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Introduction  

The Makarora River drains from Haast Pass to the head of Lake Wanaka, dividing the West 

Coast from Otago. The valley is followed by SH6 and includes the tourist hot spot of the Blue 

Pools.  The Blue Pools are in the core of a predator control project managed by the Central 

Otago Lakes Branch of Forest and Bird (COLB). The Makarora trapping project, initiated in 1998 

is a predator control operation with 1433 traps over 17 trap lines, and two intensive trapping 

grids with traps for stoats, rats, and cats. The project aims to protect mohua (Mohoua 

ochrocephala), whio (Hymenolaimus malacorhynchos), yellow crowned parakeet (Canoramphus 

auriceps), kea (Nestor notablis) and other endemic forest birds.   

Mohua are highly susceptible to predation by rats, with females and their eggs and young killed 

and eaten inside nest holes during the breeding season. The Makarora mohua population has 

been surveyed for over 12 years, although 2023 was the first year that close-order monitoring 

on the population has been carried out (Tilson 2024). The total population may be in the low 

hundreds, probably less.  

In 2023 there was a beech mast event at Makarora, with consequent dramatic increases in both 

rat numbers, and threats to the mohua breeding population. A decision to install poison bait 

stations at Makarora for mohua protection was made by the Southern Lakes Sanctuary (SLS) in 

conjunction with COLB in July 2023. This was based on the soaring rat numbers driven by the 

beech mast, recognition that trapping alone was insufficient protection, and knowing that 

Makarora was not a priority for DOC's National Predator Control Programme (NPCP) aerial 1080 

operations. DOC Wanaka supported the establishment of a bait station network to run over the 

mohua breeding period.  Lobbying by both DOC and external parties meant that a smaller NPCP 

operation was planned for the west side of the Makarora catchment. However, it was 

scheduled for April 2024, well after the mohua breeding season, and did not cover mohua 

habitat on the true left (east) side of the valley. The biggest part of the bait station network 

therefore lay outside the proposed control area.   

710 bait stations were installed across 220ha of known mohua habitat on the true right of the 

Makarora River just north of the Blue Pools, and over the existing 260ha ‘Muddy Grid’ trap grid 

where mohua are known to breeding on the true left of the river. The bait stations were run 

from the first week of November 2023, to coincide with the start of mohua breeding. A multi-

feed first generation anticoagulant, Diphacinone was used. Bait stations were kept full into 

December with a break over the Christmas period, with a second round of baiting in February 

2024 finishing in March. 
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Methods  

Baiting  

To reduce ship rat (Rattus rattus) numbers in the core of known mohua habitat in the 

Makarora valley, bait stations were installed at two accessible localities of manageable size 

The localities were selected based on previous mohua survey results and nest sightings (Tilson 

2021). Jo's Grid on the true right of the river has bait stations on lines running between 

existing trap lines along the top and the bottom of the grid.  The Muddy Grid utilised an 

existing trapping-grid in the Muddy Creek area on the true left (see figure 1).   

Figure 1 – Map of the bait station area divided into operational grids  

  

Bait station lines are 100m apart with stations at 50m intervals along lines, in accordance with 

best practice. Ship rats have an average range length of 100-200m during the breeding season. 

Non-breeding ship rats have larger home ranges (Landcare Research 2024). Ground-based bait 

stations were selected, as they are kea proof and more accessible to rodents compared to the 

more commonly used Philproof bait stations. This decision was based partly on technical 

advice from Nic Gorman (DOC technical advisor). It was also influenced by results of trials with 

kea-bait station interactions at Aspiring Hut, West Matukituki, by SLS and the Matukituki 

Charitable Trust. Both the PROTECTATM and “Traps.co.nz rat trap box” (Rat Bait Station, incl. 

Trap (traps.co.nz) bait stations were used, screwed to the base of trees for security (see 

Figure 2). An added bolt ensured security against kea on the PROTECTA stations. Both types 

meet best practice requirements of allowing rats easy access; limiting access by non-target 

species; protecting bait from the elements; limiting bait spillage; reducing blockages; being 

easy to fill and transport when establishing the network; durable; and designed for easy 

attachment.  

