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Abstract New Zealand's Department of Conservation is now highly experienced in the field of invasive alien animal
species eradication on islands, particularly rodent eradication. The approach which has been developed addresses
eradication planning at an operational level and building capacity at an organisational level. At an operational level this
is done by: planning the eradication operation to be as robust and as meticulous as possible to prevent the operation
failing; avoiding failure of an operation which is frequently linked to a casual approach or a‘can’'t be done’ attitude;
recognising pre-conditionsfor eradication. Theseare: (i) al target animalscan be put at risk by the eradi cation technique(s),
(i) target animals must bekilled at arate exceeding their rate of increase at all densities, (iii) immigration must be zero.
Building of capacity hasbeen achieved by: (1) strategic approach — planning island eradication programmesto maxim-
iselearning opportunities and minimisetherisk of failure, (2) skillsdevelopment - identifying training opportunities by
participating in eradication operations elsewhere, (3) team approach - maintaining a committed project team and the
support of higher level management, (4) peer review - an eradication advisory group provides advice on major pest
eradication operations, (5) review and debrief —effectively transferring the lessons|earnt with each operation to future
projects. The approach outlined has application wherever eradication of invasive alien animal species on islandsis

planned.

DEVELOPMENT OF TECHNIQUES

NZ Department of Conservation and
island eradications

Views have changed radically over recent yearson thefea-
sibility of eradicating invasive alien animal species from
islands, asillustrated by historical rodent eradications. As
recently as 1976, Yaldwyn (1978) concluded aconference
on the ecology and control of rodentsin New Zealand by
stating that the possibility of complete extermination of
rodent populations from New Zealand's offshore islands
was"“remote, or at least avery, very difficult thingindeed”.
By the early 1980s it was still widely held that no real
breakthrough was in sight (Atkinson 1986).

New ‘second generation’ anticoagulant poisons became
available in the 1980s. These poisons allow rats to con-
sume a lethal dose well before they begin to experience
poisoning symptoms (Taylor and Thomas 1989). This po-
tency and late onset of toxic effects eliminated many of
the causes of rats surviving poisoning using other pesti-
cides. During the 1980s, using these poisons and a new
eradication ‘mindset’, anumber of rodent eradication op-
erations were successful. Examples include the removal
of Norway rats (Rattus norvegicus) from 9 ha Hawea ls-
land in 1986 (Taylor and Thomas 1989) and from 170 ha
Breaksea Island in 1988 (Taylor and Thomas 1993), plus
theremoval of Pecific rats/kiore (Rattus exulans) from 18
haKorapuki Island in 1986 (M cFadden and Towns 1991).
Most early projectsin New Zealand involved the removal

of rodents from islands less than 200 hain size by hand-
laying poison baits.

By 1990 the practicality of eradicating rodentsfrom small
islands had been demonstrated and the possibility of re-
moving rodents from islands greater than 200 ha in size
began to be explored. VVarious eradi cation techniqueswere
tested, such as a ‘rolling front’ of bait stations on Ulva
Island (259 ha (Atkinson and Taylor 1992)) in 1992 (Tho-
mas and Taylor 2002), and the aerial application of poi-
son baitson Tiritiri Matangi 19land, 220 ha, in 1993 (Veitch
2002b) and on Lady Aliceldland, 120 ha, in 1994 (Ogilvie
et al. 1997). By the late 1990s rodent eradications had
been completed ontwo idandsover 1300 hain size—Kapiti
Island off the south-west coast of the North Island and
WhenuaHou/Codfish Island off the west coast of Stewart
Island. The Department of Conservation progressively set
aside funding for eradication projects on larger islands
providing theimpetusfor aco-ordinated approach. A peer
review team was established to provide advice on the al-
location of funds and trials of eradication techniques.

