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INTRODUCTION/BACKGROUND 

ZIP’s mission, in partnership with conservation organisations around New Zealand, is to develop the 

knowledge, tools and techniques needed to completely remove possums, stoats, ship rats and 

Norway rats from large mainland areas, and to protect such areas from the re-establishment of these 

predators. ZIP call this the ‘Remove and Protect’ model of predator control (Aitken 2016).  

The model was first put into practice in 2014, at Bottle Rock Peninsula, in Marlborough’s Queen 

Charlotte Sound.  Possums and ship rats were removed from a 400ha protected area, behind an 

intensive network of traps that had been installed across the neck of the peninsula (automated live 

capture leg hold traps for possums and various possum and rat kill traps). Given that stoat home 

range size can vary greatly and they can range over enormous distances (King & Powell 2007) the 

site was deemed too small to target stoats effectively. However, for rats and possums, the ‘virtual 

barrier’ has, through constant testing, modifying, and adapting, proven to be relatively effective, 

especially for possums, in this setting.  

That said, a virtual barrier alone is best suited to peninsula settings, due to feasibility of scale, and 

easier defendability across a small peninsula neck. This particularly pertains to rapidly accessible live 

capture leg hold traps, something that would be greatly limited in a large landscape. In large areas on 

the mainland that are surrounded by predators; i.e. areas ‘landlocked’ within larger mainland sites, 

natural features such as substantial rivers and high alpine ranges may present an alternative option. 

There is some initial evidence that geographic barriers influence gene flow and distribution for some 

small mammal species (Peres et al. 1996; Gerlach & Musolf 2000). Having a range of barrier 



configurations i.e. trap based, elevation based or riverine - used either independently or in conjunction 

with one another - would enable the Remove and Protect model to be applied over a broader range of 

landscapes. Rivers in particular are believed to act as significant barriers to the movement of 

possums, with anecdotal evidence suggesting they were a major impediment to possum invasion 

down the South Island’s West Coast during their initial establishment. However, there appears to be 

limited conclusive scientific evidence to support the hypothesis that rivers are natural barriers to 

possum reinvasion.  

Between August and October 2017, ZIP ran a trial in the Orongorongo Valley, Remutaka Forest Park, 

to determine how effective the Orongorongo River is at preventing possums from moving from one 

side to the other. While it is well known that rats are comfortable swimmers (Russell et al. 2008) we 

also recorded rat movement as part of the trial to gauge the river’s effectiveness on limiting their 

movement.    

OBJECTIVE(S) 

 To determine whether the relatively small (see Methods section for flow rates) braided 

Orongorongo River is a barrier to the movement of possums and ship rats from one side to 

the other 

 

 To build confidence that rivers can be used to support barriers to reinvasion for larger scale 

implementation 

 

TRIAL DESIGN/METHODS 

The trial involved providing a possum and rat reservoir on the true right side of the Orongorongo River 

with a non-toxic bait containing Pyranine biomarker, followed by trapping for those animals on the true 

left side of the river, and then examining the trapped animals for the presence of the biomarker. Thus, 

any trapped individuals found stained with biomarker must have crossed the river.  

An aerial 1080 operation planned by OSPRI to control the TB infected possum population in the 

Southern Remutaka Forest Park presented an opportunity to measure how effectively the generally 

low flowing Orongorongo River prevents the reinvasion of possums and rats into a recently controlled 

area (mean flow from 31 July 2016 – 31 July 2017 was 2.58 m3/s, and for 350/365 days for the same 

period the flow remained below 10 m3/s).  ZIP secured agreement from OSPRI and the Department of 

Conservation (the land manager of the Remutaka Forest Park) to establish a 250ha exclusion zone 

over a 4km stretch of land on the immediate true right side of the Orongorongo River, within the 

proposed 1080 treatment area. The Southern Remutaka aerial 1080 operation, using 6g cereal pellets 

containing 0.15% sodium fluoroacetate with deer repellent sown at 2kg/ha, was carried out on 30 July 

2017. In addition to the ZIP trial area, an adjacent 42ha block of private land was left untreated. This 



was due to the land owner’s preference to keep his land 1080 free. The trial exclusion zone, adjacent 

untreated private land block and locations of all trap lines is shown in Figure 1 below. 

The exclusion zone was bounded on three sides by Baker Track, Cattle Ridge Track and the private 

land boundary, and Browns Track. With the permission of the adjacent landowner, a Containment 

Line of 275 CMI Springs Trapinator™ possum kill traps was established (1 trap every 20m) along the 

outside of the exclusion zone. The line was divided into three sections. The Top Section was used to 

gain a measurement for normal possum movement across the land in the area (to compare with 

potential movement in the other direction and across the river). The North and South Sections were 

primarily in place to limit the number of possums moving from inside the exclusion zone into the 1080 

treated area. The Orongorongo River provided the boundary along the lower edge of the exclusion 

zone.  

