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Abstract An eradication program conducted on

Rangitoto and Motutapu islands in New Zealand

successfully removed stoats (Mustela erminea), cats

(Felis catus), hedgehogs (Erinaceus europaeus occi-

dentalis), rabbits (Oryctolagus cuniculus), mice (Mus-

musculus) and three species of rat (Rattus, R. exulans

and R. norvegicus) from an area of 3,842 ha. The

project was significant because it was completed so

close to Auckland, New Zealand’s largest city, but

also, in contrast to many eradication projects, it

targeted a suite of invasive mammals in a single

operation. To achieve success and avoid conflict in the

allocation of resources, target species were prioritized

by likelihood of eradication success with resources

allocated preferentially to species posing the greatest

risk of failure and methods applied in a sequence that

allowed each technique to capitalize on its predeces-

sor. Consequences of applying this approach were

increased operational efficiency, a shorter operation

than planned and reduced project cost. When

compared to other projects that targeted the same

species but individually, we estimate the Rangitoto

and Motutapu project to have cost less than 50 % of

the total potential cost if each species had been

removed in a discrete operation. Logistical efficiencies

created by condensing several operations into one and

the use of eradication and detection techniques that

targeted multiple species are credited as having the

greatest influence on the increased efficiencies

observed.

Keywords Rodent �Cat � Stoat �Rabbit �Hedgehog �
Secondary poisoning � Second generation �
Anticoagulant

Background

Invasive alien species (IAS) are a critical and escalat-

ing threat to global biodiversity (McGeoch et al. 2010;

Vitousek et al. 1997) and island ecosystems continue

to suffer disproportionately from their impacts (Black-

burn et al. 2004). Combating the threat of IAS is an

enormous challenge and will require the adoption of a

range of strategies including biosecurity, control and

eradication (Genovesi 2000). Eradication, or the

complete removal of an IAS, has proven a particularly

effective approach in the battle to preserve island

biodiversity (Genovesi 2005) and successful eradica-

tion projects have resulted in species and ecosystem
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recovery (Bellingham et al. 2010). Although generally

more cost effective than long term sustained IAS

control (Pascal et al. 2008), eradications are capitally

intensive (Simberloff 2010) and funding for their

implementation scarce (Genovesi 2005). Conse-

quently, new and innovative approaches are required

to ensure that available resources are used as effi-

ciently as possible.

Targeting multiple species simultaneously or

sequentially over a defined time period is one means

by which costs can be reduced (Griffiths 2011).

However, planning for an eradication operation that

focuses on more than one species requires more

extensive consideration of techniques, the impact they

may have and the sequence and timing of their

deployment. For instance interactions between IAS

can affect the efficacy of techniques e.g. competitive

exclusion of mice by Rattus spp. was one factor

identified by Mackay et al. (2007) as a potential

contributor to the higher failure rate observed for

mouse eradications. Similarly the presence of one

species may hinder the capacity to target another e.g.

dogs trained for pig (Sus scrofa) eradication were

distracted by goats (Capra hircus) on Santiago Island

(Cruz et al. 2005). However, if these factors are taken

into account in the project planning process, then the

prospects for delivering a successful outcome in a

reduced timeframe and cost is likely (Griffiths 2011).

Risks posed to endangered species populations by prey

switching or the increase in abundance of one invasive

species following the removal of another may also be

averted (Griffiths 2011).

Building on prior eradication successes on Rang-

itoto and Motutapu1 and experience gained in recent

decades including multi-species eradication opera-

tions undertaken within predator fenced sanctuaries on

the New Zealand (NZ) mainland (e.g. Speedy et al.

2007), eight invasive vertebrate species were success-

fully removed from Rangitoto and Motutapu

(3,842 ha) in a single operation that spanned 2 years.

The project, originally envisaged by Miller et al.

(1994) and undertaken by the NZ Department of

Conservation (DOC), targeted stoats (Mustela ermi-

nea), cats (Felis catus), hedgehogs (Erinaceus

europaeus occidentalis), rabbits (Oryctolagus cunic-

ulus), mice (Mus musculus) and three species of rat

(Rattus norvegicus2 R. rattus and R. exulans3). The

project was structured to maximize the efficacy of

each technique and ensure subsequent methods cap-

italized on their predecessors and in doing so,

highlighted the efficiency gains and cost savings that

are possible when multiple species are targeted within

the same operation. In this paper the methods utilized

on Rangitoto and Motutapu and the sequence of their

deployment are described along with the rationale for

their use. The results of the project are presented and

lessons from the project highlighted.

Study site

Formed just 600 years ago, the volcanic island of

Rangitoto (2,311 ha) lies just 9 km from downtown

Auckland, NZ’s largest city of nearly 1.4 million

inhabitants (Fig. 1). The island is roughly circular in

shape, 259 m high and comprised of gently sloping

basaltic lava and an ash base with a central cinder

cone. Rangitoto is of international significance for its

succession from barren rock and lava to forest which

now covers much of the island. Although much older

and geologically distinct, Motutapu (1,509 ha) is

linked to Rangitoto via a causeway and an extensive

area of sand flats exposed at low tide (Fig. 1).

Motutapu is a relatively low lying island with a gentle

and rolling topography and a coastline dominated by

steep coastal cliffs, rocky shore platforms and

swampy, steeply backed beaches. Habitat on Motu-

tapu is dominated by pastoral farmland dissected by

areas of regenerating native forest, forest remnants and

wetlands. The nearest sources of reinvasion for the

invasive species targeted are Waiheke Island (4.3 km)

and the north shore of Auckland (3 km) (Fig. 1). Both

1 Fallow deer (Dama dama) were removed by 1990 (Julian

1992), brush-tailed possum (Trichosurus vulpecula) by 1996

and brush-tailed rock wallaby (Petrogale penicillata penicilla-

ta) by 1997 (Mowbray 2002).

