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Summary  

Project and client  

¶ The Cape to City programme aims to control invasive predators (feral cats, stoats and 

ferrets) across 26,000 ha of farmland, peri-urban areas, "Ɩ| Ɩ"ȺĜʘ± bɔȡĊ ĜƖ ĉ"ʞŦ±̃ȡ 

Bay. Rats are also controlled in some targeted areas. The objective is to restore the 

landscape such that ̂native species thrive where we live, work and plaỹ. 

¶ Monitoring is necessary to determine whether predator control is having an effect on  

predator  populations , and on populations of native species. 

¶ Manaaki Whenua ̙  Landcare Research has b±±Ɩ lƶƖȺȉ"lȺ±| bʲ ĉ"ʞŦ±̃ȡ a"ʲ Ȉ±ôĜƶƖ"Ŵ 

Council (HBRC) to monitor the relative abundance and distribution of predators, as 

well as native lizards and invertebrates, in the Cape to City area and an adjacent non-

treatment area. 

Objectives  

¶ This report summarises the predator and biodiversity monitoring conducted in Cape 

to City since monitoring began in 2015.  

Meth ods 

¶ Predator control is being carried out by HBRC and local landholders. Stoats and 

ferrets are being removed using a network of 1,467 kill traps, which was rolled out in 

2016 and 2017.  

¶ Feral cats were subject to a pulsed control  operation  in 2016 and 2017 using a rolling 

front of cage and leghold traps across the treatment area. Some localised pulses of 

control have been conducted since, but there has been no attempt at sustained, 

widespread control of feral cats. 

¶ Since 2015, predators have been monitored in November each year using 37 motion -

triggered cameras (camera traps) in the treatment area, and 31 cameras in the non-

treatment area. Camera traps also detected other species, including rats, mice, rabbits, 

and hares. 

¶ Relative abundances of native lizards and invertebrates were monitored in the 

treatment and non -treatment areas using tracking tunnelsˮ ʞ½Ⱥ2 Ċƶɔȡ±ȡ, tree wraps, 

frass funnels, and artificial cover objects. Tracking tunnels also detected rats and mice. 

Results 

¶ Before the main pulse of cat trapping  was completed in mid-2017 the relative 

abundance of feral cats was similar in the treatment and non-treatment areas.  

¶ In late 2017, and again in 2018, cats were less abundant in the treatment than in the 

non-treatment area. In 2019 and 2020, the relative abundance of feral cats was once 

again similar in both areas.  

¶ Before predator control  began, the relative abundance of stoats was higher in the 

treatment area than in the non -treatment area. From 2016, the relative abundance of 

stoats was at or close to zero in both areas. 

¶ The relative abundance of ferrets fluctuated in both areas, but remained at or close to 

zero in the treatment area after completion of the trap roll -out.  
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¶ Camera trapping showed that the relative abundance of rodents fluctuated, but 

declined in both areas from 2018 onwards.  

¶ The relative abundances of rabbits and hares were higher in the treatment area in 

most years, but in 2020 it was similar in both areas. 

¶ Tracking tunnel monitoring  suggested that skinks, geckos and ʞ½Ⱥ2 were generally 

more abundant in the treatment area than in the non -treatment area, although 

differences were statistically significant only in some sampling periods. ƕƶ ʞ½Ⱥ2 ʞ±ȉ± 

detected by tracking tunne ls in 2020. 

¶ Data from w½Ⱥ2 Ċƶɔȡ±s suggested ȺĊ"Ⱥ ʞ½Ⱥ2 ʞ±ȉ± "Ŵȉ±"|ʲ ƌƶȉ± "bɔƖ|"ƖȺ ĜƖ ȺĊ± 

treatment area before predator control began . From summer 2017/18 onwards there 

w"ȡ "Ɩ ɔǺʞ"ȉ| Ⱥȉ±Ɩ| ĜƖ ʞ½Ⱥ2 numbers in the treatment area, but not in the non -

treatment area. In 2020, ʞ½Ⱥ2 Ċƶɔȡ±ȡ ĜƖ ȺĊ± Ⱥȉ±"Ⱥƌ±ƖȺ "ȉ±" lƶƖȺ"ĜƖ±| "ȉƶɔƖ| ̞̝ ȺĜƌ±ȡ 

more ʞ½Ⱥ2 ȺĊ"Ɩ ȺĊƶȡ± ĜƖ ȺĊ± ƖƶƖ-treatment area.  

