0 .
. 'v" Bioeconomy
J‘(O Science
%% Institute’

Impact of aerial 1080 baiting with
deer-repellent and standard bait
on white-tailed deer on Rakiura /
Stewart Island

Grant Morriss, Markus Gronwald, Andrew Gormley

Bioeconomy Science Institute, Manaaki Whenua — Landcare Research Group
Contract Report registration number: 2526-0076

Prepared for: Zero Invasive Predators Ltd

Disclaimer

This report has been prepared by the New Zealand Institute for Bioeconomy Science Limited for Zero Invasive
Predators Ltd. If used by other parties, no warranty or representation is given as to its accuracy and no liability
is accepted for loss or damage arising directly or indirectly from reliance on the information in it.

Reviewed by: Approved for release by:

Graham Hickling Duane Peltzer

Principal Researcher — Wildlife Ecologist and Portfolio Leader — Managing Invasive Species
Capability Leader Bioeconomy Science Institute

Bioeconomy Science Institute

© New Zealand Institute for Bi: y Sci Limited (2026)



T a] g = 7 iv

1 a1 1o T [ T o o R 1
2 = 2= Yoo [ 010 ] o 1
3 L@ 1= o 1Y 2
4 Y11 o o RS 2
4.1  Study areas and baiting OPEratioNS ..ottt sessssssssssssssssssssssssssssssenns 2
4.2  Monitoring design and assessment of OUICOMES ..o ieseeseeeens 4
4.3 Data @NAIYSES ...t b e e 5
5 RESUIES .. ettt et e e ettt et e e e e e e e et e e e e e e e e e e e aaaaaaa s 5
5.1 SPECIES FECOIAEM ...ttt s st s s s e s s s s saeres 5
5.2 Changes iN ViISIt FAIES ..ottt sttt sssss st ss s bbb 7
5.3 Incidental observations of carcasses
6 CONCIUSIONS. ...ttt e e e et e e eeaaaaaaaaas 16
6.1 WHIE-AIIEA AEEI ..ottt e st 16
8.2 PrEAGLOIS ...ttt as st ess st st 17
8.3 KIWi oottt its st stk s A SR RS RSRSR A R R bbb 17
Recommendations ..o et e e e e e e e e aaaaas 17
o g To11 ] [=Yo [o =T g =Y o] £ 18
RETEIENCES . ... ettt e e e e e e e et e e e e e e e e aaaaas 18
APPENIX 1T — POWET @NAIYSIS. ... ittt e e e e er e e e e eeeaaaaaaaeaaeeaaeaeaeeaaeasaeasesananan 20
Appendix 2 — Change in white-tailed deer visit rate ..., 21

© New Zealand Institute for Bi: y Sci Limited (2026)



Project and client

The Bioeconomy Science Institute (BSI) was commissioned by Zero Invasive Predators Ltd to
assess the non-target impact of aerial 1080 baiting on white-tailed deer (Odocoileus virginianus)
on Rakiura / Stewart Island. The work was undertaken between March and December 2025.

Objective

To determine and compare the non-target impacts on white-tailed deer of (i) standard
Pronature™ Dry Forest 1080 cereal bait and (ii) Prodeer® Possum + Rat deer-repellent 1080
cereal bait when used for pest control on Rakiura / Stewart Island.

Methods

Two adjacent areas on Rakiura / Stewart Island were aerially treated with toxic bait; one
with deer-repellent 1080 bait (8,441 ha) and one with standard 1080 bait (32,089 ha) in
August 2025. We also used an adjacent untreated area as an experimental control.
Movement-activated cameras were deployed in the three areas for 3 to 6 weeks before,
and remained in place for 7 to 9 weeks after, the 1080 baiting.

Images from the cameras were viewed manually and animal visits were characterised by
date, time, species, and number of individuals. The numbers of visits and visitors were used
to compare changes in species’ relative abundances before and after toxic baiting, taking
into account ‘natural’ (i.e. not related to 1080) changes in these indices in the untreated
area.

Results

Overall: More than 400,000 images were collected, which captured 6,059 visits and 6,267
visitors. The most common visitors were possums (2,081 visitors), followed by kiwi (1,626
visitors), then white-tailed deer (1,292 visitors). Deer were photographed at 175 of the 230
camera sites analysed (76%).

White-tailed deer. The deer count per camera-week declined in all areas post-control, but
with much larger decreases in activity in both of the treatment areas compared to the
untreated area. The data strongly suggest an effect of toxic bait, after accounting for the
area + time effects, with an estimated decrease in deer activity of 96.9% (95% Cl = 91.1—
99.0%) in the standard 1080 area and 74.7% (95% CIl = 46.7-90.0%) in the deer-repellent
1080 area.

