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Summary 

Project and client 

• Manaaki Whenua – Landcare Research (MWLR), Lincoln, undertook a field trial in the 
Blue Mountains, Otago, in 2019/20 to determine whether the learned aversion to 
1080 bait that is common among possums that survive a conventional aerial 1080 
baiting operation can be minimised by a novel pre-feeding sequence. This work was 
undertaken for Predator Free 2050 (project SS/04/01), with co-funding from MWLR. 

Objective  

• The objective was to assess the likely efficacy of a last-bait-first scenario for pre-feed 
sequencing in dual 1080 baiting by measuring possum responses (in the field after a 
standard aerial 1080 operation) to two different bait types, after first pre-feeding 
(familiarising) or not pre-feeding possums with a ‘last’ bait type that differed from the 
‘first’ bait type used in the 1080 operation. 

Methods 

• Two bait types were used: a ‘first’ bait type (6 g cinnamon-lured RS5 cereal pellets, 
hereafter RS5) and a ‘last’ bait type (30 g peanut butter block-bait without cinnamon, 
hereafter PB). 

• Four blocks of three parallel transects were established across the boundary of a 
Department of Conservation (DOC) 1080 operation. Two blocks were pre-fed with PB 
bait before the RS5 1080 operation and two were not. Chewcards were used to assess 
the relative abundance of possums. 

• After the 1080 operation, c. 150g of both bait types were presented at each of 100 
‘bait preference stations’, and possum responses were monitored using trail cameras. 

Results and discussion 

• Before the 1080 operation, possum abundance was moderately low, with a 136-day 
Chewcard Index (CCI) of 67.3%. The comparable post-1080 CCI was 31.2% and 
trended downward from c.40% outside the poison area to <10% at 1km inside the 
poisoned area.  

• Our results indicated possums preferred the RS5 bait, as the RS5 bait at the ‘bait 
preference stations’ tended to disappear more quickly than the PB bait. In addition, a 
greater percentage of the possum interactions at the non-PB-pre-fed sites were with 
RS5 (54%), while at the PB-pre-fed sites, possums spent 58% more time interacting 
with RS5 than with PB. 

• Possums fed less frequently if they had not been pre-fed with PB bait, and total 
interaction time was much lower for both bait types at not-PB-prefed sites than at the 
PB-prefed sites, consistent with a pre-feeding effect. However, while PB pre-feeding 
increased the frequency at which possums fed on RS5, that effect was not observed 
for the PB bait itself. 
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• In the PB pre-fed areas, possums at sites close to or outside the boundary of the 
poison area fed on RS5 more frequently than at sites further into the poisoned areas 
(where possums were presumed to be more likely to have encountered toxic RS5 
bait). The pattern was the reverse for PB, but this was not statistically significant. A 
similar pattern was evident in the amounts of time possums spent feeding, but there 
was no indication that PB pre-feeding increased the feeding times on PB bait piles 
well inside the poisoned area.  

Conclusions 

• The downward gradient in possum abundance into the poisoned area after the 1080 
baiting indicates firstly that most possums well inside the poisoned areas had been 
killed, and secondly suggested that the most of the possums we monitored in the 
poisoned area will have been immigrants from the nearby pine forest. 

• Possums preferred the RS5 cereal pellets to the PB block-bait, but pre-feeding with PB 
first resulted in increased consumption after the 1080 operation - not just of the PB, 
but of both bait types. Unexpectedly, the PB pre-feeding effect appeared to be more 
marked for the preferred RS5 than for the PB. This suggests firstly that pre-feeding 
may encourage possums to feed on novel foods, even when they are only broadly 
similar in shape, form and colour, and secondly, that this familiarisation can be 
modified by the attractiveness of the bait. 

• The preference for RS5 at the ‘bait preference stations’ was not apparent in the PB-
pre-fed areas furthest inside the poison area, possibly because a higher proportion of 
possums in those areas were bait-shy survivors of the RS5 1080 operation. The higher 
frequency of feeding per encounter with PB bait in those areas provides some (albeit 
weak) support for our main hypothesis. We tentatively conclude that an initial pre-
feeding, with a bait different from that used to subsequently kill most possums, 
probably does increase possum willingness to eat that bait following the initial 1080 
operation, but further trials are needed to confirm that. 

Recommendations 

• We recommend that ‘last-bait-first’ pre-feed sequencing concept for dual 1080 
operations targeting possums be further developed and trialled at an operational 
scale.  