From 11 August until 28 September, the Containment Line was lured with Connovation 9g Ferafeed 

strikers.  

Possum leg hold traps were installed along the 4WD road on the true left side of the river. The 205 

traps were placed at 20m spacing, beginning at Greens Stream, opposite Browns Track and ending 

approximately 200m south of Peak Stream. The trap set up consisted of a PCR #1 leg hold trap, 

placed within either a wooden or plastic tooled platform. The platform had a wooden access ramp 

attached to the front, and a white square of unfilled corflute placed 30cm above the platform acted as 

a visual lure. Wooden platforms were tooled to accommodate access ramps, so they could be directly 

screwed together. The plastic platform was not originally tooled to accommodate an access ramp, so 

the platforms were first screwed onto wedge shaped wooden blocks, which the ramps were then 

attached to (see Figure 2). In addition, each leg hold trap was mounted with an automated reporting 

transmitter node, which enabled every trap to be remotely monitored daily via VHF transmission and 

satellite communication. Any traps reported to have been sprung were manually checked by a ranger. 

A temporary remote internet system was installed at the Manaaki Whenua Landcare Research Base, 

near Greens Stream, to facilitate the use of the automated leg hold reporting system. The system and 

its operation are compliant with the Animal Welfare Act, and Ministry for Primary Industries guidelines 

on using remote reporting systems for live capture trapping.  

Single set DOC200 traps in standard wooden boxes with baffles were installed at 20m spacing along 

the same 4WD road on the true left side of the Orongorongo River. The 194 traps were lured with 

smooth Pic’s Peanut Butter, and serviced 1-2 times a week, subject to labour availability.  



 

Figure 1: River Barrier Trial Map  

 



 

Figure 2: PCR leg hold trap with ZIP plastic tooled platform, automated reporting node, access ramp 

and corflute visual lure 

ZIP contracted Amalgamated Helicopters NZ Ltd to aerially sow non-toxic cereal baits from an 

underslung bucket over the lower half of the exclusion zone (see Figure 1 - pyranine sowing zone) 

The cereal baits were 6g non-toxic RS5 baits manufactured by Orillion and laced with 0.2% pyranine, 

a non-toxic biomarker. When consumed, pyranine stains the digestive tract of an animal, and glows 

fluorescent green under ultraviolet light. This fluorescence lasts for approximately 4 days in a possum, 

before being metabolised out. The pyranine baits were sown at an average rate of 2.25kg/ha, every 6-

11 days for the 9 weeks of the trial.  

To supplement the aerially sown pellets, bait bags containing six baits identical to those aerially sown 

were stapled to trees every 20m along the river edge (see Figure 1) except where steep slips and 

small escarpments prevented field team access. The bait was deployed between aerial sowing runs, 

subject to safe river crossing conditions, to maximise the length of time bait was available at the river 

edge. The timeline of pyranine aerial sowing and bait bag deployment is shown in Table 1. 

 



Table 1: Pyranine sowing dates and bait bag deployment dates 

Bait deployment dates Method of distribution Nights since last 

aerial sowing 

Nights since last bait 

bagging 

2017-08-05 Aerial First aerial sow    

2017-08-07 Bait bags   First bait bags deployed 

2017-08-11 Aerial 6   

2017-08-16 Bait bags   9 

2017-08-18 Aerial 7   

2017-08-24 Bait bags   8 

2017-08-25 Aerial cancelled due to high winds     

2017-08-29 Aerial 11   

2017-08-30 

Bait bagging cancelled due to high 

river levels     

2017-09-05 Aerial 7   

2017-09-07 Bait bags   14 

2017-09-12 Aerial 7   

2017-09-16 Bait bags   9 

2017-09-19 Aerial 7   

2017-09-23 Bait bags   7 

2017-09-27 Aerial 8   

2017-10-03 Trial concluded     

 

All possums and rats caught throughout the trial were examined for evidence that they had consumed 

the pyranine-laced bait. This evidence manifests as visible green fluorescence when examined under 

ultraviolet light. The fluorescence is most convincingly found staining the intestinal tract, but flecks can 

be found on whiskers, inside the mouth cavity and around the anus.  Every possum caught on the Leg 

hold Line was dissected and examined internally. During one partial check on the Containment Line 

(22/08/17), 12 possums were examined externally only, as they were deemed sufficiently marked 

inside of the mouth cavity to not require dissection.  