Possums. The possum count per camera-week was similar in all three areas prior to
control. The data strongly suggest an effect of toxic bait after accounting for the area + time
effects, with an estimated decrease in possum activity of 98.0% (95% Cl = 92.4-99.5%) in
the standard 1080 area and 98.1% (95% CIl = 92.7-99.6%) in the deer-repellent 1080 area.

Rats. Three times as many rats were detected in the deer-repellent 1080 area pre-control
compared to the other areas. Decreases in activity were similar in both treated areas, with
an estimated decrease of 96.7% (95% CI = 89.0-99.4%) in the standard 1080 area and
96.9% (95% CI = 92.8-99.0%) in the deer-repellent 1080 area post-control.

Feral Cats. Cats were occasionally photographed in all three areas pre-control (21-30
visits per area). None were photographed in either of the treated areas post-control, which
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represents an estimated decrease of 98.4% (95% CIl = 80.8—-100%) in the standard 1080
area, and 98.7% (95% CIl = 84.7-100%) in the deer-repellent 1080 area.

Kiwi. The count per camera-week remained the same in all areas post-control. After
accounting for area + time effects, there was no evidence for an effect of toxic bait on kiwi
activity.

Conclusions

There was high white-tailed deer by-kill with both Pronature™ Possum & Rodent 1080 bait
and Prodeer® Possum + Rat 1080 bait. Although there was some evidence of a repellent
effect of the Prodeer on white-tailed deer, our monitoring suggests that approximately
three-quarters of the resident deer in the deer-repellent 1080 area were killed.

The study area is occupied by small-bodied deer living in degraded habitat, which appears
to have heightened their vulnerability to aerial 1080 baiting. With a population reduction of
this scale it will likely take several years for the deer population to recover to pre-control
densities depending on immigration rates and in situ breeding.

Both bait types had very high control efficacy against possums and rats. Most of the rats
photographed appeared to be ship rats but probably included some kiore as well.

No feral cats were photographed in either treatment area after baiting, indicating a very high
secondary kill of this species.

Kiwi were relatively common in all study areas, and their visitation rate did not change after
toxic baiting, which suggests their population was unaffected by the control operation.

Recommendations

This trial showed that despite evidence of a repellent effect of Prodeer 1080 compared to
Pronature 1080, overall repellency to white-tailed deer on Rakiura / Stewart Island when
using Prodeer 1080 bait was low. If further aerial 1080 baiting operations are carried out on
Rakiura / Stewart Island, deer by-kill can be expected. If stakeholders wish to minimise deer
by-kill, it may be worth investigating if the other deer-repellent bait types (e.g. Pestex) are
available and could be more effective.

If desired, monitoring the recovery rate of the white-tailed deer in the treated areas could be
undertaken to inform stakeholders. This could be done by rerunning the camera monitoring
at the same time of year (August to October) in the next 2 years and comparing visitor
rates. Recovery of targeted pest species could also be assessed using this method.
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The Bioeconomy Science Institute (BSI) was commissioned by Zero Invasive Predators Ltd (ZIP),
on behalf of Predator Free Rakiura, to assess the non-target impact of aerial 1080 baiting on white-
tailed deer (Odocoileus virginianus) on Rakiura / Stewart Island. The work was undertaken
between March and December 2025.

White-tailed deer were introduced to Rakiura / Stewart Island as a hunting resource in 1905
(Nugent 2005). They were initially protected to help them establish, but licensed hunting then
began in 1919. Despite this their numbers increased rapidly, and in 1926 all protection was
removed and official culling was carried out in the following decades (Nugent 2005), including a
foliage baiting trial using 1080 gel in the 1980s (Nugent 1990).

Since then, most white-tailed deer have been harvested by recreational hunters. A 1988 survey
estimated that 1,500 deer were taken that year (Nugent 1992). More recently, between 2018 and
2022 hunters harvested just over 1,000 white-tailed deer each year from Public Conservation Land
(i.e. excluding harvest on Rakiura Maori Land Trust blocks) (Game Animal Council 2023).

Predator Free Rakiura aims to permanently remove rats, possums, feral cats, and hedgehogs from
the island. Although white-tailed deer have an impact on the native biodiversity of Rakiura / Stewart
Island, they are not being targeted for control or eradication because they are valued as a
recreational and economic resource by some members of the community. Aerial 1080 baiting,
which the Department of Conservation (DOC) and ZIP propose to use as part of the Predator Free
Rakiura programme, can result in unintended deer by-kill (Morriss, Parkes et al. 2020). Although
data are sparse, white-tailed deer by-kill was noted during aerial 1080 carrot baiting for possums
on Rakiura / Stewart Island in the 1970s (Nugent 1990), and more recently when cereal 1080 bait
was used in Dart Valley, Lake Wakatipu, in 2014 (Morriss, Parkes et al. 2020; Pinney et al. 2021).