• In this trial, the ‘last’ bait (i.e. the bait that would have been used for the second 
sowing of toxic bait if this had been an actual dual 1080 operation) appeared to be 
markedly less preferred than the ‘first’ bait. We suggest that the opposite approach 
(using the ‘better’ bait to try to kill the last few survivors) may be better, and should 
be tested. Based on recent results from related trials, we suggest a carrot-first-RS5 
cereal-last scenario may provide the best approach from the bait types already 
registered for aerial 1080 baiting. 
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1 Introduction 

Manaaki Whenua – Landcare Research (MWLR), Lincoln, undertook a field trial in the Blue 
Mountains, Otago, in 2019/20 to determine whether the learned aversion to 1080 bait 
that is common among possums that survive a conventional aerial 1080 baiting operation 
can be minimised by a novel pre-feeding sequence. This work was undertaken for 
Predator Free 2050 Limited (project SS/04/01), with co-funding from MWLR. 

2 Background 

Predator Free 2050 (PF2050) aims to eradicate possums (Trichosurus vulpecula), rats 
(Rattus spp.) and mustelids (Mustela spp.) from New Zealand by 2050 (Russell et al. 2015). 
Possums have been eradicated from large offshore islands (e.g. Kapiti) and fenced 
mainland reserves (e.g. Maungatautari), but at high cost. There has therefore been strong 
interest in locally eliminating possums from large areas of the mainland using the lowest-
cost method currently available (aerial 1080 baiting) (Morgan et al. 2006; Nugent et al. 
2008). This has created interest in a ’dual-1080’ approach, in which poison baiting of an 
operational area is undertaken twice in quick succession, a month or two apart (ZIP 2017; 
Nugent, Morriss et al. 2019). Initial results have been mixed: some possums have survived 
the second baiting in both an experimental trial (Nugent, Morriss et al. 2019) and at an 
operational scale, at Kaitake, Mount Taranaki (Glen & Peace 2019). More recently, 
however, possums may have been eliminated from a >10,000 ha unfenced area in South 
Westland (ZIP 2020), where elimination was achieved by two successive applications of 
1080 bait (both pre-fed twice), followed by trapping of the very small number of surviving 
possums (Nichols et al. 2020).  

The ultimate goal of local elimination is complete removal of all resident possums so that 
zero density can be maintained by preventing reinvasion rather than through ongoing 
control (Morgan et al. 2006). It is already known that pre-feeding twice can achieve near-
total possum kills with a single toxic baiting (Coleman et al. 2007). One such 80,000-ha 
operation in the Hauhungaroa Range in 2016 killed 99.3% of 241 radio-collared possums 
(Nugent et al. 2017) but possums remained present and widely distributed 2-3 years later 
(Sweetapple & Nugent 2020). Operational attempts at achieving complete local 
elimination using dual 1080 baiting have, to date, used two slightly different baits and 
applied pre-feed in a ‘first-bait-first’ sequence; i.e. the first toxic bait used was preceded 
by pre-feeding with that first bait, while the second toxic bait type was not pre-fed with 
that bait type until after the first toxic baiting (Figure 1). However, some experimental 
findings suggest that survivors of the first toxic baiting might be more willing to accept a 
second (different) toxic bait type if that bait type was the first bait type they had ever 
encountered (Nugent et al. 2020); i.e. if they had initially been pre-fed with the last bait. 
We term this a ‘last-bait-first’ strategy (Figure 1). 

This project aimed to test this last-bait-first scenario for dual 1080 baiting. It was 
conducted as part of a series of inter-related experimental trials co-funded by MWLR and 
PF2050 Limited that collectively focused on identifying how to maximise the probability of 
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completely eliminating possums locally with dual 1080 baiting while minimising the 
number of baiting events required to achieve that reliably. In the first of these last-bait-
first trials, Nugent et al. (2020) showed that using a distinctly different second or ‘last’ bait 
(peanut butter paste in bags) after a first ‘standard’ baiting (i.e. using the cereal bait type 
most commonly used nowadays for aerial 1080 baiting) resulted in a 92% kill of 24 radio-
collared survivors of the first baiting. Crucially, all of the 14 possums that were pre-fed the 
peanut butter paste before the first toxic baiting were killed in the second baiting.  

