indices of mouse abundance increased at Trounson until they
Th.is increase

in

mouse

numbers, following successful poisoning operations has been recorded

in

forests

were significantly higher than at the non-treatment

site.

elsewhere in New Zealand (Innes et. a1.,1995). There was however, no increase in
the occurrence of brodifacoum in predator livers coinciding with the increased mouse

abundance. Stoats 838 and 842 were being monitored over the period when mouse
indices at Trounson were high (see chapter
mouse carcasses from Trounson so

3). No toxin analysis

was carried out on

it is unclear to what extent they may be acting as a

vector of brodifacoum. The increase in mouse numbers suggests that the bi-monthly
pulse baiting strategy had a limited effect on the population of this rodent.

Possum numbers were reduced by 90

% at Trounson following the 1080

operation (McClellan 1997). Within two or three days after the 1080 operation,
possum carcasses (and to a lesser degree rat carcasses) were abundant on the forest

floor at Trounson (C. Gillies. pers. obs.). No possums were caught in the June 1997
survey trap lines (McClellan 1997). This suggests that the possum numbers have been

further and more heavily suppressed as a result of the brodifacoum operation. The
high availability of toxic prey following the initial 1080 operation at Trounson may
explain the high incidental

kill of the carnivores. In South Island studies

potential

mammalian prey (of the carnivores) were significantly reduced and also found dead or

dying in the respective study areas following the poison operations (Alterio 1996,
Alterio et. al. 1997, Brown et. al. in press). Murphy et. al. (in press a) report that it
was the successful (high rat

kill)

anticoagulant operations which resulted

in lower

stoat capture rates. Recently, cats were monitored using telemetry throughout two
brodifacoum campaigns targeting rats and rabbits on Motuihe island in the Hauraki

Gulf, New Zealand. Only a small number of these cats died, probably because the
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operations failed

to

successfully impact the rabbit population (J. Dowding pers.

comm.).

At Trounson there was also the possibility that an increased availability of
rabbits may have provided a suffrcient non-toxic prey "buffer", particularly for the

cats. Rabbits were the most important prey species of feral cats in four New Zealand
studies (Gibb, Ward

& Ward

1978, Pierce 1987, Alterio 1994, Norbury

lggT). Rabbit counts at Trounson

n

& Hayward

1997 supported suspicions that rabbit numbers

had increased noticeably over the year since the operation began. Some bait stations

were located near the margins of the forest, so rabbits may have had access to baits.

No toxin analysis was carried out on rabbit carcasses from Trounson, so the potential

for them to act as brodifacoum vectors is unclear. At Sandfly Bay poisoned rabbits
were believed to have been one source of toxin for the predators (Alterio 1996) and in

South island 1080 operations (Norbury

&

Hayward 1997). However

if

the rabbits

were taking the poison at Trounson it would appear that it did not have a detrimental
effect on their population. About 100 rabbits were shot or caught in Fenn traps during
the course of this study. These rabbits were cut up for use as bait in carnivore traps.
Cereal bait was found in approximately half of the possums caught in the cat traps,
especially just after station refills (S. Theobold pers. comm.). However, no cereal bait

was ever seen or recorded in the guts of the rabbits, suggesting that they were not
taking toxic baits.

Dffirences in proportions of brodifacoum detected between carnivore species.

One reason for the higher number of cats containing brodifacoum residues
compared to the stoats and weasels could be a result of the reinvasion patterns of these
predators at Trounson. The peak capture rates for stoats (in both live and

kill

traps)

occuned during December 1996 and January 1997 (McClellan 1997, Gillies
unpublished data), when rodent numbers were
occurred through the winter months

incidental catches

of

cats

1997 (Gillies unpublished data), when the

of rats in Fenn traps were high (McClellan 1997) and mouse

numbers had increased. Weasel capture rates in

the study period.

still low. Peak captures for

It

kill

traps were more consistent over

appears more weasels captured

in late winter 1997, contained
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brodifacoum residues than other periods, however this could possibly be due to the

lower sensitivity of the second set of toxin analyses (Appendix

in sensitivity between the two

VI).

The differences

sets of toxin analyses may also be one explanation for

the differences between cats and stoats, but the majority of residues found in cat livers
were above the minimum detectable level for both tests (Appendix VI)'

The reason fewer stoats contained brodifacoum residues than did cats or
weasels could also be due to differences in dietary habits. Birds were found to be the

most important prey of stoats in five New Zealand studies (King

& Moody

1982,

Pierce 1987, King 1990 c, Murphy & Dowding19gq and the second most important

in another (Alterio L994). It is possible that stoats at Trounson could have switched
diet from rodents (particularly rats) to birds following the poisoning operations
found at Mapara (Murphy

&

Bradfield 1992, Murphy et. al. in press

a). A

as

final

possibility could be that cats directly consumed baits (Morgan et al 1996), which are
believed to be unpalatable to mustelids (Richardson 1995).

I mp licatio

ns

fo r

c o ns

ervation.

In New Zealand, the secondary poisoning effect on mustelids and cats has
conservation benefits. However, this research also highlights the potential risk to
carnivores of secondary poisoning elsewhere in the

world. In Britain, polecats, other

native mustelids and even farmyard cats are likely to be exposed to second-generation
rodenticides currently in widespread use there (Shore et. al. 1996). There is also the

risk that the secondary poisoning effect could occur in other non-target animals,
particularly avian predators (Mcllroy 1994, Eason
Zealand,laboratory trials (Mendenhall
1984, Hegdal

& Pank

&

Spurr 1995). Outside of New

1980) and field trials (Merson et. al.

& Colvin 1988) have demonstrated

the risk to avian predators of

secondary poisoning from anticoagulant rodenticides.

Morepork (Ninox novaeseelandiae) counts carried out pre and post-poisoning
at Trounson suggest that these native owls were not adversely affected by the poison
operations there (DoC . unpublished data),possibly due to the importance of insects in

their diet (Heather & Robertson 1996). However, moreporks have been found dead
after a rodent eradication programme using brodifacoum in New Zealand. On Lady

134

Alice Island off the east coast of Northland New Zealand, one morepork was found
dead and its liver tested positive for brodifacoum (Oglivie et. al. in press). Although,

on Lady Alice and many other off-shore islands where rats have been poisoned,
moreporks have survived and they remain common (R. Piercepers. obs.).