In the early 2000s research in New Zealand identified a repellent that, when added as a surface
coating to carrot or cereal 1080 bait (for rodents and possums), changed the appearance and
smell of the bait in a way that successfully repelled deer while remaining palatable to the target
species (see background in Morriss et al. 2021). In recent years two bait manufacturers have
developed commercial cereal baits with deer repellent incorporated into the bait rather than added
as a coating. One of these is Prodeer® Possum + Rat Bait (manufactured by Orillion), which is the
repellent bait assessed in this study.

There is good operational evidence of repellency with this Prodeer bait with red and sika deer
(Morriss & Gormley 2022, 2023; Morriss et al. 2021), but there are limited efficacy data for white-
tailed deer. In 2022, Prodeer bait was used in an aerial 1080 baiting operation for rat and stoat
control in Dart Valley, Lake Wakatipu, where white-tailed deer are present. The New Zealand
Game Animal Council carried out observational monitoring of this operation, and also conducted
trials with non-toxic Prodeer bait and captive white-tailed deer. The results suggested that Prodeer
bait may have been repellent to white-tailed deer (Kaylyn Pinney, New Zealand Game Animal
Council, pers. comm., 30 July 2025).

In early 2025 a trial was conducted on Rakiura / Stewart Island to assess whether non-toxic

Prodeer® Possum + Rat Bait is repellent to free-ranging white-tailed deer (Morriss 2025). This
preliminary trial was inconclusive. Deer were seen sniffing near repellent and non-repellent bait on
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74 occasions, but only one weathered repellent bait was potentially eaten. No meaningful bait
consumption was recorded during the trial, but it was recognised that possums and rats removed
most bait before deer encountered it.

In winter 2025, ZIP in partnership with DOC conducted an aerial 1080 operation on Rakiura /
Stewart Island to protect pukunui / Southern New Zealand dotterel. The operation aimed to control
feral cats which are the primary predator of pukunui. While the pukunui recovery operation was a
standalone response to an immediate conservation crisis, it also presented an opportunity to learn
about impact of standard and repellent bait on white-tailed deer populations. Deer repellent was
used within bookable hunting blocks under the treatment area. Deer repellent was requested for
use in all areas possible by leadership for the New Zealand Deerstalkers Association and Game
Animal Council, along with experienced local hunters, to reduce impact on deer populations in the
blocks. It should be noted that prior to this trial, the effectiveness of using deer repellent with white-
tailed deer populations was not well understood.

This trial aimed to assess the impact of aerial 1080 baiting for pest control on Rakiura / Stewart
Island white-tailed deer by monitoring deer with trail cameras in two treatment areas (one with
Prodeer® Possum + Rat deer-repellent 1080 bait and the other with Pronature™ Possum &
Rodent standard 1080 bait) and in a non-treatment area where no toxic bait was used.

To determine and compare the non-target impacts on white-tailed deer of (i) standard Pronature™
Dry Forest 1080 cereal bait and (ii) Prodeer® Possum + Rat deer-repellent 1080 cereal bait, when
used for pest control on Rakiura / Stewart Island.

4.1 Study areas and baiting operations

Direct estimates of the population size of free-ranging deer are prohibitively expensive to obtain.
We therefore used the established method of monitoring using trail cameras, whereby changes in
activity are used as a proxy for changes in population size. A non-treatment area was included in
the design to account for seasonal changes in activity that are not due to the baiting operation.

Based on a power analysis (Appendix 1), we estimated that a minimum of c. 80 cameras per area
were required to achieve statistical power of >0.8. For comparison, a minimum 30% change in
relative abundance could be reliably detected with 40 cameras per area, whereas it did not appear
feasible to reliably detect changes in relative abundance of only 10% using camera monitoring.

411 Study areas

The aerial 1080 operation planned by DOC and ZIP to protect pukunui / southern New Zealand
dotterel on Rakiura / Stewart Island comprised c. 40,000 ha of the central part of the island, divided
into the operational areas shown in Figure 1. Pronature™ Possum & Rodent 1080 standard bait
was used for the majority of the operation (32,089 ha), with Prodeer® Possum + Rat 1080 deer-
repellent bait used in the bookable hunting blocks at Doughboy Bay, South West Arm, and North
Pegasus (8,441 ha). Within the overall operational area, a smaller 5,770 ha area received two
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operational phases as part of the ZIP ‘1080 to Zero' trial (labelled as ‘Eradication trial area’ in
Figure 1). There was no formal deer monitoring in the Eradication trial area.