However, after suspicion of ‘natural’ fluorescence in possums’ fur and urine, all subsequent animals 

on the Containment Line were dissected and only those showing internal fluorescence were recorded 



as ‘marked’ by the pyranine (assumed to be via consumption of bait). See Figure 3 below.  

 

Figure 3: Left - Possum caught on Containment Line on 22/08/17 displaying glowing mouth cavity. Right - 

Possum caught on Containment Line displaying glowing intestinal tract 

Orongorongo River flow rates were monitored using the Greater Wellington Regional Council’s 

Environmental Monitoring and Research website (Anon. 2018) which reports live river flow data at 

Truss Bridge, approximately 8km upstream from the northern boundary of the trial site.  

 

Analysis  

For the purposes of this trial, possums were sexed and categorised as adults (≥ 1.4kg) or sub-adults 

(< 1.4kg) (Cowan 2005). 

All traps in the trial were GPS located, to assist in estimating movement distance.  

The possum capture data from the 215 traps on the Top Section of the Containment Line (true right) 

provided a direct comparison with that of possum capture data on the Leg hold Line (true left), as both 

trap lines were equally intensive and approximately equidistant from the nearest respective edge of 

the pyranine sowing zone.  

Catch data from the 25 traps on the North Section and 35 traps on the South Section of the 

Containment Line (a total of 80 possums, 51 ‘glowing’) was not included when the possum capture 

data was analysed. The captures on these traps are therefore not shown in Figure 4 below. The close 

proximity of these traps to the pyranine sowing zone meant that marked possums would only have to 

move 50-100m to encounter a Trapinator™ kill trap. These traps were primarily used to contain the 

possum population in the ZIP 1080 exclusion zone for the duration of the trial.  

 

 

 



RESULTS 

Possums 

A total of 158 possums were caught on the 215 Trapinators on the Top Section of the Containment 

Line, of which 82 were marked with the pyranine ‘glow’ (see Figure 4). A total of 44 possums were 

caught on the Leg hold Line, none of which contained any evidence of pyranine glow (see Figure 4). 

Table 2 below summarises all possum captures.  

 

Figure 4. Possum captures on the Top Section (all circles) and pyranine glow (green circles). The size of 

the circle is representative of the number of captures at that location (i.e. the bigger the circle, the more 

captures at that location).  

Table 2: Possum captures on the Top Section of the Containment Line and on the Leg hold Line. The 

North and South Sections are included for completeness  

  Glowing/Marked  No Glow/Unmarked Total 

Top Section (215 traps) 

Adult  68 70 138 

Sub adult 14 6 20 

Total 82 76 158 

Leg hold Line (205 traps) 

Adult  0 40 40 

Sub adult 0 4 4 

Total 0 44 44 

North Section (25 traps) 

Adult  9 8 17 

Sub adult 1 0 1 

Total 10 8 18 

South Section (35 traps) 

Adult  41 21 62 

Sub adult 0 0 0 

Total 41 21 62 



To assess possum movement by demographics, the total number of possums caught on the Top 

Section of the Containment Line and caught on the Leg hold Line were classified by life stage (see 

Table 3 below). 

Table 3: All possum captures on Top Section of Containment Line and Leg hold Line by Life Stage 

 

There was no obvious diminishing effect of the pyranine biomarker on captured possums between the 

individual pyranine drops (see Figure 5) – marked possums were caught throughout the subsequent 

trap servicing period following pyranine baiting. In addition, field staff observed that all of the 

previously deployed bait bags had been consumed by the time the next bait bagging run occurred. 

ZIP can be confident that there was sufficient coverage and frequency of pyranine bait to ensure 

continuous marking of animals throughout the trial period. 

  

 

Figure 5: Pyranine sowing dates relative to glowing/marked and non-glowing/unmarked possums 

recovered on the Top Section of the Containment Line. Overbrackets denote successive periods when the 

entire line was checked by rangers. Columns within a check period add to total captures for that check.  

 

 Adult  Sub adult Total 

Top Section (215 traps) 138 20 158 

% of captures 87% 13% 100% 

Leghold Line (205 traps) 40 4 44 

% of captures 91% 9% 100% 

Overall 178 24 202 

% of captures 88% 12% 100% 



 

Ship Rats 

35 ship rats were caught in the DOC200 Line on the true left side of the river, of which two were 

marked with pyranine (see Figures 6 and 7). No Norway rats were caught during the trial. 

Ship rats were not targeted on the Containment Line, as Trapinators are a possum kill trap. However, 

24 were caught in the Trapinators across the entire Containment Line, of which 3 were marked with 

pyranine.  