A second trial showed that captive possums, in which shyness to standard cereal ‘first’ bait 
had been induced through sub-lethal poisoning, would accept alternative baits if they had 
been pre-fed with them before encountering the toxic first cereal bait, with the degree of 
acceptance appearing to depend on how different the alternative bait type was (with 
carrot being the most acceptable) (Warburton et al. 2020). This study aimed to 
complement those earlier trials by experimentally simulating, in the field, the last-bait-first 
scenario for dual 1080 baiting.  

 

Figure 1. Comparison of first-bait-first and last-bait-first dual 1080 baiting strategies. In the 
first-bait-first scenario, both toxic applications are immediately preceded by two pre-
feedings of non-toxic versions of bait as implemented by Zero Invasive Predators (ZIP) in 
2019 (Nichols 2020). In the proposed last-bait-first scenario, one of the first-bait pre-
feedings is dropped, and the first pre-feeding bait type is the non-toxic version of the last 
toxic bait type used. The two bait types are indicated by letters (e.g. in this study, A = PB, B 
= RS5), with unshaded objects representing non-toxic pre-feedings and shaded objects 
representing toxic applications. 

3 Objective 

The objective was to assess the likely efficacy of a last-bait-first scenario for dual 1080 
baiting by measuring possum responses (in the field after a standard aerial 1080 
operation) to two different bait types after first pre-feeding (familiarising) or not pre-
feeding possums with a ‘last’ bait type that differed from the ‘first’ bait type used in the 
1080 operation. 
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4 Methods 

4.1 Design 

We conducted a small-scale field trial that partially simulated the last-bait-first dual-1080 
scenario proposed above. For the trial we used the following two bait types: a ‘first’ bait 
type (6 g cinnamon-lured RS5 cereal pellets, hereafter RS5) and a ‘last’ bait type (30 g 
peanut butter block-bait without cinnamon, hereafter PB). To avoid the high costs of 
consenting, logistics, and field implementation involved in conducting an experimental 
1080 operation ourselves, the trial was ‘wrapped around’ a standard aerial 1080 baiting 
operation conducted by the Department of Conservation (DOC) in the Blue Mountains, 
Otago, in late 2020, which was aimed at reducing rat and stoat density in order to protect 
mohua (Mohoua ochrocephala) and other native species (EPA 2020). That single-1080 
operation comprised pre-feeding and then toxic baiting with RS5. 

In a small part of the area covered by the operation (and a small, adjacent, unbaited area) 
we attempted to partially simulate the dual-1080 scenario above by pre-feeding with PB 
before DOC began pre-feeding with RS5. Subsequently, after DOC had fully completed 
both the pre-feed and toxin application phases of their operation, we used trail cameras 
to monitor a bait preference trial. For this, both RS5 and PB bait were presented in 
separate piles about 1.5 m apart at widely separated sites along a series of transects, and 
the trail cameras were used to monitor possum responses to the two bait types.  

We expected that possums that had survived the DOC RS5 operation would tend to be 
averse to eating RS5 (Morgan et al. 1996; Moss et al. 1998; Ross et al. 2000) and also 
averse to eating any other bait that was perceived as being similar to RS5 (Nugent, 
Morriss et al. 2019). We hypothesised that this aversion would be reduced by our initial 
pre-feeding with PB bait, so the bait preference monitoring occurred in areas that had 
both been initially PB-pre-fed and areas that had not. Our key predictions were that, after 
the toxin application, the frequency with which possums accepted PB bait, and the time 
they spent consuming it, would be higher in the PB-pre-fed areas than in areas not PB 
pre-fed. 

A major logistical impediment to assessing the behaviour of surviving possums in the field 
is that standard 1080 operations leave very few survivors, making it difficult to obtain 
enough observations for robust statistical comparison. To increase our chances of 
monitoring 1080 survivors, our study areas straddled DOC’s operational boundary; our 
monitored transects began about 0.5 km outside the operational area and extended 1.0 
km into it. We assumed that, in the period immediately after the DOC operation was 
completed, the possums photographed within the baited area would mostly have 
encountered (and survived) 1080 RS5 bait, while those outside the baited areas would not 
have encountered bait.  
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4.2 Study area and transect layout 

This study took place between September 2019 and June 2020, at the southern tip of the 
Blue Mountains Forest Conservation Area, dominated by silver beech (Nothofagus 
menziesii), which borders a mature pine forest (Ernslaw One commercial forest). 