The eradication of rats from Kapiti Island (1965 ha) was
confirmed as successful in 1998 (Empson and Miskelly
1999) and WhenuaHou/Codfish 1dland (1396 ha (Atkinson
and Taylor 1992)) was declared rat freein December 2000
(McClelland 2002). These operations represented new
milestones in terms of island rodent eradication achieve-
ments. They were on islands eight times larger than any
that rodents had previously been removed from in New
Zealand and two species of rodents were eradicated on
Kapiti 1sland. Until then, only single species eradications
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had been attempted in New Zealand. Both operationsin-
volved resolving non-target species issues. Each had to
both achieve the eradication objective and to be another
stagein aplanned series of trialsleading to the capacity to
undertake even larger operations, such as the planned re-
moval of rodentsfrom Campbell Isand (11,216 ha) inthe
remote Subantarctic (Atkinson and Taylor 1992).

CURRENT APPROACH

An Idland Eradication Advisory Group has evolved from
the peer review team and continues to focus on research,
skills development, review and audit. The Advisory
Group’s efforts are currently directed at eradications on
Tuhua/Mayor Idand (1277 ha(Atkinson and Taylor 1992)),
Raoul and Macauley (2938 and 306 ha (Atkinson and
Taylor 1992)), Hauturu/Little Barrier Island (3083 ha
(Atkinson and Taylor 1992)), and Campbell Island (11,216
ha). In early 2000 these were all in the early planning or
implementation stage. All are more complex than the K apiti
and Whenua Hou/Codfish Island operations, and involve
large islands, some with several species of invasive alien
animals, and some in remote locations. That they are be-
ing attempted reflects confidencein the ability to plan and
carry out successful operations.

One challenge facing the Department of Conservation, as
eradication operations become more complex, is to en-
surethat effective communication and knowledge transfer
take place within the organisation. It is vital that the les-
sons learned from each operation are recognised and dis-
seminated.

The approach adopted addresses eradication planning at
an operational level and capacity building at an organisa-
tional level.

KEY CONSIDERATIONS FOR
PLANNING AN ERADICATION
OPERATION

A number of issues must be dealt with in planning an
eradication operation. Failure to consider any one of
these can result in an unsatisfactory outcome.

The difference between eradication and
control

Control operations manage the impacts of invasive alien
animal speciesby sustained harvesting of theinvasive spe-
ciespopulations (i.e. reduced numbers of animalsleadsto
reduced impacts). They are not concerned with removing
the*last animal’.

Eradication permanently removestheimpacts of invasive
alien animal species by eliminating the entire population.
Pre-conditions for considering eradication are (Parkes
1993):
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i. All animals can be put at risk by the eradication
technique(s);

ii. Animalsmust bekilled at arate exceeding their rate
of increase at al densities; and

iii. Immigration must be zero.

In planning an eradication the likely response of individual
animalsisimportant. Failureto recognise and account for
individual variation in vulnerability could lead to survi-
vors.

The following examples illustrate the importance of the
behaviour and response of individual animalsin an eradi-
cation operation:

i. Bitrex isadded as a safety precaution to make some
commercial rat bait less attractive to young children,
by making it taste bitter. In laboratory efficacy tests
involving bitrex in ICl rodenticidal formulationswith
albino rats and mice (20 animal groups, 3 day choice
tests) some rats did not eat sufficient bait with bitrex
inittobekilled (i.e. 3 out of 60 rats were not killed)
(Kaukeinen and Buckle 1992). These tests are re-
quired as part of USA registration studies (EPA
protocols). The ICI rodenticidal formulations all
passed the minimum EPA test criteriaof at |east 90%
kill, and led to the EPA's statement in their letter to
ICl of 29 March 1990, that “ The efficacy tests sub-
mitted for (bitrex-containing brodifacoum products)
are acceptable” (Kaukeinen and Buckle 1992). The
test result isacceptablefor acontrol operation. How-
ever, for an eradication operation such information
suggests a risk that should not be taken - it is not
acceptableto have a percentage of the population not
eating sufficient bait to be killed. On uninhabited is-
lands closed to the public there is no benefit in in-
cluding bitrex. Differences in consumption of bait
containing bitrex and bait that did not containit were
observed in a 1996 trail on wild caught Pacific rats/
kioreon Hauturu/Little Barrier Idand (Veitch 2002a).