The high incidental

kill in mammalian predators with the initial poison

operation at Trounson, and at Waimanoa (Murphy et. al in press c) and in the South

Island studies (Alterio 1996, Alteno et.

al. 1997), highlight

the potential for multi-

species control using secondary poisoning in New Zealand. These recent findings
have been heralded by several conservation managers as "the breakthrough" that

will

allow efficient multi-species pest control in mainland ecosystems. Certainly, the
results found when carnivores have been monitored have generally been quite
dramatic. There is good potential for secondary poisoning to be used as a predator
eradication tool on off-shore islands where predator re-invasion

is unlikely. At

Trounson, re-invasion of predators began soon after the initial knockdown (McClellan

1997, Gillies unpublished

data). The reduced effect of the ongoing

poisoning

operation on predators at Trounson however, demonstrates the need for more research

into the mechanisms by which the secondary poisoning effect is achieved. The
reduced effect at Trounson and the low impact on cats at Motuihe (J. Dowding pers.

comm.), also demonstrate that

it is not as yet a guaranteed method by which

camivores can be controlled on a sustained basis. Conservation managers in New
Zealand should not rely on secondary poisoning as the sole way to manage introduced

carnivores in mainland habitats.

More research is needed to understand the nafure of secondary poisoning at
low prey densities (Alterio et al.1997). Additional toxicological data, including exact
lethal doses of brodifacoum for mustelids and the time taken to excrete sub-lethal
doses by carnivores is required.

If

secondary poisoning is to be used as a multi-

species management tool, more research is required to understand which prey species

are important and the densities required to achieve a useful incidental

kill

in

carnivores. Vector prey such as the ship rat can pose a serious conservation risk
(Innes et.

al. 1995). So any benefits

achieved by secondary poisoning would also

have to be gauged against the possible risks associated with allowing the vector prey
species recover to sufficient levels. Research needs to be conducted into the timing
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aud frequency of, poison operation pulses. The: vulnerable periods of, threatened
species would need to be assessed and the densities

ofpotential'kectot prey''

species

(e.g. rats or possums) that they c.an tolerate measured before any poison puleiug
regime oould be designed that would achiwe the best inoideirtal carnivore kill.

136

Chapter

V. Managing alien mammals in mainland

New Zealandz

The implications for predator / prey interactions in complex
communities.

Introduction.

Much of the focus of conservation management, particularly for threatened
species

work in New Zealand has been on offshore islands (Clout & Saunders 1995).

The offshore islands of New Zealand offer distinct advantages to the conservation
managers either because

of the absence of alien mammals or the lower risk of re-

invasion once these alien mammals have been removed (Saunders 1990). Endangered
species can be intentionally released onto these islands in an attempt to establish or re-

estabtish populations that are free from alien mammal predation

or competition.

Techniques of mammal eradication have advanced rapidly in the last decade and it is

now routinely possible to remove alien mammals from islands up to 250 ha in size

(Clout

& Saunders 1995) although much larger islands have been confirmed

as

successfully cleared of rodents (I. McFadden, DoC. pers. comm.). Following on from

the success of mammal eradications on islands, a more recent approach in New
Zealandhas been to attempt to manage alien predatory mammals at selected mainland
sites and hold them below the level at which predation upon vulnerable native species

is

reduced

to

acceptable rates (Clout

1997). The New Zealand Department of

Conservation (DoC) now manages six such sites, (officially titled "mainland islands")

throughout the country, where predatory mammals (and other alien mammal pests) are

intensively managed. There are also 30 other mainland sites around New Zealand

(including some not owned or administered by DoC) that have intensive mammal
control programmes (A. Saunders, DoC. pers. comm.).

Managing alien mammals at mainland sites

is not simply a matter of

exterminating them and waiting for the endangered native fauna to recover. The
problems of re-invasion, shifting predator guilds, prey switching and responses of
mammalian prey species (which may themselves be conservation pests) are but a few

of the complexities inherent in this type of conservation management. The recent
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escape and subsequent spread of rabbit calicivirus disease (RCD) in Australia and the
even more recent arrival of the disease in New Zealand has prompted much discussion

of the potential risk to endangered native fauna when one mammalian pest (the rabbit)

is removed from the introduced mammal community (Norbury & Murphy

1996,

Department of Conservation 1997, Moller & Raffaelli 1998). Some threatened native

animals, already under pressure from introduced carnivores could be reduced to
extinction in some areas as a result of predator prey switching following the decline
rabbits (Norbury

of

& Murphy 1996). The key to long term

carnivores and other alien mammals

countries

of

conservation management

in mainland New Zealand and in

other

will be to gain some understanding of the complexities involved (Reynolds

& Tapper 1996) and to approach the restoration and management of these systems in

a

holistic manner. The aim of this chapter was to describe and suggest some of the
predator-prey interactions that may take place at conservation sites where alien
mammals are being managed, using information from Trounson Kauri Park, a
"mainland island" as a case study, and to describe any evidence to support these
suggested interactions in the literature.

Department of Conservation pest control operations at Trounson Kauri Park
June 1996 to January 1998.

The "mainland island" restoration project at Trounson Kauri Park, and the
details of the methodology employed are more fully described in chapter 4 and only

the general outcomes

will be summarised here. The Department of

Conservation

began an intensive poisoning operation to control introduced possums (Trichosurus

vulpecula) and rodents (Rattus rattus, Ratttrs norvegicus and Mus musculus) at
Trounson Kauri Park in June 1996. This initial phase of the operation using 1080

laced baits (placed
abundance

of

in bait stations spaced one per

possums

by 90

o/o, and rodents

hectare) quickly reduced the

to non-detectable levels (McClellan

lgg7, (chapter 4 this thesis)). The resident mammalian carnivores (in a guild
apparently dominated by feral cats) were also believed to have been killed through
secondary poisoning (see chapter

4).

This secondary poisoning side effect

was
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initially seen as a "bonus" incidental kill by pest managers, but is now being
investigated as a potential predator control tool in New Zealand.

The second phase of the pest control operation involved continuously
replenishing the bait stations every two months with brodifacoum laced baits to
maintain possum and rodent numbers at low levels. This ongoing baiting strategy
reduced the remaining possum population to non-detectable levels and continued to

suppress the rat numbers (see chapter

4).

Mouse abundance however increased

dramatically between April 1997 and September 1997 but declined again between
then and December

of

1997, then increased again in early autumn 1998 ((chapter 4

this thesis), Gillies unpublished data). The secondary poisoning effect on mammalian
carnivores was much reduced under the ongoing anticoagulant operation (see chapter
4).