  

https://traps.co.nz/products/rat-trap-bait-station-box-ptr1008
https://traps.co.nz/products/rat-trap-bait-station-box-ptr1008
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Figure 2 – Bait station type and placement (LH – Traps.co.nz, RH - PROTECTATM)  

              

Bait bocks were secured on pins inside the stations. The amount of bait put in was recorded 

for each station every time it was visited, although this was not done for the first baiting 

round on the Muddy Grid as a numbering system was not in place.  

First generation anticoagulants are multiple-feed toxin, so bait stations must be regularly 

refilled to ensure they are never empty. Rats must feed on the bait for at least 5 consecutive 

days to ensure they receive a lethal dose (Landcare Research 2024). The initial bait-fill in 

November 2023 consisted of 5 blocks (140g total) in each station and was largely consumed 

within the first 4 days. All stations were kept full for a period of 1 month (4 re-baits). Any 

remaining bait was left in over the Christmas period.  This remnant bait was almost entirely 

consumed by the next baiting round in February 2024.  

Because of the effort required to keep stations baited with only 5 blocks, 8 blocks (224g - the 

maximum the bait station type could hold securely) were placed at the start of the February 

round. However, bait uptake was much slower and bait blocks began to go mouldy between re-

baits.  Stations were subsequently only topped up to 6 blocks with only 2 re-baits, and very 

few baits were needed before the bait stations were emptied after 5 weeks.  

Bait Type  

Diphacinone in the form of 28g cereal blocks (D-Block Extreme 0.05g/kg) was selected for 

several reasons. It is a first-generation anticoagulant, so is less persistent in animal tissues 

than second generation anticoagulants such as Brodifacoum (the active ingredient in 

KiwicareTM One-feed blocks commonly sold in retail stores for home use). It therefore poses 

less risk of secondary poisoning in non-target native wildlife, and lower risk to human health 

through consumption of game meat (Eason 1999). DOC policy from October 2000 placed 

restrictions on the use of brodifacoum on the mainland (DOC 2000) and since then Pindone, 

Warfarin and Diphacinone have been used for rodent control operations (Gillies et al. 2006). 
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Diphacinone is more toxic to rats than Warfarin or Pindone (Eason & Wickstrom 2001), reducing 

rat abundance to less than 5% in DOC trials (Gillies 2006). It does not require non-toxic pre-

feed, and operators do not need a Controlled Substance Licence. It also comes in blocks 

designed to be secured on pins in the types of bait stations selected. Most importantly, a 

multi-feed poison was required due to the abundance of seed on the ground. Animals eating 

small amounts would succumb without developing the bait shyness which can occur with 

potent toxins like 1080 when other food is available. We could thus target rats before and 

during the mohua breeding season which coincides with abundant food.  

 

Results  

Monitoring of Rodent Numbers  

Tracking tunnels were used to monitor rodent numbers before and after baiting, following 

protocols used for other poison operations (DOC 2006). Four tracking tunnel lines already 

existed within the Muddy Grid (2 in the north and 2 in the south) and 2 new lines were put into 

the smaller Jo’s Grid (1 North and 1 South). Tracking rates before and after each baiting round 

(Nov/Dec and Feb/March rounds) helped to determine the efficacy of the baiting.  

Figure 3 – Tracking indices (% cards tracked) for rats and mice in both grids. NM = north Muddy, SM = S 

Muddy  
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Rat numbers in both grids were high before the first round of baiting, dropping to less than 5% 

detectability after completion of that round. No rats were detected before or after round 1 in 

the south Muddy Grid or the north of Jo’s Grid. Tracking of rats in all areas remained under 5% 

through to the next round of baiting.  

Mouse numbers exhibited a more dramatic trend, that differed between grids. The first round 

of baiting showed very little change in mouse detection in the north Muddy Grid, but a drop of 

40% in south Muddy. Mouse tracking in the north Jo’s Grid dropped 20%, whereas mouse 

detection continued to rise throughout the baiting in North Muddy and in South Jo’s Grid.   

When comparing rats and mice, rat tracking rates in the February round dropped to zero in 

south Muddy and remained at zero in all other areas. Tracking rates for mice in all areas 

dropped significantly during the second round of baiting, most dramatically in Jo’s Grid, 

dropping from 80% to 0% in North Jo’s.  

Trap Catch Results  

Trap catch results from the two grid areas were used as another indicator of rodent numbers, 

supplementing the tracking tunnel data. Cameras were also placed at 14 stations across all 

grid areas during the second round of baiting to observe visitation events (see below).  