ii. Over afour-year period 17 person-years of effort us-
ing traps, poi son and hunting removed more than 3000
weka (Gallirallusaustralis) from WhenuaHou/Cod-
fishldland. After all known wekahad been accounted
for (i.e. no sign could be found) 3 wekawerelocated
and caught using taped calls. These were all mature
individualswho had been fully exposed to all previ-
ously used methods. Taped callswereusedin an early
phase of the weka eradication, but had not been used
for over two years prior to their use in the last phase
of the operation (Andy Cox pers. abs.).

iii. Inthe Kapiti Island eradication of brushtail possums
(Trichosurus vulpecula) atotal reliance on trapping
as the eradication technique would have resulted in
the operation failing. After a trapping effort of ap-
proximately 1,388,330 trap nights, dogs were used
and the last 32 possums were found. Many of these
animals showed signs of previous encounters with
traps and may have been trap shy (Cowan 1992).
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Eradication operations may use the same techniques as
control operations, but the goal and therefore the essential
mindset for everyone involved is different. If there is not
the determination to remove every target animal and to
plan, manage and implement an operation to achieve this
goal, then thereisarisk that the operation will be compro-
mised. In addition the reasons for failure will be poorly
understood. An eradication operation requires 100% fo-
cus and effort from all members of the project team.

Robust and meticulous planning

Planning for an eradication operation will involveresearch,
contingency measures, incorporation of best availabletech-
nigues and the flexibility to cope with unexpected diffi-
culties. Biological, technical and logistical considerations
such as seasonal variation in vulnerability of target and
non-target species, type of bait and toxin used, and correct
storage and presentation of bait are all taken into account.

Evidence (e.g. bait palatability, popul ation dynamics and,
non-target risks) supporting the assumption that a selected
option will work must be critically reviewed. Techniques
or operational practicesthat could exposethe operationto
an increased risk of failure need to be identified and
avoided.

Datafrom previous control or trialson target popul ation(s)
must be considered. For example, if a proportion of the
target population devel ops bait-shyness, toxin resistance
or trap aversion dueto pre-eradication activities, the eradi-
cation islikely to fail if similar techniques are deployed.
Techniques used need to take into account past history.
Toxictrials, if required, are usually carried out elsewhere
to ensure that the eradication is not compromised.

On islands where new or complex scenarios are present,
planning must ensure each targeted animal speciesiselimi-
nated. Planning should be started early to identify issues
to be solved. Trialsare often essential to provideinforma-
tion or test modifications to existing methods. When de-
vel oping new methodol ogy test onething at atime. Exam-
plesinclude:

i. TheTuhualsand eradication which is being used to
trial methodology for planned concurrent rat and cat
eradication on the larger and logistically more diffi-
cult Raoul Island. The trial includes clarifying the
feasibility of eradicating cats by secondary poison-
ing and, if possible, determining what contingency
technique would be appropriate for follow-up.

ii. Campbell Island’s weather and large size make it
impossibleto use proven aerial bait application meth-
odology without modifications. Non-toxic bait trials
have been undertaken at Campbell 1sland to test the
durability of different bait formulations and their ac-
ceptability torats. Research has a so been undertaken
to define the most appropriate method for storage of
bait in Subantarctic conditions, to ensureitsoptimum
condition at the time of distribution by helicopter.

Timing of an operation isoften critical. For example, poi-
son baitswill be delivered to any surviving cats on Raoul
Island after their main prey, rodents, have been eliminated,
but before they have substantial aternative prey available
(i.e. nesting seabirds).

Identifying risks, and taking actionsto eliminate or mini-
mise them, is mandatory. If we are to learn from failed
operations we have to identify possible causes of failure
and act accordingly. For example:

i. Inarodent eradication operation, put poison bait on
rock stacksaround anisland evenif it seemsunlikely
that there are any rats on them.

ii. Test the toxicity of the bait before the operation to
ensureit meetsthe minimum standardsrequired for a
successful outcome.

iii. Collect random bait samplesduring the operation for
more detailed analysisin the event of afailure.

iv. Prior to the eradication operation take DNA samples
fromrats. If rats subsequently turnupitispossibleto
determine whether it was the eradication or quaran-
tine precautionsthat failed, by comparing DNA sam-
ples with the pre-eradication samples.

v. Write operational standards and adhere to them. For
examplewith ahelicopter operationit isbetter towait
for suitable weather than fly in high winds and not
achieve the necessary bait coverage.

vi. Assume that if something can go wrong it will and
plan for it.