Kill

trapping of predators by the Departrnent of Conservation commenced in

August 1996. The initial kill-trapping returns revealed that stoats had re-invaded the
park only two months after the culling of the original camivore population through
secondary poisoning in June 1996. Stoat captures reached a peak in the first summer

six months after the cornmencement of poison control operations. Cats were caught
infrequently until the winter

of 1997 (one year after the start of poison

operations),

when trapping returns reached a peak. Cat captures declined to a lower level than the

winter peak of 1997 over the remainder of that year but were still higher than for the
same time

in

1996 (McClellan 1997). In summer 1997198 stoat captures increased

again, but apparently at a rate only about half of that for the same time in the summer

of

1996197

(Gillies unpublished data). Throughout the course

of the pest

it

had reached

management the local rabbit population increased significantly until

levels considerably higher than that of a nearby non-treatment control site (Gillies
unpublished data).

At the start of the Trounson

ecosystem restoration programme rabbits were

noted as being present in the surrounding pastureland but at such low abundances that

they were considered unlikely to be a concem. Some positive responses by both mice
and rabbits to the control operations were expected, but not to the extent we observed
(see chapter

4) and over such

a

wide area. Two years after the commencement of pest
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operations at Trounson some of the local farmers had become convinced that DoC
were breeding rabbits to save the kiwi!

Indirect effects upon vegetation and native fauna of alien mammal pest
management.

The basic premise of mammal pest control in New Zealand is that poison
operations reduce the abundance

of

possums which then enables recovery

of the

native vegetation (Parkes, Baker & Ericksen 1997). For some plant species this may

be quite rapid. The resultant improved fruiting and flowering may then provide
greater food resources for native (and possibly introduced) birds, invertebrates and

other wildlife (Miller 1992, Parkes et.

immigration into the treated area

al. 1997\. These species

or through

may respond by

increased breeding success

or

a

combination of both. Poison operations to control possums also reduce resident ship

rat populations (Innes et. al. 1995). Mouse numbers are also reduced immediately

following poison operations but can actually increase in numbers to greater than that
prior to control six to nine months later (Innes et. al. 1995, Miller & Miller 1995).
The reduced rodent numbers may also result in reduced seed predation on some plant

species, at least until mouse numbers recover (Best 1969, Badan 1986,

Miller

1995, Fitzgerald et.

Miller &

al. 1996).

Early indications from Trounson Kauri Park suggest that possum and ship rat
numbers were heavily suppressed by continuous poison operations (McClellan 1'997,
(chapter 4 this thesis), Gillies unpublished data). Monitoring indicated that possum

browse was significantly reduced on some native tree species, particularly mahoe
(Melicytus ramiflorus), M macrophyllus, totara (Podocarpus totara) and Halls totara
(P. halli) (McClellan 1997). Others particularly taraire (Beilschmiedia taraire), may
have retained fruit longer as a consequence of the reduced numbers of possums and

rats (Pierce 1997

b).

Taraire fruit

is the staple food of New

Zealand pigeon

(Hemiphaga novaeseelandiae) in spring and winter in Northland (Pierce

&

Graham

1995). These endemic frugivores have increased in numbers at Trounson since poison
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operations began, as have silvereye (Zosterops lateralis) and the introduced myna
(Acridotheres tristis) (Pierce 1997 c).
Poison operations to reduce the abundance of alien mammals can also affect
predation on native invertebrates, lizards and birds (including introduced birds) at

different trophic levels within the food

web. Ship rats (Rattus rattus)

have been

implicated as contributing directly to the decline of endemic birds such as the North
Island kokako (Callaeas cinerea wilsoni) and the New Zealand pigeon, both of which

have low reproductive rates (Clout et. al. 1995 b, Innes et. aI. 1995,

).

A reduced

number of rodents should benefit these birds but may also provide predation relief for
many invertebrate species (Best 1969, Clout 1980, Badan 1986, Miller & Miller 1995,

Fitzgerald et. al.1996) and possibly several lizard species (Parrish & Pierce 1993).
Poison operations against possums and rats can also affect top predators in the

system (such as cats, ferrets, stoats and weasels) through secondary poisoning,
whereby these predators are killed as a result of eating toxic prey or carrion (Alterio

& Moller in press, (chapter

4

this thesis)). Sustained trapping will also have an impact on camivore populations

if

1996, Alterio, Brown

& Moller,

1997, Brown, Alterio

it is carried out at sufficient intensity (Veitch 1985, King 1994). Reduction in the
numbers of these top camivores will have no direct effects upon the vegetation,
although there may be reduced predation upon lizards, birds and invertebrates which
occur in the diet of these animals in New Zealand (see chapter 3).

Increased nesting success

in the

predator-depleted environment could be

another factor in the apparent increase in New Zealand pigeon and pied trt (Petroica

macrocephala) numbers (Pierce 1997

c).

North island Brown kiwi chicks (Apteryx

australis mantelli) have been monitored at Trounson since control operations began.
Altlrough 70 % of the known causes of chick mortality in the first year following pest
mammal control were due to stoat predation, this mortality was low when compared
to other Northland sites (Pierce, Herbert & Deeming 1997).

Although there is little published evidence to date to indicate changes in
invertebrate abundance following poisoning
responses

will be substantial particularly for

of alien mammals, it is likely that

large bodied invertebrates, which occur

l4l

regularly in the diet of alien mammals, particularly rats and the carnivores (Moller

1985). Long term pulse poisoning of rodents in remnant native habitats can

be

beneficial to the recovery of landsnail populations (Sherley et. al. 1998)

The main interactions described above can be summarised in a schematic
representation (Fig.

4l).

This model although relatively complex, is simpler

at

Trounson compared perhaps to other areas in mainland New Zealand and elsewhere in
the world because deer (Cervu spp,lxrs axis, Dama dama, Odocoileus virginianus)

feral goats (Capra hircus), feral pigs (Sus scrofo) and other large mammalian
browsers are excluded by fences and conservation staff. At other mainland sites in

New Zealand these larger mammalian browsers are also be affected by poison
operations (depending upon the poison regime employed), and vegetation recovery

would be expected following their reduction. Any impact upon feral pig populations
would also provide relief from predation for some species of invertebrates and ground
nesting birds (Mcllroy 1990).
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Fig. 41. Schematic representation of the relationship betrveen mammalian

pest

management practices and predator-prey interactions in New Zealand (as suggested by
early findings from the Trounson ecosystem restoration project. Note; deer, goats and
pigs are absent from Trounson).
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Implications of intensive mammal control for carnivores and predator-prey
interactions.

Implications for predator prey communities.