 

 

Figure 6: Male ship rat caught on the DOC200 Line showing pyranine fluorescent glow in the digestive 

tract 



 

Figure 7: Comparison of glowing and non-glowing rat catches on the whole Containment Line and the 

DOC200 line across the river 

The river flow rates in the days immediately before the two marked ship rats were caught ranged from 

2.5-7.8 cubic m/sec and 0.7-7.4 cubic m/sec, respectively.  

 

DISCUSSION 

 

Possums 

The overall result of no marked/glowing possums captured on the Leg hold Line strongly indicates 

that even small rivers are effective barriers to the movement of possums. 

 

Marked possums caught on the Top Section of the Containment Line must have moved a minimum of 

200-300m, from the nearest point of the pyranine sowing. Possum home ranges in fully populated 

favourable conditions can cover an average of 1.9ha for males and 1.3ha for females (Brockie 1992) 

As such, depending on the shape of the home range, it is possible that some of the possum captures, 

including marked possums, are a result of residential home range behaviour rather than larger 

dispersal movements. While the trial would have been more robust if the distance from the 

Containment Line to the pyranine sowing area was larger, the constraints of the site did not allow it. 



However, even at this scale, the lack of marked possums caught in the leg hold traps indicates that 

possum territories do not include land on both sides of the river.  

Signage explaining the trial was present at track entry points throughout the length of the trial, and 

additional signage was installed partway through to ask the public not to empty the Containment Line 

traps. Despite this, the capture data was affected by members of the public who removed caught 

possums from traps and reset them.  On one occasion, ZIP staff encountered a group who had 

removed 23 possums as they walked along Cattle Ridge Track. In this case, all of the carcasses were 

able to be retrieved and examined. It is unknown how many other possums were released and 

discarded by the public. Despite this, a good sample size was achieved. 

There is a notably dense cluster of unmarked catches where the private land boundary runs adjacent 

to the Containment Line for approximately 1km on Cattle Ridge (See Figure 4). The 42ha of private 

land was not treated with 1080 due to landowner objections. When data for this section of the 

Containment Line is excluded from the Top Section analysis, the difference between the number of 

glows and no glows increases from 6 captures to 20 captures, with more glows and less no glows 

(see Table 4 below). This indicates a reasonable dilution effect of the glowing/non glowing possum 

capture data caused by the reservoir of possums in the untreated area encountering the Containment 

Line. 

  
Top 

Section % of Total 
Top Section Minus Private 
Boundary Data (52 traps) % of Total 

Glow 82 51.9 61 59.8 

No glow 76 48.1 41 40.2 

Total 158   102   
Table 4: Top Section glow/no glow data with and without data from the private land boundary 

The South Section of the Containment Line, while of little use for pyranine marking data, was 

interesting in terms of possum demographics. The South Section caught a disproportionate number of 

marked adults, compared to the rest of the Containment Line. This section of the boundary differs in 

habitat type to the rest of the exclusion zone. It is comprised of long pasture, scrub and gorse, sparse 

regenerating forest with densely growing Buddleja davidii (butterfly bush) in the lower 200m section. 

This habitat may be less appealing to sub-adult possums who may be seeking to establish their own 

territories, because there is less available cover, a lack of mature trees and lower palatable food 

available.  

 

Owing to the requirements of ZIP’s overall programme of research and development, the trial was 

undertaken outside of the peak sub-adult dispersal season (late summer and early autumn in the 

Orongorongo Valley), and therefore there was a concern that the results would not represent the most 

active time for possums. 13% of all captures on the Containment Line and the Leg hold Line were sub 

adult, suggesting normal low dispersal behaviour for the time of year the trial was run. A slightly 

higher proportion than this of all the marked possums caught on the Top Section of the Containment 



Line were sub adult (17%; 14 out of 82), indicating that there was a small degree of sub adult 

movement happening during the course of this trial.  

 

A total of 44 unmarked possums were caught on the Leg hold Line on the true left side of the river, 

which was treated with 1080. Of these, 33 were caught within 1080 exclusion zones around private 

huts (see Figure 4), unsurprising given that the animals residing in this area were not likely exposed 

to the toxin.  The remaining 11 possums either survived the 1080 operation or had dispersed from the 

nearby exclusion zones.  

It should be noted that ZIP trials at Bottle Rock Peninsula have found the Trapinator™ possum kill 

trap to be 1/3 less effective than the ZIP automated live capture leg hold system at catching possums. 

This suggests that in a system where automated live capture leg hold traps were used in the 

Containment Line, catch numbers could increase by a third, giving even more robust results for this 

trial. This would, all else being equal, increase the margin of marked captures on the Top Section 

((82*0.33*100) +82) to 109, while the Leg hold Line would remain at 0.  