2 Norway rats were not detected in trapping completed on

Rangitoto or Motutapu prior to the eradication but are consid-

ered to have been present because of the existence of museum

specimens collected from the islands (the most recent in 1977).

The detection of a Norway rat (presumed newly arrived) on

Rangitoto 23 months after the application of rodent bait lends

further weight to the assumption that Norway rats were present.
3 Rat DNA samples genotyped after completion of the eradi-

cation unexpectedly confirmed the presence R. exulans. This

species was not known to be present prior to the eradication

proceeding.
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Rangitoto and Motutapu are managed together as an

open sanctuary and are freely accessible to the public.

The range of activities that occur on the islands is

described in Griffiths et al. (2012). Aside from farm

dogs (Canis familiaris) and livestock (cattle Bos

taurus and sheep Ovis aries) on Motutapu, no other

non-native mammals are now present on the islands.

Project feasibility and planning

Before committing resources toward planning and

implementation, a feasibility study was commissioned

to better understand the likelihood of project success

and appraise the project’s biological, social and

economic costs and benefits (Griffiths and Towns

2008). Griffiths and Towns (2008) proposed an

eradication strategy that would span 3 years and

encompass the application of rodent bait to target

rats, mice and rabbits followed by the deployment of

standard trapping and hunting techniques to remove

surviving rabbits, cats, stoats and hedgehogs. This

approach was then tested for its technical feasibility,

social acceptability and legality. Specific questions

regarding technical feasibility were addressed for

mice, hedgehogs and rabbits because these species

were perceived as being particularly challenging. All

three species had been targeted in two recently

completed mainland sanctuary projects, Tawharanui

(Wedding 2007) and Maungatautari (Speedy et al.

2007), but both operations had failed to remove mice

and rabbits, and hedgehogs were still present at

Tawharanui. Because of the proximity of the islands

to the mainland and the high numbers of visitors, a

Fig. 1 Location of Rangitoto and Motutapu islands
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significant focus for the feasibility study was an

assessment of the risks of reinvasion and how these

might be mitigated (Griffiths et al. 2012).

Rodents

Other projects had failed to remove mice for unknown

reasons (Mackay 2011) and the challenge of removing a

highly fecund IAS with a small home range size from an

area the size of Rangitoto and Motutapu was widely

recognized. For this reason and to dispel concerns about

the possible presence of bait shyness or anticoagulant

resistance, a laboratory trial was undertaken with 40

mice collected from Rangitoto and Motutapu. Roden-

ticides, including anticoagulants, had been used in the

past for rodent control on Rangitoto and Motutapu. The

trial confirmed that Pestoff 20RTM the proposed rodent

bait, was highly palatable and found no evidence for

anticoagulant resistance. In the trial, three mice survived

for between 18 and 21 days after ingesting a lethal dose

(Morriss 2007) and this, together with the results of

other laboratory trials (e.g. Cleghorn and Griffiths

2002), led to a decision to increase the interval between

successive bait applications beyond the normally rec-

ommended 7–10 days (Broome et al. 2009) as a means

of extending the period of bait availability. An increased

application rate for the first application and the addition

of a third application of bait was also prescribed because

of the potential for inter-specific competition to limit the

amount of bait available to mice. By tailoring the baiting

strategy to mice the operation was considered over

engineered for rats so no specific trials were undertaken

for the other rodent species present. Mice were also

considered a reliable proxy for anticoagulant resistance

because the species’ susceptibility to brodifacoum, as

defined by LD50 values, lies midway between that of

ship rats and Norway rats (Dubock and Kaukeinen

1978).

Rodents were proposed to be targeted first as it was

known from previous projects (e.g. Alterio 1996;

Speedy et al. 2007; Torr 2002) that rabbits, stoats, cats

and hedgehogs would be affected by primary or

secondary poisoning. As with other rodent eradica-

tions undertaken in temperate climates (Howald et al.

2007), the operation was planned for winter when

rodent population abundance and reproductive activ-

ity in New Zealand is at its lowest (King 1990). Prior

research had also confirmed that rodent populations on

Rangitoto were food limited during this season (Miller

and Miller 1995). Aerial bait application was planned

as opposed to hand spreading or deploying bait in bait

stations, primarily because parts of the islands could

not be safely accessed but also because the scale and

logistics of a ground based operation targeting both

rats and mice would have been prohibitively expen-

sive and, based on the historical eradication record

(Howald et al. 2007), posed a greater risk of failure.

Permission to target rodents in the presence of both

native and non-native species was obtained from DOC

(Section 54 of the Wildlife Act 1953), the Auckland

Regional Council and the Auckland City Council

(Resource Management Act 1991) (Griffiths and

Towns 2008). To meet a national Code of Practice

(Anonymous 2006), all livestock were removed from

the island prior to the application of rodent bait and

were not returned until after the specified minimum

withholding period of 60 days after bait application.