The habitat in the areas monitored consisted of four main vegetation associations: lowland
podocarp-broadleaved forest, mixed indigenous scrub, leptospermum scrub or fern, and pakihi
heathland. The altitude in the areas treated ranged from 0 to 750 m asl.

Mason
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33 Treatment area

; o [ 3 Eradication trial area
LS Sy s ’ ) y s X Ly T 33 Deer repellent bait area
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Department of s
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Aerial Predator Control 2025 Te Kiwanatanga
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Z|P e Treatment Area: 43,700ha Hew Zeaiard Goverrment

Figure 1. Predator control operational areas on Rakiura / Stewart Island during winter 2025. The
operation aimed to reduce predation risk to pukunui / southern dotterel by reducing the number of
feral cats, possums, and rats.

4.1.2 Baiting operations

The operational areas were pre-fed once (3 & 4 August 2025) with non-toxic 16 mm (6-8 g),
cinnamon lured pre-feed bait broadcast at 2 kg/ha: Prodeer® Possum + Rat Bait and the same
non-toxic bait without deer repellent. This was followed by Prodeer® Possum + Rat 1080 bait or
Pronature™ Possum & Rodent 1080 bait (16 mm 6—8 g cinnamon lured cereal baits, hereafter
called standard bait), broadcast at 2 kg/ha 18—19 days later (21 & 22 August 2025).

There were three fine nights after prefeed baiting before up to 10—-15 mm of rain was recorded,
followed by another five fine nights. Approximately 50—-75 mm of precipitation was recorded
between prefeed and commencement of toxic baiting. There were six fine nights after toxic baiting
before 8.2 mm of rain was recorded. Over 200 mm of precipitation was recorded during the
following 6 weeks.
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4.2 Monitoring design and assessment of outcomes

421 Camera trapping

In July 2025, prior to aerial baiting, 242 trail cameras (Browning Dark Ops DCL Nano, Alabama,
USA) were deployed by ZIP staff in the deer-repellent 1080 area (n = 80), in the standard 1080
area (n = 82), and in the non-treatment area (n = 80). Cameras were deployed systematically in
grids, with about 300 m between them, and were placed at least 1.5 km from treatment area
boundaries (Figure 2), with camera grids placed approximately 3 km apart to minimise risk of deer
moving between treatments. The cameras were set to record a five-photo burst when an animal
was detected, with a 1 second delay between bursts.

Approximately 85% of the installed cameras were placed in deer-preferred lowland podocarp-
broadleaved forest, with the rest placed in adjacent mixed indigenous scrub. Most (200) cameras
were serviced (memory cards and batteries replaced) between 9 and 13 October 2025, 7-8 weeks
after toxic baiting. The remaining 42 cameras in the non-treatment area were serviced on

9 November 2025 due to weather-related delays.

Deer monitoring cameras
* Trail cameras
* Cameras excluded from analysis

Treatment areas
Standard bait (Pronature)
D5t : 1 < \ X, oA Repellent bait (Prodeer)
(e d SR e : J , | Eradication trial area

Figure 2. Camera monitoring grids in non-treatment area (lower left), Pronature standard 1080 bait
area (blue cross-hatch), and Prodeer deer-repellent bait area (red cross-hatch), in the central part of
Rakiura / Stewart Island. Cameras were deployed 3 to 6 weeks before toxic baiting on 21 & 22 August
2025 and then serviced, with SD cards collected, 7 to 9 weeks after. Cameras coloured red were
excluded from analyses because they were either in the unbaited strip next to the sea or did not

collect any photos due to malfunction.
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Cameras were secured to trees at 1-1.5 m above the ground and pointed at an area where deer
were most likely to pass in front of the camera. Most cameras (92%) remained functioning for the
full survey period, but some may have stopped prematurely (twelve pre-baiting and eight post-
baiting, although these probably include some cameras where field staff did not get photographed
during the service visit even though the camera was functioning). The date of the final photograph
was used as a (conservative) stop date for these cameras. Two cameras did not record photos due
to corrupted SD cards, and one camera was not found during the service visit (all three were in the
deer-repellent 1080 area). Following engagement with Southland Marine Farmers Association and
CRAB8 (on behalf of wild catch fisheries), there was an operational baiting set-back from the
shoreline to ensure no 1080 bait was sown directly into the ocean. Nine cameras deployed in this
unbaited strip were excluded from further analyses (deer-repellent 1080 n = 5, standard 1080 n =
4).