¶ No lizards were recorded under the tree wraps in either the treatment or non -

treatment area.  

¶ Frass funnels indicated that arboreal stick insects and Ⱥȉ±± ʞ½Ⱥ2 were more abundant 

in the treatment area than in the non -treatment area throughout most of the study 

period.  

Conclusions  

¶ The results suggest that predator control has reduced the relative abundance of 

stoats and ferrets.  

¶ Although the initial knock-down of feral cat numbers was apparently effective, their 

relative abundance has since recovered to pre-control levels. 

¶ There was no evidence of an increase in rodents following removal of predators.  

¶ Detections of rabbits and hares were initially localised, but became more widespread 

in both the treatment and non -treatment area.    

¶ Native lizards and invertebrates appear to be more abundant in the treatment than in 

the non-treatment area, although similar pre-existing differences were apparent.  

¶ ȹƶô±ȺĊ±ȉˮ Ⱥȉ"lŦĜƖô ȺɔƖƖ±Ŵȡ "Ɩ| ʞ½Ⱥ2 Ċƶɔȡ±ȡ ȡɔôô±ȡȺ ȺĊ"Ⱥ ȉ±Ŵ"ȺĜʘ± "bɔƖ|"Ɩl±ȡ ƶí ʞ½Ⱥ2ˮ 

skinks, and geckos have increased in the treatment area relative to the non-treatment 

since predator control began.  

¶ Due to a lack of replication, we cannot confidently conclude that the observed 

differences were the result of predator control  as opposed to natural variation 

between areas. 

Recommendations  

¶ Predator monitoring suggests that additional cat control is required if sustained 

reductions in feral cat populations are to be achieved.  

¶ Although the relative abundances of stoats and ferrets have been at or close to zero 

in the treatment area since 2017, continued monitoring is required to determine 

whether their abundance is genuinely lower than in the non -treatment area. 

¶ We suggest that monitoring of lizards and invertebrates be discontinued. The 

constraints of the study design (lack of replication, and the fact that there were pre-
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existing differences between the treatment and non-treatment area) mean that 

continued monitoring is unlikely to be very informative. 
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1 Introduction  

As part of the ǹȉ±|"Ⱥƶȉ ìȉ±± ĉ"ʞŦ±̃ȡ a"ʲ ĜƖĜȺĜ"ȺĜʘ±ˮ Ⱥhe Cape to City programme aims to 

control invasive predators  ̙feral cats (Felis catus), stoats (Mustela erminea), and ferrets 

(M. furo)  ̙across 26,000 ha of farmland, peri-urban areas, "Ɩ| Ɩ"ȺĜʘ± bɔȡĊ ĜƖ ĉ"ʞŦ±̃ȡ a"ʲ. 

Rats (Rattus rattus and R. norvegicus) are also being controlled in selected areas. The 

objective is to restore the landscape such that ̂native species thrive where we live, work 

and play  ̃(HBRC 2020). Achieving this objective requires monitoring to demonstrate :  

¶ reduced abundance and distribution of predators  

¶ increased abundance, distribution , and diversity of native species. 

Manaaki Whenua ̙  Landcare Research was lƶƖȺȉ"lȺ±| bʲ ĉ"ʞŦ±̃ȡ a"ʲ Ȉ±ôĜƶƖ"Ŵ kƶɔƖcil 

(HBRC) to monitor the relative abundance and distribution of predators, native lizards, and 

invertebrates in the Cape to City area and in an adjacent non-treatment area. In 2021 

HBRC requested that we also investigate whether invasive prey species may have become 

more abundant since predator control began. These species include rodents (rats and 

mice Mus musculus), and lagomorphs (rabbits Oryctolagus cuniculus and hares Lepus 

europaeus). 

2 Objectives  

This report summarises the predator and native biodiversity monitoring conducted in 

Cape to City since 2015. It also considers whether invasive prey (rodents and lagomorphs) 

have become more abundant since predator control began. For each year we compare the 

relative abundance of: 

¶ feral cats, stoats and ferrets 

¶ rodents and lagomorphs 

¶ native lizards and invertebrates  

in the Cape to City treatment area and adjacent non-treatment area. 