Rabbits

Rabbits are known to consume rodent bait (Torr 2002),

and were considered the species most likely to

influence the availability of bait to rodents. Because

of this, the density of rabbits was evaluated and a gross

estimate of the population made using spotlight counts

after Fletcher et al. (1999). This estimate was then

used to inform the decision on bait application rates

and scale the level of resourcing allocated to the

detection and control of survivors. After rodents,

rabbits were considered the next highest priority for

implementation because of the species’ propensity to

breed rapidly (Twigg et al. 1998) and change their

behavior when threatened (Jaksic and Soriguer 1981;

Lombardi et al. 2003). Based on the results of previous

operations (Micol and Jouventin 2002; Torr 2002)

most rabbits but not all were expected to die as a result

of primary poisoning. To minimize the likelihood of

behavioral changes by survivors, the operational

strategy specified the initial use of passive methods

(those considered least likely to educate surviving

animals e.g. other bait types and toxicants) followed

by increasingly assertive techniques such as trapping

and hunting (Griffiths 2009). Targeting individual

survivors with silenced. 22 caliber rifles and where

more than one rabbit was found, carrot coated with

pindone (‘Pin-25’) (Nelson and Hickling 1994) was

planned as was the gassing of burrows known to

contain surviving rabbits with magnesium phosphide
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(Magtoxin� granules). However, these techniques

were never used.

Stoats

A decline in the islands’ stoat population as a

consequence of the rodent eradication was anticipated,

but not assumed (Griffiths and Towns 2008) and the

establishment of an island wide 100 m 9 400 m

network of DOC 200TM traps set into wooden tunnels

was proposed. The proposed grid was more intensive

than those used in past successful stoat eradication

attempts (Elliott et al. 2010; McMurtrie et al. 2011)

because of the need to also target hedgehogs.

Hedgehogs

Prior to the Rangitoto and Motutapu project only six

attempts to eradicate hedgehogs had been imple-

mented (unpubl. data). Four of these were successful,

one (Tawharanui, NZ) had failed, and one (Uists,

Scotland, UK) was ongoing (Bremner and Park 2007).

Evidence from two of the successful projects sug-

gested that hedgehogs were vulnerable to both primary

and secondary poisoning when exposed to Pestoff

20R. However, the level of survivorship that might be

encountered during the Rangitoto and Motutapu

project was unknown because, as indicated by other

studies (e.g. Parkes and Brockie 1977), many individ-

uals within the population were expected to be inactive

over the period of rodent bait application. To gain an

insight into these factors and guide plans to detect and

remove survivors, the over wintering activity and

movements of 20 hedgehogs were assessed on Motu-

tapu using radio telemetry. Although periods of

inactivity of up to 34 days were recorded, all hedge-

hogs were active for intervals during the study

suggesting that exposure of all individuals within the

population to primary and secondary poisoning was

possible. Minimum convex polygons generated from

fixes of radio tagged hedgehogs (mean 11.3 ha,

range 1.4–70.0 ha) and home ranges estimated from

other studies (Berry 1999; Moss 1999) indicated that

other methods in addition to the trapping grid

described above would be required to remove all

survivors and ensure eradication success.

Cats

Although not intentionally targeted, it was predicted

that the islands’ cat population would be affected but

not eliminated by secondary poisoning as a result of

the rodent eradication. To target survivors, a trapping

program that focused on the islands’ track and road

networks, edge habitats and coastline was proposed.

The vulnerability of cats to trapping was expected to

increase following the removal of rabbits and rodents

as their primary prey.

Project implementation

Bait application

Three aerial applications of Pestoff 20RTM rodent bait

(10 mm cereal baits containing the second generation

anticoagulant, brodifacoum at 20 ppm) were com-

pleted, the first over 2 days on 19 and 20 June, the

second on 9 July and the third on 6 August 2009 to

target rodents and rabbits (Table 1). Bait application

rates were 22.1, 9.5 and 6.6 kg/ha respectively and a

total of 147,000 kg of bait was used. At the same time

as the first bait application, 996 bait stations (15 cm

diameter foil dishes) containing Pestoff 20R were

deployed in all enclosed manmade structures that

exceeded 1 m2 in area. Bait stations were replenished

at the same time as the second and third applications

and finally removed on 18 September 2009. Approx-

imately 150 kg of bait was used for this purpose.

Accuracy of bait coverage was ensured by a

differential global positioning system (GPS). All

helicopters were equipped with GPS hardware (Ag-

GPS� TrimFlight 3, Trimble Navigation Limited,

Sunnyvale, CA) and a fixed GPS base station posi-

tioned at the summit of Rangitoto enabled helicopters

to be tracked to within 5 m. The boundary for bait

spread was defined as Mean High Water Spring and

this boundary was flown and logged before bait was

applied. All bait spreading buckets used were cali-

brated prior to the operation and application rate and

the area covered checked each time a helicopter

returned to refuel throughout the operation. Actual

application rates were assessed using GIS software

ESRI� Arc-MapTM (v. 9.3) to map helicopter flight

paths and 10 m 9 10 m quadrats on the ground.
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Targeting survivors

Commencement of detection and control work for

surviving rabbits, stoats, hedgehogs and cats aimed to

coincide with the anticipated peak of mortality

generated by primary or secondary poisoning as a

consequence of rodent bait application. Consequently,

follow up effort for surviving rabbits began 2 weeks

after the second application of rodent bait, and for cats,

stoats and hedgehogs, considered more likely to be

affected by secondary poisoning, immediately after

the last application of rodent bait.

Search effort

Locating surviving rabbits was the initial focus and

this was undertaken by searching with spotlights at

night and looking for fresh sign during the day.

Spotlight searches were undertaken with a helmet

mounted or hand held 100 W spotlight (Lightforce

Scope Mounted 170 mm Striker 700 Spotlight) most

commonly from four wheeled motorbikes (ATVs) or

on foot, but four wheel drive vehicles (4WDs) with an

observer on the back were also occasionally used.

