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An interim report for the Waikato Regional Council
on trials comparing lures and luring practices for
Goodnature Ltd. A24s for rats. Maungakawa/Te
Tapui A Block: Jan-15 to Jun-16. AR

June 2016

Department of Conservation
Science & Policy Group
Private Bag 3072

Hamilton 3240

AoA) AN

Background \\V

This very 'brief”ipt"“eri‘m report will-c_\direr three observational field trials we did to

compare\»&{fferé@d’urinchhn%ues for targeting rats using Goodnature Ltd. A24
) -

self-resetti

%’st (Fig..1).

rials were done in the Maungakawa/Te Tapui A

Blockd Janua and June 2016. The purpose of the trials was to gain
Zﬁvﬁ}l;} erstanding of how(different luring frequencies, methods or lure types

woild affect t ’_-’Eét rate of rats in A24 traps. These trials were partially funded
by the Waj\k: Regional Council and formed a component of the final phase of a
national research programme being run by the Department of Conservation to

test t/lg f i,g?acy of self-resetting traps for

2012’;\3/>liés>et al. 2013; Gillies et al. 2014).

O

ground based pest control (Gillies et al.



Methods

150 Goodnature Ltd. A24 self-resetting traps were deployed on six trap lines
configured in an approximately 50m x 100m trapping grid, covering roughly 58ha
cither side of the Te Tapui track on the Eastern side of the Maungakawa block
(Fig. 2). Each trap was monitored using Ltl Acorn 5210A motion activated trail
cameras set to record 60 second videos, with no forced delay between [camera]
triggering events; video footage was recorded onto 16 Gb SD cards. - -

The A24 traps and cameras were inspected once a week; any dead animals found
under the traps (‘field kills’) were noted and the SD cards swapped-out. Video
footage on the SD cards was viewed back in the office at a later timeand all rat
[trap] trigger events observed were recorded. In those instances where there was'
‘field kill’ and ‘observed trigger’ data for the same trap during a check; the higher. )
of the two values was used. << E . o

77N )
Fig 1. A Goodnature Ltd. A24 self-resetting trap set for rats at Maungakawa/Te
Tapui A Block. Note the chocolate ‘pre-feeds lure stheared on the tree beneath the

trap.

((



Fig. 2. Map showing trap locations (blue dots) in the Maungakawa/Te Tapui A
Block
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Trial 1. Jan-15 tp\‘}]‘igln-15
In this trial w{‘ref'compéred the rat catch rate of:
CRA N/ WS e :
o /5 > X A24traps lured with’'Goodnature Ltd ‘static long-life peanut butter
(j&i}eké ig. 3) thatwere‘manually refreshed once a week (PB 1 week)
i\\i{g/é?l'lst 50% Q‘&z aps lured with Goodnature Ltd long-life peanut butter
@/\ ‘static’ lures th% ere manually refreshed every three weeks (PB 3 weeks).
\é ' This<l\ ir g)g):hnique was used to successfully control rat populations in
two t&y ites in earlier operational scale field trials (see Gillies et al.
L
zé \a*&t 50 x A24 traps lured with Goodnature Ltd handmade early
\g?ototype Automatic Lure Pumps (PB Prototype ALP) designed to
1spense an even amount of long-life peanut butter lure over a 6 month

.=/ period without needing to be refreshed manually.

The different lures were installed in an alternating sequence in Az4 traps along
each trap line (i.e. PB 1 week - PB 3 weeks - PB Prototype ALP- PB 1 week - PB 3
weeks - PB Prototype ALP...and so on). To manually refresh the ‘static’ lures; the
bottle was removed from the trap and any superficial mould was scraped from the
lure bottle mouth. The bottle was then squeezed until an amount of fresh lure
oozed out which was then smeared on the tree immediately beneath the entrance
to the trap as ‘pre-feed lure’. At the start of the trial ‘pre-feed lure’ was also applied
under the PB 1 week and PB 3 week lured traps but not the PB Prototype ALP



lured traps. At the completion of the trial all the PB Prototype ALP bottles were
returned to Goodnature Ltd. to be weighed and inspected to determine the
amount of lure dispensed.

Fig. 3. A Goodnature Ltd. A24 with the bait cap removed showing the long-life
peanut butter ‘Static’ lure bottle.
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Tgial 2. Oct-15 toﬁFeb-lG

In this trial we %ompar_edf‘the rat catch rate of:

o 75x A24 I't-r\égs lured with Goodnature Ltd ‘static’ long-life peanut butter
lures that were manually refreshed every four weeks (PB 4 weeks)
* against75x A24 traps lured with Goodnature Ltd ‘static’ long-life

chocolate lures that were manually refreshed every four weeks (Choc 4
- weeks)

The different lures were installed alternately in A24 traps along each trap line (ie.

PB4 weeks - Choc 4 weeks - PB 4 weeks - Choc 4 weeks....and so on). To manually

refresh the lures; the bottle was removed from the trap and any superficial mould
was scraped from the lure bottle mouth. The bottle was then squeezed until an
amount of fresh lure oozed out which was then smeared on the tree immediately
beneath the entrance to the trap as ‘pre-feed lure’. At the start of the trial either

chocolateé or peanut butter (as appropriate) ‘pre-feed lure’ was applied under all
traps.



Trial 3. Feb-16 - Jun-16

In this trial we compared the rat catch rate of:

® 75x A24 traps lured with Goodnature Ltd ‘static’ long-life chocolate Jures
that were manually refreshed every four weeks (Choc 4 weeks) .,

® 75x A24 traps lured with Goodnature Ltd pre-commercial release versions (
of their Automatic Lure Pump (ALP) designed to dispense an even amount \
of long-life chocolate lure over a 6 month period without m'éedfn;g to be \\ ~
refreshed manually (Fig. 4). ; ' \ €

The different lures were installed alternately in A24 traps along each trap ]{neu (ie.
Choc 4 weeks - ALP - Choc 4 weeks - ALP....and so on). To manually refresh the
‘static’ lures; the bottle was removed from the trap and any _§Uperfici£\zf ‘m'éju‘jld'Was
scraped from the lure bottle mouth. The bottle was then squeezed until an'amount
of fresh lure oozed out which was then smeared on the tree immediately beneath
the entrance to the trap as ‘pre-feed lure’, ‘Pre-feed lure’ was applied under all the
traps at the start of the trial. Once the fiel& trial ’compone_né‘-\_c\;f-'the trials was
completed all the ALP units were r,etu_@_'n\t_ed-%q Goodnatﬁfg éLt"c;;l.?to be weighed and
inspected to determine the amount of lure dispensed A\

~ !
SN <
Fig. 4. A Goodnature Ltd. A24 with the bait/ ap.removed showing the pre-

commercial release version of the Automatic Lure Pump (ALP).
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Results & Discussion

Trial 1.

319 rat trigger events were recorded on ‘PB 1 week’ lured A24 traps, 256 on ‘PB 3
weel’ lured traps and 118 ‘PB Prototype ALP’ lured traps. However, post-trial
analysis of the ‘PB Prototype ALPs’ by Goodnature Ltd. revealed that 24 of these
did not dispense any long-life peanut butter because the switch magnets inside
the lure bottles had detached. As a result of this we decided to remove those 24
traps from any further analyses. Nonetheless, there was a significant difference in | (
. A

the rat capture rate between the three lure types (Kruskal-Wallis statéstic = 17.0892,
df = 2, p < 0.001) with functioning ‘PB Prototype ALP’ lured traps still catching the
least (Fig. 5). The difference in the rat catch rate on the ‘PB Prototype ALP’ lured.
traps and the two ’static’ lure treatments appeared to be greatest during the first
three weeks of the trial (Fig. 6); after which the difference appeared less marked
especially relative to the PB 3 week’ lured traps. « < (( }'-.}
Our observations of the video footage showed that rats investigating or eating the
‘pre-feed’ smeared on the tree immediately beneath the entrance to the trap often
ended up triggering the device. The ‘PB Prototype ALP’lured traps did not have

. s NS . .
any ‘pre-feed’ applied at the start of the trial which was when the number of rats in
the study area and available to be trapped was at its greatest. Furthermore, it may
have taken some time before the peanut butter lﬁr\éizbi\ei‘ng dispensed from the
prototype ALPs dropped onto the ground beneath the traps.

" Fig. 5.Mean (¢ 95% CI) number of rat tl(i_é;geﬂ évents recorded on A24 traps in the

Maungakawa/Te Tapui A Block during Trial 1. Jan-15 to Jun-15.
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Fig. 6. Mean (¢ 95% CI) number of rat trigger events recorded per week on A24
traps in the Maungakawa,/Te Tapui A Block during Trial 1. J an-15 to Jun-1s.
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Trial 2.0 g

| N2
27 ra/t/ﬁ\ig,{\ ents %ﬂﬂed on ‘PB 4 week’ lured A24 traps and 34 on ‘Choc
ted trap A

4 we‘ek%l//u;e k tHe time of writing we had not viewed all of the video
(Ig/o)g-g\koo’llectee/l_—gurm his trial and most of the data is from “field kill’ records.

Tl\‘fixiiﬁeo foota ﬁgi’ Swed throughout all the trials revealed that sometimes up to
by the A24s were scavenged by mustelids or feral cats before

90%of the rats k
the traps'were'inspected. So the results from this trial should be treated with
7 fmﬁl\ we have viewed all the video footage collected. N otwithstanding

cautio
that) %e iiterim results indicate that there may be little difference in the
sttractiveness to rats of the Goodnature Ltd, long-life peanut butter and chocolate

=
Iures,
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Trial 3.

The numbers of rat trigger events on each of the two luring methods were
remarkably similar; 48 on ‘Choc 4 weeks’ lured A24s and 41 on ‘ALP’ lured traps
(Fig. 7). Post-trial analysis of the ‘ALPs’ by Goodnature Ltd. revealed that 8 of the
units failed to dispense the intended amounts of long-life chocolate lure, This was
due to a manufacturing issue that was rectified in the commercial release version
of the ALP. Nonetheless, lure was still released from these 8 ALPs throughout the
trial, albeit at a lower rate, so these traps remained in the dataset for analysis. One
ALP lured trap was not switched on during the first 4 week servicing cycle, so data
for that trap/cycle were not included. Preliminary analysis confirms that there are
no statistical differences between the two luring methods (Paired sar(nple t-test\ 1
statistic = 0.786, df = 74, p = 0.4346); any difference appears td"hé’ve been thp resul 'g
of a ‘spike’ in rat trigger events on ‘Choc 4 weeks’ lured traps in week 13 (Fig. 8)
immediately after the lures on those A24s had been manually refreshed. The -
interim results indicate that the Goodnature Ltd. ALP can catch rats just as
effectively as the ‘static’ lure option. ~ NS \\_/

) RN
Fig.7. Mean (¢ 95% CI) number of rat trigger events rec%‘{léd-on A24 traps in the
Maungakawa/Te Tapui A Block during Trial 1. Feb::ll.so Jun-16.
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Fig. 8. Mean (¢ 95% CI) number of rat trigger events recorded per week on A24
traps in the Maungakawa/Te Tapui A Block during Trial 1. Feb-16 to Jun-16,
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Int,e;rihb\goﬁclus Vz%@ommendations

RINL 4 1indicated that manually refreshing the ‘static’ long-
{ ) lxife peanutbutter lures once a week as opposed to every three weeks did
N <\~>not sig f\f\i_c "ﬂ); improve the rat catch rate in A24s. This trial also ‘
o indi@te\t even though traps containing the early prototype ALPs did
g{q/cgt\cb,as many rats as those containing the ‘static’ lures, the system
/”/;s‘ho\«r?ed promise and warranted further development by Goodnature Ltd.
.</ The interim results from Trial 2 indicate that there are unlikely to be major
( O\ \differences in the catch rates of long-life peanut butter or chocolate lures.
Q) Trial 3 demonstrated that the pre-commercial release versions of the
=" Goodnature Ltd. Automatic Lure Pump (ALP) could catch rats just as
effectively as the ‘static’ luring system. A minor manufacturing issue that
affected some of the pre-release ALPs was rectified by Goodnature prior to
the commercial product being released in May 2016. We recommend that
managers should utilise the ALP system for all rat control operations using
Goodnature Ltd. A24s. This new technology will allow the A24s to function
for 6 months (the predicted minimum field life of the ALPs) without
operators having to manually refresh the lure in the field every 3 -4 weeks.
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Summary report on a trial of two lures to attract stoats to
Goodnature® A24 self-resetting traps. DOC S&P
Investigation 4276 ‘Operational scale trials of self-resetting
traps for ground based pest control for conservation in NZ

Abstract

This report summarises the results from a trial comparing two lures for catchingstoats
(Mustela erminea) in Goodnature® A24 self-resetting traps. We used trail cameras to
video monitor 116 A24 self-resetting traps in operationbetwéen September 2014 and
June 2015 at two study sites in the Waikato, New Zealand. We filmed 40 stoat trigger
events on the A24s during that time and found that those traps lired with Connovation
Ltd. Erayz® dried rabbit meat blocks (replaced every three weeks) were five times more
likely to be triggered by a stoat (or stoats) than those lured with'the 201415 version of
the Goodnature® long-life stoat lure (replaced every three months). These results
highlight the importance of utilising a lure that is attfactive to the target pest when

using A24 self-resetting traps to control stoats. ({
> )

Introduction =~ \«

{ &
<

Stoats (Mus/téia}@y a) we _fWught to New Zealand in 1884 in an attempt to
control int«r\oéﬁ%/e/ 'rabbits (Qfpetolagus cuniculus) which were causing serious problems
for pa?o;r\ifagr/ﬁe/rs at /t,h\gilre e (King, 1984). However, stoats soon spread throughout the
countryﬁwg?th\fdévast ’ic:ij: onsequences for many native species ill-equipped to deal with
this type éjé mamr@a{‘ ygdator (King and Powell, 2007). Stoats continue to pose &
significant riskfo’ many vulnerable native species, especially birds (Dowding and
Murphy, 209';;<I§’/rke/s et al, 2010; O'Donnell et al, 2015) and managing this threat is one

>,

of the maj{z(gi“all‘enges facing conservationists in New Zealand today.
1.

Netwotks of s gle action kill-traps have traditionally been the principal method for
ground-ba; 9)d stoat control at conservation sites in New Zealand (Brown et al, 2015).
One of the limitations with single action kill-traps is that they need to be manually reset
once they have been triggered. In September 2009 the ‘Henry’ (Goodnature®,
Wellington, New Zealand), a CO, gas powered self-resetting trap for rats and stoats
came onto the market (Anon, 2009). Even though the ‘Henry’ trap would ultimately be
superseded by other types, it generated a large amount of interest in the concept and
potential of self-resetting traps for pest management. So much so, that in October 2010,
as part of a memorandum of understanding between the Greens party and the National
Government, the Minister of Conservation funded the Department of Conservation



(DOC) to test self-resetting traps for ground based pest control. This paper will report on
the results of one aspect of the research project (DOC S&P Investigation 4276
‘Operational scale trials of self-resetting traps for ground based pest control for
conservation in NZ forests’; see Gillies et al, 2014; Gillies et al, 2012; Gillies et al., 2013)
that was established using that funding.

Background

The overall research objectives of Investigation 4276 were to:

e assess the feasibility and efficacy of using self-resetting traps for ground based
pest control at different scales
e optimise the performance of the self-resetting traps

Through an Expression of Interest process run from late 2010 to early2011 (see Gillies et
al, 2012) we selected the Goodnature® A12 self-resetting possum trap and A24 self-
resetting rat and stoat trap (Fig. 1) for testing. The field trial aspect of the research was
structured to progress in three phases, with subsequent phases only commencing if the
traps worked as designed in the preceding phase: - ( ( \

o Phase L Preliminary field efficacy trials of small numbers of closely monitored
traps (see Gillies et al, 2012). ' '

e Dhase IL. A series of operational scale trials-over two years at four of DOC’s
Mainland islands (see Gillies et al, 2014; Gillies et al,, 2012; Gillies et al, 2013).

e Phase IIL Final evaluation and optimisation trials. RO W

We will be reporting on our observational trials of stoat lures for use in the A24 which
were part of Phase III of the research project; the other aspects of this phase will be
reported elsewhere. / }
) [\ Y ]
Observational trials of stoat lures for use in the A24

During our Phase I operational scale trials of the A24 for stoat control, our traps were
initially lured with a proprietary Goodnature® rabbit meat based long-life stoat lure.
However, not long after the trials started we switched to using Erayz® (Connovation Ltd,
Buckland, NZ7) dried rabbijt meat blocks (Gillies et al, 2013) because these were known to
be a useful lure for stoats (Steffens, 2010). At the start of the fourth year of the research
project (July 2014) Goodnature® was supplying a similar but updated (following a series
of field trials; Robbie vanDam, Goodnature® pers. comm.) version of the rabbit meat
based long-liftie stoat lure (designed to be replaced every three months) for use in their
A24 to target ét&)ats. )



The aim of this trial was to observe and com

pare how well Erayz® blocks and the 2014-15
version of the Goodnature

® long-life stoat lures attracted stoats to A24s in order to:

® Detter understand the implications of our 2012
Goodnature® long-life stoat lure to Erayz® lures

inform how we should lure A24s for stoats in subsequent operational sc}aﬁ\trials (///\\&
Fig 1. A Goodnature® A24 self-resetting rat and stoat trap. Note: the trap - hém\x\ngm

N/,
photo has a digital strike counter (Appendix I) attached but these weré oid{s&ldurin >
this trial. ' :

=

decision to switch from using the
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Methods.

86 Goodnature® A24 self-resetting traps were deployed in the Karici Block, Pirongia
Forest Park in the Western Waikato (37°52’S, 174°48'E; Fig 2); another 30 A24s were set in
the Eastern part of the Hapuakohe Ecological & Conservation Area in the Northern
Waikato (37°28’S, 175°23’E; Fig. 3). At each site the traps were set according to the
manufacturer’s instructions and spaced ~100m apart along the trap lines. A coin was
flipped to decide on the alternating trap luring sequence. Odd numbered traps were
lured with Erayz® dried rabbit blocks (Fig. 4) placed on the lure bottle cradle (see
Appendix I) and the even numbered traps were lured with the proprietary Goodnature®
(2014 - 15 version) long-life stoat lure in a bottle as supplied (Fig. 4). The Erayz® blocks
were replaced every three weeks and the Goodnature® long-life lures every three months | | 5')
as recommended by the manufacturers at the time”. At each trap sitea Ltl Acorn 52104, '
(Acorn Camera, Shenzhen, China) motion activated trail camera was mounted on a

‘nearby (~1m) tree or fencepost to film any animal activity at the A24. The trail cameras

were set on ‘normal’ trigger sensitivity to record 60 second video'files (in AVI format)
with no forced delay between [camera] triggering events; video footage was recorded
onto 16GB or 32GB SD cards. The traps and cameras were deployed at thelstudy sites
from 12 September 2014 until 12 June 2015.