Successful eradication requiresthat all target animals are
killed. To allow for variationsin individual vulnerability
due to age, behaviour, food supply, range size, etc., tech-
nigues must be ‘ over-engineered’ . Therefore:

i. Lay more bait than you think you need.

ii. Despite agood shelf life use only fresh bait.

iii. Every trap must be perfectly set and sited. Each trap
may betheoneto catch thelast target animal, or con-
versely the trap that loses and educates one of the
remaining animals — so every trap counts.

iv. Re-sow even the smallest gap in bait coverage indi-
cated on the navigational guidance printout, even
though baits may actually be there due to the spread
pattern using overlapping swathswhich are conserva-
tively set smaller than the sowing bucket actualy
delivers.

v. Taketwo helicopter buckets (one might break down).

vi. Use multiple eradication techniques for cat eradica-
tion (i.e. poison and traps).

. With cat eradication do not assumethat no sign means
no cats. Assess the probability of finding cats given
thetotal level of effort that hasgoneinto the eradica-
tion. A widerangeof techniques(e.g. telemetry, trap-
ping, searchesusing dogsetc.) and alot of effort needs
to gointo eradicating cats. Thisisalso important with
other target species.

Vi

Thisattitude of ‘ over-engineering’ should be adopted, not
only by the project team but al so by management. Manag-
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ers often operate in an environment geared to cost effi-
ciency. Thefocusfor eradication must alwaysbeto elimi-
nate failure. An eradication operation is more cost effec-
tiveand morelikely to succeed if it iscarried out properly
at the first attempt.

Overarching all the above isthe need to rigorously moni-
tor progress so that problems can be recognised and ad-
dressed.

Frequent causes of failure

Determination to succeed is essential in an eradication
campaign. Wherethoseinvolved take a’ casual approach’,
assumptions are not stated, questioned or tested. Scien-
tific findings are often taken at face value without consid-
ering their validity in a new site or the relevance of that
experimental design to other situations. For example, it
cannot be assumed that bait stationswork wheremorethan
one species of rodent is present. On Kapiti Island non-
toxic bait trials revealed that Pacific rats/kiore would not
use bait stations that Norway rats had used (Raewyn
Empson pers. obs.).

A ‘can do’ attitude is essential, particularly in detecting
and killing target animals at low densities. A project team
hasto be motivated and dedicated to achieveitsgoal. This
requires considerabl e effort when few animalsremain. For
example, in the Kapiti 1sland possum eradication the last
32 possums were all located using dogs. This took 4502
man-dog hours (Cowan 1992).

Project teams must understand and agree with an eradica-
tion plan, know the importance of their role and how inte-
gral the effort of each and every one of them isto achiev-
ing a successful outcome. They also need to be aware of
how they could compromisethe operation by sloppy work.
For example, poor servicing of bait stations could result
in animals failing to get exposed to palatable bait and/or
becoming bait-shy.

Eradication techniques (traps or toxic bait) must operate
at optimal capacity to ensure a successful outcome. To
achieve this the whole team must be motivated for the
duration. Examplesinclude:

i. Inthelatter stagesof the Kapiti Island possum eradi-
cation dogs used to | ocate possumswere periodically
taken to the mainland to hunt where possums were
common (Cowan 1992). Thisimproved dog morale
and handler confidence in the dog’s ability to detect
possums at extremely low densities.

ii. Difficult terrain combined with low to non-existent
pest talliesin thelatter stages of the Rangitoto Island
possum and wallaby eradication proved a constant
challenge to maintaining staff morale and motivation.
Thiswas met by:

-using people with a positive attitude;
-stimul ating staff with other tasks(i.e. tripsto other
locations where they caught pest animals);
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-praise and acknowledgement throughout the | at-
ter stages of the eradication operation (Simon
Mowbray pers. comm.).

iii. Inthe WhenuaHou/Codfish 1sland possum and weka
eradication, motivation and morale was maintained
by allowing the team to focus on the task of eradica-
tion. The team leader handled all other issues (e.g.
resourcing, administration, and requests to do other
work). Another essential element was involving all
team membersin the testing and devel opment of bet-
ter practice. Thisresulted inteam ‘ownership’ of the
techniques (Andy Cox pers. obs.).