Four blocks of three parallel transects, spaced 0.2 km apart and running at right angles to 
the DOC operation boundary, were established (Figure 2). Transects started 1 km inside 
the outermost flight path of the DOC operation and extended to 0.5 km outside the 
operation. In September, two of the four blocks were pre-fed with the nominal ‘last’ bait 
type by hand baiting with non-toxic PB bait (treatment blocks), while the other two blocks 
were left unbaited (non-treatment blocks). Gloves were worn at all times when handling 
bait to minimise human scent. Hand baiting consisted of walking transects and 
continuously throwing bait approximately 1–4 m on either side. Assuming an effective 
baiting area of 0.2 km either side of a transect, we pre-fed at a rate of 2 kg/ha.  

As noted above, this transect layout was based on the assumption that the possums in 
pine forest (lower-1080-risk sites) would not be exposed to DOC’s RS5 bait. Those 
possums were treated as a positive control showing naïve acceptance of both bait types. 
Possums further along the transect within the beech forest (higher-1080-risk sites) would 
increasingly be exposed to much more toxic bait from the DOC operation (i.e. possums on 
the beech–pine interface would have access to less toxic bait than those well into the 
beech forest). In the event that the operation was very successful, leaving very few or no 
possum survivors within the beech forest, our back-up option was that the pine forest 
close to the operational boundary would harbour possums that had received a sub-lethal 
dose of toxic bait (e.g. perhaps encountering bait later once it had become degraded and 
less lethal).  
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Figure 2. Study site in Blue Mountains, Otago. Red and yellow portions of each transect 
represent beech and pine forest, respectively, with the former subject to a DOC aerial 1080 
baiting operation in November 2019. Blocks of transects with a white border (treatment 
blocks) were pre-fed with PB bait prior to the operation (i.e. treatment blocks).  

4.3 Possum relative abundance  

To assess our assumption that most possums within the operational area were killed, we 
used long-interval chewcards (Sweetapple & Nugent 2011; Nugent, Whitford et al. 2019) 
to monitor the relative abundance and distribution of possums along the 12 transects, 
both before and after the 1080 baiting. Chewcards were placed at 100 m intervals along 
each transect in late September 2019 (16 per transect), with the expectation that the DOC 
operation would be completed within the following month. However, the operation was 
delayed until late November 2019, and the chewcards were not able to be checked and 
replaced (for post-1080 monitoring) until February 2020. The post-1080 monitoring 
period was then extended for almost 4 months as a consequence of the 2020 COVID-19 
lockdown, which precluded fieldwork. The dates of fieldwork activities are shown in Table 
1. 
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4.4 Experimental treatments and monitoring 

Five bait-preference stations were established along each transect, 84 days after the 1080 
operation. The possum-detection data from the pre-control chewcards were used to help 
decide where to position the stations, but, in general, stations were placed relatively 
evenly along the transect (approximately 300 m apart). Stations were established on 10 of 
the 12 transects (Figure 5), with two stations outside the baited area (i.e. in the pine 
forest) and three inside (in the beech forest). The two bait types (non-toxic RS5 and PB) 
were placed in separate piles, approximately 1–1.5 m apart, at each station (Figures 3 & 4). 
Piles consisted of 150 g of each bait.  

Cameras were deployed to observe bait preference between the bait types. Two cameras 
were deployed at each station. The paired cameras were placed on either side of the two 
bait piles to maximise the view of bait consumption by possums, with both bait piles in 
view of each camera. Cameras were set to shoot five-photo sequences, at 1 second 
intervals, upon triggering, usually followed by a delay of at least 30 seconds.  

Table 1. Timeline of fieldwork activities 

Date Total days Activity 

28 & 29/09/2019 0 non-toxic pre-bait (PB) 

28 & 29/09/2019 0 chewcards #1 placed 

29/11/2019 62 DOC spreads non-toxic pre-bait (RS5) 

12/12/2019 75 DOC spreads toxic bait (RS5) 

11 & 12/02/2020 136 chewcards #1 pulled and chewcards # 2 placed 

4 & 5/03/2020 159 bait-preference stations established (RS5 & PB) 

4 & 5/03/2020 159 cameras placed 

3 & 4/06/2020 249 cameras pulled 

3 & 4/06/2020 249 chewcards #2 pulled 
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Figure 3. Field layout of the bait-preference experiment, showing the two types of non-toxic 
baits as deployed in separate piles on the ground in front of trail cameras, with RS5 cereal 
pellets in the left panel and peanut butter block-bait on the right. 

 

 

Figure 4. Positioning of the two cameras and bait piles at each camera station. 