Understanding the complexities of predator-prey relationships and predatorpredator relationships in managed ecosystems is
studies

difficult. Most of the intemational

of mammalian predator prey relationships

appear to be focused on natural

communities. However, in New Zealand,Australia and other parts of the world where
pest mammals are alien, the vertebrate community is in a sense artificial and may be

unusually dynamic. The suite

of alien

mammals

in New Zealand is unique

and

unusual, containing mammalian species that do not occur naturally together. Possums

were introduced from Australia where they are endemic (Cowan 1990), whilst cats
mustelids, ship rats, Norway rats and mice were introduced from Europe (Atkinson

&

Cameron 1993). For these species important components of their natural mammalian
communities of the country of origin are absent in New Zealand. For example, one

of

the main prey species of stoats and weasels in the Northern hemisphere, voles
(Microtus spp) (Day 1968, Moors 1975, Simms 1978, Tapper 1979, Erlinge 1983,

Korpimiiki, Norrdahl
Some

&

Rinta-Jaskari 1991) were not introduced to New Zealand.

of the other environmental constraints (e.g. natural predators, parasites and

other competitors) that may have limited the spread of these mammals in the country

of origin may not be present in New Zealand (Atkinson & Cameron 1993). Mice do

not have to compete with other small rodent

species such as Apodemus,

&

Pickard 1990), possums do not have to

compete for den sites with other species

of possum or gliders found in Australia

Clethrionomys and Microtus (Murphy

(Cowan 1990), hedgehogs (Erinaceus europaeus\ do not have to compete with

as

many nocturnal insectivores and do not carry the specific hedgehog flea
Archaeopsylla erinacei which is common on European animals (Brockie 1990).
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The type of mammal management carried out in New Zealand adds to the
complexities of the predator-prey and predator-predator interactions. Current pest
mammal management techniques target the top level carnivores and some

of their

main mammalian prey species but not others. Normal predator-prey interactions are
disrupted by continuous external pressure upon several tiers of the alien community

food web. Species such as possums and rats may be continually affected by poison
operations whilst rabbits and (to a lesser degree) mice may be unaffected. Continuous

trapping may

kill

a high percentage of re-invading carnivores (King 1994) and the

continuous poisoning operation may cause those not killed in traps to eventually die

of

& Moller in press). Therefore
impacted by management may be

secondary poisoning over time (Brown, Alterio

those alien mammals that are not negatively

provided with a degree of predation relief by the management regime. As yet there
has been no study over an ecologically relevant time scale to permit

these alien predator-prey and predator-predator relationships

&

full exploration of

in New Zealand (Moller

Raffaelli 1998), but there are data available to support the individual links

suggested between components of the alien mammal community (Fig. 41).

Rabbit calicivirus disease RCD

Caughley

& Sinclair (1994) state "that in order to interpret predator-prey

interactions we must first understand how predators respond to their prey". In light

recent concerns about the possible side-effects on native fauna

of

of

recent rabbit

calicivirus disease (RCD) introductions into New Zealand and Australia, this may be a
good starting point for examining predator-prey interactions in New Zealand. RCD
could potentially reduce rabbit populations simultaneously over large areas; exceeding
what has previously been achieved by conventional control methods (Department of
Conservation 1997). Where rabbits occur in any numbers they are generally the most

important prey of feral cats in New Zealand, Australia and elsewhere in the world,

(Gibb et.
Norbury

al.

&

1978, Pierce 1987, Alterio 1984, Fitzgerald 1988, Dickman 1996,

Heyward 1997) and

of

ferrets

in New

Zealand (Marshall 1961 b,

t45

Fitzgerald 1964, Robertson 1976, Roser
7987,

&

Lavers 1976, Gibb et. al. 1978, Pierce

Alterio 1994, Smith et. a\.1995, King et. a|.1996, Norbury & Hepvard 1997).

In an attempt to predict the likely

consequences

of RCD

spread

in

New

Zealand and Australia, literature reviews have been carried out by researchers in both

countries (Newsome et.

al.

1996, Norbury

&

Murphy 1996). Both reviews

highlighted the apparent lack of measurement of critical values to enable accurate
predictions of potential changes resulting from the introduction of RCD and much of
the information was drawn from studies outside of Australia and New Zealand. One

of the main conservation concerns with RCD is a potential change in predator-prey
interactions as a result of widespread or localised declines in rabbit populations due to
the disease. In Australia, however, the presence of myxomatosis and the imrptions

and "crashes"

in rabbit populations approximately every ten years tempers

such

concems to some degree (Newsome et. al. 1996). In New Zealand, the concern is that

dramatic declines

in rabbit populations

could bring about prey switching to

endangered native fauna by the carnivores and possible changes in the predator guilds

(Norbury & Murphy 1996, Moller & Raffaelli 1998). Two New Zealand studies have
monitored the responses of predators to changes in rabbit prey populations. Pierce
(1937) found that ferrets and cats responded functionally and numerically to changes

in rabbit numbers in the MacKenzie basin. Numerical

responses were due mainly to

better body condition and winter survival and also

to immigration when rabbit

numbers were good. Functional responses were in the form of dietary changes over

time to alternative prey when rabbits were scarce (prey switching). Norbury et. al.
(1998), monitored the responses of ferrets and cats to large scale reductions in their

rabbit prey populations. They found that the home range sizes of ferrets and to

a

lesser degree cats increased significantly when rabbit numbers were reduced by 99 %

following poison operations. The same authors reported that ferrets shifted diet to
alternative prey when rabbit declines following poison operations were greatest.
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Rabbits and predators.

Direct conservation risks of rabbits are dependent on the nature of habitat
concerned, in some cases they may be of some benefit for controlling weeds in others

they could impact native herbs (Parkes 1995). At Trounson and other mainland
conservation sites where rabbits are not being specifically targeted, the rabbit
predators have been removed from the system, rather than the rabbit

"mainland islands" are

in effect crude predator removal trials.

prey.

These

Rabbits were

apparently not affected directly by the poison operations at Trounson.

In fact the

rabbit population there increased since the commencement of mammal pest control
operations (see chapter

4).

One hypothesis to account for the increased rabbit

numbers is, that the sustained pressure on resident and re-invading carnivores has

relieved the Trounson rabbit population from mammalian predation, enabling an
increase in local abundance.

There is much international evidence to support the idea that felids can control

or regulate

lagomorph populations

functionally and numerically

to

to

some extent and that they can respond

changes

in

lagomorph abundance.