The A24s were inspected once a week (except over the 2014 - 2015 Christmas holiday
period when they were not inspected for three weeks); any deadanimals (field kills)
found under or within an approximate 2 - 5m (depending on the slope and vegetation)
radius of a trap were noted and all SD cards were replaced in the cameras. Any faulty or
missing (presumed stolen) trail cameras were replaced with functioning devices. Any
pest mammal field kills were left in situ, but the tails were cut off so they could be
recognised and not recounted during subsequernt tr\ap inspections. Every three weeks we
checked that the A24s still contained CO» and replaced the trail camera batteries. The
CO; canisters (see Appendix I) were replaced in all the A24s after six months of
operation or earlier if a check indicated the gas was expended from a trap.

The video footage stored on the SD cards collected from the study sites was viewed back
in the office at a later'time. All mustelid (stoat, weasel Mustela nivalis and ferret M. furo),
rodent (ship rat Rattus rattus, Norway rat R norvegicus and mouse Mus musculus),
possum (Trichosurus vulpecula) or other animals filmed near, investigating or triggering
the A24s were noted for.each trap inspection period.

For data analysis purposes, we compared the number of trigger events noted at traps for
each of the twollure types. A trigger event was defined as either:

o an event where the video footage showed an animal being killed after entering
and triggering an A24.

e an event where the video footage showed an animal entering and triggering an
A24, but we were not sure if the animal was killed (usually because it rolled or

| moved out of the camera field of view).

e afield kill found under or near an A24 during a weekly trap inspection.

1 Please note that in March 2015 Goodnature® revised the recommended lure refreshing interval for their
stoat lure products from three months to one month.



In those instances, where there was both field kill and observed trigger data recorded for
the same trap in the same inspection period, the higher of the two values was used. To
compare stoat trigger events between the two lure types, the data for each A24 were
analysed in a binary fashion, i.e. whether or not each trap was triggered by a stoat (or
stoats). All analyses were done using the MedCalc v 16.8 statistical software package

(MedCale Software bvba, Ostend, Belgium; https://www.medcalc.org; 2016). é\
/‘\
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Fig. 2. Map showing locations of Goodnature® A24 self-resetting stoat traps a_nd trail C
cameras (blue dots) in the Karioi Block, Pirongia Forest Park. NN
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Fig. 3. Map showing locations of Goodnature® A24 self-resetting stoat traps and trail

=

cameras (blue dots) 1h the Hapuakohe Ecological & Conservation Area.

A :f \\ T
)




Fig. 4. Two Connovation Lid. Erayz® dried rabbit blocks (left) and the Goodnature® (2014
- 15 version) long-life stoat lure in a bottle as supplied (right).

By

The 58 Erayz® lured R24s operated for a total of 14,369 trap-nights over the study pericd
and we noted 268 animal trigger events on these traps during that time. The 58
Goodnature® long-life stoat lured A24s were set for 14,397 trap-nights and we noted 162
animal trigger events on these (Table 1). The trail cameras were assumned to have been
fully-jdperational for at l\é\alst 97.5% of the trial period. Most of the stoat trigger events
occurred on the Erayz® lured A24s with 0.621 stoat trigger events per trap, compared
with 0.06g per trap on the Goodnature® long-life stoat lured traps (Table 1. and Fig. 5).
The Erayz® lured A24s were significantly more likely to be triggered by a stoat or stoats
(20 traps) than the Goodnature® long-life stoat lured traps (4 traps), Relative risk = 5, CI =
1.8212 to 13.7274, Z = 3.123, p = 0.0018. The majority (85%) of the stoat trigger events
occurred between late November 2014 and early February 2015; for nearly three months

( (after this period we continued to detect stoats at, or near, but not triggering traps.
However, the number of stoat detections declined noticeably following another series of
trigger events in May 2015 (Fig. 6).

6 / N .
Results. , <p>> RSy

More weasel and ferret trigger events were noted on the Erayz® lured A24s, although
none of the ferrets observed triggering the traps appeared to have been killed.
Significantly more ship rat trigger events were noted in the Erayz® lured A24s compared



to the Goodnature® long-life stoat lured traps, Wilcoxon test statistic Z = 3.552544, p =
0.0004 (Fig. 7); no Norway rats were detected. None of the possums filmed triggering the
A24s appeared to have been killed. 48 of the 49 triggerevents classed as “Other” (Table
1) were hedgehogs (Erinaceous europaeus), a small mammal noted in the remaining -
trigger event could not be identified. Other species detected investigating or interacting
with the A24s were: dogs (Canis familiaris), cats (Felis catus), pigs (Sus serofa), goats
(Capra hircus), rabbits, red deer (Cervus elaphus), a cow (Bos taurus) and birds (mostly
blackbirds (Turdus merula) or thrushes (T. philomelos) in those cases where tlge;‘s-faecies

was actually noted), but none of these was observed triggeringatrap. . < C N
ALY \\V
‘\‘\
Table 1. Numbers of animal trigger events recorded per trap on 58 A24s lured with =
Erayz® blocks and on 58 Az4s lured with Goodnature® (2014 —15 vérsion) Ic?ng'-life\s‘-toat
lure; set at Karioi and Hapuakohe between September 2014 and June 2015/ ( ))
Lure Stoat  Weasel Ferret,- Ship rat Mq‘_u'se Possum  Other
Erayz® blocks 36 2 AN . "7\\( 6 20
('.\-. . \ \ o~ A\ \ \/
Goodnature® (2014 - N} O
15 version) long-life 4 O N1 1133 10 5 29
stoat lure v S 3 NN

Fig. 5. Mean number (+ 95% QI)f stoat triggéi:‘.. events recorded per trap on 58 A24 traps
lured with Erayz® blocks and on'58 A24 traps lured with Goodnature® (2014 - 15 version)
long-life stoat lure; set at Karioiand Hapuakohe between September 2014 and June 2015,
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Fig. 6. Percentage of all functioning trail cameras that detected a stoat {or stoats), plus
stoat trigger events detected on 58 A24 traps lured with Erayz® blocks and on 58 A24

fraps

inspection period at Karioi an

Number of siest irigger evants detected

" %' £
Fig. 7. Mean number (¢ 95% CT) of ship rat trigger events recor

lured with Goodnature® (2014 - 15 versi

on) long-life stoat lure for each trap

d Hapuakohe between September 2014 and June 2015.
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Discussion.

We found that the A24s lured with Connovation Erayz® blocks were five times‘more

likely to be triggered by stoats than traps lured with the Goodnature® (2014.- 15.version)
long-life stoat lure. The Erayz® lured A24s were also triggered more often by other
mustelids, and significantly more so by ship rats. The only animals caught rhore often (
on the Goodnature long-life stoat lure were mice and hedgehogs. X%

{
\\

Stoats in New Zealand have home ranges that can vary anywhere between g to 313ha (on
average) in size (King and Murphy, 2005), so any individuals living inthe vicinity of the
trap lines in our study sites should have had equal opportunities to encourter traps
containing either lure type. There were nine cases of multiple ‘stoat trigger events
recorded at individual trap sites and on one occasionwe observed a stdat removing the
carcasses of two others killed several days earlier, Itis possible that once an A24 had
killed a stoat, others may have been attracted to scent from the caréass lying under the
trap (Christie et al, 2009), and not the lure inside the device. The majority of trigger
events was recorded during late spring and summer which is when groups of young
stoats are typically moving about in family parties prior to becoming independent (King
and Murphy, 2005; King and Powell, zdo7).;=$o it is also possible that several stoats may
have been in the vicinity of an A24 at the same time, and if one investigated the trap,
others in the group might have been more inclined to db so too, regardless of how the
device was lured. We did not{ldet'eqt' this type of behaviour on any of the camera footage,
but we could not entirely discount this potential source of bias. For these reasons, we
chose to analyse the data'in a binary fashion’and only consider whether each trap was
triggered by a stoat (or stoaf’s) rather than comparing mean or median catch rates

between lure types. _<_ \
o oY N .
Even thougb/t;he VzﬁAn Om@ /é)lured to target stoats, the traps were triggered

most often\’bg‘{/s ip'rats. Chri (2009) examined the environmental factors
inﬂuez}eiﬁ“gg?:atc/‘h)rateii\r@e{l fr'\aps (FHT Works, Redditch, Worcestershire, United
Kingd‘gﬁ%)isép%b control$t \ats\’at three sites in New Zealand. They found that stoat
captures were higher "}1¢b§Le traps that had previously caught rats. Certainly, durirg
this and other p?/s\’;f’\}at\ibiél trials we have done, we often filmed stoats scavenging dead

rats from ug,d/éx,\ is\((i‘. Gillies, DOC unpubl. data.), so it is possible that the higher rat

trigger rafxfpr" he Erayz® lured A24s may have influenced our results,
ax

Both the lures e trialled comprised preserved rabbit meat which is an attractive trap
lure fm }elids (Clapperton et al, 2006; Miller, 2003; Montague, 2002; Pierce et al,
2007). The‘“ﬁnportant difference between the two lures was the potential field-life; Erayz®
blocks usually only last for three to four weeks inside an A24 before needing to be
replaced (Gillies et al, 2014), whereas the Goodnature® (2014 - 15 version) long-life stoat
lure was intended to remain attractive for up to three months. One of the big advantages
of a self-resetting trap compared to single action traps is the potential to reduce labour
costs because they do not need to be checked as often. However, the trap checking
frequency is also determined by the effective field-life of the lure. Between June 2014
and May 2015, the Goodnature® team also conducted a field trial to compare their (2014-
15 version) long-life stoat lure against Erayz® blocks. In contrast to our results, they

\
}
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reported that the numbers stoats caught on each lure type were similar (Goodnature®
unpubl. data)). We can only speculate as to why the outcome of our trial was different to
the Goodnature® trial. In their field trial, they used single-action DOC 200 traps (CMI
Springs, Auckland, New Zealand) set in wooden tunnels to catch stoats and not A24s
(Goodnature® unpubl. data.). Stoats are naturally curious and will investigate holes or
burrows when searching for prey (King and Edgar, 1977). If the wooden trap tunnels were
inherently attractive to stoats, this may have offset any differences in the relative appeal
of the two types of rabbit meat lure. Pierce et al (2007) found that fresh rabbit meat was
the best trap lure for stoats, very closely followed by salted-rabbit meat, which was in
turn significantly better than a freeze-dried rabbit meat long-life stoat lure. Perhaps, the
odour of the Erayz® blocks more closely resembled fresh rabbit meat to stoats, and so
encouraged more of them to trigger the A24s containing that lure in.our trial? It would
have been interesting to know how our results would have differed had we replaced the
Goodnature® long-life stoat lure every three weeks as we did with the Erayz® blocks. It is
also worth noting that the Goodnature® long-life stoat lure we trialled was superseded by
o newer rabbit meat based formulation for stoats (Stu Barr, Goodnature® pers. comm.)
designed to last for a month before needing to be refreshed (Anon, 2016). |
Even though our trial showed that the Goodnature® long-life stoat lure we tested was not
as attractive to stoats as Erayz® blocks, our results demohstrated that with a good lure
stoats will investigate and trigger the A24 traps. That said, we.could not be certain that
all 40 stoat trigger events we recorded resulted in the death of the animal. We found 17
stoat field kills under or near the traps and only one of those was not captured on film by
the adjacent trail camera. We were confident that the stoats died during 26 of the filmed
trigger events (for eight of these a carcass was not located), but we could not be sure of
the outcome of another 12 trigger events. We suspect (but have no way of confirming)
that two of the stoat trigger events filmed at one trap within a few seconds of each other,
were the same animal triggering the device twice, having only been injured or stunned
the first time! These two events occurred in November so it is also possible that we
witnessed two litter. mates triggering the trap one after the other. In two other cases, it
looked as though the stoats ran away, or at least out of view, after triggering the trap, but
we will never know if they later died. During our Phase II and other observational trials
of the traps, we found that between 40 to g0 percent of the animals killed by A24s were
scavenged by other animals before the traps could be inspected (C. Gillies pers. obs),
and we certainly filmed'it happening in this trial,

- We estimated that the tvail cameras set to monitor the traps were operational for at least

97.5% of the trial period. Many of the trail cameras malfunctioned during our trial but the
most common fault was a defective operator’s menu screen which did not prevent the
devices from detecting and filming animals. We had 39 cases where the SD cards
recovered from the trail cameras contained no video files, so we assumed the cameras
were not functioning for those trap inspection periods. The equipment was proven to be
faulty in five of those cases and we assumed the remainder were blank due to operator
errbr or low battery power, even though the cameras may have been fully operational. 21
trail cameras were stolen during the trial, 19 of these were taken from Karioi over one
weekend in late May 2015. We originally intended to finish the study in early June 2015,
but we decided to close the Karioi study site following the theft of so many cameras
rather than risk losing anymore.



Notwithstanding the uncertainty around 12 of the stoat trigger events filmed during this
study, and the loss of data due to faulty or stolen equipment, we feel that the extra
expense of using trail cameras to monitor the animal interactions with the traps was
justified. We could have opted to inspect the traps more frequently, even daily, but we
believe our uncertainty about what animals had triggered the traps would still have been
high. Furthermore, by using trail cameras we could film non-target animals interacting
with the traps. Interestingly, all the non-target animals that triggered the A24s were
introduced pest mammals. None of the birds we filmed near, or interacting with the A24s

triggered the devices, nor did any of the cats we detected. The reduction in trail camera .

detections (of stoats) over the course of our trial also indicated that we may have
removed most of the individuals residing near our trap lines at the t]ime of our study.

Regardless of the potential biases and uncertainties around sonfe_of the trigger events
we filmed, we believe the results validated our decision to switch from using'the\
Goodnature® (2012 version) long-life stoat lure to using Erayz® blocks intour Phase II
operational scale trials of the A24 for stoat control (Gillies gf‘gal., 2014; Gillies et al, 2013).
Furthermore, based on these results we decided to use Erayz® blocks in subsequent trials
of the A24 for stoat control. We recommend that econservation maragers planning on
using the A24 to control stoats should consider using Erayz® blocks (replaced every
three weeks) or the current Goodnature® rabbit meat formula (Brion, 2016) to lure the

devices, _ )

Acknowledgements ( =8 f
{ : ) 4

We would like to thank S%'L}\:Barf; Craig Bo‘ﬁﬂ;aﬁd :Robbie van Dam of Goodnature® for

designing the traps that have made this research possible. We would also like to

acknowledge . ,and
the team at D/Q‘C\ e Rapa Base fm‘y help and support at various .mes tnroughout
the project\/gljga;nksx soto i Dam and for their helpful

/rl?

comme -tsx‘o flier dra X report.

O NS
N s\@



References

Anon. 2009. DOC and local designers come up with home-grown kiwi-saver'.
http://www.doc.govt.nz/news/ media-releases/2009/doc-and-local-designers-come-up-
with-home-arown-kiwi-saver/, Accessed 6th October 2016.

Anon. 2016. 500G-STOAT-RM FORMULA. www.goodnature.co.nz Accessed 4th ¢ L
October 2016. \ SN
Brown, K; Elliott, G,; Innes, J.; Kemp, J. 2015. Ship rat, stoat and possum.control on ) Q\\_r f )
mainland New Zealand: an overview of techniques, successes and challenges. p 36. $\¥
Department of Conservation, Wellington. S o

Christie, J.E,; Brown, D.J,; Westbrooke, 1; Murphy, E.C. 2009. Environmental predictors
of stoat (Mustela erminea) and ship rat (Rattus rattus) capture success. DOC Research &
Development Series, 305, p 13. Department of Conservation, Wellington. | |

Clapperton, BK; Robbins, L.; Porter, RER,; Tallentire, K. 2006. Testing the
attractiveness, palatability and longevity of novel stoat Jure and bait formulations. DOC
Science Internal Series, 241, p 30. Department of Conservation; Wellington, New
Zealand. ' L%

Dowding, J.E; Murphy, E.C. 2001. The impact of predation by introduced mamrnals on
endemic shorebirds in New Zealand: a conservation perspective. Biological
Conservation 99: 47-64. ; -.

b

Gillies, C.; Gorman, N; Crossan, I; Conn, S,; Haines, M; Long, J. 2014. A third progress
report on DOC S&C Investigation 4276 ‘Operational scale trials of self-resetting traps for
ground based pest control for conservation in NZ forests’. Unpublished internal report,
DOCDM-1204312, p 50. Départment of Conservation, Science & Capability Group,

Hamilton, New Zealand.

Gillies, C; Gorman, N; Crossan, 1; Harawira, R; Hawaikirangi, R; Long, J; Mangham, R;
Meduna, A. 2012. An update on DOC S&T Investigation 4276 ‘Operational scale trials of
self-resetting traps for ground based pest control for conservation in NZ forests’,
Unpublished internal report, DOCDM-1043749, p 11. Department of Conservation,
Science & Technical Group, Hamilton, New Zealand.

Gillies, C,; Gomldan, N, Crossan, I; Harawira, R; Hawaikirangi, R; Long, J; McCool, E.
2013, A second progress report on DOC S&C Investigation 4276 ‘Operational scale trials
of self-resetting traps for ground based pest control for conservation in NZ forests’.
Unpublished internal report, DOCDM-1204312, p 24. Department of Conservation,

- Science & Capability Group, Hamilton, New Zealand.

‘Innes, J.; Kelly, D; Overton, J.M,; Gillies, C. 2010. Predation and other factors currently
limiting New Zealand forest birds. New Zealand Journal of Ecology 34: 86-114.

King, C. 1984. Immigrant Killers. Introduced predators and the conservation of birds in
New Zealand. Oxford University Press, Auckland, New Zealand.

King, C.M,; Edgar, R.L. 1977. Techniques for trapping and tracking stoats (Mustela
erminea); a review, and a new system. New Zealand Journal of Zoology 4: 193-212.



King, C.M.; Murphy, E.C. 2005. Stoat. In: King, C.M. (Editor), The Handbook of New
Zealand Mammals, pp 261-287. Oxford University Press, Melbourne, Australia.

King, C.M; Powell, R.A. 2007. The Natural H; istory of Weasels and Stoats: Ecology,
behavior, and management Oxford University Press, New York, United States of

America.
Miller, N. 2003. Paired trial of fresh and long-life stoat baits in a warm, coasta]
environment. DOC Science Internal Series, 100, p 11. Department of Con\serva'tign,
Wellington, New Zealand. <
Montague, T.L. 2002. Rabbit meat and rodent-scented lures as attractants for stoats
(Mustela erminea). DOC Science internal series, 45, p 14. Department of Conse}'vati'gn,
Wellington, New Zealand. N
ODonnell, C.F.J; Clapperton, BK; Hoare, J.M. 2015, Impacts of introduced ﬁ1arr]1;;1r1élian
predators on indigenous birds of freshwater wetlands'_in-'New Zealand. New Zealand
Journal of Ecology 39: 19-33. y L S
Pierce, R.J; Miller, N; Neill, E; Gardiner, C; KimBer’ley, M. 2007. Field trials of fresh and
long-life stoat baits in Northland, New Zealand: DOC Research & Development Series,
262, p 18. Department of Conservation, Wellington, New Zea\léx}d. \
Steffens, K. 2010. Animal pest field trial report for a compatison of long-life stoat lures in
Kahurangi National Park. August to F ebruany 2008/09 and 2009/10. Unpublished DOC
field trial report, DOCDM-605886; p 9; Nelson La}fcgs Area Office, Department of
Conservation, St Arnaud, New Zealand. AN

\“5)

Pl



Appendix I. Technical drawing showing the main components of
the Goodnature®A24 self-resetting trap.