Figure 4 – Rat trap catch by month (average rat per trap visit) from beginning of the rat plague to after 

the last round of baiting.  Top, Jo’s/Kiwi Flat/Castle Hill trap lines and Muddy Grid trap lines compared 

with (bottom) all other traplines in the Makarora Forest & Bird project area. The shorter line is the first 

3 months of 2024. 
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Three traplines border the Jo's grid, defining the outer limits of the baited area. The three 

traplines peaked at 0.4 catches per trap (4 out of every 10 traps) in July and started to drop 

prior to the baiting. This may reflect traps being cleared fortnightly, not monthly, from July 

onward. A sharp drop in catch numbers coincided with the first baiting round, catches rose 

again in the interval between baiting rounds, and then dropped to pre-plague levels following 

the second round of baiting.  

The Muddy Grid, unlike Jo's Grid, has rat and stoat traps spaced at 100m along lines 100m 

apart Trap catch remained stable at 1-1.5 rats out of every 10 traps from April through to 

October 2023. A peak in November, of 2.5 rats out of every 10 traps, dropped back to 1-1.5 

coincident with baiting. Numbers rose between baiting rounds and dropped only slightly 

following the second baiting.  

Figure 5 – Total number of rats caught by all the traplines in the Jo's and Muddy grid areas over the 

period of the rat plague 

 

The total numbers of rats caught show a dramatic drop from 230 rats in November to 60 rats in 

December during the first baiting round.  Numbers doubled again leading up to the second 

baiting, followed by a drop to pre-plague background level catch rates in April. This is a 

normal seasonal drop seen in non-mast years.  

Trapping is removing rats from the system, so catch rate over time should be impacted to 

some degree by the traps removing individuals from the area that it is occupying – assuming 

minimal recruitment or invasion from outside.  Over the rat plague period until the time of 

this report (June 2023 to April 2023) 520 rats were caught in the Muddy Grid and 760 in Jo's 

Grid: 1280 rats removed by traps in the baited areas.  400 mice were caught over the same 

period.  

Bait Consumption  

Other than pet animals gaining access to bait, there are no references to non-target deaths of 

other species in New Zealand.  Species of Owl and Golden Eagle in the USA showed signs of 

haemorrhages after eating meat from animals poisoned with Diphacinone (Saverie et.al. 1979, 

DOC 2000). Vampire bats are susceptible to Diphacinone and though no instances of poisoning 

in short or long tailed New Zealand bats have been documented, secondary poisoning is a 

possible risk to endemic bats. Because it is less potent than Brodifacoum, Diphacinone is 
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considered to have a lower tendency to cause secondary poisoning than other first-generation 

anticoagulants (DOC 2000).  

Figure 6 – Total amount of bait used in each grid network 

Grid Area and Date Kg of Bait 10kg Buckets 

Jo's Grid - Nov/Dec 2023 116.284 11.6 

Muddy Grid - Nov/Dec 2023 118.716* 11.9* 

Jo's Grid - Feb/March 2024 75.348 7.5 

Muddy Grid - Feb/March 2024 97.16 9.7 

 
* Individual bait station amounts not recorded for Muddy Grid In the first round, only total amount 
 

The LD50 index (dosage of bait where 50% of individuals die) measures the amount of bait 

required to kill different species.  Ship rats have an average LD50 of 1.3mg/kg (0.3-2.3mg/kg) 

(DOC 2000) and the average rat weighs about 160g (Cunningham & Moors 1996). One 28g bait 

has 0.05g/kg Diphacinone, therefore eating 90% of a single bait will kill 50% of rats (26g). Using 

an LD index of 100 (100% of exposed individuals dying) will give a conservative estimate of how 

many rodents were killed by the Makarora operation (Patrik Eschenmoser, DOC, pers. 

comms). 52g (almost 2 baits) will result in a 100% likelihood of death, so this figure was used in 

bait take calculations. 

The number of rats killed was calculated based on 52g being the lethal dose for rats; the ratio 

of 4.5 mice to every rat eating bait (deduced from camera footage, see next section); and 53% 

of the bait being eaten by rats cf. mice. This latter figure is based on an average of 20g/day 

food intake for rats and 4g/day for mice (Animates Holdings NZ Ltd, May 2004) so for every 20g 

of bait consumed by rats, 18g was consumed by mice.   