In

Canada,

snowshoe harc (Lepus americanus) abundance oscillates on an approximate ten year

cycle. One of the main predators of hares, the lynx (Lynx canadensis), cycles in
abundance slightly out of phase with its prey (MacArthw & Connell 1966, Bulmer
1974,

Bulmer 1975, Flowerdew 1987, Akgakaya 1992, Boutin 1995, O'Donoghve

et.

at. 1997). There has been much discussion over the yearc as to the exact role of
predation (from lynx and other predators) in the cycling of the hare populations. The
current hypothesis appears to be that predators respond numerically and functionally

to hare abundance, killing a large percentage of hares during the cyclic decline of the
prey population, and act to deepen and lengthen the low phase of the cycle (Keith &

Windberg 1978, Keith et. al. 1984, O'Donoghue et. al. L997). In Australia, cat (and
fox Vulpes vulpes) predation was found to be greatest on rabbits on an increasing prey
population during good pasture conditions and on a decreasing population during
drought (Catling 1988). In England and Wales rabbits were found to be significantly
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more widespread and abundant where predators were removed or at low density, than
when predators were undisturbed or at high density (Trout & Tittensor 1989)'

In some cases cats can control their rabbit prey to extinction. On I I % of 80
islands, (generally smaller ones) cats eradicated rabbits after they were introduced as a

biological control agent (Flux 1993). Pech et. al. (1992) found that foxes and cats
were regulating rabbit densities in Australia. When the predators were present rabbits

were maintained at relatively low levels, but when the predators were culled the
rabbits increased to higher densities than those in the non-treatment experimental
control area. A New Zealand study often cited as a good example of predator-prey
interactions in the literature is that carried out by Gibb er. al. (1978), in which a
natural population of wild rabbits was studied in an enclosure for close to ten years.

Two rabbit population cycles were documented. For the first cycle mammalian
predators (feral; cats and feral ferrets) had free access to the enclosure. For the second

cycle these predators were effectively excluded. Rabbits reached a peak density of
480 rabbits/four ha in the cycle where predators were present and then declined over
three years following to l

l

rabbits/four ha. The authors concluded that the predators

were responsible for bringing the rabbit density so

low.

When the predators were

excluded the rabbit population revived immediately and reached a second peak of 690

rabbits/four ha two to tluee years later. During the following winter starvation caused
heavy mortality in the rabbit population.

There could be other side effects

of

increased rabbit abundance

in New

Zealand following predator control or removal. One effect could be an increase in the

local Australasian harrier (Circus approximarts) abundance. Pierce & Maloney (1989)
found that harriers were quick to respond to changes in rabbit abundance. An increase

in rabbit

abundance may also promote immigration

of ferrets (and possibly

other

carnivores) into the area because of the greater abundance of their prefened prey. A
greater availability of rabbits could benefit local ferret populations by enhancing the

survival chances ofjuveniles (Pierce 1987). Locally enhanced ferret abundance at
site such as Trounson Kauri Park in turn could result in increased rnortality rates
adult

kiwi.

a

of

The most common form of mammalian predation upon brown kiwi there

is of stoats upon chicks; through the course of this study adult kiwi mortality due to
predation was extremely low (Pierce, Herbert

& Deeming 1997). Ferrets however
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will kill adult kiwi
species

and have been implicated as one of the agents of decline of the

(Miller & Pierce 1995, Mclennan et. al.1996). Pech, Sinclair

and Newsome

(1995), suggested that once the primary prey species (rabbit) of an exotic predator

(fox) has become established, the opportunity exists for the predator to severely
deplete secondary prey species as by-catch. Taylor (1979) hypothesized that

it

was

the introduction of rabbits to Macquarie Island that caused an increase in the local cat
and weka (Gallirallus australis) abundance, which in turn led to increased predation

upon and ultimately the extinction

of the endemic Macquarie

Island parakeet

(Cyanoramphus novaezel andiae ery t hr otis).

Another and perhaps more important side effect from

a management

perspective, is the potential prey buffering that an increased rabbit population could

bring about. This could be considered advantageous if it were demonstrated that it
could reduce the predation pressure on local native species, although this

seems

unlikely (Pech et. all1995). However, "Non-toxic prey" buffering was suggested as
one possible reason for the considerably reduced secondary poisoning effect on
carnivores over time at Trounson Kauri Park (see chapter 4).

Rodents.

Rabbits may not the only marnmalian prey of carnivores to exhibit a numerical

(or functional) response to the pest mammal management at mainland sites' Increases

in mouse abundance, following successful possum and rat poisoning operations have
been recorded at several sites in New Zealand including Trounson, (Clout et'
a, Innes et.

al- 1995

a\.1995, Miller & Miller 1995 (chapter 4 this thesis)). Innes el. al. (1995)

suggest two possible reasons for this increase. The first is the mouse food supplies
increase following release from rat competition, producing a numerical response

of

mice similar to that observed following heavy beech seed fall in (Nothofagus) forests

(King 1983, Fitzgeruld et. al. 1996). The increase in mouse numbers at Trounson in
April-June 1997 following the commencement of poison operations (Gillies & Pierce
in prep) corresponds with when kauri seeds (a known mouse food (Badan 1986)) were
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abundant on the forest floor (M. Leach, DoC. pers. comm.). The second reason
suggested by (Innes et.

represent

a

al. 1995) for mouse increases after rat control is that these

release from predation

by rats, stoats or cats.

Predator removal

experiments in Finland demonstrated that in the absence of stoats and weasels female

voles increased their breeding productivity (Klemola et. al. 1997). Mouse response

following rat control may represent a similar effect.
There may have been additional reasons for the apparent increase in mouse
abundance at Trounson. The bait station density of one per hectare may have been

insufficient and the home ranges of some mice may not have overlapped with any
source

of poison baits, permitting the survival of these individuals and

subsequent

successful reproduction in the absence of competition or predation by rats. Also, the

bait stations were set approximately 30 cm above the ground and it is possible that
this was too high to allow good mouse access (Taylor et. al. 1998), although mouse
numbers were reduced to non-detectable levels following the initial June 1996 1080

poisoning operation (see chapter 4) suggesting that they were gaining access to the
stations initially despite the height. Perhaps the mice could be less attracted to the

poison baits when there is an absence

of competition for preferred natural food

sources. It is also possible that the response was a combination of all these factors
combining to create a highly favourable habitat for mice within the treatment area.

Mustelids.