 

- 8 - 

 

 

Figure 5. Layout of camera stations (numbered) on transects (lettered) within paired 
treatment (T) and non-treatment (NT) blocks of forest. Treatment blocks were pre-fed with 
non-toxic peanut butter blocks. All stations within the beech forest received RS5 pre-feed 
followed by 1080-RS5 during the DOC poison operation.  

4.5 Analyses 

4.5.1 Possum relative abundance 

The percentage of chewcards bitten by possums and (separately and incidentally) rats was 
assessed for the pre- and post-1080 periods and expressed as a chewcard index (CCI). 
Because of the long periods for which the cards were deployed, the resulting CCI is not 
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equivalent to the usual CCI based on a 7-night assessment period (Nugent, Whitford et al. 
2019).  

Overall CCIs were calculated for the pre-1080 and post-1080 assessment periods. In 
addition, a CCI was calculated across the 12 transects for each 100 m distance away from 
the boundary of the baited area to provide a picture of changes in the spatial distribution 
of possums before and after DOC’s operation.  

4.5.2 Possum responses to bait 

The 100 cameras deployed produced 33,504 images. However, only 61 cameras recorded 
useable images of possums. The remainder were stolen, or malfunctioned for a variety of 
reasons, or simply were not visited by possums. Sample size was further reduced by some 
possums not visiting bait sites until after all bait had been eaten by other species. 

Where two cameras obtained more-or-less matching sets of images of possum visits to 
the same site, the camera that recorded more possum visits was selected as the primary 
camera, with the secondary camera used to clarify uncertain outcomes recorded by the 
primary camera. 

The images of possum visits to the primary camera were summarised in a spreadsheet 
according to date and time. A possum ‘visit’ was defined as any image or set of images 
with less than 5 minutes’ separation between images of possums. For each visit, the 
number of possums present during the visit was recorded. The duration of each visit was 
calculated from the date-time stamps recorded in the imagery metadata.  

The presence or absence of any remaining bait was recorded for each bait type at the 
start of each visit (both baits still present, PB only present, RS5 only present, no bait 
present). The ‘maximum interaction’ response of each possum to the bait types during 
each visit was then categorised and recorded separately for each bait type. The response 
categories were: 

• no interaction – possums did not approach to within a body length of either bait 
pile 

• approach, no contact – possums approached to within a body length of one or 
other (or sequentially to both) bait piles but did not have contact with the bait 

• sampling – possums made contact with the bait (this included sniffing, licking, 
and nibbling of bait) 

• feeding – possums were considered to have consumed more than two to three 
bites of the bait. 

Feeding was often preceded by one or more of the ‘sampling’ behaviours, but only a 
single interaction category was recorded for each separate interaction with one of the bait 
piles. Multiple interactions could be recorded during a single visit if the possum moved 
from one of the bait piles to the other and, very occasionally, back again. The response 
data were first analysed as response frequencies – the number of each response category 
as a percentage of the number of visits to each bait types. Differences in response 
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frequencies between treatments were compared using 2- or 3-day contingency tables (or 
Fisher’s Exact Test, where appropriate).  

The response data were also used to estimate cumulative interaction times by response 
categories for each bait type, and compared between PB-pre-fed and non-pre-fed areas. 
Cumulative interaction times per camera were also calculated by response category and 
compared between treatments and areas. Although it was originally intended to compare 
response in relation to station location (i.e. in relation to distance from the operational 
boundary), there were few or no data in some instances, so stations were instead 
classified as being a higher or lower risk of having possums that had been exposed to, 
and survived, 1080 RS5 bait (closer to the centre of the 1080 operation in beech forest or 
further outside the operation in the pine forest, respectively). Specifically, stations 1–2 
were classified as higher-1080-risk sites and stations 3–5 as lower-1080-risk sites (Figure 
5). 

5 Results 

5.1 Relative abundance and spatial distribution of possums (and rats) 

Chewcards were initially deployed for 136 days, spanning a period from 62 to 75 days 
before pre-feed and toxic bait, respectively, until 61 days after the toxic baiting. The mean 
long-interval CCI for this first survey was 67.3%. Sweetapple and Nugent (2020) recorded 
120-day CCIs that were about three times those recorded over the usual 7-night period. If 
this same ratio applied to our data, the mean 7-night CCI equivalent would have been c. 
22%, which indicates a moderate-to-low possum density. 