A “can’'t do” attitude from other experts not involved in
the operation can impinge on its success. Those planning
an operation need to be explicit about the assumptionsthey
are making and demonstrate that the planning has taken
into account any pointsof concern raised by these experts.
For exampl e, theresults of astudy of possumson the West
Coast of the South Island were used to justify the belief
that the eradication of possums from Whenua Hou/Cod-
fish Idland wasimpossi ble and arecommendation was put
forward to change the objective to control. The eradica-
tion project team believed that differences in habitat, cli-
mate and behaviour asaresult of prolonged hunting pres-
sure meant that the findings on the West Coast could not
be used to predict the outcome. They were proved cor-
rect.

A “can’t do” attitude by higher level management could
have serious implications for resourcing, particularly in
an extended programme. Operations need to bewell justi-
fied and researched, robustly planned and documented,
and effectively communicated with senior managers. Re-
search, which measures the impacts and benefits of an
operation, will help gain support for future operationsand
should be an integral component of all operations.

Building capacity at the organisational
level

The New Zea and Department of Conservation hasacom-
mitment to learn from all eradication attempts, to reduce
the risk of failed operations, and to build the capacity to
attempt more complex projects. The approach adopted
when planning invasive alien animal species eradication
programmes on islands has several key components.

1. Strategic approach

By consideringidland eradication programmes collectively,
rather than operation by operation, learning opportunities
are maximised improving techniques for future eradica-
tion operations, and providing evidence of the benefits of
eradi cation programmes.

2. Skills development

New project teams gain experience by participating in
eradication operations el sewhere. Thisexposesteam mem-
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bersto thereality of eradication operations and the issues
and debate associated with them. This expandstheir hori-
zons, builds up their network of contacts, and fosters the
motivation needed to achieve a successful outcome. For
example, the Raoul 1sland eradication project manager has
been involved with planning aspects of the Tuhuacat and
rat eradication, to maximisethe potential for refining tech-
nigues that could be applied on Raoul.

3. Ateam approach

Magjor eradication operations require acommitted project
team. When appointing members, team dynamics must be
taken into account. Project managers must be responsible
for co-ordinating the respective contributions of team
members to ensure programme goals are met within the
agreed timeframe. It is important to have a well-briefed
understudy for aproject manager asinsurance. Tasks need
to be assigned explicitly to team members throughout the
planning and operational phase. Team dynamics need to
be considered, ensuring motivation and support are high
and the skills required are transposed into clearly defined
roles.

Project teams require the support of higher level manage-
ment to effectively carry out their role. Pressures of other
work often compromise time and quality of time spent on
eradication projects. Time needs to be allocated and tai-
lored to the requirements of an operation. For example a
project manager may spend 25% of their timeon the project
in the initial planning phase, increasing up to 100% as
approval to carry out the operation is being obtained, re-
ducing back to 25% as contracts arelet, and increasing up
to 100% just prior to operation and throughout it.

Project teams must not operate in isolation. Each opera-
tion has local issues to address, but to ensure *best prac-
tice’ and skills development it is vital to involve people
with relevant expertise and future project team members.
Thishasthe added bonus of sharing techniquesand know!-
edge across awider base.

4. Peer review

Peer review focuses on planning and readiness before an
operation takesplace. Thisisvery important in operations
that involve a‘single hit’ technique. Everything hasto be
decided and all resources have to be assembled before a
singleanimal iskilled (i.e. in an aerial rodent eradication).

Peer review of major island eradication programmes now
involves meetings between the Island Eradication Advi-
sory Group, project managers, and other experts as re-
quired. Issues pertaining to current or upcoming island
eradication projects are debated during these meetings.
This has proved particularly beneficial to project manag-
ers, asit highlights points relevant to their project which
may not have been raised.