The population density of stoats is often directly correlated with that of rodents

(Aspisov

&

Popov 1940). In thek native range stoats (and weasels) can cycle in

abundance in conjunction with voles (their main prey), in much the same way as lynx
and snowshoe hares cycle in conjunction

with each other (Andersson & Erlinge 1977,

Fitzgerald lgTT,Tapper 1979, Debrot 1981, Erlinge 1983, Hansson & Hettonen 1989,

Lindstrcim 1989, Korpimiiki, Nondahl

&

Rinta-Jaskari 1991, Hanski

&

Korpimbki

1995). Predation seems to play an important role in the declining phase of the prey
populations in these mustelid/rodent interactions. Responses by stoats and weasels to
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cycling of their prey in northern latitudes appear similar to the cycling of mice and
stoats in the Nothofagus forests in Southem New Zealand as an indirect response to

heavy beech seedfall crops (King 1983, Murphy

& Dowding 1991, Murphy &

Dowding !994,Fitzgerald et. al. 1996). As yet there has been insufficient monitoring
over a sufficient timescale to detect a similar cyclic pattern in other New Zealand
ecosystems but

it may be that the perturbations brought about by poison

operations

could have a similar effect, on a limited scale. Increases in mouse numbers following
poison operations against possums and rats could possibly bring about a numerical

in local stoat populations due to increased survival of young stoats (King
1983) or to increased breeding effort due to improved food availability (Murphy &

response

Dowding lgg4). Increased numbers of mice may not provide a buffering effect
against bird predation even if stoats are controlled because the stoats are more
numerous as a result of the increased food supply, therefore predation upon secondary

prey

will

also be increased (Tapper L979, Y,.rng 1983). The relationship between

stoats and mice can also be modified by the presence of rabbits (such as at Trounson)

or other important alternative prey (Pearson 1966, Pearson 1971, King 1983).
Changes in the availability of rodent prey can affect predation rates by small

mustelids upon other species. Dunn (1977) investigated the intensity

of

weasel

predation upon tits (Parus spp.) in relation to the density of rodents in Britain- The
author found that predation rates on tit nests by weasels was greatest in years of low
rodent prey density. Prey switching in stoats following poison operations has been
demonstrated in New Zealand forest systems where rats were an important part

of

their diet (Murphy & Bradfield 1992, Murphy et. al. in press b). Murphy & Bradfield

(lgg1) and Murphy et. al. (in press b), found that stoats switched from feeding mainly
upon rats, to birds following large scale poison operations to target possums where
rodent abundance was also reduced. For some native bird species, the importance of
stoats as predators is unknown (Murphy

&

Bradfield 1992) so poison operations,

whilst benefiting many components of the native ecosystem, could also potentially be
indirectly impacting upon others.

l5l

Changes in the predator guild.

Cats appeared to dominate the mammalian predator guild at Trounson prior to

the commencement of mammal pest control operations. However after the resident
predators were killed from secondary poisoning (see chapter 4) following the 1996

poison operation, stoats (and to a lesser degree weasels) re-invaded the area much
more rapidly than cats and in greater numbers than had been recorded prior to control

(McClellan 1997, Gillies unpublished data). Reduced interspecific competition or
predation by cats may have permitted the smaller mustelids to re-colonise the area
more rapidly initially.

Competition between medium

to small sized carnivores has often been

reported internationally. Some smaller sympatric carnivores may be able to co-exist

by using different breeding and foraging strategies, sometimes related to their body
size or by resource partitioning (Rosenzweig 1966, Melquist, Whitman
1981,

& Hornocker

King & Moors 1979). Other small carnivores may compete interspecifically by

direct interference. Foxes (Vutpes vulpes) may compete with pine martens (Martes
martes)by direct interference (Storch, Lindstrcim & Jounge 1990), and Latham (1952)
suggested that foxes may directly control weasel (Mustela frenata noveboracensis,

Mustela cicognanii

and.

Mustela rixosa allegheniensis) populations in Pennsylvania.

Erlinge (1972) found an inverse correlation between the density of otter (Lutra lutra)

and mink (Mustela vison)

in

parts

of

Sweden due

to habitat preferences

and

interspecific interference. Tarasov (1959) reports that the sable (Martes zibellina) will
persistently chase ermine (Mustela erminea), although often with little success.

There is some evidence of cat predation on stoats from New Zealand and
elsewhere. Gaughran (1950) records two accounts of domestic cats killing stoats in

Wyoming. Erlinge (1983) reports that in Revinge Sweden, when rabbit numbers
dropped, more generalist predators, including cats, switched prey to voles, the most
important food of stoats in the area. He suggests that increased competition for voles
was the primary cause for a marked decrease in stoat numbers. Erlinge (1983) also
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suggests that the reduced rabbit numbers may have also resulted

in

increased

interference between predators, as stoat remains were recorded in cat scats found in

the area. Interspecific competition between camivore species particularly cats and
stoats has not been well studied in New Zealand, but the possibility of interspecific

competition has been suggested. Pierce (1987) suggests that cats and ferrets may have
controlled stoat numbers in the MacKenzie basin, and Gibb et. al. (1978) only sighted

in the Kourarau enclosure when cats were scarce. Some evidence of direct
interference has been recorded in cat diet studies in New Zealand. Stoats were

stoats

recorded in the prey of domestic cats on the outskirts of Auckland city (see chapter

and in the scats of feral cats in two other New Zealand studies (Gibb et-

al.

l)

1978,

Fitzgerald & Karl l97g). Reports have recently been recorded of three stoats (one in
November 1997, two in December 1997) being killed by domestic and farm cats near

Trounson Kauri Park (M. Leach, DoC. pers. comm.). The possibility

of another

interaction between higher level predators was recently revealed at Trounson Park. ln
January 1998, a yearling stoat being monitored using radio telemetry was found eaten

by

a

harrier (Circus approximans), it is unknown if the hanier killed or scavenged the

stoat (Gilli es unpublisheel data), but there has been evidence of avian predators

killing

young mustelids elsewhere in the world (Korpimeki & Norrdahl 1989 a, Korpimfiki &

Nondahl 1989 b).

Conclusion.

Many conservation managers may question the usefulness in attempting to
understand the complexities of changes in the alien mammal communities as a result

of their pest control operations. They will

argue that they

will

adapt their

management practices to ensure that all alien pest mammals are targeted with the best

methods available at the

time. However, current

techniques

of alien pest mammal

control on the New Zealand mainland (particularly the higher camivores cats, stoats
and ferrets), are resource intensive and still essentially experimental in their nature.

Deciding which mammal species should be targeted, when and by what means, is a
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more complex task than just exterminating the resident pest mammal guild. The first

two years of pest mammal control at Trounson have resulted in net increases in local

of rabbits and mice and appear to have caused changes in the predator
guild. At the outset of any alien mammal pest control operation, the implications of
any potential changes to predator guilds and predator-prey interactions need to be

abundance

fully considered. Management of predatory mammals has to be viewed holistically
and

with respect to the changes in the interactions with their main prey species

as the short and long term benefits for endangered native fauna

as

in light of

well

these

potential changes.