The post-1080 chewcard survey spanned 116 days, with a mean long-interval CCI of 
31.2%, suggesting an overall possum population reduction of over 50%. Control efficacy 
will have been higher than that, because only two-thirds of the transects fell within the 
poisoned area. In the first survey there was no marked trend in CCI along the transects, 
but in the second (post-1080) survey CCIs declined with increasing distance into the 
poisoned area (Figure 6). Extrapolation from the post-1080 trendline suggests CCIs further 
than 1km into the poisoned area were likely to be less than 5.0%. 

The mean long-interval CCIs for rats also indicated low abundance, with little difference 
between the pre- and post-1080 surveys (14.4% and 9.7%, respectively), and no trend in 
abundance indices along the transects (Figure 6). 
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Figure 6. Relative abundances of possums (top) and rats (bottom) in relation to distance 
from the boundary of the 1080 operation, based on a 136-night pre-1080 survey (which 
included some of the immediately post-control period) and a subsequent 116-night post-
1080 survey. The data points represent means across 11 parallel transects placed at right 
angles to the operation boundary and running from 0.5 km outside the 1080 area to 1 km 
inside (see Figure 2).  
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5.2 Interactions with non-toxic baits after the DOC poison operation 

5.2.1 The data set 

In total, 18,588 possum images were analysed. After removing duplicate visits (i.e. visits 
recorded on both cameras at a site), useable data were obtained from 35 sites, covering 
225 separate possum visits (and 392 interactions), with a median of 25 images per visit 
(range 1–370). Mean visit duration was 4.5 minutes, ranging from 1 second (when just a 
single image was recorded per visit) to 32.7 minutes. 

5.2.2 Bait consumption 

Bait was fully consumed on the first day at one station, but at the other extreme was still 
recorded as available after 28 days at another. The mean number of days after 
deployment on which we recorded bait as still being present was 6.9 days (bait will have 
sometimes remained available at some stations after the last recorded possum visit). The 
piles of RS5 tended to disappear (i.e. were fully consumed by possums and/or other 
animals such as pigs, rats, and mice) more quickly than the piles of peanut butter blocks. 
Both bait types were last available together on the same date at 11 stations, whereas the 
PB remained available after all RS5 had been consumed at 20 stations compared to the 
RS5 remaining available after all the PB had been eaten at just four stations.  

5.2.3 Bait interactions 

Possum visits were recorded at 17 non-PB-pre-fed sites (162 response records) and 18 
PB-pre-fed sites (230 response records).  

Overall (poisoned and non-poisoned stations combined), possums spent a similar amount 
of time in total (c. 2 hours) near or interacting with each of the two bait types at the non-
PB-pre-fed sites, but reached that total more quickly for RS5 (Figure 7). Excluding ‘no 
approach’ responses, 244 interactions were recorded while both bait types were still 
present. Of those interactions, slightly more (54%) were with RS5 than with PB (46%). For 
the interactions in which possums either sampled or fed on the bait, significantly more 
(66%; n = 117) were with RS5 compared to 42% (n = 98) of interactions with PB (Fisher’s 
Exact Test, p < 0.001). 

At the PB-pre-fed sites, overall total interaction time was markedly higher for both bait 
types, consistent with a pre-feeding effect (Figure 7). However, possums spent 58% more 
time interacting with RS5 than with PB, again indicating an apparent preference for the 
former despite having been pre-fed with PB. While both bait types are more similar in 
shape and size than alternative food sources available in the environment, the PB bait was 
slightly larger than the RS5 bait, and it is unclear if this played a role in preference. 
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Figure 7. Cumulative total interaction time over c. 28 days spent by possums at each bait 
type separately for all 18 sites pre-fed with PB bait and 17 sites that were not pre-fed. Visits 
in which the possums did not approach either bait are excluded.  
 

There was also some indication of a PB-pre-feeding effect in the responses of possums at 
the bait piles. Overall, possums did not approach either bait pile in 7.7% of visits. 
Excluding those visits, possums approached but did not contact the bait in 10.5% of the 
362 remaining visits, investigated or sampled the bait in 39.5% of visits, and fed in 46.7% 
of visits. The percentages differed significantly (χ2 = 11.8, df = 2, p = 0.003) between the 
PB-pre-fed and non-PB-pre-fed areas (12.0%, 52.0% and 36.0% compared to 9.4%, 36.3%, 
and 54.2%, respectively), indicating possums were more likely to either not touch the bait, 
or only sniff, lick or nibble a small amount than to actually feed if they had not been pre-
fed. PB-pre-feeding increased the frequency at which possums fed on RS5 (χ2 = 8.6, 
df = 2, p = 0.01 ); curiously, that effect was not observed at the PB piles (χ2 = 3.4, df = 2, 
p = 0.18 ) (Figure 8). 
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Figure 8. Frequency of possum interactions at bait piles, shown separately by bait type and 
PB-pre-feeding status. The closest or ‘most engaged’ interaction recorded during each 
individual possum visit to the site was scored as the ‘response’ (i.e. a feeding response could 
also include initial ‘sampling’ behaviours such as sniffing and licking). Sample sizes are 
shown above the bars. 
 