Figure 7 – Estimated number of rats killed, based on bait uptake, ratio of rat to mouse bait 

consumption, and 100% likelihood of death (LD100) 

Grid Area and 
Date 

Total Grams 
Consumed 

Grams 
Consumed by 

Rats (53%) 

Est. Number of 
Rats Killed 

LD100 
(grams/52g) 

Jo's Grid - 
Nov/Dec 2023  

116,284 61,630 1,185 

Muddy Grid - 
Nov/Dec 2023  

118,716 62,919 1,209 

Jo's Grid - 
Feb/March 2024  

75,348 39,934 768 

Muddy Grid - 
Feb/March 2024 

9,716 5,149 99 

TOTAL 407.5 kg 170 kg 3,261 Rats 

 

Over 400kg of bait was consumed by rodents during the operation, 170kg is estimated to have 

been eaten by rats. Average bait-take was therefore 850g per hectare, 450g per ha for rats. 
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Camera Monitoring 

Motion-triggered trail cameras were placed at 14 stations across all grid areas during the 

second round of baiting in February 2024 to observe visits, and to determine the ratio of rats 

to mice consuming bait so that a rough estimate could be made of rats killed.  The ZIP 

Classifier programme (available at ZIP Classifier — Zero Invasive Predators (ZIP) ) was used to 

analyse the camera footage, with 1,000 photos taking about 30-40 minutes to classify into 

species. Over 30,000 images were analysed. The footage showed that mice would visit bait 

stations many times over a few minutes, mostly staying inside for only a few seconds. Rats 

would do the same but stay in for a little longer. Based on perceived rodent behaviour, it was 

decided that any break (in camera triggers) longer than 10 minutes could be classed as a 

different visit and could possibly be a different animal. However, this was not simply assumed 

to be the case, and no attempt was made to count individuals.  Each visit could have over 50 

photos associated with it.  

Figure 8 – Predator detections at bait stations counted as visits captured by the 14 cameras within the 

bait station grids 

Location Rat Mouse Stoat 

North Muddy N/A * N/A * 1 

North Muddy 0 3 0 

North Muddy 2 152 0 

Sth Muddy 3 45 4 

Sth Muddy 4 12 0 

Sth Muddy 1 1 0 

North Jo's 0 20 0 

North Jo's 0 119 0 

North Jo's 71 128 0 

Sth Jo's 2 126 2 

Sth Jo's 53 68 3 

Sth Jo's 1 174 2 

Sth Jo's 45 98 0 

Total 182 946 11 

  
Overall, 182 rat visits were recorded compared with 946 mouse visits: 4.5 mice visiting bait 

stations to every rat. Stoats were also attracted to bait stations, but none entered. A falcon 

was seen at one station but stayed less than a minute and was probably chasing a mouse seen 

on camera moments before. Native birds, mostly riflemen/titipounamu were observed around 

bait stations but none were seen feeding on bait crumbs. 

  

https://zip.org.nz/products-list/2022/5/zip-classifier
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Spatial Variation in Bait Take 

Heat maps show where most bait was eaten within the baited areas. 

Figure 9: (LH) Heat Map of bait uptake during baiting round 1 (Nov/Dec 2023) - Jo’s Grid data only. (RH) 

Baiting Round 2 (Feb 2024) – data for both grids, but north half of Jo’s NOT RUN  

    

Bait uptake in both baiting rounds was patchy however patchiness was more pronounced in the 

second round where bait uptake was highest around the grid edges and next to a major creek. 

The hot spot seen in northern Jo's Grid during round 1 is in a damp, swampy area with thick 

undergrowth.  At Makarora, rat catch rates are higher in areas with such small-leaved shrubby 

undergrowth (Doyle et al. 2023). 

 

 Discussion  

The decision to install and run bait stations came with reservations. The processes of applying 

for permission, producing resources such as fact sheets, consulting stakeholders, cutting and 

marking kilometres of new grid lines and installing all the stations before even commencing 

the baiting was a big commitment in time and resources. This commitment was made by paid 

SLS staff, Forest & Bird volunteers, and DOC field staff. 71 people days were needed for the 

baiting once the grids were installed.  