Unfortunately, the scientific literature regarding predator-prey interactions in
mammalian communities that managers and researchers should look to for guidance is
often anecdotal fNewsome et. al. 1996), or based upon information collected in short
term experiments (Moller & Raffaelli 1998) and sometimes lacking critical ecological
data (Norbury

& Murphy 1996). This is unhelpful for managers tasked with holding

alien pest mammal abundances below the level at which predation upon vulnerable

native species is reduced to acceptable rates. The operations to control alien
mammals at Trounson Kauri Park and other mainland sites have in effect been simple
predator removal experiments. Sites at which alien rnammals are being managed and
ecosystem responses are monitored offer researchers excellent opportunities to learn

time. The New Zealand situation is unique,
with a relatively small number of mammal species involved (Fig. al) and with
about pest community functioning over

community structures that differ across the many different habitat types around New

Zealand. The responses of the native fauna and flora could be monitored against
different experimental manipulations of the alien mammal community using different

control techniques. Properly controlled predator press experiments targeting the
higher level carnivores such as cats and ferrets could be carried out and the responses

of

stoats, weasels and other small mammal species monitored. With adequate

statistically robust monitoring techniques, some

of the critical parameters of

the

linkages and interactions between mammalian predators and their prey (both alien
mammals and native fauna) may be better understood, thus enabling the design

of

useful predictive models. Predictive models could enable managers to target critical
pests at critical times and given the increasing amount

of pest mammal control being
154

carried out in Neur Zealand and the, associated inerease in costs, this would represent a

si,gnificant advance in rnalraging alien predators" The'challsngp for researchers and
conserv.atiol managpr-$ in New Zeatandis to collaboriite closely in order to make the

most use of the opportturifies thesE intensive pest mam,nrail control operations on the
mainland offe.r aod take an objeefive expe.rimental approaeh to pest managem€lrt that

will lead to ths design of,these predictive models.
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plate 7. Cat 833, lost in October 1996 (see chapter 3) recaptured in February 1998.
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Appendices

Appendix

I

Questions asked in the questionnaire to householders

1. Number of Cats at this prennises?
2, Details (age, breed, se4 neuter/spay, etc. if known)?
3. Do any of the cats at this premises catch any prey species that you know of? If so,
do you know what is the most common? e.g. birds, insssls, lizards or rode,lrts etc.
(include specifics if known, e.g. spaIrow, mouse etc.)?
4. Would you be interested in participating in an ongoing survey of the prey species
your cafls catch through the year?
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Appendix II.
Mean weights used in percentage by weight calculations of carnivore diet.
Mean weights used in
Birds
Fantail (Rhip i dur a ful i gino s a)
Goldfinch (C ar due li s c ar due I i s)
Grey Warbler (Gerygone igata)
Sparrow (P asser dome s ticus)
Thrush (Turdus phil emelos)
Tui (P r os themader a novae s e elandiae)
Waxeye (Zosterops lateralis)
Unid-Passeriforme.
Unid-Small Passeriforme.
Rosella. (Platycercus eximius)
Kiwi. (Apteryx austr alis)

Unid-Galliforme
Unid-bird
Bird's egg
Mean weights used in calculati
Invertebrates
Manuka beetle (Pyronota spp)
Coleopteran
CostelYtra
Huhu beetle (Pr ionoplus r eticular is)
Garden snail.
Cicada (Cicadidae)
Lepidopteran
Blowfl y (C alliphora spp)
CraneflY
Cave weta (Gymnoplectron spp)
Cockroach
Field Crick et (Teleogryllus commodus)
Stick insect
Other Orthopteran
Tree weta (Hemideina thoracica)
Odonatan
Earthworm
Sandhopper
Unid-insect

of avian prey by wer

Ferret

Stoat

lheasel

20
6.5
25
70
100
11.5

40
l0

201
A+
T+

l0

110

-

I

201(

70*
54

y by weight (g).

of invertebrate

Stoat Ferret
0.8
0.5
0.5
1

Weasel

0.8

o-'-0.'
-6$
0.7

0.1

0.1

0.1
0.1

0.1

t.67

1.67

0.8

0.6
0.6
0.6

0.6

t.67

1.67

0.6
2

0.1
1

1-
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Mean weights used in calculating importance of mammalian

Cat

Unid-Lagomorph
Oryctolagus cuniculus
Hedgehog
Opossum
Unid-mammal
Mouse
Rattus
Mean weights used in calcu

170*
l7o*
50
t70*
15.5
12s

*

lVeasel

o!

20t
201

roo+

20t

100+

201
15.5

ri.s

4l

20t

100+

4t

of prey by weight of other

Cat
Skink (Cyclodina spp)
Eel
Frog spp

Stoat Ferret

7
50
50

Stoat Fetet

7-oJ

Based upon daily food intake for cat, used for scat analysis @itzgerald
reTe).
t Based upon weight of food in gut (King & Moody 1982 a).
Y Based upon weight of food in gut (Alterio 1994).
f Based upon weight of food in gut (Day 1968).
$ N. Coadpers. comm.
f,T. Chatpers. comm.

Weasel

&

Karl
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Appendix

III.

Details of prey items found and number in camivore gutsNumber of each
Birds

itenr found and

Can

Cat

96

Fantail
Goldfinch
Grey Wa$ler

2

1.85

1

Sparow
Thrush

I
I

Tui

1

0.93
0.93
0.93
0.93
0.93

Woreye
UnidPasserifonne
Unid-Small
Passeriforme
Rosella

I

4

i

3

3.7
2.78

;

5

2.78

3

2

1.85

Kiwi
Unid-Gallifonne
Unid-bird
Bird's

Stoat

n

of guts iteqr occurred in.
Stoat 94 Ferret Ferret Weasel Weasel
n %o fres.
n%
1n<
t. t J

5.56

5.26

1.75
3

4

I

2.78
3.7
0.93

t5.79

2

18.18

t78

Number of each prey item found and
of guts item occurred in.
Invertebrates
Cat n Cat % Stoat n Stoat ok Ferret Ferret Weasel Weasel
%freq.
%.freq.
freq.
Chaffer beetle
6
3.7
4
7.02
Coleopteran
6
3.7
I
I
5.56
Costelyha
9
3.7
Huhu beetle
9
o.:,
Garden snail
5
Cicada
i
t.is
Lepidopteran
i
0.93
I
r.75
Blowfly
4
1.85
Cranefly
3
0.93
I
t.75
T9
Cave weta
6.48
2
1.75
I
Cockroach
0.93
Field Cricket
57
8.33
3
5.26
Stick insect
3
1.85
Tree weta
7
5.56
s.26
I
Odonatan
0.93
Earthwonn
4
0.93
Sandhopper
2
r.is
I
Unid-insect
0.93
2
3.51

n

n

1.75

Number of each
Mammals
Cat

n

item found and
of guts item occurred in.
Cat % Stoat n Stoat %o Ferret Feret Weasel Weasel
%
%.fr"q.
0.93
s.26
5.56

freq. n

freq.