In September 2017, ZIP released a male possum with a transmitter at a trial site in South Westland 

(Pollard 2017). The possum was initially caught on the true left side of the Jackson River, and 

released on the true right side, in a possum-free zone. GPS data for the first 7 days after release 

shows that: 

 

“the possum stayed close to the river edge throughout his ‘roaming’ period, ranging up and down the 

true right of the river for 2-3km, presumably in search of a crossing point to get back to the true left 

where he came from, and the possum density was higher. He did eventually cross the Jackson River, 

as he was finally recovered from the true left of the river. This behaviour indicates that the river was 

somewhat of a barrier to the possum, but the motivation to ‘return home’ was strong enough to 

encourage an eventual crossing attempt”. 

 

This example shows that crossings do occur, with the right motivation (home range, higher possum 

density); however the scenario of displaced animals with these motivations is not applicable to the 

Remove and Protect model, as all animals in the ‘protected’ area would be removed.  

 

The Orongorongo possum population has the lowest average body weight and is the least productive 

(breeds only in autumn) of any studied in New Zealand or Australia (Brockie 1992) (Montague 2000). 

In comparison, the South Westland population, where ZIP is looking to use rivers as barriers in the 

next remove and protect trial, breeds more often (in autumn and spring), and has a larger average 

body weight (Cowan, 2005). As such, the South Westland population has two sub-adult dispersal 

seasons per year, and potentially more robust individuals.  

 

 



We therefore cannot assume that possum roaming activities will be uniform throughout the country, 

and certain individuals within those sub-populations may be more ‘adventurous’ and more inclined to 

attempt to cross rivers. That said, this trial has shown there is still a strong case for rivers being 

utilised as a barrier to the movement of possums, and rivers in South Westland tend to be deeper, 

faster and colder than the Orongorongo River (which suggests they will be even more robust as 

natural barriers).  

 

Ship Rats 

Two marked ship rats were caught on the DOC200 line on the true left side of the Orongorongo River. 

While the river was expected to be breached by ship rats, this number was surprisingly low. Ship rats 

are known to swim across ocean waterways to invade offshore islands (Bagasra et al. 2016), 

therefore a slow braided river was not expected to pose a problem. Notably the trial was not run 

during peak rat breeding season, meaning numbers may not be indicative of the highest pressure 

from ship rats.  The river was at a relatively low flow rate in the days preceding these two captures.  

This result suggests that small braided rivers are not an effective barrier to reinvasion by ship rats but 

does hint that larger rivers may have some limiting effect, given the low numbers that were found to 

have crossed the Orongorongo River. 

 

CONCLUSION 

This trial provides a strong indication that rivers are a significant barrier to the movement of possums 

in the landscape. Conversely, the trial also provides a reasonable indication that small, braided rivers 

are not a significant barrier for ship rats.  

If a river of the scale of the Orongorongo River proves an effective barrier to the movement of 

possums, then bigger rivers, such as those found in South Westland, will most likely provide an even 

more robust barrier. Such a river barrier, supported by a method to completely remove possums, and 

a highly effective possum detection and removal system beyond the barrier, could enable large areas 

to be maintained possum-free in perpetuity. Achieving this would be a significant step towards a 

Predator Free New Zealand. 
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Appendix 1 – A Note on Pyranine Biomarker 

Although pyranine is known as an internal marker, it was noticed on two possums caught on the Leg 

hold Line (28 and 30 August) that hairs around the nose, wrists (see photo below) and anus displayed 

a faint green glow. There were no signs of the biomarker internally in either possum. As a result, a 

separate trial was carried out at ZIP’s captive animal facility in Lincoln, to ascertain whether pyranine 

was being expressed externally. Results indicated that possums have naturally fluorescent hairs on 

their wrists, paws, nose and tail, which were not caused by the presence or consumption of the 

biomarker. Possum urine also naturally glows yellow/green under UV light, and can influence ‘glow’ 

found externally, as possums are believed to regularly dribble urine along with cloacal secretions to 

mark scent trails {King, 2005 #2360}. Additionally, field staff noted naturally fluorescent fungi 

occurring in the Orongorongo River trial site, providing a further source of external contamination. The 

Lincoln trial confirmed that pyranine can only be used reliably as an internal marker. This Lincoln trial 

will be the subject of a separate report.   

 

Photo 1. External green fluorescence found on two possums caught on the Leg hold Line during the trial in 

the Orongorongo Valley. 

 



 

Photo 2: Urine on the guard hairs of a control possum fluoresces during the Lincoln trial 
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