4.3 Data analyses

The animal visits recorded by trail cameras were characterised by location, treatment, date, time,
species, and number. The data were used to derive indices of animal activity that were assumed to
reflect relative abundances. For each species, the number of visits was determined by classifying
any image of individual(s) separated by more than 5 minutes from any other image of that species
as a separate ‘visit’, The number of visitors was determined by counting the number of different
animals observed within each visit. Note that individual deer could be recorded on multiple visits,
and the same individual could also be photographed by different cameras.

Cameras were active for 3—6 weeks before the toxic baiting dates of 21 & 22 August 2025
(depending on the area) and for 3 months thereafter. The activity metric used was visitors per
camera-week for each 7-day period over the duration of the study. To compare the pre- vs post-
toxin effects, information from up to 4 weeks pre- vs 4 weeks post-toxin were used for consistency
between the three areas. All activity measures were calculated separately for the three areas.

The pre vs post data were analysed using a Bayesian generalised linear mixed model of the count
of visitors per camera per week, with Poisson distributed errors and an offset term for the number
of cameras per week in each area to account for the different monitoring effort between areas. We
included main effects of ‘area’ (non-treatment vs deer-repellent 1080 vs standard 1080) and ‘time’
(pre vs post), the area + time interaction between them (i.e. the effect of ‘toxic baiting’), as well as
a random effect of camera. This model specification and the inclusion of a non-treatment area
allowed us to explicitly account for changes in animal activity before and after baiting that were
unrelated to the 1080 operation. If activity declined (after accounting for area and time), the change
was interpreted as an estimate of percentage Kkill.

The analysis was carried out using R (R Core Team 2021) with the analytical model specified in
OpenBUGS 3.2.3 (Lunn et al. 2009). The model coefficients (intercept, time, area, baiting) all had
vague informative priors of Normal(0, 10).

5.1 Species recorded

In total 401,768 photos were taken. Three-quarters of these were false triggers, predominantly
caused by wind moving vegetation (i.e. the camera sensor detected movement and took a photo
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when there was no animal present). We analysed 118,202 photos, which recorded 6,020 visits and
6,228 visitors. The most common visitor was possum (Trichosurus vulpecula) (2,081 visitors),
followed by southern brown kiwi / tokoeka (Apteryx australis) (1,626 visitors), then white-tailed deer
(1,292 visitors). Deer were photographed at 175 of the 230 camera sites analysed (76%). Rats
(Rattus spp.) (828 visitors) and feral cats (Felis catus) (144 visitors) were also photographed.
Several bird species were photographed, with blackbirds (Turdus merula) being the most common
visitor (148 of 257 bird visitors). Note that the number of weeks of monitoring differed between pre
and post monitoring, and also among areas.

Of the total images processed and summarised above, information from 4 weeks pre- and 4 weeks
post-toxin were used to compare the pre- vs post-toxin effects (Table 1).

Table 1. Number of visitors recorded on trail cameras 4 weeks before (pre) and 4 weeks after (post)
aerial baiting in a deer-repellent 1080 cereal bait area, a standard 1080 cereal bait area, and an
adjacent non-treatment area on Rakiura / Stewart Island.

Deer-repellent 1080 Standard 1080 Non-treatment
Visitor Pre Post Pre Post Pre Post
White-tailed deer 81 22 214 6 242 291
Possum 383 5 394 7 304 328
Rat 209 5 77 2 80 71
Feral cat 19 0 15 0 30 37
Kiwi 108 123 93 112 220 320

To account for account for differences in monitoring effort, data were summarised in a visit rate
metric - ‘visitors per camera-week’ (i.e. the mean number of animals seen per camera in a 7-day
period) (Table 2).

Table 2. Number of visitors per camera-week recorded on trail cameras 4 weeks before (pre) and 4
weeks after (post) aerial baiting in a deer-repellent 1080 cereal bait area, a standard 1080 cereal bait
area, and an adjacent non-treatment area on Rakiura / Stewart Island

Deer-repellent 1080 Standard 1080 Non-treatment
Visitor Pre Post Pre Post Pre Post
White-tailed deer 0.26 0.06 0.61 0.01 0.81 0.90
Possum 1.20 0.01 1.18 0.04 1.13 1.05
Rat 0.79 0.06 0.26 0.03 0.28 0.23
Feral cat 0.05 0.00 0.06 0.00 0.11 0.10
Kiwi 0.38 0.42 0.30 0.40 0.75 0.95
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5.2 Changes in visit rates

5.2.1 Change in white-tailed deer visit rate

Deer activity, as measured by the number of visitors per camera-week, was variable within areas
during the pre-control phase, but overall was higher in the non-treatment and standard 1080 areas
compared with the deer-repellent 1080 area. Deer visitors per camera-week dropped sharply post-
control in both the deer-repellent 1080 (pre = 0.26 vs post = 0.06) and standard 1080 (pre = 0.61
vs post = 0.01) areas while remaining relatively constant in the non-treatment area (pre = 0.81 vs
post = 0.90) (Appendix 2).