Image courtesy of Goodnature®, Wellington, New Zealand.
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Goodnature Ltd A12 and A24 Self-Resetting Traps

This note offers advice regarding the purchase by DOC of self-resetting traps.

Goodnature Ltd, supported by DOC, has developed self-resetting traps: the A12 for possums and the
A 24 for rats and stoats. Goodnature also markets lures for use with the traps.

DOC has a 5 year ongoing project testing the efficacy of using self-resetting traps and the company’s.
lures for rats stoats and possums. A variety of operational DOC projects and other users are doing
less formal testing of the traps during operational use, including the recently successful removal of
rats and possums from 64 hectare Native Island, 30 metres off Stewart Island. Feedback from the
research program and these other trials is being used by Goodnature to further improve their traps
and for continuous improvement of their lures. The latest versions of the traps show very much
improved reliability over early versions. The possum and rat lures are effective but the stoat lure

isn’t.

('\.I

A key advantage. of a robust self-resetting traps and long-life lure is the saving in Iabou'r‘costs due to
longer intervals between field servicing visits, thus the life‘of the lure and the reliability of the trap
are critical. These factors also determine whether the ‘traps are available to predators at all times

and underpin the spacing of the devices.

The results from DOC’s formal trialling to date demonstrate that: .

1. A12 traps can effectively and humanely control possums in moderate to low density situations,
when set out at approximately 1 trap per, hectare, with the lure refreshed monthly as
recommended. , & :

2. A24 traps have proven humane and very effec_ti'vé controlling rats when set at 2.3 —5 traps per
ha using Goodnature’s ”R§g LUrgs];" 'refreshe_d_; monthly as recommended.

3. A24 traps will humari"elykill:s"toats. Further testing of new formulation Goodnature stoat lures
and optimal trap _QEn_si"cy is required befo.r"_e the Department would. consider it an effective device
for stoats when using Goodnature stoat lure. DOC understands Connovation’s Erayz has been

shown to he.effectiveon so ccasions and not on others.
NS
e

Initial DO 4&"?}] lighted &h cal reliability issues with early versions of the Goodnature
traps,/efo'@pmérjisﬁ/ng th/ei&ffe ness in the field. The formal DOC trialling of current versions

i NN AN T . ) . i
givesassurance that ] mg\hémcal reliability of the traps has been much improved in versions
made si‘\nqg late 2013.\The formal DOC trialling of current versions gives assurance of trap reliability
out to 60 days, Other pperations using the latest versions of these traps have shown good reliability

to 4 months.an Mohger:
PPN

o
DOC co-mm'séned an independent engineering assessment in early 2014, which concluded the
incipal of the A24 trap was robust and well resolved. It is noted that Goodnature Ltd

oper§<@ )
offers-a 2yr'warranty with the traps and can be considered a professional provider.

The cost-effectiveness of self-resetting traps as a management option, is dependent on the pricing of
the traps and of alternatives, required density of devices, site specific considerations, the sensitivity
of the user to labour costs, as well as their effectiveness. As always; tools appropriate to each

particular project should be considered on a case by case basis.

Conclusion- Advice

TAT - statement on self resetting traps - DOCDM-1516520
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The Goodnature self-resetting traps can be considered effective at controlling rats and possums,
when the above protocols are followed. Caution should be exercised with the choice of lures and the
use of self-resetting traps for stoats, until Goodnature’s lures are improved.

Director Threats,
Science and Capability Group,

TAT - statement on self resetting traps - DOCDM-1516520



Further update on Goodnature Ltd A12 and A24 Self-Resetting Traps

Further information has come to my notice since my advice note sent mid May, and | am aware

some people read my note and drew the wrong conclusions. Hence this note offers updated advice
regarding the purchase by DOC of self-resetting traps.

Background

Goodnature Ltd, supported by DOC, has developed self-resetting traps: the A12 for possums and'i.'.the )

A 24 for rats and stoats. Goodnature also markets lures for use with the traps..”¢ N\ P
i \ \ 7

A key advantage of a robust self-resetting trap and long-life lure is the saving in labour costs due'to

longer intervals between field servicing visits, and the benefit of constant, effective est control,

thus the life of the lure and the reliability of the trap are critical. The reliability of tht&rap and the

lure also determine whether the traps are available to predators at all times and.undeq;pin the

spacing of the devices. <

Vo ‘
DOC has a 4 year project testing the efficacy of using s'elf-reseiting trapS'and‘the company’s lures for
rats, stoats and possums. A variety of operational DOC projects and other users are testing the
traps during operational use. An example is the recently successful removal of rats and possums
from 64 hectare Native Island, 30 metres off Stewart Island. Anothé‘t_fexémple is sustained rat
monitoring at 0% at Harts Hill, adjoining the Kepler track. Feedback from the research program and

these other trials is being used by Goodnaturgjto further'improve their traps and for continuous
improvement of their lures, ; ;

£

1\

Current best practice advice: (C ? CCND
\ 19 . 'I. \, 3 ;

The results from DOC’s fofmal trialling to date d_emdnstrate that:
1. A12trapscan effectively\gnd humanely control possums in moderate to low density situations,
when set out at-‘a_p'pmxiﬁ!ately 1 trap per hectare, with the lure refreshed monthly as

recommenc{ d. \/ g

2. A24 tra/>%§</ F{/a\\//\(g- oven hulria d very effective controlling rats when set at 2.3 -5 traps per
ha jng _8@dﬁature'QR{ Lares” refreshed monthly as recommended.
N~
3. A24=\tfra s will huma Q_e;l&/ kill stoats. However stoat lures limit their effectiveness. Development
of stoat lur s’l‘sforg Q'm'g and latest formulations by Goodnature and Connovation (Erayz) show
promise,v,bit(ﬁé’rthér'trialling is required before DOC should consider self-resetting traps and
lures ff@f;ti?e for stoats.

TN
Mechegﬁ:\a! ‘R} eliability

N
Initial DOC trials highlighted mechanical reliability issues with early versions of the Goodnature
traps, compromising their effectiveness in the field. The formal DOC trialling of current versions
gives assurance that the mechanical reliability of the traps has been much improved in versions
made since late 2013. | consider the traps reliable. The evidence comes from the formal DOC trialling
of current versions and other operations using the latest versions of these traps that have shown

good reliability to 6 months, which is the recommended gas refresh period.
6.

TAT - UPDATED statement on self resetting traps - DOCDM-1516520 - DOC-2521922
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DOC also commissioned an independent engineering assessment in early 2014, which concluded the
operating principal of the A24 trap was robust and well resolved. It is noted that Goodnature Ltd
offers a 2yr warranty with the traps and can be considered a professional provider.

The cost-effectiveness of self-resetting traps as a management option, is dependent on the pricing of
the traps and of alternatives, required density of devices, site specific considerations, the sensitivity
of the user to labour costs, as well as their effectiveness. As always; tools appropriate to each
particular project should be considered on a case by case basis.

Conclusion- Advice

The Goodnature self-resetting traps can be considered a reliable and effective tool for.controlling
rats and possums, when the above protocols for traps and lures are followed. [

Improvement is needed in stoat lures before self-resetting traps can be réecommended for stoats.
P4

-]

N

Director Threats,
Science and Capability Group,

TAT - UPDATED statement on self resetting traps - DOCDM-1516520 - DOC-2521922



Goodnature Ltd A12 and A24 Self-Resetting Traps- Update: Now recommended for Stoats
=Tt M8 Als and A4 Seli-Resetting Tre

(This note updates July 2015 advice regarding purchase by DOC of Goodnature self-resetting traps).

Research on kiwi survival at Trounson and lure trials at Karioi and Hapuakohe gives us confidence

that Goodnature Ltd A24 traps used with Connovation Erayz rabbit block lures, are an effective

tool for stoat control. <
This allows me to remove the caution | added about the use of A24 traps for stoats.in the July 2015 (\

advice note. -
We have not been able to test Goodnature’s new rabbit based lure. However, Goodnature’s'own

research shows their new rabbit based lure is effective on stoats, so | am also able to recom'm‘end
this lure for stoats, if replaced every 1 month. 1 ; ' "

DOC trials have not demonstrated that older Goodnature long-life sto;:-;'_t_ lure is gfffective on stoats,
but Goodnature has done trials that do show this. g, N \ )

To reiterate the full picture: & )} 3
A key advantage of self-resetting traps and long-life lure,.is the saving in labour costs due to longer
intervals between field servicing visits, thus the life of the lure and thereliability of the trap are

critical. These factors also determine whetherthe traps are availa'b‘_ll'e;.to'--;iredators at all times and

underpin the spacing of the devices.
|
The results from DOC’s formal trialling démpﬁ§trate that:
1. A12trapscan effectively and humahel_y.-control possums in moderate to low density situations,
when set out at approximately 1-trap per hectare, with'the lure refreshed monthly as

; £

recommended. L7540

2. A24traps have proveﬁﬂ_ﬁumane and véry~t'gﬁeétive controlling rats when set at 2.3 - 5 traps per
ha using Goodnature’s Ad_tomatic Lure Pump to dispense “Rat Lure” replaced every six months
as recommended. Without the auto-lure; squeezing to refresh of the lure is required monthly.

N

3. A24tra Bg&e\/glen humane deﬁective controlling stoats when used with Connovation
T E A AR
Era z%re{’gﬁf ced 3-4-weekly:

X

- V\\‘
DOC t‘r-ié[ll@g»éf curre tQ/thj‘ZJ\s of both traps gives assurance of trap reliability out to 18 months.
Other ob‘e-fation;&i\)aQtv,l test versions of these traps have shown good reliability to 20 months.
Goodnature’s (tl"‘@jlipg\s\bows their new rabbit based lure is effective on stoats if replaced monthly.

s <

DOC comﬁa\ 5/\|§d>an independent engineering assessment in early 2014, which concluded the
opera,tgrfé‘pfin\ jpal of the A24 trap was robust and well resolved. It is noted that Goodnature Ltd
offeri\ \Zy} }varranty with the traps is considered a professional provider.

NS
The cost-effectiveness of self-resetting traps as a management option, is dependent on the pricing of
the traps and of alternatives, required density of devices, site specific considerations, the sensitivity
of the project to labour costs, as well as their effectiveness. Tools appropriate to each particular
project should be considered on a case by case basis.

d Capability Group, Department of Conservation. F
]






RAT CONTROL (100m x 50m)

HARTS HILL - FIORDLAND

PROJECT REPORT

Project Summary

The Harts Hill project was establi

and Fiordland Conservation Trust rust s
th the /"~
rats w1th

“Kids Restore the Kepler” pr 5}
objective to knockdown andg?:

Goodnature A24 self-re z%}
rk of 467 G

A24 rat traps was : ed over 200 he ares
of beech foré§ t Har 111 Kepler Track,
F 1ordlaryd N a(c ark usifig: st practice
guldehnes 6 to est blls at numbers
}Q]ect rea ha,d-exple\ to a pre-
treatment. rat 1nde {of 68% due to the widely
pubhclsed beecl; St/r. ast/rat lague event. After
twelve week % f1r {post treatment monitor

In November 20 Q/n

showed rat g rs had been reduced to 0% - an
undet 1 - while rat numbers in the
non-trea iéjt monitoring area remained high at
ond post-treatment monitor at 6
g owed rats had been maintained at 0%
while the population in the non-treatment area’

remained at 70%.
The project successfully knocked down and

controlled elevated rat populations in New
Zealand beech forest to undetectable levels.

.

DOC-2562031 RAT CC

[DLAND PROJECT REPORT

|
{
|

(

<
Project ObJectn@\\7

This project was set (to k ockdown an
tha

high numbers of rat§’¢ durlqg a beecg mast,

plague event th Islind beec

f- Qbodnatureéi\‘

-resettlng

was established using
1ce guidelines for ground-

t 50m intervals on trap lines

m \f'he trap lines and locations were set

grld.

tonng was established using DOC tracking
tunnel guide v2.5.2.

Harts Hill, Kepler Track -45.48, 167.67

Dates: November 2014 - May 2015
Area: 200ha

Traps: 467 x Goodnature A24 rat & stoat traps set
200mm high. N
Lures: Goodnature chocolate formula.

Network Establishment Time: 20 person days.

Department of
Conservation
Te Papa Atawbai



Maintenance Schedule: 3 person days every 4
weeks to refresh lure. CO2 replaced every 6
months. -

Monitoring Events: Three monthly.
Monitoring Method: 5 lines of 10 tracking
tunnels.

Results

Objective achieved: Yes

100 RAT MONITORING AT HARTS HILL, KEPLER TRACK

@ Harts Hill, Kepler Track
@ Hidden Lakes (non-treatment)

80 ‘
60

40

Mean tracking index (%) +/- SEs

20

0 L e
?e“ 4D P@( 8
Tracking Date

“o\l

Harts Hill pre-treatment monitor

Nov 2014 68%

Harts Hill post-treatment monitor

Feb 2015 0%

Harts Hill post- treatment momtor N
A 9, i AN

April 2015 L o% \\

Hidden Lakes non-treatment monitor

Nov 2014 ¢ T4% 0

Hidden Lakes non-treatment monitor

Feb 2015 \68%

Hidden Lakes final non-treatment monitor
Aprilzo15 68%

Highlights/Learnings

At least 7 stoats were observed trapped by the
A24s during the rat control project. Four of these
were in a single A24.

The project was established and managed by a
range of operators including volunteers
confirming the ability for volunteers to achieve
success in a project of this type and scale.

DOC-2562031 RAT CONTROL (100m x 50m) HARTS HILL - FIORDLAND PROJECT REPORT

Sixteen year-old Tim Barrow from Fiordland
College was one of the main trap checkers.

This was the first large scale rat control project to
deploy the Goodnature chocolate formula to
target rats.
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NATIVE ISLAND
RAT ERADICATION

PROJECT REPORT

Project Objective

This project was set up to remove ship and : :
norway rats from the 63ha island and preventre- ' |
establishment of rats with a control network of
Goodnature A24 self-resetting traps. |

Project Design
The network on Native Island was established

using DOC best practice guidelines for ground-
based rat control,

Project Summary

L =2 'Traps were set: af 50m intervals on trap lines
The Native Island rat eradication project was® 100m apart based on the shape and topography
established by DOC with the objective to remove | ofthe 1sland.
the rat population with the Goodnature A24 self-
resetting rat & stoat trap. ; (Monltonng was established using DOC tracking
tunnel guide v2.5.2.

LY

Native Island (63 hectares)
is 60 metres off
Rakiura/Stewart Island and
had a high population of
ship and norway rat
monitored at 73% be?brg the
pest control project began.

In November 2013, 142 Goodnature A24 traps for
rats were deployed by DOC staff and volunteers
over the island to remove the rats. In December
<< 2614 rats were momtored at 0% on theisland. A
- certified dog capable of sniffing out any

remaining rats scanned the island without Native Island -46.916, 168,153
016, 168,

detecting presence of rats. The traps remain in

place for continued biosecurity because Dates: December 2013 - ongoing

relﬂvaslon is expected due to the proximity of the Area: 63ha
island to the main Rakiura/Stewart Island.

;
\ ( ” . ) Traps: 142 x Goodnature A24 rat & stoat traps set
This pr(?Jectf was succ.:essful in removing the rat 700mm high,
population from Native Island. Lures: Goodnature peanut formula: months o - 10

Goodnature chocolate formula: months 11 - 12

Network Establishment Time: 32 person days

Department of
DOC-2562032 NATIVE . {EPORT ConserVatiOn

g le Papa Atawbai
i
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Maintenance Schedule: 1 person day every 5
weeks to refresh lure and CO2 replaced every 6
months.

Monitoring Events: Two monthly.

Mecnitoring Method: 6 lines of 5 tracking.
tunnels on Native Island and 35 tracking tunnels
at non-treatment site on Main Rakiura/Stewart
island.

Certified rat dog surveying island.

Results

Objective achieved: Yes

100 RAT MONIiTORING ON NATIVE ISLAND

® Native island
€ Stewar: Island (non-treatment)

80
60

40

Mean tracking index (% of tunnels trecked)

| )
er® e g %@WN lﬂl\k

Native Island prxtiea}/rﬁent monltor

Nov 2013: x ’ N
NatlveI a}d ost/éreatm monitd
Dec 2’0154@ ‘b

A

orhtveatment monitor

é@@sland 1m,t”

Nox@Olg g\f\)
ment monitor

Stewart Is

Dec 201/4 é

Hsg Lg ts/Leary

\A( si )e tool was used to remove the resident rat

populatlon and can remain in place to provide
ongoing biosecurity.

A rat was monitored on the island in February
2015 and regular reinvasion is expected.

The project was established and managed by a
range of operators including volunteers

DOC-2562032 NATIVE ISLAND RAT ERADICATION PROJECT REPORT

confirming the ability for volunteers to achieve
success in a project of this type and scale.

After g months rats were monitored at 6% for two
consecutive monitoring rounds.

After the lure was changed from Goodnature

peanut formula to Goodnature ch@colate formula
the following monitor was o%
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Harts Hill rat control, Kepler Mountains, Fiordland

As part of the ‘Kids Restore the Kepler’ project a network of A24 traps has been running at the Harts
Hill mainland site since 2014. The wider project also involves the control of stoats, possums and rats
across a broader 3000 ha area, and is a joint initiative between the Fiordland Conservation Trust and

DOC, funded by Kids Restore NZ and DOC.

The Harts Hill area is adjacent to the Kepler Track Great Walk in eastern Fiordland National Park. The
whole of Harts Hill is covered with mixed southern beech forest. Red beech (Nathbfagus fusca)
dominates the lower altitude slopes, while silver beech (Nothofagus menziesii) is dominant highér" up )
the hill, with kamahi (Weinmannia racemosa) and totara (Podocarpus totara) also present. Th'ere isa
localised area of red beech and manuka near Queens Reach that is regeherating after being cle'ared
in the early 1900s. This area makes up ~15% of the current A24 trap block, but was not part of the
original 200 ha block. The climate is generally cool and damp, with anannual average -femperature
of 9.3°C, and average annual rainfall of ~ 1150mm (Manapouri'ai_rpo_rt AWS). The Wai'_iauA River forms
part of the edge of the block but there are no natural bogndari{eS around the majority of the area to
act as a barrier to rat reinvasion, NN

A network of 467 A24 traps was originally deployed on a '100m X 50m‘-érid across 200 ha of Harts Hill
in November 2014, including additional trapsat 50m spacing around the perimeter (average density
2.3 traps/ha). Trap lines were marked, but not cut. The originél‘blt;ck had no natural boundaries to
reduce rat reinvasion, and is surrounded on _aH sides by contigijous beech forest (black outline in
Figure 1). Traps were set ~20cm off the.ground. The, traps were baited with Goodnature chocolate
lure paste in the plastic lure bottl_e’s:j and the traps Wére visited monthly between November 2014
and May 2015 to tap the lure.downl and check-.t_he trap function. Faulty traps were removed and

replaced.