The Island Eradication Advisory Group’s brief isto pro-
vide expert adviceto project teams and support managers

in their decision to proceed with an operation. The group
has been instrumental in getting organisational features
(forward planning, skills, and review) operating acrossthe
Department. Focusis on:

i. Ensuring that lessons from past operations are trans-
ferred and that quality planning occurs,

ii. Looking ahead to the needs of future operations;

iii. Minimising political risks, which could affect the suc-
cess of an operation or future operations;

iv. Ensuring island quarantine and monitoring is ad-
equately planned for at the outset, to prevent re-inva-
sion;

v. Continuing to act in an advisory capacity during eradi-
cation operations or when an alien animal species
invasion is detected.

5. Review and debrief

Review needsto occur throughout all phases of an opera-
tion. Errors can be made during an operation and it can
till be successful through sheer luck. Review assumeswe
cannot belucky every time, and that mistakes should only
occur once.

Debrief, at the end of an operation, assesses all aspects of
the operation to determine possible improvements, make
planning for future operations as robust as possible, and
document successes. Debriefs effectively transfer theles-
sons learned with each operation to future projects, and
involve current project team members and operators, as
well asany contract staff, the | sland Eradication Advisory
Group, and project team members of upcoming eradica-
tion programmes. An example of this transfer of lessons
learned relates to afailed eradication attempt. The docu-
mentation seen by the advisory group, before the opera-
tion, suggested planning for the project was adequate, but
the eradication failed. Although some members of the
project team had reservations about the project prior to
the operation, these were not expressed until the opera-
tional debrief. Thishasled to an extrastep in the planning
process — members of the advisory group now visit the
project team in thefinal stages of planning to check ‘ state
of readiness and does not rely solely on reports to the

group.
THE FUTURE

Prevention

The next major challenge is improving the planning and
implementation of island quarantine and contingency. Is-
land quarantine consists of the precautions taken to mini-
mise therisk of an alien animal speciesinvasion. Contin-
gency isthe response to a new alien animal speciesinva
sion.

Island quarantine is particularly important as the number

of successful eradication operationsincreases and we move
into a situation where we are likely to be dealing with
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newly-established invasive alien animal species
populations. Prevention isbetter than cure becauseit avoids
the impacts of new invasive alien animal species estab-
lishing in vulnerable ecosystems.

Information dissemination

If we are to keep the eradication tools (i.e. toxins) cur-
rently available to us then we must use them wisely, and
improve public understanding of therisks associated with
using them and the benefits of successful eradication op-
erations. To ensure that we all learn from island eradica-
tion attemptsand toimprove public understanding we need
to make the results of eradication operations available
through presentation and publication.

Wider issues

Although we have some understanding of the immediate
benefits to threatened species of eradicating invasive al-
ien animal species, we do not have a good understanding
of the long-term effects of eradication, particularly the
perturbations caused in an ecosystem by the removal of
thealien species. Further work isrequired on defining long-
term restoration goals for islands and island groups, so
that invasive alien animal specieseradication occurswithin
acontext of restoration.

Refinement of techniques

Therearefurther opportunitiesto improve eradication tech-
nigques and our understanding of how they operate. There
isarequirement for more sensitive techniques for detect-
ing and managing invasive alien animal species at low
numbers, and for techniques which address i ssues associ-
ated with problematic animals such asthose that have de-
veloped toxin resistance or becometrap shy. Also, for more
information and options for poison baits taking into ac-
count: bait life, palatability and attractiveness for awide
range of species.

The global challenge

The Department of Conservation approach has proved to
work effectively in New Zealand where there are few na-
tive mammals and where invasive alien mammals are of
special concern. We believe the aopproach has applica-
tion elsewhere because invasive alien animals are a prob-
lem on many islands around the world. Many of the gains
made in New Zealand have come about through forward
planning, with each eradication supporting and leading on
to the next. At the global level the challenge isto ensure
that we all learn from all island eradication attempts. To
do thiswill involve making the results of eradication op-
erations available and developing effective international
co-operation.
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