Within 3 months, spotlighting and searching for sign

soon became a less efficient means of detection on

Motutapu because of rapid grass growth that occurred

after removal of livestock. Although both methods

continued to be used, other techniques (outlined

below) were instigated earlier than anticipated

(Table 1). Livestock were re-established on Motutapu

on 20 October 2009 and their numbers were gradually

increased over subsequent months but grass length did

not return to its pre-operational state until June 2010.

Spotlight searches for rabbits and day searches for sign

were reinstated after this date. Hedgehogs and cats

were opportunistically targeted during spotlight

searches conducted for rabbits and later this technique

was used specifically to target hedgehogs. Spotlight

searches specific for hedgehogs utilized the same

equipment, but searching was conducted on foot rather

than from ATV and 4WD vehicles.

Trapping

The trap and tunnel design used to target stoats and

hedgehogs mirrored the layout described in Wadding-

ton and Peters (2012) except that openings in the outer

mesh and inner baffle were enlarged to 90 mm (wide)

and 110 mm (high) so as not to exclude large

hedgehogs. In line with previous stoat eradications

(Elliott et al. 2010; McMurtrie et al. 2011), the trap

network was pre-baited (baited but traps not set) twice

prior to the rodent eradication to minimize any

potential for neophobia. Traps were initially baited

with fresh rabbit meat and a single hen’s egg to target

stoats, but from December 2009 were baited with a

variety of different bait types for hedgehogs. All traps

Table 1 Operational timeline for the Rangitoto and Motutapu IAS eradication project

2009 2010 2011
A M J J A S O N D J F M A M J J A S O N D J F M A M J J

Stoat traps pre-baited
1st 2nd 3rd Aerial applications of Pestoff 20R rodent bait

Monitoring for and control of surviving rabbits
Monitoring for and control of surviving cats

Monitoring for and control of surviving stoats and hedgehogs
Monitoring for surviving rodents

Last cat trapped
Livestock returned to Motutapu
1st surviving rabbit captured

Intensification of trapping grids to target hedgehogs
2nd surviving rabbit captured

Sign of a surviving mouse detected
Reinvading stoat trapped
Last hedgehog trapped

Reinvading Norway rat detected
Successful eradication of all target species declared
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were initially checked once every 2 weeks but this was

scaled back on Rangitoto from November 2009 to an

average of once every 4 months because of the lack of

captures there. In contrast 2 weekly trap checks on

Motutapu were maintained.

Intensification of trapping grids, repositioning of

traps, the use of different trap types, baits and lures

were required to complete the eradication of hedge-

hogs. In January 2010 a more intensive grid of DOC

200TM traps was trialed in three separate locations on

Motutapu to confirm the presence of hedgehogs

between existing trap lines. Traps were established

on a 100 m 9 100 m grid in three different habitats,

un-grazed pasture, un-grazed regenerating forest and

open pasture. Following the capture of two hedgehogs,

one in each of the un-grazed sites, a 100 m 9 100 m

grid consisting of DOC 200TM or DOC 150TM traps set

into wooden tunnels and Philproof� ferret tunnels

(309 trap sets in total) each containing two Mk VI

FennTM traps was established across all un-grazed

areas of Motutapu (ca. 309 ha). Additional traps were

not established in grazed areas because hedgehogs

were not captured in this habitat during the trial and

these areas were readily searched with indicator dogs.

In February 2011, every second line of traps on

Rangitoto was removed (310 traps) and used, together

with all DOC 200TM traps on Motutapu (411 traps), to

form an intensive buffer of traps around all ungrazed

areas on Motutapu. These traps were spaced 100 m

apart along two parallel lines in grazed pasture, one at

0 m and the other at 100 m from the fenced boundary

of all targeted areas.

Several different baits and lures were used to attract

hedgehogs to traps. Whiskas� canned fish or chicken

based cat food along with fresh rabbit meat, were used

most often, but dog biscuits soaked in fish oil were also

tried. Peanut butter, used to bait mouse traps, is also

attractive to hedgehogs (Thomsen et al. 2000) and,

although only used in very small amounts, may have

also served as a lure. A blend of corn oil and sardines,

and liquid fish fertilizer (Nitrosol� Oceanic) were at

times spread outside the trap entrance as a means of

luring hedgehogs into trap tunnels. Hedgehog urine

was collected but never used.

Cage traps were used initially to catch cats living

around some of the islands’ residences but within

2 weeks these were replaced by Oneida Victor�#1.5

Soft CatchTM leg hold traps deployed in ‘cubby sets’

(Wood et al. 2002) along the islands’ track and road

networks, edge habitats and coastline. Large pieces of

fresh rabbit with fur attached, fish frames and

pilchards were used to bait traps. Fish fertilizer was

also occasionally used as a scent lure. Cat urine was

collected from cats that were shot or trapped but never

used. Leg-hold traps (Oneida Victor�#1.5 Soft

Catch�) were also used to catch the last surviving

rabbit. To target this individual, traps were set into the

ground beside a rolled over piece of turf and lured with

male rabbit urine. Sand traps, where a section of sand

on a beach or trail was regularly raked and checked for

footprints, were used to detect cats, stoats, hedgehogs

and rabbits.

Little confidence existed that rodents surviving

beyond the period of aerial bait application could be

effectively detected and removed before re-establish-

ing on the island. However, monitoring was consid-

ered important to help identify potential causes of

operational failure if survivors were detected. Conse-

quently, in contrast to many other NZ operations,

monitoring for surviving rodents on Rangitoto and

Motutapu began immediately after bait application.