3 Methods  

3.1 Predator control  

Predator control is being carried out by HBRC and local landholders. Stoats and ferrets are 

being removed using a network of kill traps, which was rolled out across the treatment 

area in 2016 and 2017. The network comprises 1,467 kill traps (podiTRAP, Metalform, 

Dannevirke, NZ) spaced at one trap per 10 ha in Areas A and C, and one trap per 20 ha in 

Area B (Figure 1). The variation in trap density was intended to test whether predator 

populations could be maintained at the same level with less trapping effort. Rats  are also 

controlled using poison bait in some selected areas (Figure 2). 
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Figure 1. Map of the Cape to City treatment area  showing predator control operation Area s A 

(pale orange), B (dark green) and C (pale green) . No predator control has been conducted in 

ȺĊ± "ȉ±" Ŵ"b±ŴŴ±| ̂Ȉ"bbĜȺ !ȉ±"̃ ˷|"ȉŦ ƶȉ"Ɩô±˸˱ Adjacent to the west and south of Areas A, B 

and C is the non -treatment area  (see Figure 3b). Map courtesy of HBRC.  
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Figure 2. Map of the Cape to City area showing areas of targeted rat control (red). Map 

courtesy of HBRC.  

 

Feral cats were subject to a pulsed control  operation  in 2016 and 2017 using a rolling front 

of cage and leghold traps across the treatment area. Cage traps were deployed in 

approximately 1,230 locations and leghold traps in 130 locations. Some localised pulses of 

trapping  were conducted between 2018 and 2020, but there has been no attempt at 

sustained, widespread control of feral cats. The number of predators captured each year is 

summarised in Table 1. 

Table 1. Number of predators removed each year by trapping in Cape to City  

Year Cats Ferrets Stoats  Weasels 

2016 80 21 3 0 

2017 170 31 22 2 

2018 22 37 42 10 

2019 19 6 30 10 

2020 6 5 9 7 

Total  297 100 106 29 

Source: HBRC, unpublished data. 
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3.2 Camera trapping  

From 2015 to 2020, predators were monitored in November/December each year using 37 

motion -triggered cameras (camera traps) in the treatment area and 31 cameras in the 

non-treatment area (Figure 3). Camera traps (Browning Strike Force BTC-5, Prometheus 

Group, Birmingham, Alabama) were placed at least 2 km apart, achieving broad coverage 

of the study area, and were left in place for 21 days. Cameras were set to take three 

images in quick succession when triggered, with no delay between successive triggers. To 

reduce the probability of detecting owned cats, which were not being targeted for control, 

cameras were placed at least 100 m away from the nearest dwelling. 

In this report , relative abundance estimates for rodents and lagomorphs are also included. 

These were calculated retrospectively for previous years by reviewing stored image data. 

We grouped images of rats and mice ɔƖ|±ȉ ȺĊ± l"Ⱥ±ôƶȉʲ ̂ȉƶ|±ƖȺȡ̃, and images of rabbits 

and hares ɔƖ|±ȉ ȺĊ± l"Ⱥ±ôƶȉʲ ̂Ŵ"ôƶƌƶȉǺĊȡ˱̃  

We estimated the relative abundance of feral cats, stoats, ferrets, rodents, and lagomorphs 

by calculating the camera trap rate (CTR), which is the number of detections of a species 

per 100 camera trap days (Rovero & Marshall 2009). Detections of the same species by the 

same camera are considered to be separate encounters if they are separated by more than 

30 minutes (Garvey et al. 2017), or if individuals can be identified based on appearance 

(e.g. coat colour). Any images of cats wearing a collar are discounted, as these are 

assumed to be owned cats.  

To determine whether there was statistical evidence for differences in CTR between the 

treatment and non -treatment area, we used visual inspection of the 95% confidence 

intervals (CIs), which are an indication of precision. Where the lower 95% CI for one 

estimate overlaps less than halfway with the upper 95% CI of another estimate, this 

indicates moderate statistical evidence of a difference (<5% probability that the result was 

obtained by chance). Non-overlapping 95% CIs indicate strong statistical evidence of a 

difference (<1% probability the result was obtained by chance) (Cumming 2009). 
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Figure 3. Locations of camera traps used to monitor predators in the Cape to City treatment 

area (a) and adjacent non -treatment area (b).  