UnidLagomorph
Oryctolagus
cuniculus
Hedgehog
Opossum
Unid-mammal
Mouse
Rattus

27

25

3

s.26

2

1.85

16

14.81

I
I

r.75
r.75

40
22

30.56
20.37

l0
l5

17.54
26.31

Number of each prey item found and
Other Spp
Cat n Cat oh Stoat n Stoat ok
Skink
Eel
Frog spp

1
1

3

0.93
0.93
2.78

n
I

4

36.36

3

27.27

ir

n.on
9.09

I

5.56

JJ.JJ

5.55

item occurred in.

Ferret Ferret Weasel Weasel

n

%fr"q. n
12

%-freq.

38.89
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Appendix tV.
Months cats and stoats killed.

Month and year that cats were caught (Note; this table includes those with empty guts,
vegetative and unidentifiable material not included in analysis).
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Sum Aut Aut Aut Win Win Win Spr Spr Spr Sum
Unlmown

t994
1995
1996
1997

-t
15
62

-l

41223121316755542
-35r4r3l-

5

Month and year that stoats were caught (Note; this table includes those with errpty
guts, vegetative and unidentifiable material not included in
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec unhtown
Sum Sum Aut Aut Aut Win Win Win
Sum
month
1995

1996
1997

l222-67-45310
172311

21

123-

L2
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APPendir
Conlpo silton of e bs entrtian 6p es us sd

[.
wlnn c aIcwlating lnmo. r ange,

Tatal Trap

tag
No"

Nuntb,er

af obs

Long
Clase Dqt
Locctlon Active
rqnge aryoaek visaal vlaual at denth sigtnls
,telemety telenatry, ohs obs
ar caaNd.

nothe

I

802
803 |
807 |
809 l,

|
813 |
814 I
8ls |
816 I
817 |
820 |
823 |
825 |
838 |
842 I
8[0

18

3S
ZS

[7
1,7

27
38
20

t5
23
15'

16

25
33
33

73
t40

3s2

t9
13
122
23
33
1,4
T2T
135
ilo
130
2t2
032
032

3-

1

,2

I
3

3.

20
30
00
01
0t
00
0,0
0l
10
00
00
00
10
0t
00
00

I
0

5

I

4

T

7

t
I

1.2

I

0

7

I

I

I
I

3
9
t6;

1

I

1

I
I

l0
l5

0
0

0
0
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Appendix YI.
Results of toxin residue analyses.

Brodifacoum residues in cat livers.
Reference number Species See Date killed
DOC 28
DOC 36
DOC 67
DOC r17
DOC 114
DOC 113
DOC 88
DOC 95
DOC 93
DOC 105
DOC 104
DOC 97
DOC 98
DOC r0r
DOC 110
DOC 1r2
DOC 100
DOC 106
DOC 115

cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat
cat

m
m
m

f

15t70t96

r6tr0t96
30/12196

30t0u97
t3t02t97
r7t04t97

Brodifacoum
Minimum detectable
residue mg/kg (ppm) level
0.13
0.05
0

f

3/06t97
4t06t97
4/06/97
t0t06/97

0
0.25
0.75
2.0
0.0s
0.06
0.3
0.08
0.02
0.12
1.4

m

20106197

1.3

27106/97

0

15107/97
1,3/08/97

0.04
0

27108t97

0.11

m
m
m
m
m
m
m
m
m

f
f

m
m

2t05t97
8/05/97

2t/05/97
26t0st97

0.05
0.05
0.05
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.0r
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
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Brodifacoum residues in stoat livers.
Reference number Species Sex Date killed
DOCS 08
DOCS 18
DOCS 16
DOCS 34
DOCS 42
DOCS 41
DOCS 57
DOCS 38
DOCS 39
DOCS 40
DOCS 43
DOCS 6I
DOCS 70
DOCS 74
DOCS 68
DOCS 7I
DOCS 73
DOCS 67
DOCS 72

stoat
stoat
stoat
stoat
stoat
stoat
stoat

m
m
m
m

stoat
stoat
stoat
stoat
stoat
stoat
stoat
stoat
stoat
stoat
stoat
stoat

m
m

f

m

f

f
m
m
m
m

f
m

f

m
m

Brodifacoum
Minimum detectable
residue mg/kg (pp*) level
9t08t96
0
0.05
l0/09t96
0
0.05
19t09t96
0
0.05
r0t12/96
0.27
0.05
19/12t96
0
0.05
3Ur2t96
0
0.05
8/0r/97
0
0.05
r0t0I/97
0
0.0s
l0/0U97
0
0.05
13t0U97
0
0.05
r4/0v97
0.07
0.05
19l0U97
0
0.05
2v0t/97
0.36
0.01
22/0U97
0
0.01
22t0U97
0
0.0r
3v0v97
0
0.01
3v0U97
0
0.01
r6t07t97
0.63
0.01
4/09/97
0.08
0.01

Brodifacoum residues in weasel (and a fenet) livers.
Reference number Species ,Sex Date
Brodifucoum
residue
DOCW 04
weasel m
3/09/96
0
DOCW 06
weasel
f l0/09t96
I
DOCW 05
weasel
m
rvrc/96
0.87
DOCW 07
weasel
m
5/tr/96
0
DOCW 08
weasel
m
r2lrr/96
0.38
DOCW 12
weasel
m
22/rr/96
0
DOCW 16
weasel m
30112196
0
DOCW 21
weasel
m
24/03/97
0.9
DOCW 23
weasel
m
3la6l97
0
DOCW 26
weasel
m
6t07/97
0
DOCW 22
weasel
m
21107197
0
DOCW 2s
weasel
f 25t07t97
0
DOCW 24
weasel
m
6/08/97
0.03
DOCF 15
ferret
m
s/09t97
0

killed

Minimum detectable
(ppm)
level
0.05
0.05

0.0s
0.0s
0.0s
0.05
0.05
0.01
0.01
0.01
0.01
0.01

0.01
0.01
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