With an island wide 100 m 9 400 m network of DOC

200TM traps in place for stoats and hedgehogs, little

additional effort was required. DOC 200TM traps were

considered an effective means to detect rats but for

mice, Victor mouse traps (Easy Set Mouse Trap Model

M035, Woodstream Corporation, Lititz, PA), baited

with a peanut butter and rolled oat mixture and paired

with every DOC 200TM trap, were deployed. Moni-

toring for rodents across the trapping grid continued

until the conclusion of the operation in July 2011

(Table 1). Monitoring for rodents was also undertaken

via a permanent surveillance network established in

October 2009. This network consisted of 121 tracking

tunnels (Russell et al. 2009) placed at all key boat

landing sites and dwellings on both islands. Mouse

traps were also installed in all inhabited dwellings on

both islands.

Indicator dogs

Due to the apparent absence of surviving rabbits, the

‘careful use’ of specifically trained dogs (one dog kept

close to the handler at all times) to detect fresh sign

was deployed earlier than anticipated, within 1 week

of searching for survivors. Similarly, rapid grass

growth and the loss of efficacy of previously men-

tioned search methods meant that the less cautious use
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of dogs (i.e. multiple dogs ranging further from the

handler) was also utilized earlier than anticipated,

from September 2009, less than 2 months after work

began. Four complete searches of both islands with

indicator dogs were subsequently completed. In con-

trast to the dog searches completed for rabbits,

indicator dogs were used at night to search for

hedgehogs when animals were active. Just one or

two dogs were used at a time and dogs wore a harness

with flashing LED lights to facilitate location by the

handler. Dogs were trained to stop beside a hedgehog

until the handler arrived to euthanize the animal.

Although off site trials suggested dogs could detect

hedgehogs over much greater distances, for the

purposes of estimating search effort, 50 m to either

side of the handler’s path was used as the limit of

detection. Early on during the operation, tracks were

widely spaced (ca. 200 m), but this was reduced to just

50 m later during the operation.

Two complete sweeps of both islands with dogs

were undertaken, one in December 2009 and the other

in February 2010 to search for stoat sign and four

extensive searches for cats were undertaken with dogs

between 30 November 2009 and the end of March

2011. To keep dogs stimulated and focused, dogs that

were stationed on the islands for the duration of the

operation were given regular opportunities (at least

once every 2 weeks) to spend time off the island in

areas with the target species.

Information management

All search effort was logged using handheld Garmin�

GPS 62CSX units and tracks mapped using GIS. Maps

were then used to identify gaps in search effort and to

guide subsequent work. Aging of rabbits was completed

using the methods outlined in Wheeler and King (1980).

Any cat, stoat, hedgehog and rabbit found, caught or

shot was dissected and if possible its stomach contents

examined for signs of rodent bait consumption. Internal

hemorrhaging if present was also noted and used as an

indication of brodifacoum poisoning. Mesenteric fat

deposits for cats were scored as per (Windberg et al.

1991) to provide an index of body condition.

Detecting reinvasion

Prior to the operation DNA samples from all target

species, except for Norway rats that could not be

trapped, were collected to determine the provenance

of individuals found on the islands following comple-

tion of the operation. Except for stoats which were the

subject of another study (Veale et al. 2012), DNA

samples were not obtained from mainland or other

island populations of the target species. Analyses

completed therefore made the assumption that an

invading individual was identifiable by the presence of

alleles not apparent within the Rangitoto and Motu-

tapu genotype.

Resource allocation and confirmation of success

Because of the small number of surviving rabbits, the

four person rabbit team was scaled back to three staff

including one dog handler by September 2009 and then

to two staff in December 2009. The discovery of a

surviving rabbit in April 2010 led to a temporary

increase to three staff but this was reduced to just one

part time dog handler from July 2010. Search effort for

rabbits ended on 8 February 2011. The decision to end

search effort was based on a combination of a lack of

sign seen over the preceding 10 months, the age and

reproductive condition of the two survivors and the

apparent behavioral changes that led to their detection.

A team of four staff including the hedgehog dog handler

was employed to run both stoat and hedgehog compo-

nents of the operation and although team composition

changed during the project, the size of this team was

maintained until work ceased in July 2011. The decision

to conclude search effort for stoats and hedgehogs was

based on the lack of sign or captures recorded over the

preceding 6 months despite the intensification of trap-

ping and search effort. All project team members

contributed to this decision. Four staff were initially

employed to target cats but the team was reduced to

three after 2 months and then to two after 6 months. Cat

trapping and search effort was discontinued after

February 2011. Confidence that all cats had been

removed was provided by the absence of sign and

captures over a 17 month period in the face of intensive

trapping effort and search effort with indicator dogs.

Project cost

The operational cost of the project was estimated

based on expenditure records for past projects com-

pleted by DOC and budgeted for and documented in
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DOC’s SAP software system. Project overheads (all

expenses not directly related to labor, materials or

third-party expenses) were estimated based on figures

presented in DOC’s Annual Report (http://www.doc.

govt.nz/publications/about-doc/archive/annual-reports/

annual-report-for-year-ended-30-June-2010/14-finan

cial-statements/statement-of-accounting-policies/).

The cost efficiency of the project relative to other

projects was assessed by comparing the total cost of

the Rangitoto and Motutapu project with data for

projects that eradicated rodents, cats and rabbits but

individually (unpubl. data).