After accounting for time and area effects, there was strong evidence for a pronounced effect of
toxic bait on white-tailed deer in both treatment sites, with an estimated decline of 74.7% (95%
credible interval [Cl] = 46.7-90.0) in the deer-repellent 1080 area and 96.9% (95% Cl = 91.1-99.0)
in the standard 1080 area. The wide Cl in the deer-repellent 1080 area is due to the smaller
number of photographs in this area. There is very strong evidence for a repellency effect on white-
tailed deer: the probability that the decline due to standard 1080 was greater than the decline due
to deer-repellent 1080 is 0.999.

Figure 3. Mean visitors per camera-week for white-tailed deer in each area for each 7-day interval
during the camera survey. The dashed line indicates the timing of baiting with Pronature standard
1080 cereal bait and Prodeer deer-repellent 1080 cereal bait. The shaded area indicates the pre and
post time periods used for analysis.
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Figure 4. (a) Mean counts of visitors per camera-week (¥95% CI) for white-tailed deer in the non-
treatment, Prodeer deer-repellent 1080, and Pronature standard 1080 areas based on 4 weeks pre-
and post-baiting; (b) percentage decrease attributable to toxic bait.
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5.2.2 Change in possum visit rate

Possum activity was variable over time during the pre-control phase, but similar in both treatment
sites. As with deer, possum numbers dropped sharply post-control in both the deer-repellent 1080
(pre = 1.20 vs post = 0.01) and standard 1080 (pre = 1.18 vs post = 0.04) areas while remaining
relatively constant in the non-treatment area (pre = 1.13 vs post = 1.05). After accounting for time
and area effects, there was strong evidence for an effect of toxic bait on possum activity in both
treatment areas, with an estimated decline of 98.0% (95% Cl = 92.4-99.5) in the deer-repellent
1080 area, and a decline of 98.1% (95% CIl = 92.7-99.6) in the standard 1080 area. There is no
evidence for a repellency effect on possums: the probability that the decline due to standard 1080
bait was greater than the decline due to deer-repellent 1080 is 0.46.

Figure 5. The mean number of visitors per camera-week for each 7-day period for possums
throughout the duration of the monitoring in each area. The dashed line indicates the timing of
baiting with Pronature standard 1080 cereal bait and Prodeer deer-repellent cereal 1080 bait. The
shaded area indicates the pre and post time periods used for analysis.
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Figure 6. (a) Mean number of visitors per camera-week (95% CIl) for possums in the non-treatment,
Prodeer deer-repellent 1080, and Pronature standard 1080 areas, based on 4 weeks pre- and post-

baiting; (b) percentage decrease attributable to toxic bait.
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5.2.3 Change in rat visit rate

Rat activity had similar indices of pre-control activity in the non-treatment and standard 1080 sites,
with a higher rate of activity in the deer-repellent 1080 site. Rat activity dropped sharply post-
control in both the deer-repellent 1080 (pre = 0.79 vs post = 0.06) and standard 1080 (pre = 0.26
vs post = 0.03) areas while remaining relatively constant in the non-treatment area (pre = 0.28 vs
post = 0.23).

After accounting for time and area effects, there was strong evidence for an effect of toxic bait on
rats in both treatment areas, with an estimated decline of 96.7% (95% CI = 89.0-99.4) in the deer-
repellent 1080 area, and a decline of 96.9% (95% CI| = 92.8-99.0) in the standard 1080 area.
Increases in rat activity were observed in both treatment areas 4-5 weeks after control. There is no
evidence for a repellency effect on rats: the probability that the decline due to standard 1080 was
greater than the decline due to deer-repellent 1080 is 0.46.