Possums using the camera sites outside, or less than 0.5 km inside, the 1080 poisoned 
areas were assumed to have a lower risk of having been exposed to, and possibly sub-
lethally poisoned by, 1080 RS5 bait than those over 0.5 km inside the poison area. As 
expected, the post-1080 CCIs (Figure 6) indicated less possum activity in the assumed 
high-1080-risk area (67 visits and 108 responses at 12 of 18, or 66% of, stations with 
functioning cameras) than in the lower risk areas (159 visits, 284 responses, 23 of 29 
stations, or 79%). In the PB-pre-fed blocks, possums at the low-1080-risk sites fed on RS5 
more frequently than at the high-1080-risk sites (Fisher’s Exact Test, p =0.043) (Figure 9), 
as would be expected if there were a greater proportion of RS5-shy possums in the 
poisoned area than in the non-poisoned area. The pattern was the reverse for PB, but the 
difference was not statistically significant (χ2 = 3.6, df = 2, p = 0.16) (Figure 9). 
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Figure 9. Percentage frequencies of the three responses of possums to bait piles (PB or RS5), 
shown separately for areas that were non-prefed or pre-fed with PB bait. Feeding stations 
are grouped into lower 1080 exposure risk groups (top graph) and higher 1080 exposure risk 
groups (bottom graph). Sample sizes are shown above the bars.  
 

Similar patterns were evident in the amounts of time possums spent feeding (Figure 10). 
At the sites with an assumed lower risk of RS5-1080-bait shyness, possums spent more 
time feeding on RS5 than on PB, particularly in the pre-fed areas. At the sites with 
assumed higher risk of RS5-1080-shyness, they spent more time feeding on PB than on 
RS5. Crucially, however, there was no indication for those higher-risk sites that PB pre-
feeding increased the PB feeding times compared to those for the non-PB-pre-fed sites 
(Figure 10). 
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Figure 10. Total interaction times (in minutes) per possum-visited camera for four responses 
of possums to either RS5 or PB bait. Data from four sets of paired cameras were used (a 
subset of the total number of cameras, with two sets each in higher and lower 1080 risk 
areas, with one of each set pre-fed with PB bait and the other not). Data points are the totals 
for each response across all possum visits to each set of cameras. 
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6 Conclusions 

6.1 Relative abundance and spatial distribution of possums (and rats) 

Possum abundance at our study site was low, but not extremely low. Before the 1080 
baiting there was trend in possum abundance with increasing distance into the beech 
forest from outside the poisoned area.  

The decrease in possum relative abundance into the poisoned area after the 1080 baiting 
indicates that significant numbers of possums were killed. The 5.0% long-interval mean 
CCI for the sites furthest (0.9–1.0 km) into the poisoned area suggests that possum 
abundance beyond that was probably less than 10% of the pre-1080 index, consistent 
with the expected possum kill of over 90%. Assuming that this level of kill was attained 
throughout the baited area, the observed gradient in abundance post-control suggests 
that possums had substantially re-invaded the area up to about 800 m into the poison 
area within 2–4 months of the operation. If so, most of the possums we monitored in the 
poisoned area would have been immigrants from the nearby pine forest that may not 
have encountered the DOC operation RS5 pre-feed and toxic bait, which would have 
confounded the interpretation of the bait acceptance. 

The incidental CCI data for rats indicates low rat abundance before the 1080 baiting and 
only slightly lower abundance 3–6 months later. The lack of a major drop in our long-
interval CCIs does not indicate low control efficacy, as operational monitoring indicated 
that a 3-night tracking tunnel index of rat abundance in this area was reduced from 19.4% 
in late October 2019 to 0.0% in mid-January 2020 (EPA 2020). Rather, our data suggest 
rapid population recovery, either through breeding and/or rapid reinvasion from the pine 
forest areas, as suggested above for possums. 