Eradication success

Rodents

Rodent monitoring subsequent to the application of

rodent bait revealed evidence of only one possible

survivor. Mouse scat was discovered inside a dwelling

on Motutapu on 18 April 2010 but no mouse was

trapped or further sign observed. Although there was

an element of doubt about the age of the droppings and

whether they were an artefact left from before the

operation, the location where they were discovered

had been cleaned shortly before their discovery,

suggesting a mouse survived the operation but died

before it could be caught. All 15 alleles assessed

within the DNA extracted from the feces were present

in the Rangitoto and Motutapu genotype. Although it

is possible the mouse was a recent immigrant of the

same genotype, we consider it more likely to have

been a survivor. A Norway rat was detected near the

main wharf on Rangitoto, 23 months after the appli-

cation of rodent bait. DNA comparison was not

possible for this species because Norway rats were

not trapped prior to the operation but this individual

was presumed to be a new arrival because of the

intensity of trapping and monitoring that had been

completed prior to its detection. Following application

of Pestoff 20R in bait stations at the site of this

detection, no further rodent sign was recorded.

Rabbits

Rabbit population estimates made prior to project

implementation suggested a population size of

between 100 and 300 individuals. Following the

rodent eradication and the commencement of follow

up work on rabbits, just two individuals, both

juveniles, are known to have survived (Table 2).

During initial spotlight searches, a juvenile was seen

twice but was not re-sighted. Three months later, on

the 26 October 2009, a juvenile female (ca. 125 days

old) that had never bred was observed and then

captured in a leg hold trap set for cats. This trap had

been reset and baited with a frozen rabbit head the day

before. No further detections were made until March

2010 when sign was discovered and 3 weeks later a

sub-adult male (ca. 320 days old) was caught in a leg

hold trap. A large number of fecal pellets found within

100 m of the trap location indicated that this individ-

ual had become at least partially territorial, but sign

discovered up to 1.6 km away, suggested that it had

also ranged widely prior to the time of its capture. No

further sign was found after this time. Aging con-

firmed the two surviving rabbits had been born prior to

the final application of rodent bait and indicated that

no breeding occurred after this point.

Stoats

Over the course of the operation a large number of trap

nights targeting both stoats and hedgehogs were

completed (Table 2). One stoat was found dead and

presumed to have died of secondary poisoning after

the aerial application of bait but, no surviving stoats

were detected or trapped on the island’s trap network.

Searching with indicator dogs also failed to discover

any evidence of stoats on the islands and we conclude

that the island’s stoat population was eliminated as a

consequence of the rodent eradication. An individual

trapped on Rangitoto in July 2010 was confirmed to be

a recent invader and not part of the original population

(Veale et al. 2012).

Hedgehogs

Thirty-two hedgehogs were found dead and later

confirmed as having being poisoned (Tearne 2010)

during ad hoc searches across Motutapu following bait

application. Subsequently, a total of 298 hedgehogs

were trapped, detected by indicator dogs or found

during spotlight searches on Motutapu. The trap nights

and search effort expended on hedgehogs are pre-

sented in Table 2. Despite past observations of

hedgehogs on Rangitoto, no carcasses were recovered
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or hedgehogs detected there. Based on the recovery of

one of 28 marked hedgehogs, Tearne (2010) extrap-

olated that Motutapu supported a population of 8,246

individuals prior to the eradication. Although the data

used by Tearne (2010) were limited, the estimate falls

within density estimates made elsewhere in NZ (Jones

and Sanders 2005). Based on Tearne’s (2010) figure,

we estimate up to 96 % of the population succumbed

to either primary or secondary poisoning following the

application of rodent bait (Table 2). Brodifacoum

residues were found in all five of the hedgehogs found

dead after the application of rodent bait and submitted

for assay and all 35 of the liver samples collected from

surviving hedgehogs suggesting that 100 % of the

population was exposed (Tearne 2010).

Seventy-five hedgehogs were trapped in the pre-

established network of DOC 200TM traps and a further

49 were caught in Oneida Victor�#1.5 Soft CatchTM

traps set for cats. Forty-nine hedgehogs were located

during spotlighting and 113 were found at night by

dogs. A further 12 hedgehogs were caught in either

DOC 150TM traps, DOC 200TM or double set Mk VI

FennTM traps following intensification of the trap

network and the targeting of ungrazed habitat on

Motutapu. The first hedgehog juvenile was trapped in

January 2010 and 12 more were trapped subsequently.

The last hedgehog caught was trapped in a Mk VI

FennTM trap baited with chicken based cat food on 21

January 2011.

Cats

Two cats were found dead following the application of

rodent bait and based on anecdotal reports of the

number of cats present prior to the eradication, at least

50 % of the population is thought to have succumbed

to primary or secondary poisoning. Fourteen cats were

shot by the rabbit team while undertaking spotlight

searches from ATVs for rabbits and the last three cats

were trapped in leg hold and cage traps in a total of

130,800 trap nights (Table 2). The last three cats were

all adults and no evidence of breeding after the rodent

eradication was observed.