Prior to the traps being insiail‘_led, five standard footprint tracking tunnel lines were installed inside
the A24 trap area (Figure 1). Five more non-treatment monitoring lines were in place in similar
beech forest/a)@liQd;ﬁ\Lél/(es, 9km bof Harts Hill. The result target for this project was to
knockdov%n’(\a’;rg\ﬁotd%ts to 3 erage tracking tunnel index of <5%, which is the same target used
Y VAN -

by mo a&t\qcinygl pI‘O/JE\&\S\In w Zealand.

AN

At the"st\a(t of the pr Ec\t ﬁ)November 2014 rats were tracking at high levels both at Harts Hill (68%)
N ¢ g

and Hidden La e"\g\ \BQ\A’t the next scheduled monitoring check in February 2015 rats were tracking

at 68% at Hid ee/&éke}’ but were recorded at 0% in the A24 block. The next check in April 2015 also

returned K\Qgﬁg”rai‘\t}‘acking result at Harts Hill and 68% at the non-treatment area at Hidden Lakes.,
15, fo

TN
In Ap\/r(rz\gl , llowing the successful suppression of rats at Harts Hill with a 100m x 50m grid, every

secondl[ap} along each line was removed. These were deployed across a wider 600 ha areaon a

100m x 100m grid spacing, effectively halving the trap density over the entire area {(average of 1.1
traps/ha). Traps were raised to a height of 50-70cm to prévent possible interference from weka as
occasional weka calls had been heard west of the A24 block. Five additional monitoring lines were

installed in the expanded trap area (Figure 1).

In the same month, prior to the traps being set in the expanded 100m x 100m area, rats tracked at
44% on the new monitoring lines. One month later, in May 2015, rat tracking had dropped to 6%,
then to 0% in June, and 1% in July. At Hidden Lakes rat tracking remained high in the non-treatment

block (60-71% tracking index) throughout this period.
|0 .
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Figure 1 —A24 traps {red) and rat tracking tunnels (yellow) on Harts Hill, Fiordland National park. The black

outline indicates the original 200 ha block set up in 2014.
September 2016 aerial treatment area (green) is also sho

The adjacent part of the bait station area (blue) and
wn for spatial context.



' Trap servicing continued and rat tracking levels remained below 5% though to July 2016 when all the
traps had ALPs installed with chocolate lure paste and the gas replaced. During autumn 2016 there
was a heavy beech seed mast across the whole Kepler area and rat levels began rising at Hidden
Lakes and elsewhere. Unfortunately the monitoring tunnels were not run at Harts Hill in August
2016, but when they were run in November rat tracking was at 26%. The ALPs and gas canisters
were replaced in December 2016, and monitoring in February 2017 showed rat tracking had

dropped to an average of 8%.

Five additional monitoring lines were installed on the western side of Harts Hill béfween the majn
ridge and the Forest Burn in December 2016 in the aerial treatment area. Rat tracking'in the A2£|1" :
block slowly declined through summer and autumn while the tracking in thé'adjéceht non-ti"a‘gped
areas of Hidden Lakes and the Forest Burn steadily rose over the same time to. return to high levels
after being knocked down by an aerial 1080 operation in September 2016 (Figure 2). ]'he most
récent rat monitors in the A24 block was 0% in both August and.November~2017;_at._th\e same time
rat numbers remained very high just to the west of the A24 bléc{k inthe Foresﬁ_Burn }("68—80%).

Currently there are about 650 A24 traps in the project area that are on a 6-monthly sel;vicing
schedule with ALPs (July and January), although this replacement frgq_uency may be increased to 4
month servicing checks in high rat years in the future. \V~0
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Figure 2 — Average rat tracking in the Harts Hill A24 block and adjacent non-treatment areas of Hidden Lakes
and the Forest Burn from 2014 until 2017.
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Abstract &)

Ship rats (Rattus rattus), stoats (Mustela errﬁinea) and possums (Trichosurus vulpecula) are the
most significant predators in the mainland forests of New Zeélahd. These mammals were first
introduced to New Zealand in the 1800s and have had a'large impact on our native fauna ever
since, being implicated in the extinction of at least nine bird species. Over the past 30 years,
attempts have been made to control these pests both on offshore islands and, more ambitiously,
on the mainland, with varjririg sucdess. In this report, we provide an overview of mainland control
efforts. First, we assess,.-t_he historic and cru{rent_ impacts of these three species on native wildlife
in New Zealand. We then‘discuss the types of control that are currently available and consider
under which cireumstances each is of most use. We then consider what pest control has achieved
to date, both in terms of :reducing the abundance of Pest species and increasing the abundance

of our nativé,_i'qiuna, Finally, we discliss what we have learned from pest control efforts to date and
use this information to formulate some recommendations for future research and management in
this field. It is hoped that by collating this information, we will provide pest control managers and

actitioners with r\l/n/sa ht into ways to improve and optimise control efforts in the future.
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Introduction

New Zealand is home to plant and animal species that are not found anywhere else in the world.
These species evolved in the absence of mammalian predators. Consequently, the introduction of
mammals, including ship rats (Rattus rattus), stoats (Mustela erminea) and possums (Trichosurus
vulpecula), to New Zealand has resulted in declines and extinctions of native species (Brown et al.
2015).

Fifty-eight species of birds have become extinct since humans first arrived in the New Zealand
bio-geographic region (including Norfolk and Macquarie Islands) 800 years ago (Tennyson &
Martinson 2008). In total, 32 species of mammals have been introduced since then (Wodzicki

& Wright 1984), of which ship rats, stoats and possums are the most significant predators in the
mainland forests of New Zealand (Innes et al. 2010). Tennyson & Martinson (2006) implicated
these three species in the extinction of at least nine New Zealand bird species and it is now clear
that unless they are effectively controlled, many more native species will continue to decline to
extinction (Elliott et al. 2010; Innes et al. 2010; Barnett 2011). |

The importance and feasibility of controlling introduced predators has been the subject of
debate among New Zealand ecologists. King (1984, p. 190) voiced the widely held view that “... the
processes of nature are repopulating New Zealand with birds that are able to live with predators,
while the rest are either adapting or have already gone’. However, Innes & Hay (1990, p. 2528)
concluded that “.. at least twelve endemic forest bird species or subspecies have yet neither
adapted nor gone, but are declining’; and more recently, Inres et al. (2010, p. 86) concluded that
‘predation by introduced pest mammals continues to be responsible for current declines and
limitation of New Zealand forest birds’. : '

“

The effectiveness of predator control methods has improved dramatically over the last three
decades (Innes et al. 1999; Saunders & Norton 2001; Greene et al. 2012; O’Donnell & Hoare 2012).
The Department of Conservation (DOC), TBfree New Zealand (formerly the Animal Health
Board), Landcare Research, local authorities and, more recently, community groups have all
invested large amounts of money and time on predator management and research (Parkes &
Murphy 2003), as a result of which there are many success stories. For example, in 2008 the
threat 'status of the North Island kokako (Callaeas wilsoni) was downgraded from ‘Nationally
Endangered’ to ‘Nationally Vulnerable’ (Miskelly et al. 2008) as a result of a predator control
regime that was developed via adaptive management (Innes et al. 1999). However, Green &
Clarkson’s (2005) review of the New Zealand Biodiversity Strategy (DOC & MI{E 2000) showed
that although the effectiveness of biodiversity management has improved, New Zealand native
species are'continuing to decline, with introduced predators being the main cause.

This report provides an overview of the historic and current impacts of mammalian pests on

our native fauna, outlines pest control techniques, and assesses what is and is not working. This
information was compiled from published and unpublished literature, as well as the authors’ own
data and observations. This overview covers the impacts and control of mamrnalian predators in
forests of the New Zealand mainland (which includes the North and South Islands, and Stewart
Island/Rakiura) that have challenges different from island eradications due to ongoing predator
reinvasion. It specifically focuses on ship rats, stoats and possums because these three species
currently pose the greatest threat to our native wildlife in mainland forests (Innes et al. 2010), and
are known to have caused the extinction of native animal species, currently suppress native animal
populations and will cause further extinctions if not controlled. It should be noted, however, that
cats (Felis catus) and ferrets (Mustela putorius furo) can also be important predators in forests.

We hope that the information provided will help to improve the control of ship rats, stoats and
possums on the New 7ealand mainland, and will stimulate further management, applied research
and development to increase the protection of New Zealand’s biodiversity. Improvements in
control of these three predators wiil make a significant conservation difference.

Brown et al-Mammalian predator controlon mainland New Zealand



2. Why do mammalian predators need to be
controlled?

Ship rats, stoats and possums were introduced to New Zealand (stoats and possums intentionally)
in the 1800s, with little understanding of the immense impact that they would have on our native
fauna. In this section, we begin by outlining the historic impacts that these species had when first
introduced and then discuss their ongoing impacts, despite the numerous attempts to control
them. We then consider the relative threat of these three species to native wildlife. ;

2.1 Historic impacts

2.1.1  Shiprats ; __
Ship rats probably travelled to New Zealand on board.'European ships in the 1800s; they then
spread through the North Island sometime after1860'and through the South Island after 1890
(Atkinson 1973). Historically, ship rats, Norway rats (Rattus norvegicus) and kiore (Rattus
exulans) were all important predators of native wildlife; however, ship rats are currently by far
the most widespread, common and significant of these three ’sf.»e,cies of rat. They are also agile
climbers and are ubiquitous in forests on mainland New Zegléhd, where they can reach plague
numbers following beech (Lophozonia spp.)and rimu (Daerydium cupressinum) mast events
(Harper 2005; Innes 2005). As arboreal and omnivoreus predators, ship rats prey on the eggs,
nestlings and adults of native birds, as well as lizards, bats, frogs and land snails.

The literature on the impacts of rats on islahd biodiversity is both extensive and damning
(Atkinson 1985, 1989, 1996; Towns et al. 2006; Gibbs 2009; Towns 2009). The spread of ship rats
through the North Tslandiwas ‘more or less coincidental with declines of the bellbird [Anthornis
melanural, robin [Petroica australis], stitchbird (Notiomystis cincta), saddleback [Philesturnus
carunculatus] and [native] thrush (Tizrnagra capensis)’ (Atkinson 1973 p. 468); and, during the 18g0s
and early 19005, declines in all of these species! were also recorded in the South Island, alongside
reductions in populations of mohua (Mohoua ochrocephala), South Island kakako (Callaeas

R re?\'glred- and ye lc&rowned parakeets (Cyanoramphus novaezealandige and C. auriceps).

> N _
/ [h more recent t > ral bird species have been driven to extinction largely due to predation
Y, p
\ b}'/g-‘ip rats({b\: \e:ia) ple, Tennyson & Martinson (2006) identified predation by ship rats as one
0 \E\‘éf the p/rl/\a/ry\oil}s\es of extinction of the bush wren (Xenicus longipes), Chatham Island bellbird
7 Gngorr

(AntF O*Q' m l}mocephala), huia (Heteralocha acutirostris), laughing owl (Seeloglaux albifacies),
III?« Zgal\\m&d’little bitten (Ixobrychus novaezelandiae), North Island and South Island piopio/
JRS: rush (Turnagra tanagra and T. capensis, respectively), South Island kékako and South Island
&%1\} (Coenocorypha iredalei) (Table 1). Harper (2009) also suggested that ship rats and possums
A\rere responsible for the local extinction of brown teal (Anas aucklandica), rifleman (Acanthisitta
/ ‘ehloris), mohua, South Island kdkako, New Zealand falcon (Falco novaeseelandiae), Stewart Island
k Q weka (Gallirallus australis) and, probably, yellow-crowned parakeet, and for the local decline of
NI kerera (Hemiphaga novaeseelandiae), kaka (Nestor meridionalis), kakaps (Strigops habroptilus)
and Stewart Island robin (Petroica australis rakiura) on Stewart Island/ Rakiura—although cats
are also known predators of birds, particularly kakaps (Powlesland et al. 1995).

The impact of ship rats on native fauna was graphically illustrated by their arrival on Taukihepa/
Big South Cape Island near Stewart Island/Rakiura in 1962 (Bell 1978). Rather prophetically,
Herbert Guthrie-Smith wrote in 1936 that although the South Island snipe was safe on Big South

! With the exception of the stitchbird, which was only recorded in the North Island.
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2.1.2

2.1.3

Table 1. Extinctions of native forest birds that were likely contributed to by ship rat, stoat and
possum predation (adapted from Tennyson & Martinson 2008).

BIRD SPECIES ) ESTIMATED PREDATOR(S)

- ————  EXTINCTION DATE
COMMON NAME SCIENTIFIC NAME .
Bush wren Xenicus longipes 1972 Ship rats
Chatham Island bellbird Anthornis melanocephala 1906 Ship rats
Huia Heteralocha acutirostris Mid-1920s Ship rats and stoats
Laughing ow! Sceloglaux albifacies 1914 Ship rats and stoats
New Zealand little bittern Ixobrychus novaezelandiae 1890s Ship rats and stoats
North Island piopio Turnagra tanagra 1902 Ship rats
South Island kokako Callaeas cinerea cinerea 1967 Ship rats, stoats and possums
South Island piopio Turnagra capensis 1905 Ship rats and stoats
South island snipe Coenocorypha iredalei 1964 Ship rats

Cape, ‘.. always hangs overhead the sword of Damocles: should rats obtain a footing, farewell

to Snipe, Robin, Bush Wren and Saddleback’ (Guthrie-Smith 1&;36, p.183). As predicted, within

4 years of the arrival of ship rats on the island, five bird species or subspecies and one bat species
Lecame extinct, including Stead’s bush wren (Xenicus longipes variabilis), South island snipe and
greater short-tailed bat (Mystacina robusta). These multiple extinctions following invasion of the
island by ship rats is a seminal story that calls New Zealand conservationists to action.

Stoats

Stoats were introduced to New Zealand in 1884 to control rabbits (Oryctolagus cuniculus) (King
& Murphy 2005), and are now ubiquitous in North-and South Island forests and other habitats
(Smith et al. 2007). Although stoats do not reach the same densities as ship rats, they are highly
mobile with large home ranges (males often >200 ha and females often >10¢ ha) and, unlike ship
rats, are obligate predators rather than generaiist omnivores (King & Murphy 2005). They are
also semi-arboreal and capable of killing ptey many times their own weight.

The dramatic reduction in native bird numbers following the introduction and spread of stoats
was noted by many early observers, including Guthrie-Smith (Guthrie-Smith 1936), Charles
Douglas (Langton 2000), Andreas Reischek (King 1981), Sir Walter Buller (Galbreath 1989) and
Richard Henry (Hill & Hill 1987). Tennyson & Martinson (2006) identified stoat predation as
one of the primary causes of the extinction of the huia (Heteralocha acutirostris), laughing owl
(Sceloglaux albifacies), New Zealand little bittern (Ixobrychus novaezelandiae), South Island
kokako and Scuth Island piopio (Table 1).

It is generally not easy to definitively attribute species extinctions to specific causes, let alone
specific predators. Nonetheless, King & Murphy (2005, p. 284) stated that stoats and ship rats .
certainly contributed ‘to the fnal disappearance of the South Island subspecies of the bush
wren (Xenicus L longipes), New Zealand thrush (Turnagra c. capensis), laughing owl (Sceloglaux
a. albifacies), saddleback (Philesturnus c. carunculatus) [on the South Island mainland], and
kokako (Callaeas c. cinerea), and aided the already advanced decline of the kakapo (Strigops
habroptilus), South Island takahe (Porphyrio mantelli hochstetteri), and little spotted kiwi
(Apteryx owenii).

Possums

Brushtail possums were intentionally introduced to New Zealand to establish a fur trade and were
successfully established by 1858 (Cowan 2005). They now occur throughout the main islands,
although they have only recently colonised Northland and south western Fiordland. Like ship rats,
possums are ubiquitous in forests, are agile climbers and can reach high densities (e.g. 10-12/ha)
(Cowan 2005). Although possums are primarily herbivorous, they opportunistically prey on native
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wildlife (Brown et al. 1993; Innes 1995; Sadleir 2000) and evidence of the impact of such predation
on native species has increased dramatically in the last two decades (O’Donnell 1995; Montague
2000). Tennyson & Martinson (2006) suggested that possums possibly contributed to the extinction

of South Island kékako,

2.2 Current impacts

2.2.1  Shiprats :
Direct and indirect evidence for the impact of ship rats on native forest animals continues to
accumulate, and remote cameras have now confirmed that ship rats are important predators of
the adults, chicks and eggs of kakako (Innes et al. 1996), kererii (Innes et al. 2004), robins (Brown
1997; Moira Pryde, DOC, unpubl. data), mohua (Dilks et al. 2003) and rifleman (G. Elliott, DOC,
unpubl. data). ; T oy

Brown (1997) found that 82% of North Island robin (Petroica longipes) and North Island tomtit
(Petroica macrocephala toitoi) nests were preyed on, and that ship rats were relsbonsible for at
least 72% of these events. Nine of 24 North Island robin pairs also lost breeding females, mainly
to ship rats, which significantly impacted on populatioi'a productivity. Similarly, Armstrong et al.
(2006) found that the nesting success, fecundity, adult female survival and juvenile survival of
North Island robins in the Paengaroa Mainland Island declined as rat tracking rates increased;
although 40 robins were reintroduced to Paengaroa in 19&_)9,: none of these were found in 2010—
likely as a result of rat -predation. South Island robin'(l\"etro'ica australis) numbers have also been
found to be strongly correlated with rat abundance in the Rotoiti Nature Recovery Project, Nelson
Lakes (Harper 2012), and robin _nﬁﬁ'lbers have declined dramatically following rat irruptions in

the Eglinton Valley (T. Greene, DOC, unpubl. data).

It is also now clear that ship rats pose at least as great a threat to mohua as stoats (O’Donnell

et al. 2002). Many mohua populations dramatically declined during a South Island-wide rat
irruption in'2000 (O’'Donnell et al. 1992; Dilks et al, 2003), and a mohua population on Mt Stokes
in the Marlborough Sounds was driven to extinction (Gaze 2001).