6.2  Impact of pre-feed switching 

Most of the bait deployed was eaten, but often by species other than possums, which 
reduced the amount of possum response data we were able to collect. The theft of some 
cameras and malfunction of others added to the problem. Despite this, we recorded 392 
separate bait responses by possums to camera sites at which bait was still present. We 
have no way of knowing how many different possums were involved in those visits. 

Several lines of evidence indicate that possums tended to prefer the RS5 cereal pellets to 
the PB block-bait. Firstly, the piles of PB were completely consumed before the piles of 
RS5 at only 11% of the 35 sites visited by possums, whereas some PB still remained after 
all the RS5 bait had been eaten at 57% of sites. Secondly, where both bait types were 
present during a visit, possums were more likely to feed on RS5 than on PB. Finally, 
possums spent more time, in total, feeding on RS5.  

The preference for RS5 is perhaps, with hindsight, unsurprising given that this bait has 
now been the mainstay of aerial 1080 baiting for about two decades, and given that 
peanut butter may not be as attractive to possums as other bait types (Jackson et al. 
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2016). One implication for our trial is that our ‘last’ bait (i.e. the bait that would have been 
used for the second sowing of toxic bait if this had been an actual dual 1080 operation) 
was markedly less preferred than the ‘first’ bait. Switching the bait type order, so as to use 
the most attractive bait as the ‘last bait’, might prove to be more effective against those 
individuals that are bait shy as a result of sublethal exposure from the first toxic baiting 
event. 

Despite being less preferred, pre-feeding with PB resulted in increased consumption, not 
just of PB bait but of both bait types (Figures 6−8). Note that some of the possums may 
have also been pre-fed with RS5 as part of the 1080 operation. Overall, and unexpectedly, 
the PB pre-feeding effect appeared to be more marked for the preferred RS5 than for the 
PB (Figure 8). This suggests that pre-feeding may allow for the familiarisation of possums 
to foods that come in a (very broadly) similar shape, form, and colour (Figure 4) which 
differ from typical food sources available in the environment, and that this familiarisation 
can be modified by the attractiveness of the bait. 

The preference for RS5 was not apparent in the pre-fed areas furthest inside the 
operational boundary, with a higher frequency of feeding per encounter (Figure 9) and a 
slightly higher total feeding time (Figure 10) for PB. This could reflect the possibility that 
possums in those areas were more likely to have encountered (and survived with some 
level of bait shyness) toxic 1080 baits.  

More importantly, in the high-1080-risk areas, there was a higher frequency of feeding 
per encounter on PB in pre-fed areas than in non-pre-fed areas (Figure 9), with the total 
feeding times per camera similar between the two areas (Figure 10). This provides weak 
support for our main hypothesis: first pre-feeding with a different bait from that used in a 
subsequent initial pre-feed-and-toxic 1080 baiting events will increase bait acceptance in 
a second toxic baiting using the initial bait (i.e. using a ‘last-bait-first’ pre-feed sequence). 
Unfortunately, the delays caused when the DOC 1080 operation was re-scheduled (which, 
for logistical reasons, prevented us from monitoring the immediate post-1080 period as 
originally planned) makes it difficult to confidently assume that most possums, in or close 
to the beech forest, were survivors of the 1080 operation rather than post-1080 invaders. 

In summary, our data suggest that an initial pre-feeding with a bait different to that used 
to subsequently kill most possums probably does increase possum willingness to eat that 
bait after the initial 1080 operation. If so, that could potentially reduce the need for all of 
the four sowings of non-toxic pre-feedings used in most-successful dual 1080 operation 
to date (Figure 1, Nichols et al 2020) by omitting one of the two initial pre-feedings. 
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7  Recommendations 

• We recommend that ‘last-bait-first’ pre-feed sequencing concept for dual 1080 
operations targeting possums be further developed and trialled at an operational 
scale.  

• In this trial, the ‘last’ bait (i.e. the bait that would have been used for the second 
sowing of toxic bait if this had been an actual dual 1080 operation) appeared to be 
markedly less preferred than the ‘first’ bait. We suggest that the opposite approach 
(using the ‘better’ bait to try to kill the last few survivors) may be better, and should 
be tested. Based on recent results from related trials, we suggest a carrot-first-RS5 
cereal-last scenario may provide the best approach from the bait types already 
registered for aerial 1080 baiting 
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