(a) 

 
(b)  
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3.3 Tracking tunnels  

To moni tor relative abundances ƶí ʞ½Ⱥ2 "Ɩ| ŴĜˈ"ȉ|ȡˮ as well as rats and mice, tracking 

tunnels weȉ± ȡ±Ⱥ ̟̝ ƌ "Ǻ"ȉȺ ĜƖ ŴĜƖ±ȡ ƶí íĜʘ±ˮ ʞĜȺĊ ̞̝̝ͤ ƌ between adjacent lines. The 

tunnels were left in place year-round. There were 75 lines of tracking tunnels in the 

treatment area (nine of which were in Mohi Bush, where rats were also controlled), and 50 

lines in the non-treatment area. Until 2020, tracking tunnel  data were collected twice each 

year, in summer and spring. In 2020, tracking tunnel  data were collected once, in spring. 

Tracking ink (Black Track, Pest Management Services, Wellington) was applied to the floor 

in the middle of each tunnel, and sheets of tracking paper were fastened to the tunnel  

floor at each end with drawing pins. Each tunnel was baited with a small blob of peanut 

butter  in the middle of the tracking ink. Tracking papers were retrieved after 3 days and 

labelled with line number, tunnel number and date. Footprints on the tracking  papers 

were identified using field guides (Gillies & Williams 2002; Agnew 2009; NPCA 2014). 

Tracking rates (the percentage of tracking tunnels in which footprints were recorded) were 

calculated for rats, mice, ʞ½Ⱥ2ˮ ȡŦĜƖŦȡ "Ɩ| ô±lŦƶȡ. Again, differences between treatment 

and non-treatment were determined by overlap in 95% CIs. 

3.4 ʝ½Ⱥ2 Ċƶɔȡ±ȡ 

To monitor invertebrates in forested areasˮ  ʞ½Ⱥ2 Ċƶɔȡ±ȡ were set 20 m apart in lines of 

íĜʘ±ˮ ʞĜȺĊ ̞̝̝ͤ ƌ b±Ⱥʞ±±Ɩ "|Ş"l±ƖȺ ŴĜƖ±ȡ˱ Until 2020 there weȉ± ̞̠ ŴĜƖ±ȡ ƶí ʞ½Ⱥ2 Ċƶɔȡ±ȡ ĜƖ 

the treatment area (nine of which were in Mohi Bush), and 18 lines in the non-treatment 

area. In 2020 this was increased to 19 lines in the treatment area and 45 lines in the non-

treatment area following a power analysis of data, which suggested that increased 

sampling effort was required.  

Four of the five w½Ⱥ2 Ċƶɔȡ±ȡ on each line had two ĊƶŴ±ȡ ˷̂galleries̃ ˸ ĜƖ ʞĊĜlĊ ĜƖʘ±ȉȺ±bȉ"Ⱥ±ȡ 

could shelter. ȹĊ± ȺĊĜȉ| ˷ƌĜ||Ŵ±˸ ʞ½Ⱥ2 Ċƶɔȡ± ƶƖ ±"lĊ ŴĜƖ± was larger, had six galleries, and 

could accommodate a larger number of invertebrates (see Glen et al. 2019). !ŴŴ ʞ½Ⱥ2 

houses were attached to tree trunks at approximately chest height , left in place year-

round, and checked in spring and summer each year.  

For each monitoring season we estimated the mean number of ʞ½Ⱥ2ˮ ȡǺĜ|±ȉȡ "Ɩ| ƶȺĊ±ȉ 

invertebrates in each ʞ½Ⱥ2 Ċƶɔȡ±˱ ǹƶȺ±ƖȺĜ"Ŵ |Ĝíí±ȉ±Ɩl±ȡ b±Ⱥʞ±±Ɩ treatment and non -

treatment were investigated using one-tailed t-tests with adjustment for unequal variance.  