O'rari"gé-fronted parakeet (Cyanoramphus malherbi) declined dramatically following a rat and
at pla\gij'e’/in'the th Branch of the Hurunui in 2000 (Elliott & Suggate 2007). During this
/> /t\liné,\S}:)%t trappi &\:ﬁé on the valley floor but there was no rat control, suggesting that this
6’ ?/Q}\me was'le}'g Pﬁ}e o rat predation.
@\ \S’}{ip rats-also lz?év \significant impacts on our native bats, snails and frogs: significant declines
y g\> in pop /létioDé)o\f oth long-tailed bats (Chalinolobus tuberculatus) and lesser short-tailed bats
N (Mjglg\a&@berculata) in the Eglinton Valley were strongly correlated with irruptions of ship
(fe‘t//sc(Pné:l/e et al. 2005; O’'Donnell et al. 2011); ship rats are significant predators of Powelliphanta
snails in lowland forests (Walker 2003) and Placostylus flax snails in northern coastal forests
/\@

N

(ISHe}ley et al. 1998); and native frogs (Leiopelma spp.) have been found preyea upon by ship rats
“in Whareorino Forest (Thurley & Bell 1994; T. Thurley, DOC, unpubl. data).

s

2\2.2/} Stoats

Stoats pose a serious threat to the continued survival of many endangered or threatened native
bird species. Remote cameras have identified stoats as significant predators of robin, rifleman,
kea (Nestor notabilis) and kika nests (Moorhouse et al. 2003; G. Elliott & J. Kemp, DOC, unpubl.
data). For example, J. Kemp (unpubl. data) found that kea nesting success fell from 79% with
stoat control to 37% without stoat control in a non-mast year to 3% during stoat plague years;
and Wilson et al. (1998) and Moorhouse et al. (2003) showed that predation by stoats on nesting
females is primarily responsible for the decline and, in many instances, local extinction of kiks

on the New Zealand mainland.
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2.2.3

2.3

Video monitoring has also confirmed significant stoat predation on the eqggs, chicks and/or
nesting females of whio (Hymenolaimus malacorhynchos) (Whitehead et al. 2007), rock wren
(Xenicus gilviventris} (J. Monks & C. O’Donnell, DOC, unpubl. data), kakariki (G. Elliott, DOC,
unpubl. data), kokako (Flux et al. 2008) and bellbird (Kelly et al. 20085).

Stoats also impact on kiwi (Apteryx spp.), mohua and takahé (Porphyrio hochstetteri) populations:
stoats are responsible for approximately half of the deaths of kiwi chicks in the North and South
Islands (Holzapfel et al. 2008), and it has been estimated that kiwi populations decline by 2.5%
per annum in the absence of predator (particularly stoat) control (Robertson et al. 2011); periodic
intense episodes of stoat and rat predation follow beech masts and ongoing stoat predation has
led to the decline of mohua across the South Island (Ellictt & O'Donnell 1988; Elliott et al. 1996;
O’Donnell et al. 1096); and stoat predation is considered a major impediment to the recovery

of takahé in the Murchison Mountains (Clout & Craig 1994; Hamilton 2005; Wickes et al. 2009;
Hegg et al. 2012, 2013).

Possums

Remote cameras have shown that possums prey on the eggs and chicks of a variety of forest birds
(Brown et al. 1993), including kerer (Innes et al. 2004), kékako (Innes et al. 1999), robins, yellow-
crowned kakariki (G. Elliott, DOC, unpubl. data), tiil (Prosthemadera novaeseelandiae) (J. Innes
et al, Landcare Research, unpubl. data) and kea (J. Kemp, DOC, unpubl. data). They also prey

on kiwi eggs and occasionally kill adult kiwi (Robertson et al. 1999). Possums are particularly
damaging to kaka populations, as they not only prey on the eggs and chicks of this species,

but also nesting females (Moorhouse et al. 2003; Gréene et al. 2004), and have been strongly
implicated in the decline of kaka in South Westland (Rose et al. 1990).

In addition, possums are important predators of Powelliphanta land snails in upland beech

forests (Walker 2003) and have even been seen attempting to catch bats in their roosts
(O’Donnell 2000). 3

The relative threat of ship rats, stoats and possums to native
fauna '

Ship rat, stoat and possum impacts differ by native fauna species and life stage. Ship rats and/or
stoats generally have the greatest effect, on the widest range of species. However, pest mammal
guilds differ greatly in composition and dynamics depending on forest composition, mast events
and altitude. For example, lowland mixed broadleaved forests maintain high ship rat numbers
while their numbers boom and bust’ in response to seed mast in beech forests (see, for example,
section 6.1.2). Therefore, it is important that we understand which predator is of greatest threat to
a particular species in a particular habitat at a particular time so that we know where and when
to target our control efforts. Controlling less-important predators may be of little benefit if the
main predator remains uncontrolled. Table 2 summarises the main predators of various native:
New Zealand animal species, the life stages that are vulnerable to predation and key references.

It should be noted that feral cats probably also have a significant negative impact on native forest
birds at certain times and places (e.g. Powlesland et al. 2003). For example, on Stewart Island/
Rakiura, cats are more common than in most forests of the North and South Islands, and stoats
are also absent from Rakiura, which may result in cats having a greater impact on forest birds
there than they do elsewhere (Harper 2009). However, cats are probably of much less importance
than rats, stoats and possums nationally.
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Table 2. Relative threat of ship rats (Rattus rattus),

vulpecula) to native forest animals.

stoats (Mustela erminea) and possums (Trichosurus

SPECIES MAIN ADDITIONAL LIFE STAGE(S) AT  REFERENCES
COMMON NAME  SGIENTIFIC NAME P REDATOR(S) PREDATOR(S) .
Birds
Bellbird Anthornis melanura Ship rats Stoats* Eggs and chicks Kelly et al. 2005; Elliott
et al. 2010; Harper 2010
Kaka Nestor meridjonalis Stoats Possums Eggs, chicks and Moorhouse et al. 2003;
incubating females Greene et al. 2004;
Taylor et al. 2000 |
Kakariki Cyanoramphus spp. Ship rats and stoats ~ Possums Eggs, chicks and Elliott et a}l. 1996
incubating females XS
Kea Nestor notabilis Stoats Possums Eggs, chicks and J. Kemp, DOC, unpubl.
incubating females data \
Kererd Hemiphaga Ship rats Possums and stoats Eggs and chicks Clout et al. 1995; Innes
novaeseelandiae 7 et'al. 2004
Kiwi Apteryx spp. Stoats Ferretst Chicks and adPIts McLennan et al. 1996;
\ ! Robertson &
) de Monchy 2012
Mohua Mohoua Ship rats and stoats* ) ) Eggs, chicks, Elliott 1996; O'Donnell
ochrocephala incubating females et al. 1996; Dilks et al.

North Island kokako

Callaeas wilsoni

Ship rats

Possums and stoats

\

‘and roosting adults

Eggs,_ chicks and
Incubating females

Eggs, chicks and

2003

Innes et al. 1999; Flux
et al. 2006

Elfiott et al. 2010;

Rifleman Acanthisitta chlofis Ship rats and stoats
incubating females G. Elliott, DOC, unpubl.
< % data
Robin Petroica spp. Ship rats and s'to"ats Possums Eggs, chicks and Brown 1997; Brown
F {f . incubating females et al. 1998b; Armstrong
LX. )3 et al. 2006; G. Efliott,
DOC, unpubl. data;
) ' M. Pryde, DOC,
5 unpubl. data
Rock wren Xenicus gilviventrs Stoats < Eggs, chicks and J. Monks &
3 incubating females C. O'Donnell, DOC,
¢ unpubl. data
Takahé Porphyrio. ',, Stoats Eggs, chicks and Wickes et al. 2009;
< hochs/%tmﬁ adults Hegg et al. 2012
Tar /3 \% Vépemadera i p?s Possums Eggs and chicks J. Innes, Landcare
< ( 2 //7 eseslandiae Research, unpubl. data
Whio \ ymenolaiﬁ; \éx Stoats Egags, chicks and Whitehead et al. 2007.
O N mala%ofﬁy?chos\ incubating females 2010; Glaser et al. 2010
2N AN
I\ Xp)
Long and iesser &%Im\ bus.- Ship rats Stoats and possums Roosting adults and Pryde et al. 2005;
short-tailed bats @u@e%tus young O’Donnell et al. 2011
A ‘ {/ystacma
é\ tuberculata
Frogs
f\\ . .
Arch7f Leiopelma archeyi Ship rats Unknown Thurley & Bell 1994;
\ Haigh et al. 2010
Hochstetter's rog Leiopeima Ship rats Stoats Juveniles Thurley & Bell 1994;
hochstetteri Baber et al. 2008
Snails
Powslliphanta snails Powelliphanta spp. Ship rats Possums Adults Walker 2003

*  Stoats are the main predator of bellbirds in beech forest in the absence of ship rats,

forests.

T Ferrets (Mustela putorius furo) can have a catastrophic effec

(Oryctolagus cuniculus) population crashes in surrounding farmlands.

*  Stoats are the most important

extinction. -
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but ship rats are likely the most important predator in non-beech
t on kiwi populations, as they invade forests and kill adults as well as chicks following rabbit

predator of mohua in most years. However, in beech mast years ship rat impacts can be drastic, including causing local



3.1

3.1.1

How can we control mammalian predators
on the mainland?

Much has been learnt from attempts to control ship rats, stoats and possums on the New Zealand
mainland in the last 25 years. Pest management options span a broad spectrum from localised
nest protection, to pulsed or press control using intensive grids of traps or bait stations, to
pulsed control using aerially applied toxic baits, to exclusion using fences and islands. The most
widespread mainland techniques are traps and/or toxic baits applied at ground level, or aerial
application of 1080 baits. It is critical that accurate measures of cost, effort and outcome are
recorded if meaningful comparisons are to be made between the uses of different methods in
different circumstances, The main factors influencing the choice of mammal control techniques
are the target species, the desired residual abundance, scale, cost, topography, available expertise,

and community acceptance of the proposed actions.

Ground control

Traps

In the last 10 years, there have been significant developments in trap design and in our
understanding of what can be achieved by trapping, both in isolation and in conjunction with the
use of toxins (see section 3.1.2). In the past, the humaneness of trapping has been of particular
concern, and so DOC now only uses traps that have passed the National Animal Welfare
Advisory Committee (NAWAC) guidelfll'les (MAFBNZ 2010). The use of traps is preferable over
the use of toxins because it removes the risk of secondary poisoning, and is generally more
acceptable to communities. That is not to say that traps have no non-target effects, because they
can kill native birds unless the latter are excluded. Trapping is still the major tool for large-scale
stoat control, is widely used to target possumis in conjunction with toxins, but is rarely used as a

main tool for ship rat control.

Ship rats

Controlling ship rats with single-kill traps is generally ineffective at scales beyond tens of
hectares because traps need to be closely spaced and regularly checked and trapping is therefore
expensive. New Zealand projects that have attempted to maintain control of rats using traps
alone, such as in Urewera, at Rotoiti (Nelson Lakes National Park) and at Windy Hill (Great
Barrier Island), have all ended up using toxins in addition to or instead of traps because
occasional population peaks and constant reinvasion overwhelm affordable trap-checking.

Tt is still a valuable objective to maximise the use of traps and so minimise the use of toxins, if
biodiversity targets can be met. For example, in Te Urewera Mainland Island, Victor® professional
snapback traps have been used as the main control tool against ship rats for many years, but
cost-effective control now uses cholecalciferol baits alongside trapping. Ship rats are maintained
generally below 5% tracking rates all year round in the Otamatuna ‘core area’ (557 ha) by using
cholecalciferol and trapping together, while at Mangaone (232 ha), Pakoakoa (212 ha) and
Waikokopu (200 ha) rat populations are initially ‘knocked down’ with cholecalciferol before

being maintained near or below 5% tracking rates over the kikako breeding season by trapping
(Moorcroft et al. 2010).—Trapping in Te Urewera is undertaken on altitudinal contour lines along
and below ridge crests, which is an effective and adaptive technique for that topography, but this
is a nationally unconventional approach and, predictabiy, rat populations remain substantial
50-150 m outside the outer line of traps (Fergusson 2005). Trapping was ineffective at suppressing
ship rat numbers and protecting robins in a beech mast year at Rotoiti (Harper 2012), and trapping
failed to adequately suppress rats during a mast year at Hawdon (Elliott & Suggate 2007).
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Initial rat control results from efficacy trials for Goodnature® A24 self-resetting rat and stoat traps
are promising for rats. Rats have been controlled to 0% tracking at Harts Hill, Fiordland (200 ha)
using 467 traps on a 100 x 50 m grid, but at a cost of $169 per trap plus the ongoing cost of lure
and gas cartridges (DOC 2015a; www.goodnature.co.nz). Rats have also been eradicated from
Native Island (63 ha) using 142 A24 traps (DOC 2015b). Long-term mechanical reliability of these

traps has been an issue (Gillies et al. 2013, 2014) that appears to have been resolved (DOC 2015¢).

There is an urgent need to publish scientific accounts of projects that have trialled trapping ship
rats in New Zealand, so that effectiveness, full costs over time, and affordable scales of different
techniques can be reasonably compared with common and standard metrics. [

DOC best practice recommends that rat traps are placed in grids Qn{rabks along 100m |
contours at a spacing of 25-50 m to ensure that at least one trap occurs within ‘each rat home
range (refer to DOC 2011a). Peanut butter is the most commonly used bait in snap traps and

long-life lures are being developed for use in self-setting traps. : J

Stoats ¢ ¢ )
Stoat trapping advanced in 2007 when Fenn traps, which did not meet the humane standards

of the Animal Welfare Act 1999, were replaced by DOC series"-t‘raps in DOC predator control
operations. The DOC series now includes the DOC 206 and smaller DOC 150 traps for killing
stoats and rats—as well as the bigger DOC 250 for killing férrets—and standardised trap boxes
that exclude non-target species have been developed. DOC series traps can effectively control
stoats over large areas (e.g. Project|Janszoon ¢ontrols stoats over 14300 ha), and the combination
of traps and aerial 1080 can suppress stoats to even lower levels (Sutton et al. 2012). Spitfire traps,
which squirt toxin onto stoats as they pafss'r through the tunnels, also show promise as a stoat
control tool (E. I\I/Iurphy, DOC, unpubl. data), and both these and self re-setting A24s (which are
currently being trialled for their efficacy; Gillies et al. 2013, 2014) have the potential to make stoat
trapping mare cost-effective at the landscape scale—although a recent trial of A24s at Rotoiti
resulted in hlgh stoat tracking rates and kaka mortality (Gillies et al. 2014). Mechanical reliability
was an‘issue when this work was carried out and the efficacy of the Goodnature Ltd, long-life

&Ll:ﬁ{l}as yet to ﬁfemonstrated.
iggest cu is Yy{'?th stoat trapping is that not all stoats enter the traps, especially when

S
Q/glftarnative food %1 ntiful. There have been few significant advances in bait for stoat traps,
\%’141 egg/s,sfl\l\l\ eix{fg most commonly used because they last longer than meat. Fresh rabbit is
O » ‘the mo#é ‘Eff(ee\?ébait for stoats, however, and so Erayz® rabbit-based bait, which is long-lasting,
Q is a{%\\c@ily used-—although both this and fresh rabbit are vulnerable to reméval by wasps
(Ve @ul&z\spp.). The development of a lure that will entice all stoats to enter traps is the ‘Holy

/ fail

G é o}s/’éoat trapping.
7
'} DOC best practice recommends that stoat traps are placed no more than 200m apart on lines

e
<
(® no more than 1 km apart, while making use of ridges, tracks, roads, contours and waterways
N

{refer to DOC 2013a).

Possums

Possums can be maintained at a low abundance using traps with periodic applications of
cyanide (D. Baigent, DOC, unpubl. data). Leg-hold trapping using Victor leg-hold traps (which
have replaced gin traps; MAFBNZ 2010) is the preferred method when fur or skins are being
recovered, but is labour intensive and expensive because leg hold traps are required to be
checked daily. When no recovery is required, Sentinel possum kill traps have proven to be both
very efficient (Warburton & Orchard 1996) and cost effective compared with leg hold trapping
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(Moorcroft et al. 2010) in controlling possums; and other p

ossum kill traps are also available

on the market (e.g. Trapinator). Possums were maintained below 5% Residual Trap Catch over

11 350 ha using Sentine! traps (and cyanide) at 75 m intervals on lines along prominent features
such as ridges, spurs and valley bottoms (0.4 to >0.7 traps/ha) in Te Urewera (Moorcroft et al.
2010). A12 self-resetting possum traps, which are currently being trialled for their efficacy (Gillies

I

et al. 2013, 2014), appear to be a useful possum control tool, especially for community groups

whose members might be reluctant to handle dead possums. Visual lures, such as a flour blaze
placed on a tree, are used to attract possurms to traps and specific rat-resistant possum paste baits

can be purchased for use in Sentinel traps.

| There is no DOC best practice for possum trapping, but the best practice for bait stations
l targeting possums recommends that they are placed no more than 150'm apart, preferably on
ridges and spurs, and along pasture boundaries (refer to DOC 2011b).

Toxins

|_"\_£? -

There have also been significant developments in the last 15 years in toxins for targeting ship

rats, possums and stoats.

A number of toxins have been registered for use in controlling rats and possums in New Zealand.
Brodifacoum was widely used on mainland New Zealand in the 1990s, where it proved very
effective for controlling these pest species through primary poisoning (Gillies et al. 2003). The
use of brodifacoum had measured benéfits to populations, of kokako, kererfi, North Island robin,

morepork (Nirox novaeseelandiae) and land snails (Innes

2005; Fraser & Hauber 2008); and

the successful recovery of the Chathani Island parea from near extinction (Flux et al. 2001) was

attributed to its use. However, concerns about the persistence of brodifacoum in living animals
(Innes & Barker 1999; Broome et al. 2012) led ‘_c_o:DOC regulating its use on the mainland. In
January 2000, DOC moved to limit brodifacoﬁm use to sites where there would be minimal
exposure to pigs (Sus scrofa) and deet, and)to target only rodents, with baits fixed inside bait
stations. Then, in 2002, following an internal risk assessment, DOC’s Pesticides Advisory Group

recommended that brodifacoum should only be used spari
operations per lifespan for the longest lived native animal

ngly, i.e. restricted to one or two

species that were likely to be exposed

to avoid the build up of the toxin within native species through repeated doses.

Other toxins that have been registered to control rats and possums include diphacinone
(RatAbate Paste in: 2006, Pestoff Rat Bait 50D in 2009 and D-Block in 2011), cholecalciferol
(Feracol® in 2000, Pestoff Decal Possum Bait and NO Possums Cholecalciferol Gel Bait in 2006,
coumatetralyl (Racumin® Paste in 1999), pindone (Pindone pellets in 1992), cyanide (Feratox® in
1995), zinc phosphide (ZaP Possum Paste in 2011) and sodium nitrite (in 2013). First generation

anticoagulants (multiple-dose as opposed to single-dose, s

econd generation anticoagulants like

brodifacoum) can also cause non-target mortality (e.g. Dennis & Garirell 2015), and there are
concerns about their environmental fate (Fisher et al. 2004, Spurr et al. 2005, Crowell et al. 2013),

as there are for brodifacoum.