Figure 7. The mean number of visitors per camera-week for each 7-day period for rats throughout the
duration of the monitoring in each area. The dashed line indicates the timing of the baiting with
Pronature standard 1080 cereal bait and Prodeer deer-repellent cereal 1080 bait. The shaded area
indicates the pre and post time periods used for analysis.
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Figure 8. (a) Mean number of visitors per camera-week (95% CI) for rats in the non-treatment, Prodeer
deer-repellent 1080, and Pronature standard 1080 areas, based on 4 weeks pre- and post-baiting; (b)
percentage decrease attributable to toxic bait.
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5.2.4 Change in feral cat visit rate

Feral cats had similar indices of pre-control activity in all three areas. Activity remained relatively
identical in the non-treatment site (pre = 0.11 vs post = 0.10), but dropped to zero post-control in
both the deer-repellent 1080 (pre = 0.05 vs post = 0.00) and standard 1080 (pre = 0.06 vs post =
0.00) areas, with no feral cats detected in either baited area in the weeks post-control. After
accounting for time and area effects, there was strong evidence for an effect of toxic bait on feral
cats in both treatment areas, with an estimated decline of 98.4% (95% CI = 80.8—-100.0) in the
deer-repellent 1080 area, and a decline of 98.7% (95% CI = 84.7-100.0) in the standard 1080
area. There is no evidence for a repellency effect on feral cats: the probability that the decline due
to standard 1080 was greater than the decline due to deer-repellent 1080 is 0.47.

Figure 9. The mean number of visitors per camera-week for each 7-day period for feral cats
throughout the duration of monitoring in each area. The dashed line indicates the timing of the
baiting with Pronature standard 1080 cereal bait and Prodeer deer-repellent cereal 1080 bait. The
shaded area indicates the pre and post time periods used for analysis.
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Figure 10. (a) The mean number of visitors per camera-week (95% CI) for feral cats in the non-
treatment, Prodeer deer-repellent 1080, and Pronature standard 1080 areas, based on 4 weeks pre-
and post-baiting; (b) percentage decrease attributable to toxic bait.
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5.2.5 Change in kiwi visit rate

Kiwi had similar indices of pre-control activity in the treatment areas, with a higher observed rate of
activity in the non-treatment area. Kiwi activity did not change in the treatment areas over the
monitoring period and trended upwards in the non-treatment site (pre = 0.75 vs 0.95 post). After
accounting for time and area effects, there was no evidence for an effect of toxic bait on kiwi, with
the 95% CI of estimated change overlapping zero in both the deer-repellent 1080 bait area

(95% CI = -34.6—42.2) and the standard 1080 bait area (95%CI = -48.2-38.5).

Figure 11. The mean number of visitors per camera-week for each 7-day period for kiwi throughout
the duration of the monitoring in each area. The dashed line indicates the timing of the baiting with
Pronature standard 1080 cereal bait and Prodeer deer-repellent cereal 1080 bait. The shaded area
indicates the pre and post time periods used for analysis.
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Figure 12. (a) The mean number of visitors per camera-week (95% ClI) for kiwi in the non-treatment,
Prodeer deer-repellent 1080, and Pronature standard 1080 areas, based on 4 weeks pre- and post-
baiting; (b) percentage change attributable to toxic bait.

5.3 Incidental observations of carcasses

There were no formal carcass searches in the treatment areas, but one dead white-tailed deer was
found by ZIP staff in the deer-repellent 1080 area during post-toxic bait camera servicing. No dead
deer were found in the standard 1080 camera grid area.

6.1 White-tailed deer

There was a substantial decrease in white-tailed deer activity in both treatment areas. Assuming
that changes in activity correspond to changes in population size, it is highly likely that there was a
high white-tailed deer by-kill with both Pronature™ Possum & Rodent standard 1080 bait and
Prodeer® Possum + Rat deer-repellent 1080 bait. There was strong evidence of a repellent effect
of Prodeer bait when compared with Pronature bait (74.7% vs 96.9% reduction in visitor rate). The
wide 95% CI in the deer-repellent 1080 area is due to the smaller number of photographs in this
area.

A small number of cameras were excluded from the analysis due to them being placed in the
coastal edge which was not baited as part of the aerial operation to protect pukunui. While these
cameras did record some deer, it is worth noting that the visitor rate here declined at a similar rate
to the rest of the trial area (i.e. an 80% reduction, albeit with a very small sample size). Because of
this observed decline, we do not consider the unbaited area impacted the integrity of the analysis
and results. The short time period of analysis (4 weeks post-baiting) is also expected to reduce the
risk that immigration into the trial area is artificially inflating the deer presence recorded in the deer
repellent area.
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In 2017 about 62,000 ha of Molesworth Station was baited for possum control using standard 1080
cereal bait, with an estimated 91% reduction in the resident red deer (Cervus elaphus) (Morriss,
Yockney et al. 2020). After three annual aerial counts (2018 to 2020) to gauge population change,
it was estimated that the deer population would take 4 years after baiting to recover to pre-baiting
levels due to a combination of in situ breeding and immigration from surrounding unbaited areas.
This may give some indication of how quickly the white-tailed deer population in the treatment
areas on Rakiura / Stewart Island will recover, although the likely rate of immigration by this
species in this location is uncertain. The lowered deer density in the baited areas will increase the
forage available for surviving deer, leading to better-condition deer with a higher reproductive
output, which could accelerate population recovery. If stakeholders want to measure recovery rate
of the white-tailed deer (and the pest species), then repeating camera monitoring during the same
season (August to October) in 2026 and 2027 could be used to measure population trends.
Additionally, a survey of hunter experience and success in the treated hunting blocks could help to
understand if population reduction of white-tailed deer impacted hunting experience.