None of the cats shot or trapped showed signs of

anticoagulant poisoning and all appeared to be in

excellent condition as indicated by mesentery fat

Table 2 Summary of trapping and search effort and results from the Rangitoto and Motutapu IAS eradication project

Target species R.

rattus

R.

exulans

R.

norvegicus

M.

musculus

O.

cuniculus

M.

erminea

F. catus E.

europaeus

Estimated reduction of the population as

a consequence of the application of

Pestoff 20R rodent bait (%)

100 100 100 99? 98? 100 50a 96-

No. of survivors detected 0 0 0 1 2 0 17 298

No. survivors removed during spotlight

searches

0 0 0 0 0 0 14b 49c

No. survivors removed via searches

with indicator dogs

0 0 0 0 0 0 0 113

No. Survivors removed via trapping 0 0 0 0 2 0 3 136

Total no. of survivors removed 0 0 0 0 2 0 17 298

Search effort (hunter days) 0 0 0 0 1,100 0 1,000 1,100d

Search effort with indicator dogs (dog

days)

25 25 25 25 200 20 14 1,050

Trap nights 675,000 675,000 675,000 675,000 100 675,000 130,800 1,420,800e

Tracking tunnel nights 79,000 79,000 79,000 79,000 0 79,000 0 79,000

No. of tracking tunnels detections 0 0 1 0 0 0 0 4

a Based on an anecdotal estimate of the cat population made prior to the eradication
b Fourteen cats were shot opportunistically during spotlight searches for rabbits
c Hedgehogs found during spotlight searches were either shot or euthanized by cervical dislocation
d Includes the person hours spent spotlight searching for rabbits because hedgehogs were also targeted during searches
e Includes the trap nights achieved for stoats and cats because these traps also targeted hedgehogs
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scores (�x ¼ 3; n = 17). Observations of cat stomach

contents and scavenged non-target species carcasses

such as pukeko (Porphyrio melanotus melanotus) and

paradise shelduck (Tadorna variegata), suggested that

cats were consuming muscle tissue only (Griffiths

2011). Brodifacoum concentrates in the muscle tissue

at lower concentrations than in the internal organs

(Eason et al. 1996) so cats may have been at lower risk

to secondary poisoning through this pathway (Dow-

ding et al. 1999). No cats were trapped or detected on

Rangitoto despite records of their presence on the

island. Trapping, searches with indicator dogs and the

use of passive detection tools failed to reveal any sign

of cats after September 2009.

Cost efficiency

The final total operating cost of the Rangitoto/Motu-

tapu eradication was NZ$3.2 M or NZ$4.5 M if

overheads are included. This was approximately 6 %

less than the NZ$3.4 M forecast for the project’s

completion (Griffiths and Towns 2008). Approxi-

mately 12 % of total project cost was spent on project

planning and environmental compliance with the

balance spent on implementation. Forty-six percent

of implementation costs were spent on removing

rodents with the remainder covering the costs of

detecting, controlling and confirming eradication suc-

cess for the other four target species. Based on data

from other projects that targeted rodents, cats and

rabbits (unpubl. data), if a unique operation had been

conducted independently for rodents, cats, stoats,

hedgehogs and rabbits, and if rodents had been targeted

last, we estimate the total cost for removing the eight

IAS present on Rangitoto and Motutapu to have been

approximately NZ$9.7 M. Consequently, by targeting

eight IAS in the same operation NZ$5.2 M was saved

or 54 % of the estimated total project cost.

Discussion

The Rangitoto and Motutapu IAS eradication was

declared successful in August 2011. With its comple-

tion, the Rangitoto and Motutapu project set a new

benchmark with respect to island size for the removal

of mice, ship rats, Pacific rats, hedgehogs, rabbits and

stoats although for mice, ship rats and rabbits this has

recently been superseded by the Macquarie Island

(12,700 ha) project (Springer 2012). Confidence in the

project’s success was built up over a period of time

during which search effort failed to reveal any sign of

the target species. The decision to terminate search

effort for each of the target species was based on a

combination of factors that included the project team’s

knowledge and experience of the target species, the

species’ behavior and detectability, the extent and

intensity of the search effort expended and the period

of time over which sign was not detected. A proba-

bility detection model as used by Ramsey et al. (2011)

would have provided a more robust framework for

making these decisions and could have reduced

project costs further. However, the utility of this

approach was not appreciated at the time the Rangitoto

and Motutapu project was planned.

The possible survival of a mouse past the point at

which all rodents should have been eliminated is cause

for concern and highlights the importance of learning

why individuals of some species are less susceptible to

eradication techniques such as the aerial application of

rodent bait. Other projects have failed to remove mice

for unknown reasons and the challenge of removing an

IAS with such high fecundity and small home range

size has been noted (Mackay 2011). In our case, an

eradication operation, that applied rodent bait at a

comparatively high density (cumulatively nearly two

baits per m2) and the addition of a third application

that extended bait availability out to 7 weeks, suc-

cessfully reduced the island’s mouse population to a

point where despite the survival of at least one

individual, it could not recover. A better understand-

ing of the factors influencing survivorship could

reduce the need for future eradication projects to be

as over engineered as the Rangitoto and Motutapu

project was.

Just two rabbits (both juveniles) were caught

subsequent to the rodent eradication and it is estimated

that upwards of 95 % of all rabbits and 100 % of the

adult population succumbed to poisoning as a conse-

quence of eating rodent bait. The survival of individ-

uals was anticipated and the results observed on

Rangitoto and Motutapu mirror those of other erad-

ication projects (e.g. Torr 2002). Juvenile rabbits are

known to behave differently to adults (Simonetti and

Fuentes 1982) and we believe it was these behavioral

differences that allowed the two surviving rabbits on

Motutapu to evade detection by spotlighting and other
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methods for such a long period of time. Paradoxically,

we suggest that it was other, perhaps also age related,

changes in behavior that eventually resulted in the two

surviving individuals being detected and caught.