DOC best practice recommends that toxins be hand laid or deployed in bait stations or in bait
bags, depending on the toxin and circumstance (DOC 2015d). The effectiveness of deploying
toxin in bait stations for controlling ship rats during a beech mast rat irruption was tested in the
Catlins and Eglinton Valley in 2006 with variable results (Elliott & Suggate 2007). In the Catlins,
rats were controlled to acceptably low levels using bait stations at a density of 1/1.25ha over
about 800 ha and loaded with pre-feed, 1080 and then brodifacoum. Rats have been controlled

siiccessfully to at or near undetectable levels, using 1 bait station per hectare containing Pindone
pellets, through seven beech mast events between 2009 and 2015 at several sites in Fiordiand:
Eglinton (4800 ha), Iris Burn (500 ha) and Kepler (450 ha) (Hill 2015).

Brown et al.-Mammalian predator control on mainland New Zealand
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By contrast, in 2006 in the Eglinton Valley, using bait stations with a combination of 1080,
coumatetralyl and then diphacinone, rat numbers were suppressed but then recovered to
unacceptable levels using bait stations at a density of 1/ha in three blocks of 200 ha, 300 ha and
450 ha. Also, at Nelson Lakes, pindone in bait stations at 100 x 100 m spacings failed to control
rats (Long et al. 2015). Bait stations are suitable for use in situations of limited scale

(e.g. <5000 ha), and moderate topography with good access. Elsewhere, they are more expensive.

Up until 2011, no poison was registered for ground-based control of stoats?, However, stoats

are vulnerable to secondary poisoning, which means that their abundance can be significantly
reduced by a variety of toxins that are intended for rats and/or possums (Alterio 1996; Alterio

et al. 1997; Brown et al. 1998a; Murphy et al. 1999; Alterio 2000; Alteric & Moller 2000; Gillies et al.
2003). In April 2011, PAPP (para-aminopropiophenone) became the first toxin to be registered for
stoat control in New Zealand and the first new toxin to be registered for mammalian pest control
anywhere in the world for at least 20 years. Compared with most other toxins, PAPP is relatively
humane, as stoats become unconscious within about 15 minutes and die shortly afterwards (Eason
et al. 2014). Therefore, if PAPP proves effective, it could provide a very cos,t-effe_cﬁve alternative to
stoat trapping—particularly if it can be registered for aerial use in the future (séelbelow).

Aerial control

The aerial application of 1080 is currently the only tool we have that can simultaneously control
ship rats, possums and stoats on a large scale (ie. >10'000 ha):. It is affordable, at approximately
$17-$27 per hectare (Terry Farrell, DOC, unpubl. data), but faces some opposition, primarily from

the hunting lobby. NAC Y

Landscape-scale aerial application of 1080 to protect forests from possums commenced in

1962. In the late 1970s, the goalposts changed from forest protection to the control of bovine

tuberculosis (Tb), but the goal of forest protection recommenced when DOC took over possum

control from the New Zealand Forest Service in 1987 (while the Ministry of Agriculture and

Forestry (evé;jifually becoming the ‘Animal Health Board and now TBfree New Zealand)

continued with the Tb goal). In 1993, DOC developed a National Possum Contro] Plan (bocC

1994), Whigh identified the strategic direction, priorities and operational guidelines for possum

WOC-maﬁi&@ds nationally. However, this plan is now out of date and no strategic
lans éxist for rgdent orstdat control. Today, site-based operational plans that identify outcome

7

épd result targets areused.
~
O ‘>\Over theyears; {]

ré has been considerable effort to refine the efficiency and environmental

safety {f-(%rgi)lOSO (Morgan & Hickling 2000; Morgan et al. 2006; Fisher et al. 2011; J. Kemp,
D,@%Z:}l@%ubl data). While individual native animals of some species (e.g. kea habituated to

</ @é‘l foods at ski fields and rubbish dumps when young) can be at risk from 1080 poisoning,

:iive all populations tend to benefit (J. Kemp, DOC, unpubl. data; Fairweather et al, 2015). The

? ¥
/granai improvements have been greatly reduced sowing rates, recognition of the importance of

)

re-feeding non-toxic baits, the use of global positioning systems (GPS) for more accurate bait
delivery, and improved operational standards and monitoring (Cowan 2005; Fisher et al. 2011;
Nugent et al. 2011, 2012; see Box 1). However, this tool still meets with some opposition. A more
informed public opinion could likely be achieved through better transfer of the known benefits,
costs and risks of 1080 compared with those of alternative control methods or doing nothing.

The effective aerial application of 1080 requires legal consents, complex operations, community
consultation, public awareness and high-quality monitoring. Different parts of DOC manage
different aspects of aerial 1080 use, often to varying standards, which decreases efficiency,

2 1080 legally applied aerially to control possums and rats also kills stoats.
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and increases operational and social risk. Rationalisation of consent processing, monitoring,
consultation, public awareness and the management of operations could be best achieved

by adopting a single programme approach to the use of aerial 1080. Such an integrated
management approach using a dedicated team of legal, public awareness, operational and
science staff, would likely increase cperational effectiveness, reduce cost and risk, and increase

biodiversity outcomes and public support.

PAPP offers a new possibility for the aerial control of stoats at different scales and in rough
terrain. This toxin is extremely humane (see section 3.1.2) with low risk of secondary poisoning.
1f it can be registered for aerial application, PAPP is likely to be a much cheaper alternative than
ground-based stoat trapping. PAPP could be as little as <50 cents per ha per application

(G. Elliott, DOC, unpubl. data) compared with, for example, $24.40 per ha per year (C. Golding,
DOC, unpubl. data) for trapping. However, due to its specificity to stoats and cats (Eason et al.
2014), PAPP will not replace 1080 for rat and possum control but complement it. 5

Box 1. How can we optimise the aerial application of 1080 for rat control?

Rat plagues are major contributors to the decline and extinction of native fauna in upland beech
forests, as highlighted by the plagues that occurred in the South Island in the 1999/2000 season
(e.0. resulting in local mohua population extinction (Gaze 2001)). To date, such rat irruptions had
only been able to be suppressed by the aerial application of poison, but these operations had i
met with varying success on the New Zealand mainland (Gillies 2002; Murphy 2003; Murphy et al. 3
2004). Conseguently, the optimisation of aerial 1080 operations for rat control was considered a top
priority during a Rodent Research Workshop held in 2006 (Murphy 2006).

In response to this, in 2006 DOC commenced research to improve the consistency of rat kills using
aerially applied 1080 by developing a best practice with regard to weather conditions, pre-baiting,
sowing rates and bait characteristics (e.0. type, size, freshness, hardness, lures and masks). It |
also sought to refine the timing of operations withrespect to mast seeding and to identify factors
determining the rate of post-control increases in pest numbers (J. Kemp, unpubl. data).

Brown & Urlich (2005) and Brown (2006) found that rat control using aerial 1080 was more effective
when non-toxic pre-baiting (pre-feedihg) was used, and rat monitoring data from routine (non-
experimental). control operations in 2006 and 2007 also indicated consistentiy high levels of rat
control when pre-baiting was undertaken. The same outcomes were later apparent in TBfree
NZ-funded research by Landcare Research staff (Nugent et al. 2012). Consequently, by 2009 pre-
baiting was standard practice for both DOC and TBiree. By contrast, all other factors mentioned
above appear to have little effect on the outcome of 1080 operations to control rats, including
sowing rates—extremelj? e\ffective rat control was consistently achieved at the minimum available
sowing rates (1kg/ha for g pellets and 2 kg/ha for 12 g pellets). However, Landcare Research is
currently investigating the feasibility of trickle sowing bait in lines rather than broadcasting bait,
which would reduce the sowing rate enabling further cost savings (Sweetapple & Nugent 2007;
Nugent et al. 2011)—and the results of initial trials look promising (Nugent & Morris 2013). Though
likely effective against possums and rats at low density this method is unlikely to be effective
against ship rats at high densities because of smalier home ranges when density rises.

Having established a new practice to control rats as cheaply as possible, the project’s emphasis
shifted to measuring re-population by rats. This has primarily involved the creation of a large
database of tracking tunnel data based on thousands of tracking tunnel transects from a large |
number of sites across New Zealand that have had dozens of rat control operations (or no control)
and in which dozens of mast seeding events have occurred (J. Kemp, unpubl. data). Variability in
the size, shape, natural boundaries, forest types and mast seeding events in the managed sites
was then examined o estimate the range of re-population times, identify factors that influence re-
population time and develop computer models of re-population.

Recent trials that used pre-feed and were carried out over very large areas (10000-30000 ha)
suppressed rat populations for 6-18 months, depending on the forest type (J. Kemp, unpubl. data).
New Zealand forests appear to cluster into four different types with respect to re-population by rats:

Continued on next page
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Box 1 continued

" 1. Fertile podocarp/hardwood forests
2. Infertile rimu forests of the South Island
3. Upland beech forests
4. Mixed beech-podocarp forests.

Rats recover to high levels in about 6 months in fertile podocafp/hardwood forests, regardless
of the size of the operation, whereas recovery takes longer in less diverse forests—and may take
longer still in forests dominated by beech and rimu, where rats are naturally at a low abundance
except in plague years (G. Elliott & J. Kemp, DOC, unpubi. data).

The optimal timing of rat control depends very strongly on the time until a beech mast (see section
5.1.2 for discussion of mast) is likely to occur, which may not be for several years, A rudifnentary
non-spatial model has been developed to assess the optimal tirme for aerial 1080 baiting in\strongly
masting forests (e.g. upland beech andinfertile rimu) (J. Kemp & G. Elli\bﬂ, DOC, unpubl. data)

and more sophisticated spatial models are currently being developed for all four forest types. The
tracking tunnel database will be used to ensure that the models’ predictions are realistic.

Further refinement of aerial application of bait is needed, as recently illustrated by the variability

in rat kill results from DOC’s large-scale ‘Battle for our birds’ response to the 2015 beech forest
mast (J. Kemp & G. Elliott, DOC, unpubl. data). While ajl operations killed most rats present only

19 operations of 25 (76%) got the rats below 10% rat tracking, and 15 (60%) of the operations got
the rats to 1% rat tracking or less. Many operations were carried out late in the season when rats
had reached very high densttiss with'likely-small home rangeé;.___lt is likely that not all rats got access
to bait due to variability in coverage. Testing this hypothesis is ob'viously a high priority research
question. Stoat tracking rates were low compared to non-control sites suggesting high stoat kills. .

\ X
Landscape-scale multi-species pest control has the following advantages over small-scale control
E . )

of single species:
1. Economies iof scale: The per-hectare and per-animal cost is reduced by targeting larger
areas and several pest species.
2. Lower'reinvasion rates: Large areas logically have lower pest reinvasion rates than small
areas, allowing pest densities to be kept lower for longer in the central core. Furthermore,
b{qs)jducting pest control over large areas, natural boundaries such as lakes, large rivers,
4 c95:1 and peni 'Klil?an be used to further reduce pest reinvasion rates.
o

. Ihcreased protecti f native species: Large areas can support genetically viable,

a better chanee of protecting valued native species even after natal dispersal takes young

f,t}gﬁa}‘%nany kilometres away from their nest sites, Effective pest control over large
N,
/ \

¢ “essential for populations of native animals with large home ranges.

S N,
/]ga\ efscépr'e-scale species recovery doesn’t necessarily mean controlling all pests over all the
:

z‘a\n\ﬁcape. An alternative promising approach is being trialled at Te Urerwera Mainland Island

<to encourage species (e.g. kokako) recovery over a large land area (Mooreroft et al. 2010). This

-approach uses a number of intensively managed ‘core areas’ distributed within a less-intensively
managed matrix. The core areas have a high nesting success and perform as breeding areas from
which kokako move out into the surrounding landscape where adult survival and nesting success
is lower, but not zero. Birds move between the core areas, facilitating genetic flow and enabling
a functioning kokako population over a large area, even though intensive rat control takes place
over a relatively small area (Moorcroft et al. 2010).

Unless we routinely undertake pest control at a landscape scale in New Zealand, the bulk of
public conservation land will receive no pest control and in the future will support only the most
common and resilient species. Landscape-scale multi-species pest control is already carried out
at some sites, including some Operation Ark sites and kiwi sanctuaries, and at more sites as part
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3-4

of the ‘Battle for our Birds’ project. However, at present the assessment of sites for landscape-
scale pest control is somewhat ad hoc. An approach is needed to identify priority large-scale
management sites that integrate prioritised Ecological Management Units and landscape-scale

pest control.

Advantages and disadvantages of ground and aerial control

Ground-based pest control and aerial control are appropriate to use in different circumstances

as both have advantages and disadvantages. Undoubtedly, aerial control is most appropriate

in rugged back-country situations where large-scale control is required, slthiough it can also

be usefully applied at smaller (e.g. 1000 ha), more accessible sites. Advantages of aerial 1080
control are that it is cost-effective when compared with ground-based methods; is efiective, as
multiple target pests can be reduced to very low densities in one or two nights, even at high pest
densities; can be applied in rugged terrain and at a large scale, reducing the effects of reinvasion;
and non-target risks are low. Disadvantages are relatively high cost at small scales and mixed
public acceptability of the tool. |

Ground-based methods can be used for targeted control of ship rats and possums at smaller,
more-accessible sites and control of stoats on a landscape scale (e.g. 14300 ha by Project
Janszoon). However, aerially applied PAPP has the potential to be significantly more cost-
efective and trapping/aerial 1080 combined ¢an currently be most effective. Advantages of
ground-based methods include the cost effectiveness of being abie to target pest control at
specific small-scale sites {e.g. bat roosts); they are less weather dependent and more acceptable to
some groups, particularly near populated areas. Disadyantéges are that they are labour-intensive
and consequently expensive; they typically target only one or two pests in favourable terrain, and
are limited in the area they protect (with the exception of stoat trapping that can be carried out
over large areas). Costs of ground-based control are also highly variable, depending on set-up
and track maintenance costs, trap-checking and bait station-flling frequencies, and levels of
contractor servicinig. Such projects are more expensive when multiple fills are required to control
pests (e.g. ship rats) at kigh abundance. '

Therefore, it will inevitably cost more to control-ship rats, stoats and possums using ground-
based téchniques rather than aerial operations at most moderate- to large-scale sites®. For
example, as part of Project Janszoon, the cost estimate* for a 10 000-ha stoat trapping operation
at Abel Tasman National Park is $24.40 per ha per year spread over 10 years, and for a 1500 ha
possum and rat bait station operation at Falls River is $61.52 per ha per year spread over 5 years;
by contrast, the cost of a recent 11592 ha aerial 1080 operation targeting all three pests was about
$27 per ha (including consent, consultation and administration costs) with benefits extending
beyond one year (C. Golding, DOC, pers. comm.). On the other hand, trapping is the most
publicly acceptable tool, while aerially applied poisons are the least (Russell 2014). Therefore, the
feasibility and cost of using ground control needs to be weighed up against the acceptability of
aerial poison control operations on & case-by-case basis.

Required scale and intensity of management

We currently do not know the minimum scale of pest control required to protect populations
of many native species. To date, little work has been carried out to determine minimum areas
required for species persistence (MASPs). Thus, we have MASPs for just a few of our native bird

@ Average costs for ground-based trapping and toxin operations are diff:cult to obtain because they are not consistently recorded,
Ideaily, ali contractor, travel, rmonitering, administration ard consultation costs should be captured alongside equipment and
operational staff time (Karen Vincent, DCC, pers. cornm.).

4 These figures include staff and contractor costs.
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species (see below). In general, species with large home ranges will require larger management
areas. If these species are managed in smaller areas, they may require periodic transfers to
maintain their genetic diversity and more intensive, and therefore expensive, pest control than
would be required at a larger site. Current evidence suggests that New Zealand birds have

approximate MASPs of:

* 1000 ha for kererd, ti1, fantail/piwakawaka (Rhipidura fuliginosa), tomtit and silvereye
(Zosterops lateralis) (Saunders & Norton 2001; Innes et al. 2004)

* 2000 ha for robin and North Island kskako (Innes et al. 1999; Ramsey & Veltman 2005;
Armstrong et al. 2006) " (( )
* 5000 ha for mohua and yellow-crowned parakeet (G. Elliott & J. Kemp, DOC, unpubl, aata;
T. Thurley, DOC, unpubl. data) W\
* 10000 ha for kaka, kiwi and kea (Wilson et al. 1998; Basse & McLennan 2003; G. Elliott &
J. Kemp, unpubl. data; H. Robertson, DOC, unpubl. data) * ‘ :

* 30000 ha for whio (G. Elliott & J. Kemp, DOC, unpubl. data)

- .
Likewise, we currently do not know the intensity of pest'control or rnaxlin'lurn 'alllowable residual
pest abundance targets for many native species: For pest control to be effective it is necessary
that pest populations are maintained below levels that negatively impact on native animal
populations. Few examples of such maximum pest abundance targets (e.g. <10% rat tracking,
<20% stoat tracking and <10% possumi residual trap catch over the kkako breeding season) are
known. Knowledge of such targets allows for optimisa}tib‘n':of the timing, frequency and intensity

of control to protect native species.
|

)) _
3.5 Adaptive management to(improve techniques and outcomes

Adaptive management uses the scientific method to learn from large-scale management
operations (Holling.1978; Walters & Hilborn 1978). Examples where it has been used to improve
efhiciency ahd effectiveness include the kakako research-by-management programme (Innes et al.
1999), Qpe:at’i,_dn Ark (Elliott & Suggate 2007), some kiwi sanctuaries (Robertson & de Monchy
2012), in mainland islands (Saunders & Norton 2001; Gillies et al. 2003), an experimental deer
e ntrol programme{Ramsey et al. 2012) and Battle for our Birds (G. Elliott, DOC, unpubl. data).
g B\I‘{/td wo.rk, ‘€§§é9ement requires commitment from and good communication
\@ﬁ}\reen m@g scientists. In a review of 100 attempts to apply adaptive management in
() -\y\,,various/pi'x;s Qf\t> orld over the past 30 years, Walters (2007, p. 304) found that most failed as
N g\ g re§ul{§il) Ijék of management resources for the expanded monitoring needed to carry out
lg);ée\- cale-experiments; 2) unwillingness by decision makers to admit and embrace uncertainty
/gli nvl/al‘c«'n policy choices; and 3) lack of leadership in the form of individuals willing to do all the
]:{ax@ work needed to plan and implement new and complex management programs’. For these

A
{/ Jreasdns, adaptive management is seldom used. Because it offers a way to improve management
N\

techniques and conservation outcomes in the medium to long-term, its judicious use is

N

> encouraged.
N

N
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4.1

What has pest control achieved to date?