3.5 Tree wraps  

Tree wraps (sheets of foam-rubber attached to tree trunks) can be effective for monitoring 

arboreal lizards, which shelter between the tree wrap and the trunk  (Bell 2009). In forested 

areas tree wraps were ĜƖȡȺ"ŴŴ±| ̟̝ ƌ "Ǻ"ȉȺ ĜƖ ŴĜƖ±ȡ ƶí íĜʘ±ˮ ʞĜȺĊ ̞̝̝ͤ ƌ b±Ⱥʞ±±Ɩ "|Ş"l±ƖȺ 

lines. There were 13 lines of tree wraps in the treatment area (nine in Mohi Bush), and 18 

lines in the non-treatment area. These were left in place year-round, and checked in spring 

and summer. 
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3.6 Frass funnels 

Frass funnels are an effective method to estimate the relative abundance of large arboreal 

invertebrates, ȡɔlĊ "ȡ Ⱥȉ±± ʞ½Ⱥ2 "Ɩ| ȡȺĜlŦ ĜƖȡ±lȺȡ (Sweetapple & Barron 2016). Conical nets 

of fine wire mesh are mounted on wooden stakes under the tree canopy. The wide end of 

the net faces upwards, while the narrow end is tied closed so that the droppings (frass) 

produced by arboreal invertebrates fall into the net and are captured (Sweetapple & 

Barron 2016). 

Frass produl±| bʲ Ⱥȉ±± ʞ½Ⱥ2 "Ɩ| ȡȺĜlŦ ĜƖȡ±lȺȡ "ȉ± ȉ±"|ĜŴʲ |ĜȡȺĜƖôɔĜȡĊ±| b"ȡ±| ƶƖ shape 

and size, and the weight of frass collected in the funnels provides an index of relative 

abundance of these taxa (Sweetapple & Barron 2016). There were 20 frass funnels in the 

treatment area, 16 in Mohi Bush, which has also been subject to rat control since mid-

2016. There were 30 frass funnels in the non-treatment area. Twice each year (in spring 

and summer) the contents of the funnels were collected and the relative abundance of 

Ⱥȉ±± ʞ½Ⱥ2 "Ɩ| ȡȺĜlŦ ĜƖȡ±lȺȡ ±ȡȺĜƌ"Ⱥ±| b"ȡ±| ƶƖ ȺĊ± ƌ±"Ɩ weight of frass per funnel.  

4 Results 

4.1 Camera trapping  

Before the first pulse of cat trapping  in 2017, the CTR of feral cats was similar in the 

treatment and non-treatment areas (Figure 4a). In 2017 and 2018 lower CTRs suggested 

that cats were less abundant in the treatment than in the non -treatment area. However, in 

2019 and 2020, relative abundance was again similar in both areas. Only one cat detected 

on camera had a collar. 

In 2015, before predator control , the relative abundance of stoats was higher in the 

treatment area (Figure 4b). From 2016 to 2019 the CTR of stoats was at or close to zero in 

both areas. 

The relative abundance of ferrets fluctuated in the non-treatment area, but was at or close 

to zero in the treatment area after completion of the trap roll -out (Figure 4c).  

The relative abundance of rodents was similar in both areas in 2015, before predator 

trapping began (Figure 4d). In subsequent years the CTR of rodents fluctuated widely, but 

declined sharply after 2018 in both areas. 

In 2015 (pre-trapping), the relative abundance of lagomorphs was similar in both areas. 

Lagomorph CTR in the treatment area remained similar from 2015 to 2018, but declined in 

the non-treatment area. In 2019 there was strong statistical evidence of an increase in 

lagomorph CTR in both the treatment  and non-treatment areas. However, in 2020 the 

relative abundance of lagomorphs was again similar in the two areas (Figure 4e). 
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Figure 4. (continued on following pages).  Camera trap rate (CTR) ±95% CI of (a) feral cats, 

(b) stoats, (c) ferrets, (d) rodents, and (e) lagomorphs in the Cape to City treatment area 

(blue) and adjacent non -treatment area (red).  

  

(a) 

  

(b)  
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Figure 4. (continued  from previous page ) 

  

(c) 

 

(d)  
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Figure 4. (continued  from previous pages ). 

In 2015, before trapping started, lagomorphs were detected by three camera traps in the 

treatment area and by one in the non-treatment area (Figure 5). In subsequent years 

lagomorphs were detected more widely across both areas, but particularly in the 

treatment area.  

 

Figure 5. (continued on following pages). Lagomorph detections by year at each camera trap 

in the treatment area (left) and non -treatment area (right). The numbers of detections at 

each camera are shown inside the ci rcle. Green circles represent cameras with a single 

detection; red circles represent two or more detections.  

(e) 

 

2015: 

Treatment     Non-treatment   

  




