6.2 Predators

The cameras were set up to monitor deer and were un-lured, so they were probably sub-optimal
for the smaller species, leading to relatively low detection rates. Nevertheless, there were enough
possum, rat, and cat photos to provide indices of population reduction due to toxic baiting for all
three species. Both bait types had very high control efficacy against these predators.

Three species of rat — Norway rat (Rattus norvegicus), ship rat (Rattus rattus), and kiore (Rattus
exulans) — are present on Rakiura / Stewart Island. Most of the rats photographed appeared to be
ship rats, but it is likely that some were kiore. None were obviously Norway rats.

No feral cats were photographed in either treatment area after baiting, suggesting a high
secondary kill of this species. This achieved the results target of the aerial operation to protect
pukunui, by providing a significant knockdown of their main predator during the 2025/2026
breeding season.

6.3 Kiwi

Kiwi were relatively common in all treatment areas (they were photographed by 57% of the
cameras) and the kiwi visitor rate was unaffected by toxic baiting. Photos of juvenile kiwi were
noted at four sites and courtship behaviour was photographed at 15 sites.

e This trial showed that despite evidence of a repellent effect of Prodeer 1080 compared to
Pronature 1080, overall repellency to white-tailed deer on Rakiura / Stewart Island when using
Prodeer 1080 bait was low. If further aerial 1080 baiting operations are carried out on Rakiura /
Stewart Island, deer by-kill can be expected. If stakeholders wish to minimise deer by-kill ait
may be worth investigating if the other deer-repellent bait types (e.g. Pestex) are available and
could be more effective.

o If desired, monitoring the recovery rate of the white-tailed deer in the baited areas could be
undertaken to inform stakeholders. This could be done by rerunning the camera monitoring at
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the same time of year (August to October) in the next 2 years and comparing visitor rates.
Recovery of targeted pest species could also be assessed using this method.

We thank ZIP’s staff for conducting the field work and data management. Thanks to ZIP for funding
this trial as part of the Predator Free Rakiura project. Thanks to Amy Whitehead for graphical
support, Graham Hickling for reviewing the report, Ray Prebble for editing, and Carrie Innes for
final formatting of this report.
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Prior to the study a statistical power analysis was carried out to determine the number of cameras
required to be set for 6 weeks pre- and post- toxic baiting to reliably detect specified reductions in
white-tailed deer relative abundance. We carried out power analyses for five levels of ‘number of
cameras’ and three levels of mean ‘percent reduction’. For each of the resulting 15 combinations of
camera + percent-reduction we simulated camera monitoring data for a range of levels of between-
and within-camera variability. Between-camera variability accounts for the fact that within an area
each camera may record different numbers of encounters due to local factors such as habitat and
local scale distribution, whereas within-camera variability accounts for the variability in weekly
counts for each camera. Three levels of both within- and between-camera variability were
simulated, resulting in nine combinations of variability. A total of 500 iterations were performed for
each combination of camera + percent-reduction and level of variability. A generalised linear model
was specified to analyse the data and calculate the population reduction in the post-toxin period
compared with the pre-toxin period. For this simulation-based approach, the statistical ‘power’ is
calculated as the proportion of iterations where the p-value for the deer-repellent area was <0.05,
indicating the detection of a statistically significant decrease in the post-toxin vs pre-toxin mean
camera counts.

Figure A1. Results of a power analysis to detect different reductions in relative abundance of white-
tailed deer using camera traps. The variability within each %reduction + camera-number combination
is due to differences in assumed within- and between-camera variability.
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Figure A2. Maps showing the number of white-tailed deer visits per day recorded at each trail
camera. Rows correspond to the different treatments, while columns indicate the pre- and post-
control periods. Grey open circles mark the locations of cameras that recorded no visits during the
monitoring period. Shading indicates the boundaries for the standard 1080 (orange) and deer-
repellent 1080 (green) treatments.
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