Learning to control mammalian pests at mainland sites

New Zealand conservationists have led a worldwice movement of pest eradication from islands
(Towns & Broome 2003; Howald et al. 2007; Keitt et al. 2011 <http://eradicationsdb.fos.auckland.
ac.nz). Biodiversity gains from successful island eradications have inspired increasingly more
ambitious island eradication attempts (Towns et al. 2013) and large-scale mainland control. While
on islands eradication is feasible, control operations on the mainland aim to maintain pests below
damage thresholds because of ongoing pest reinvasion. The scale and complexity of mainland
predator control has increasea dramatically in the last 25 years as we have learnt more and
developed the confidence to act at larger scales. In the following text we discuss some initiatives
that have been fundamental to increasing our pest management knowledge and capability:

The kokako ‘research by management’ project, which was carried out from 1989 to 1997\n
podocarp-broadleaved forests at different North Island sites, was the first to provide conclusive
evidence that the management of ship rats and possums (to set targets) could reverse the decline
of critically endangered forest bird populations (Innes et al. 1999). Simultaneously, stoat control
in the Eglinton Valley in 1990/1991 and 1996 was shown to erhance mohua breeding success
(O'Donnell et al. 1992; O’Donnell et al. 1996). Subsequent work has shown the importance of also
controlling ship rats to protect mohua and other species in some mast years (Dilks et al. 2003;
Elliott & Suggate 2007).

In 1995, six ‘Mainland Islands’ were established by DOC at Trounson Kauri Park, northern

Te Urewera, Boundary Stream, Paengarba Reserve, Hurunui and Lake Rotoiti. These'are
intensively managed multi-species pest control sites with ecosystem goals (Saunders & Norton
2001), and were inspired by the success of kokako recovery, which led to calls for ecosystem and
species recovery elsewhere on the mainland (Saunders 20c0). They later evolved into sites that
were primarily used for testing pest management tools, although they retained their biodiversity
protection and community objectives (Brown & Gasson 2008). Much was learned and some
species have benefited, but ecosystem restoration goals have not been clearly demonstrated.

In 1999, the first multi-species pest exclusion fence was built at Karori Sanctuary, Wellingten
(now Zealandia) (Campbell-Hunt 2002). Since then, a number of predator-exclusion fences have
been constructed at various sites across New Zealand, the largest of which is at Maungatautari
in the Waikato, where it encloses 3363 ha of native forest (Burns et al. 2012; Smuts-Kennedy &
Parker 2013). Most pests (with the exception of mice) have been successfully excluded and many
different native species have established inside the fence, although pest incursions requiring
climination ate inevitable (Butler et al. 2014). There has also been considerable debate about the
cost-effectiveness of multi-species pest exclusion fences (Scoheld et al. 2011; Innes et al. 2012;
Scofield & Cullen 2012).

In 2000, five kiwi sanctuaries were established by DOC to maintain viable kiwi populations.
Overall, these have been successful, with four reporting a reversal in the decline of kiwi populations,
with population growth rates of 2.9%-11.3% per year (Robertson & de Monchy 2012). These
population increases have resulted from a combination of trapping, dog aversion training and

the BNZ-sponsored Operation Nest Egg (BNZONE), in which eggs were removed to be hatched

in captivity and the resultant chicks returned when they are large enough to be safe from stoats
(Robertson & de Monchy 2012). For one kiwi population, it was estimated that the aerial application
of 1080 alene would be sufficient to achieve an annual growth rate of 0.7% per annum, compared
with a decline of 0.6% per annum without predator control (Robertson & de Monchy 2012).

Operation Ark was established by DOC in 2004 with the goal of protecting mohua, whio, orange-
fronted parakeet and long-tailed and lesser short-tailed bat populations from ship rat, stoat and
possum predation at ten sites (Elliott & Suggate 2007). A combination of ground-based pest
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control techniques and aerial application of 1080 were used, with aerial 1080 proving the most
effective (Elliott & Suggate 2007). In 2010, the programme morphed into the South Island Pest
Response Advisory Group (SIPRAG) that uses 1080 control to protect a range of biodiversity
values at 28 sites covering 300 000 ha across the South Island and Stewart Island/Rakiura.

In 2011, the Parliamentary Commissioner for the Environment Jan Wright concluded that ... not
only should the use of 1080 continue to protect our forests, but that we should use more of it’
(Wright 2011). In accordance with this, the scale of aerial 1080 operations has increased in recent
years. In 2014, DOC established ‘Battle for our Birds’, which aimed to protect native birds at :
23 sites spread over approximately 700 000 ha of forest using aerially applied 1080 targeting sh1p
rats, stoats and possums as a large-scale $11.5 million response to a major beech mast event

Inspired by DOC initiatives, biodiversity sanctuaries (sites with multi-species pest contro‘l for
ecosystem recovery) are now widespread across the country (www.sanctuariesnz.org; 1 February
2015). In a recent book, Butler et al. (2014) describes the successes, trials and tribulations, passion
and huge investment of resources of these predominantly community-driven initiatives. For
example, the Moehau Environment Group manages13 500 ha of primarily pnvalte 'land on the
Coromandel Peninsula in association with a large-scale DOC-led restoration project, and this
work has resulted in a thriving brown teal/pateke population—something that has rarely been
achieved elsewhere, as most mainland brown teal translocations have failed due to insufficient
predator control. :

Today, ship rats, stoats and possums are being effectively controlled at several intensively
managed sites on the New Zealand mainland, some of which cover hundreds to thousands of
hectares of forest (Innes et al.1999; Saunders & Norton 2001; O’Donnell & Hoare 2012; Hoare
et al. 2013). More extensive management is also oceurring (e.g. Battle for our Birds). These
achievements have led, to more ambitious proposals such as eradications from increasingly
bigger islands (Towns et al. 2013)—and there has/even been discussion around the feasibility
of eradicating these pests from the mamland (Green 2013; Landcare Research 2013a, b; Bell &

Bramley 2013, Russell et al. 2015)

4.2 Beneflts to our native fauna

re ?now cons1&$ﬁidenoe that the control of ship rats, stoats and possums can benefit
ative’species Zealand mainland. For example, O’Donnell & Hoare (2012) found that

< stoat trappifi a ed aerial application of 1080 targeting possums and ship rats resulted
O “4in mgmﬁ’“nt urIatlon increases in nine bird species in the Landsborough Valley; Hoare etal.

\é (2012) @zl 9 of 18 bird populations responded positively to predator control at Kakahu
Bus}{ 1 8 10 year period; Barber et al. 2009 found that pest control to protect kékako in the

)mu anges also benefited ti, kerer and tomtit; and Miskelly et al. (2008) attributed the
s{abhshment of red-crowned parakeet, whitehead (Mohoua albicilla) and bellb1rd populations
Wellmgton city to the effective control of possums and rats.

A large number of native bird species have benefited from predator control, including:

* Kokako: Kokako remain on the mainland only where predator control is undertaken. All

unmanaged mainland populations are now locally extinct. The number of kokako has

increased at several sites as a result of predater control:

—Te Urewera has the second largest kokako popﬁlation estimated at around 420 birds.
At Otamatuna the population has increased from 6 pairs in 1996 to more than 120 pairs
now.

—At Mapara, the kokako population trebled in size following 8 years of pest control,
including an eight-fold increase in the number of breeding pairs (Innes et al. 1999), with
the latest census estimating an increase from less than 20 pairs in 1989 to at least

122 pairs (Thurley et al. 2013).
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—At Kaharoa, the number of kékako increased from 7 pairs and 8 singles in 1990 to
30 pairs in 2006 (Richardson et. al. 2006) and 58 pairs in 2010 following the implementation
of predator control.

—In the Mangatutu Ecological Area, predator control led to an increase from 10 kékako
pairs in 1996 (Marsh 1996) to 102 pairs in 2012 (Smith et al. 2012); and the total northern
Pureora kékako populaticn is now estimated at greater than 600 individuals as a result o
ongoing ground and aerial 1080 pest control (McAulay & Thurley 2013).

At Mapara, predator control alsc improved population composition (changing it from
predominantly old males to young birds with a nearly equal sex ratio; Innes et al. 1999) and
increased the number of successful nesting attempts from 8% prior to control to 61% post
control (Flux et al. 2008). Female mortality has also reduced, with no nesting female kokako
known to have been killed by predators when predator control was operating, but 12 of 31
banded females lost in three subsequent breeding seasons without predator control (Flux
et al. 20086).

Bellbirds: At Lake Rotoiti, bellbird numbers increased dramatically in response to
intensive stoat trapping and the use of brodifacoum in bait stations to control ship rats,
but decreased again when rat numbers increased in response to beech mast and once
brodifacoum ceased to be used (Rotoiti Nature Restoration Project, uripubl. data).

Tit: Control of pest mammals by Waikato Regional Council (‘Project Halo’) in forest
fragments around Hamilton reduced ship rats to an average 2.7% tracking rate and
possums to an average 1.2% residual trap catch. This resulted in a more than eight-fold
increase in taf counts in Hamilton (J. Innes et al, Landcare Research, unpubl. data). A
separate trial using artificial nests in blocks with and without pest control also suggested

that this kind of pest control could increase til nesting success from 32% to 73%.

Mohua: Mchua populations in The Catlins and Dart Valley were protected from rat
irruptions in 2006 and 2009 through the aerial application of 1080 and various kinds of toxic
baits in bait stations in combination with stoat trapping (Elliott & Suggate 2007; Hoare etal.
2013; G. Elliott; DOC, unpubl. data); and mohua in the Eglinton Valley enjoyed increased
breeding success and female survivorship following stoat trapping (O’Donnell et al. 1996).

Robins: Populations of North Island robins had positive growth rates in 19 forest fragments
where rats were controlled, compared with marginally positive or negative rates in
uncontrolled areas (Armstrong et al. 2014); and the productivity and nesting success of
both North Island robins (Powlesland et al. 1999) and South Island robirs (Etheridge &
Powlesland 2001) increased following the effective control of ship rats, possums and, ir the
case of South Island robins, stoat control.

Kaka: Kaka populations have responded extremely well to relatively low-intensity ground
control and aerial control. For example, in the Eglinton Valley a single line of stoat traps
was sufficient to protect the resident kaka population during several stoat irruptions,
leading to 80% nesting success and 100% fledgling survival (Dilks et al. 2603); and in

the Waipapa Ecological Area, Pureora, an aerial 1080 operation was followed by high

kaka breeding success (78%), and high survival of fledglings (89%) and females (100%)
(Henderson 200g). Nationally, nesting success at unmanaged sites is approximately 38% or
less and 65% of radio-tagged nesting females were killed by predators at unmanaged sites
(Moorhouse et al. 2003).

Kea: Combined stoat, possum and rat control has greatly improved kea nesting success to
an average of 79% from about 3% in a stoat plague year and 37% in a non-stoat plague year
(Josh Kemp, DOC, unpubl. data). This has been achieved at Rotoiti and Hawdon Valley
using integrated stoat trapping plus possum control by trapping and aerial 1080, and at
Okarito using mast-timed aerial 1080 (H. Robertson & T. Makan, DOC, unpubl. data).
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* Kakariki: A combination of bait stations, the aerial application of 1080 and stoat trapping
successfully protected a kakariki population in the South Branch of the Hurunui during a
stoat and rat plague in 2006, with 90% of nests being successful (G. Elliott, DOC, unpubl.

data).

* Kiwi: The application of aerial 1080 at Okarito boosted rowi (Apteryx rowi) productivity to
at least 38% over two breeding seasons—in the absence of pest control and/or Operation
Nest Egg management, productivity is usually <5% (J. Kemp, DOC, unpubl. data).

* Pigeons: Flux et al. (2001) reported a three-fold increase in the parea/Chatham Island
pigeon (Hemiphaga chathamensis) population on Chatham Island following the control
of ship rats, possums and cats; and Innes et al. (2004) found that the nesting success of
kererii/New Zealand pigeon increased following the control of ship rats and possurms.

* Whio/blue duck: Aerial 1080 combined with trapping led to a significant improvement in
whio productivity in the Wangapeka control area, with 90% nesting success and no female
mortality while incubating or moulting (n = 10) (Steffens 2011). :

Predator control has also had positive impacts on other native fauna, mcludmg frogs and land

snails:

* Frogs: Baber et al. (2008) found that ship rat, stéat and possum control that was carried
out to protect kdkako in the Hunua Ranges resulted in an increased abundance of
Hochstetter’s frog (Leiopelma hochstetteri); and Pledger (2011) found that Archey’s frog
(L. archeyi) benefited from ship rat control at Whareonno forest and on Coromandel

!

Peninsula.
* Land snails: Predator exclusion fences, bait stations, traps and the aerial application of
1080 can all effectively protect land snail populations, although the rate of population
increase, particularly at high-altitude sites, is often slow (K. Walker, DOC, unpubl. data).
S EE:

* Bats; Stoat trapping and control of ship rats during mast years using anticoagulants in bait
stations has incredsed the Eglinton, Walker Creek long-tailed bat population fourfold
(C. O’Qonnell DOC, unpubl data)

Work is underway to improve our'knowledge of the long-term benefits of predator control using
aerial 1080 to protect bird populations (see Box 2).

— —

\\§sz Ff)\@gthe ecological benefits of ship rat, stoat and possum

) ontro<e

1" Few s/f:,d s\have monitored long-term bird population or community responses to a sustained

reg I 1080 application (Veltman & Westbrooke 2011). Two exceptions are monitoring

PN sborough Valley, where a range of forest birds have benefited from pest control

/;/ ,( (o} nnell & Hoare 2012), and in the Catlins, where mohua have benefited (G. Elliott, DOC,

N| /<unp bl. data).

\?o address this gap in 2009, DOC initiated a research programme to assess the effects of
repeated 1080 use on forest birds. The programme is planned to run until 2016 and has two
main aims:

1. To assess the impact of repeated 1080 use on forest birds

2. To refine the use of 1080 to maximise its benefit to forest birds

Research is being undertaken at three sites: in the Tararua Range near Wellington, at Tennyson
Inlet in the Marlborough Sounds and near Lake Paringa in South Westland. At each site there
is a treatment area, where 1080 is used to control predators according to DOC’s current best
practice, and a non-treatment area. Variations to standard 1080 use are also being assessed
at additional treatment sites in the Tararua Range and South Westland—in the Tararuas, the
current 6-year interval between applications of 1080 is being compared with a 3-year interval,
and in South Westland the current 3-5-year interval is being compared with timing 1080
operations to coincide with times when forest birds are most vuinerable to predation.

Conrlnued on next page
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5.1

5.1.1

Box 2 continued

At each site, rats, stoats and possums are monitored using standard technigues, and forest
birds are monitored using 5-minute bird counts or digital audio recordings, which can detect
both long-term changes and short-term fluctuations in bird abundances. In addition, to
investigate why any increases or decreases have occurred, the nesting success and survival of
a few species are currently being monitored more closely—riflemen at all three sites, kaka and
moreporks in South Westland; and robins and weka in the Marlborough Sounds.

To date, this project has demonstrated that all but the commonest native birds are more
abundant in forest that has been treated with 1080 than in forest that has not in South
Westland. Furthermore, zero mortality has been detected for moreporks, kaka and riflemen
during recent 1080 operations (G. Elliott, DOC, unpubl. data).

What have we learnt?

Over the past 25 years, the effectiveness of pest control operations has increased as a result of not
only improvements in the control techniques themselves, but also anjincreased understanding

of factors that affect the efficacy of control methods and species respérises following control. In
this section, we begin by exploring some of the milestones that have been reached in improving
control methods and efficacy, and discuss why pest control sometimes fails. We then present
some case studies that highlight how rat, stoat and possum control can be integrated, depending
on the target species for protection and the type of fO{est in which they live.

Milestones in improving control methods and efficacy
Improved control techniques |

Existing methods

he discovery that aerial 1080 could be used to control not only possums, but also rats
(Warburton 1989; Innes et al. 1995) and stoats (through secondary poisoning—Gillies & Pierce
1999; Murphy et al. 1999; Alterio 2000) opened the door to multi-species pest control at a
landscape scale. Ongoing incremental improvements in aerial 1080 procedures to control
possums and ship rats have also resulted in greater efficiency in its use (Brown & Urlich 2005;
Morgan et al. 2006; Fisher et al. 2011; Nugent et al. 2611; J. Kemp, DOC, unpubl. data).

The development through the 1990s of intensive grids of bait stations and/or traps to control
rats was a major breakthrough for managing rats on the mainland, resulting in the recovery of
populations of native species {e.g. kokako). As mentioned previously, stoat control is currently
one of the biggest challenges on the New Zealand mainland. The discovery that brodifacoum

(as well as 1080) was very effective at controlling stoats through secondary poisoning (Alterio
1996; Alterio et al. 1997; Brown et al. 1998a; Alterio & Moller 2000) was a big milestone in stoat
control; and recent evidence that trap-shy stoats can be controlled by using poison in addition to
trapping to protect kiwi-(H. Robertson, DOC, unpubl. data) is also very promising.

Development of new methods

In 1999, the New Zealand Government allocated $6.6 million to create an integrated stoat

control research programme (Murphy & Fechney 2003). This programme has resulted in the
development of new stoat management tools, including the new humane predator toxin PAPP
and DOC 150-250 Series traps. DOC Series traps are now the traps of choice for mustelid control
nationally and they have also been exported to enable pest eradication and control elsewhere
(e.g. mongoose control in Hawaii).
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Trained dogs are also now being successfully used to detect specific predators (Brown 2002;
Brown & Sherley 2002; Gsell et al. 2010). Since 2002, DOC has run a dedicated ‘Conservation
Dogs Programme’ (DOC 2013b). Pest detection dogs are specifically trained to detect predator
species, usually (but not limited to) rodents, mustelids, feral cats and hedgehogs. They are used
to confirm predator presence/absence after island eradication, confirm suspected invasion/
reinvasion of an island, for quarantine purposes to make sure gear going to islands is pest free

and to assist with trap placement.
Increased understanding of factors that affect control outcomes

Pest population responses to masting events

We now have a better understanding of the different community composition and dynamies
of small mammals in masting (especially beech) and non-masting forests, which has a largé
influence on the control approaches taken in these two situations (Innes et al. 2001 Innes 2005;

Efford et al. 2006; White & King 20086).

King (1983) was the first to recognise the significance of beech seed mastiﬁg in)Her analysis of the
abundance of house mice (Mus musculus) and stoats. Subsequently, long-term research in beech
forest in the Eglinton Valley not only verified the relationship between masting and the risk of .
predation (O'Donnell & Phillipson 1996), but also identified that both ship rat and stoat irruptions
have a devastating impact on forest birds (Dllks et al. 2003). It also demonstrated that local control
could reverse declines in forest bird populations (O’Donnell et al. 1996), and gradually tested the
effectiveness of larger-scale networks of stoat traps (Lawrence & O’Donnell 1999).