The complete elimination of stoats as a conse-

quence of rodent eradication has now been achieved

three times (Griffiths 2011) and highlights the

potential of targeting IAS indirectly through their

prey. For future projects that aim to eradicate stoats in

the presence of invasive rodents, we recommend that

stoats are targeted along with rodents through the

application of rodent bait containing a second gener-

ation anticoagulant. However, although the viability

of this approach has been demonstrated multiple

times, the survival of hedgehogs and cats after bait

application highlights that complete elimination of an

IAS via indirect methods is not guaranteed and follow

up detection and removal work should always be

factored into project planning.

Of the IAS targeted on Rangitoto and Motutapu,

hedgehogs were the least well understood as few

eradications of this species have been attempted.

Consequently, an adaptive approach, encompassing

actions such as intensifying trapping grids, changing

trap sets and varying lures, was a crucial element in

ensuring eradication success. The use of indicator

dogs on Motutapu was particularly effective, with

more than a third of all hedgehogs being removed by

this technique. The strong scent of hedgehogs (Thom-

sen et al. 2000) allowed them to be readily located by

dogs when active at night. However, the use of dogs

during the day was abandoned early on during the

project because of the difficulties associated with

detecting and accessing hedgehogs in underground

burrows or thick cover.

Several cats were found dead, presumed poisoned,

after the application of rodent bait, and upwards of

50 % of the cat population is estimated to have died as

a consequence of the application of rodent bait but, a

number of individuals survived and had to be shot or

trapped. The presence of surviving cats on Rangitoto

and Motutapu is consistent with most projects that

have targeted rodents and cats and reinforces the view

that elimination of this species solely through direct or

indirect poisoning is not guaranteed (Parkes et al.

2014). Surviving cats on Rangitoto and Motutapu

appeared to be in good health and did not appear to be

affected by anticoagulant poisoning. Griffiths (2011)

attributed the health of surviving cats to their feeding

on muscle tissue of poisoned birds which contained

lower residues of brodifacoum than other body parts.

Although more complex than many IAS eradication

projects, the Rangitoto and Motutapu project was

completed in a shorter time frame and at less cost than

anticipated, highlighting the effectiveness of targeting

multiple IAS in the same operation. Like other multi-

species eradication projects (Griffiths 2011) the

Rangitoto and Motutapu project achieved success in

a shorter period of time and at less cost, in this case

potentially upwards of 50 % of total project cost, than

if an independent operation had been undertaken for

each of the IAS present and rodents had been targeted

last. The two factors we consider contributed most

significantly to this outcome were the logistical

efficiencies gained by combining multiple eradication

operations into one and using eradication and detec-

tion techniques that targeted multiple IAS simulta-

neously. Logistical efficiencies reduced both time and

cost because transport, equipment, personnel and

infrastructure were able to be shared within the

project. Conducting a single operation on Rangitoto

and Motutapu rather than a discrete operation for each

of the five groups of IAS also minimized the impact

and subsequent cost on external stakeholders such as

tourism, farming and education camp operators (Grif-

fiths et al. 2012).

The technique that had the greatest impact on the

suite of IAS present was the application of rodent bait

containing brodifacoum to target rats and mice. This

action alone eradicated four rodent species, eliminated

the islands’ stoat population, reduced rabbit and

hedgehog abundance by more than 96 % and removed

at least 50 % of the island’s estimated cat population. As

seen in other projects (e.g. Torr 2002; Towns and

Broome 2003) rabbits succumbed to primary poisoning

and based on observations, liver residue levels (Tearne

2010) and evidence from other projects (e.g. Speedy

et al. 2007) most hedgehogs may have been similarly

affected. Stoats may also have been affected by primary

poisoning but we consider secondary poisoning to have

been the most likely mechanism for the population level

impact observed. Secondary poisoning also likely

contributed to cat mortality but circumstances as

described above permitted others to survive.

As a consequence of primary and secondary

poisoning, the follow up effort required for rabbits

and cats was reduced and trapping resources estab-

lished for stoats were refocused on hedgehogs earlier
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than planned. Deployment of eradication techniques

shortly after the anticipated peak of mortality ensured

that resources were not expended unnecessarily. As a

consequence, trap nights per hectare and the time

taken to eradicate cats and stoats were less than for

operations where these species were targeted individ-

ually (Griffiths 2011). Further cost efficiencies were

gained because other methods successfully targeted

multiple species. Cats and hedgehogs were both

targeted while spotlight searching for rabbits. Stoats

and hedgehogs, susceptible to the same trap types,

were targeted with the same equipment and hedgehogs

were caught in traps set and baited for cats. One of the

last two surviving rabbits was also caught in a trap set

for cats, a surprising but valuable outcome. Monitor-

ing techniques such as sign searches and sand traps

provided presence/absence information for several

species and having skilled team members able to

recognize the sign of multiple species resulted in more

eyes on the ground and increased cumulative search

effort.

Prioritization between target species and sequenc-

ing of methods created efficiencies and avoided

potential conflicts over shared resources. Although

no breeding eventuated, giving priority to rabbits in

project planning and implementation pre-empted any

possibility of rabbit breeding and rapidly provided the

confidence necessary to scale back efforts and refocus

resources on other species. Similarly, a lack of captures

despite baiting traps specifically for stoats provided the

impetus to change the focus of trapping to hedgehogs.

It is important to note that operational planning for the

Rangitoto and Motutapu project did not assume the

outcomes observed. Resources were in place at the

commencement of the project to manage much higher

levels of survivorship and sufficient flexibility was

built into the operation to ensure that unexpected

scenarios such as the survival of hedgehogs between

trap lines could be dealt with. Initial efforts may have

thus been over-engineered, but they rapidly provided

confidence that the operation was proceeding in line

with expectations and allowed informed decisions to

be made on when to scale efforts up or down.
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