We now know that mast seeding of beech and.pbdociarps are important drivers of changes
in rodent and stoat abundance in'many (but not all) New Zealand forests. Consequently, the
distribution of mast seedmg trees has a huge 1nﬂuence on rodent irruptions and the rate at which

their populatlons recover following pest. control’

l

Flow-on effects of predator control to other pest species

We can often successfully control one particular predator species, but without an understanding
of hew other predator species respond to this control, operations may not protect conservation

;(alues

{ Sir;ce/ﬁ%ny ma ah \rf ts kill other, smaller, mammalian pests, the removal of one species
I/ ad to c 1ng Murphy et al. (1998) showed through diet analysis that following

shlp rat con 01 o atlons, stoats switch from rodents to birds. Consequently, when ship rats

§ are con ITe (qprelatlvely small sites), stoat control needs to be carried out over larger areas to

red\ucest\_/ dation of birds by reinvading stoats.

( sze\reng val of a particular pest species may also lead to a reduction in the level of predation or

é ofnpetltlon experienced by other pest species, causing their numbers to increase as a result of

< m}{opredator or competitor release. I. Flux and C. Gillies, DOC (unpubl. data) found that ship

rats are more abundant at some sites where stoats are controlled than at sites where they are not;
and Ruscoe et al. (2011) and Sweetapple & Nugent (2007) found that the number of rats increased
following the removal of possums, probably due to greater food availability.

Why does pest control sometimes fail?

At times, despite everyone’s best efforts, pest control operations fail to reduce pests to target
levels and/or to protect native animal populations. DOC has developed an Animal Pest
Management Framework—a set of logical steps to prepare, plan, implement and report on pest
control operations, with the aim of improving pest control outcomes and make processes more
transparent (DOC 2014). Specific risk areas such as legal permissions and safety procedures for
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5.2.1

5.2.2

using pesticides are covered by Standard Operating Procedures (SOPs). The Framework aiso
provides a current ‘Best Practice System’ and pesticides ‘Status List’, with up-to-date information
about pesticides. This system underpins current DOC pest management .

However, few staff have completed the Animal Pést Management Framework training, and
adoption of best practise is patchy. Furthermore, an analysis of DOC’s pest management
database (PestLink), which is intended to include information on all pest control operations
carried out by DOC, revealed that not all DOC control operations were reported (K. Vincent,
DOC, unpubl. data). This makes it difficult to identify causes of failure and thus improve future

operations.

Failure to reduce pests to target levels

Based on our own chservations, we have collated the following list of potential reasons why,

operations may fail to reduce pests to target levels:
* Failure to follow best practice, leading to result and outcome targets not being n;et
+ Use of new products that have not been rigorously field tested
+ Incomplete knowledge of the efficacy of some tools '
* Scale of operations being too small, resulting in ongoing reinvasion
* Insufficient toxin used due to lack of undeﬁtanding of pest abundance
* Budget insufficient to carry out intensive-enough control for the operation to be effective

» Use of less-effective tocls because operators were reluctant to use a more appropriate
‘controlled substance’ due to the extra paperwork required:
« Breakdown in communication between technical advisors and operational staff leading to

poor design and inconclusive oltcomes

Failure to protect native animal populations

In some instances, even large-scale, long-term intensive pest control fails to lead to an increase in
bird abundance (Hoare et al. 2013). There ate|several possible reasons for this:

1. Failure to control predators sufficiently

-Hoare et al. (2013) suggested that an inability to control rats likely explains the lack of
increase in some forest bird populations.

-Over 30 years of management in the Murchison Mountains has failed to increase and

maintain takahd numbers, likely due to the impact of large stcat plagues on adult takahé

survival having been underestimated (Hegg et al. 2013). Therefore, it is likely that more-

intensive trapping and/or the landscape-scale use of toxins will be required to protect

takahe in this area.

Stoat'trapping alone has not protected whio in steep-walled glacial valleys during stoat

piague years (Whitehead et al. 2010) or in less-mountainous terrain during non-mast

years (Steffens 2013). Therefore, it is again likely that toxins either alone or in association

with trapping will be needed to protect whio.

2. Competition with other native species—more than a decade of intensive pest control has
so far failed te return the crange-fronted parakeet populations in three North Canterbury
valleys to their 1990s levels. This may be a result of competition with yellow-crowned
parakeets, which have enjoyed a population increase (G. Elliott, DOC, unpubl. data).

3. Surge in other pest species—e.g. prey switching or mesopredator/competitor release
(see section 6.1.2).

4. Insufficient area being controlled—as covered in section 3.4, the control area must meet or

exceed the minimum area required for species persistence.
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5.3 Integrating pest control at sites

The following case studies highlight the complexity of using integrated pest control to target

multiple pests to protect native species and communities.

5.3.1  Protecting kdkako in mixed forest
Although rats, possums and stoats can all be suppressed at a site, they have different control
requirements. The control of ship rats and possums to very low levels (<10% rat tracking, <20%
stoat tracking and <10% possum residual trap catch over the kdkako breeding season) is regarded
as essential for kdkako recovery. There is less certainty about the need for stoat control during
the nesting season (Innes et al. 199g). Stoats have only rarely been filmed at kkako nests, but
are frequently suspected of preying on nests and are thought to have killed a third of the nesting
females at Mapara in the years after rat and possum control ceased (Flux et al. 2006). Modelling
has also suggested that stoat control (by trapping or through secondary pmsomng) may assist
kdkako (Ramsay & Veltman 2005).

Possums and ship rats can both be controlled to low levels with cholecalciferol dr 1080 in bait
stations (over smaller areas), or through the aerial apphcatlon of 1080. When first - generation
anticoagulants are used (less acutely toxic and requiririg repeat feeding), possum numbers are
often first reduced with possum-specific control techniques (to prevent competition for bait with
rats), such as by using encapsulated cyanide in biodegradable' bags nailed to trees or in traps,
before the rat bait station network is actlvated \

Effective stoat control over the entire 3-5- month kokako breedmg season requires treatment
over large areas due to rapid reinvasion at smaller sites (e.g. <1000 ha). Both aerial 1080 and
anticoagulant toxins in bait stations can, at least initially, significantly reduce stoat abundance
through secondary poisoning. However, relnvachng stoats will not be vulnerable to the toxin
because the rats, which act as poison vectors, will be dead. Stoat trapping is required over larger
areas than those._requlred for rat or- possum control because stoats have larger home ranges.

The size of kgkako management areas using ground-based control is currently limited by the

cost of control of ship rats, rather than stoats or possums. This is partly because rats require

more closely spaced bait stations (current best practice = stations <100 m apart on lines 100m

apart versus <150 m x 150 m for possums), which are labour-intensive, and therefore expensive,

(to\mal e%/and pa% e@?lse rat populations have a high intrinsic rate of increase (Hone et al.
/(> \ nd recover Midly than stoat or possum populations in some forest types.

/\\<’T l‘?erefore, fi\é\la scale aerial application of 1080 is the most cost-effective method for
§ controll/l ng’s sh1 s, possums and stoats (see 3.3 above) over areas large enough to support a
<\ v1a e )populatlon (currently estimated at 2000 ha), even though this has yet to be tested
f gtﬂar repeated use and meaningful cost comparisons with alternative ground-based
é

BOHS/are required.

\Mecting mohua (and other species) in upland forests

Mohua suffer significant population declines in upland forests during stoat-only irruptions, and
dramatic declines following simultaneous rat and stoat irruptions. To optimise the timing of rat
and stoat control operations in these forests, beech flowering and seedfall and rodent abundance
need to be monitored to provide an indication of the likelihood and potential magnitude of a
subsequent rat or stoat irruption (O’Donnell & Phillipson 1996; O’Donnell & Hoare 2012). Rising
rat numbers during the winter following a beech mast indicate that rat control will be necessary
in spring, and rising rat and mouse numbers indicate that stoat control will also be required

(G. Elliott & J. Kemp, DOC, unpubl. data).

In these forests, rats are only controlled when they are abundant, using either aerially applied
1080 baits or bait stations (Elliott & Suggate 2007). Aerial applicarion of 1080 is probably most
beneficial if carried out in October, just before mohua start breeding (G. Elliott, DOC, unpubl.
data); although, if long-tailed bats are also being protected and if rat numbers are especially
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5.3.3

5:.3.4

high, earlier control may be desirable. Where bait stations are used, baiting is begun earlier,

and bait stations are filled repeatedly to allow the rodent and stoat populations time to decline
before nesting starts. A variety of poisons have been used in bait stations (e.g. brodifacoum,
coumatetralyl, pindone, 1080), some of which have proven more effective than others (Gillies et al.
2003; O’Donnell et al. 2011).

For mohua protection alone, stoat control is only required in association with stoat irruptions
following a beech mast. If there are cther species, such as kiwi, whic or kaka present, then

stoat trapping needs to be continuous. For example, in the Catlins, mohua are the only species

of conservation concern and so stoats are only trapped in summers following a beech mast.

By contrast, in the Dart Valley, where kika are also a conservation focus, stoat trapping is
undertaken for 18 months, commencing at the beginning of the kaka nesting season in November
and finishing when the mchua stop breeding the following summer; and in the Eglinton Valley, |
stoat trapping is carried out continuously, primarily because the road that runs up the valley
makes it easy and affordable tc service the trap line,

Effective possum control can also often be achieved incidentally through possums taking
poisons that were primarily intended for rats. If, however, rats do not need to be controlled for
many years, possums may need to be controlled in the interim to protect native plant and animal

values.

Protecting whio and kiwi

Stoats are the main predators of whio and kiwi. They are usually controlled by trapping, with
traps being deployed using landscape features (e.g. along ridges; spurs and valley floors) at
best practice spacing for kiwi or in lines along vailey floors for whio. However, in some places,
trapping alone has failed to reverse the'decline of whio (Whitehead et al. 2010; Steffens 2011).

The application of aerial 1080 can help to protect populations of these species, bringing the
greatest benefit in masting forests if it is applied during stoat and rat irruptions, and when it

is applied at a frequency that is also sufficient to suppress possums. In some places, the aerial
application of 1080 may be sufficient to prd‘téct kiwi and whio populations (Sutton et al. 2012;
Steffens 2013), but a combination of trapping with the aerial application of 1080 will bring better
survival and higher productivity to both (Beath 2010; Steffens 2011).

Protecting a range of native species in upland beech and lowland mixed forests

Sites that are home to a large number of native species requiring protection and that contain

a range of different forest types require a rather complicated pest control regime. The Project
Janszoon restoration project in Abel Tasman National Park provides a good example of this. In
this project; integrated pest control is planned to protect a range of species, including land snails,
kak3, mohus, kiwi and robins. Pest control will be carried out over approximately 19000 ha of
forest, ranging from mixed coastal forests at sea level to beech-podocarp forests at mid-altitude
and silver beech (Lophozonia menziesii) forest at up to 1000 m above sea level.

Pest control includes a network of traps to control stoats {over 15000 ha), periodic aerial
applications of 1080 to control possums, rats and any trap-shy stoats {over 12000 ha), and bait
stations for the intensive coniro! of rats in the Falls River catchment (over 1500 ha). Stoat traps
will operate continuously, aerial 1080 operations will be timed to coincide with rat and stoat
irruptions, and bait station use will be triggered by specific rat tracking rates.

It is anticipated that a combination of continuous stoat trapping and aerial applications of 1080
timed to suppress rat and stoat irruptions should almost completely neutralise the impacts

of these predators on native species at very moderate cost in the high-altitude, silver beech-
dominated parts of the project area, which cover >3000 ha. The Falls River catchment has the
highest public use in the project area and so frequent aerial applications of 1080 may not be
socially acceptable here; however, the intensive trapping and bait station network will aliow the
recovery of native birds and, although this will be relatively expensive, it is also well-suited to
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volunteer involvement. Stoat trapping and periodic aerial applications of 1080 over the mid-
altitude forests may not be sufficient to allow the complete recovery of bird communities, but will
be an improvement over the current situation and may allow some of the more resilient species
to recolonise this habitat. Given that this regime is still experimental, outcomes will be monitored

to gain knowledge for ongoing improvements.

6. Where to from here?

While there has been much improvement in the control of small mammalian pests in the last
three decades, it is clear that there are more gains to be made. During the course of preparing
this overview, a number of particular issues became apparent. The following text addresses 11
such pest research and management issues and provides recommendations for their résolution.

Issue 1: We do not yet fully understand the relationship between forest mast|events and rodent
population responses to these. 7 Y :

Mast seeding in beech and podocarp forestsiis.an imﬁo"rtant driver of changes in the abundance
of rodents and stoats in New Zealand. Although rodent control strategies are well developed for
medium- and high-altitude beech forests, they.are less well developed for low-altitude forests
where rodents are always abundant, and for/forests that are a mixture of high- and low-altitude
forest types. Furthermore, our understanding of the patterﬁ of beech masting over the landscape.
is poor. While there are years when almost no beech trees anywhere in New Zealand produce

seed and there are years when nearly all beech trees produce seed; in most years, beech seeding is
patchy in time and space. In addition, different beech species produce different quantities of seed.

Recommendation 1: Develop optimum pest control strategies for all forest types through
extending current research and modellzng of forest dynamics and rodent population ecology.
Issue 2: We'don't know how b1g an.area needs to be managed to achieve protection of many of

our threatened ‘species.
To date, little work has been carried out to determine minimum areas required for species

/\ﬁs/ ?ce/(MAS ed estimates of MASPs so we know the size of the area we must
to ensuf mts/:?ersmtence

commim %,2 etermine MASPs of New Zealand threatened species, with a particular

\ focus ornhomerange size, natal dispersal distances and minimum population size required for
retain( 332 e\c?lleles

Is'éue :3& ‘e-don’t know the maximum residual pest abundance tolerated by different native
e1e
& Fe{,pest control to be effective, pest populations must be maintained below levels that negatively
< impact the native animal populations we seek to protect. Few examples of such maximum pest
Q abundance targets (e.g. «<10% rat tracking, <20% stoat tracking and <10% possum residual trap
catch over the kokako breeding season) are known.

Recommendation 3: Determine acceptable maximum pest abundance thresholds for

New Zealand’s most endangered native species.

Issue 4: We need more-effective and safe ground-based control tools.

There will always be a need for ground-based control at smaller (<1000 ha) sites (e.g. forest
‘remnants, coastal, alpine and riverine strips). We already have many useful ground-based control
tools (mainly traps and toxins) and are developing more that could significantly improve the
efficiency and effectiveness of ground control programmes (e.g. long-life lures, A12 & A24 traps,
Spitfire toxin dispensers and PAPP). However, preliminary research suggests that residues of
anticoagulant poisons (not just brodifacoum) are widespread in New Zealand fauna, although
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the consequences of the residues are little understood. This may undermine social license to use
such toxins in the future.

Recommendation 4: Continue development of new long-life lures, traps and toxins that will
continue to incrementally improve the effectiveness of ground-based pest control.

Recommendation 5: Continue research into the spread and consequences of both first and
second generation anticoagulant tcxins in New Zealand ecosystems.

Issue 5: We require a prioritisation system that selects large sites for pest control.

Landscape-scale, multi-species pest contro! is required to maintain and restore multiple
populations of native animals (i.e. functioning communities). Unless we routinely undertake pest
control at a landscape scale in New Zealand, the bulk of public conservation land will receive

no pest control ang, in the future, will support only the most commeon and resilient species. _
Landscape-scale multi-species pest control is already carried out at some sites, including some
Operation Ark sites and kiwi sanctuaries, and at more sites as part of the ‘Battle for our Birds’
project. However, at present the assessment of sites for landscape-scale pest control is'ad hoe.

Recommendation 6: Develop a system of prioritising areas for undertaking large-scale pest
control that includes consideration of the existing smaller-scale Ecological Management Units
and the necessity of controlling multiple pests.

Issue 6: The effective aerial application of 1080 is legally, operationally and socially complex.

Different aspects of aerial 1080 use are managed by|different parts of DOC, often to varying
standards, which decreases efficiency, and increases risk. A more-integrated management
approach using a dedicated team of legal, public awareness, operational and science staff could
increase operational eHectivene_ss, reduce cost and risk, and increase biodiversity outcomes and
public support.
Recommendation 7: Manage the use of aerial 1080 throughout the country as a single
programme run by a national team.

Issue 7: We have too few measures of the long-term benefits of 1080 use to different
populations of native species. '

Aerial 1080 is currently our most important pest management tool. We need to measure the
benefits of aerially applied 1080 to native populétions to ensure we are achieving the benefits
anticipated and to support continual improvement. Better measures would allow refinement of
management {e.g. optimisation of treatment return times) and provide a clearer understanding
of its benefits, costs and risks to the New Zealand public. Better understanding would likely flow
on to better support. Work that measures the responses of different native animal populations is
currently underway.

Recommendation 8: Continue to conduct research into the long-term benefits of aerially applied
1080 to native animal populations.

Issue 8: Our current stoat control tools are either expensive, limited in rugged terrain or
dependent on high rodent numbers.

Stoat trapping is expensive, labour intensive and not always effective (e.g. following beech
mast events and when stoats avoid traps). A stoat-specific toxin for aerial application would
complement other tools. PAPP could be applied aerially in commercially available meat baits
at a fraction of the cost of other control methods (G. Elliott, DOC, unpubl. data) and, if used in
alternative years to the aerial application of 1080 for rats, stoats and pessums, could result in
extremely effective pest control at a landscape scale. However, PAPP is not currently registered
for aerial application.

Recommendation 9: Test the efficacy of aerially applied PAPP and obtain registration.
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Issue 9: The effectiveness of pest control can be improved by adherence to best practise.

The quality of pest management operations has been variable, with operational objectives, best
practice, standard operating procedures and legal requirements not always being met. However,
just how variable operations have been is unknown, as not all control operations are written up,
despite reporting being part of DOC’s Animal Pest Management Framework best practice.

Recommendation 10: Manage to ensure that best practise as identified in the Animal Pest

Management Framework is followed.

Issue 10: Learning about the efficiency and effectiveness of large or new control operations is
compromised by lack of robust monitoring and follow through. 4
If the uncertainty in management programmes (whether they achieve the intended goals) is
not made explicit and then monitored, there is a risk that expensive mistakes will be repeated.
Adaptive management offers a way to improve management techniques and outcomes by
formalising informative feedback loops between intended ahd actual outcomes.

Recommendation 11: Learn from our landscape-scale pest control by establzshmg rigorous
monitoring and apply findings in future operations. \ /

Issue 11: We lack accurate information on the c'osts‘ of pest control nationally.

Greater accuracy in costing of pest control would not only allow us to make more informed
choices about the most cost-effective method to use, and better comparisons of the costs
and benefits of different methods, but would also reduce the risk of failure due to insufficient
resources. DOC’s current financial system is primarily*activity based as opposed to project based.
Recommendation 12: Capture the costs of pest conirol projects systematically.
) )

. ( .
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