According to Landcare Best Practice (Landcare 2004), a potential downside of the method 

employed is that mouse numbers may increase following rat control. Tracking tunnel results 

indicated that this indeed happened in both grids. In laboratory assessments of toxicity, house 

mice are generally less susceptible to anticoagulants than rats, a result of sporadic feeding 

behaviour and lower susceptibility to the compound (Fischer 2005, Kaukeinen et al. 2000). The 

main advantage of using anticoagulants as rodenticides are that death occurs several days 

after ingestion of bait, so that rodents eating anticoagulant baits do not develop aversion and 

bait shyness. This was essential to the success of this operation due to its timing. 

We ended up feeding a lot of mice that may not have succumbed to the poison, making the 

bait cost higher than if we had used a bait highly toxic to mice. However, dead mice were 

found inside bait stations, so we know that some (if not all) mice were eating enough to die. 

Based on the rapid rate of bait uptake in the first round, and camera footage showing mice 
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visiting many times over an hour, gorging behaviour was taking place. Gorging leads to a much 

quicker toxic load in the animal and higher likelihood of death (Patrik Eschenmoser, DOC NPCP 

programme lead, pers. comms). Green mouse and rat droppings were commonly observed in 

bait stations and in nearby traps, and some rats caught in traps had green bait in their visibly 

distended stomachs.  

In round 2, the heat map shows more uptake towards the edges of the grids where re-invasion 

is occurring (except at the top end of north Jo’s toward the non-rebaited half for some 

reason). Bait take did vary greatly both spatially and temporally making it difficult to predict 

how much bait will be required and when stations will need to be topped up. The rapid initial 

uptake of bait meant that people were out almost every day for the first 2 weeks rebaiting 

grid lines. 

Cameras were only placed during the second round of baiting, when tracking tunnels detected 

fewer rats but high mouse numbers. However, the ratio of 4.5 mice to 1 rat has been applied 

over the entire baiting period even though there were probably more rats eating bait in the 

first round, so the calculations of numbers of rats killed are conservative. Trap catch data 

helped to show what rat numbers were doing before, during and following baiting. The stable 

rat catch rate in the Muddy Grid before the November surge in rats, as well as the lower 

overall catch rate compared to the trap lines bordering Jo's Grid, suggest the intensive 

trapping grid does control rats to a certain degree, curbing the increase in numbers over 

winter. If baiting had started earlier and been run over a longer period, the number of rats 

removed would have been higher. A (conservative) estimate is that around 5,000 rats were 

removed by traps and baiting over 480ha; the total number of mice removed has not been 

estimated. Intensive mohua monitoring by Jo Tilson showed that within the bait station grids, 

every breeding female survived and managed to fledge most (if not all) of her chicks. This was 

not the case for the nest monitored outside of the baiting area (Tilson 2024). 

 

 Conclusions and Recommendations 

In beech mast situations where rat numbers are at plague proportions and drastic and urgent 

control measures are needed, there are numerous factors to consider.  These include deciding 

whether to use bait stations (or other methods); deciding what bait to use; and when to use it. 

Aerial application of 1080 before the breeding season and before seed hits the ground is the 

best-known response method to a rat plague, followed by hand laying of 1080. These are 

expensive operations that involve a lot of planning and people, and careful timing around food 

abundance. Traps that are checked fortnightly or even weekly cannot keep up with soaring rat 

numbers. However, the stable rat numbers held at a lower level in the Muddy Grid and the 

1280 rats removed by traps (a third of what was estimated for the bait station effort) suggest 

that traps have an important function in controlling rat numbers when in a grid layout and 

when run year-round. 

Bait stations are a good option but can only cover a relatively small area compared to aerial or 

hand lay options. The type of bait stations used at Makarora are not suitable for pellets (unless 

modified), meaning that we are restricted to using Diphacinone without modifications. Being 

able to use a variety of bait-types would be useful. Starting baiting earlier and running it for a 
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longer period would have a greater effect, but also require a much greater amount of labour 

and bait. The Traps.co.nz bait stations were much cheaper ($14 a unit), come with a rat trap 

and are much quicker to open than the PROTECTA stations so these were preferred by the 

team. 

Even though the Makarora operation was labour-intensive, it was relatively cheap, it utilised 

the skills and time of keen volunteers, and successfully reduced the number of rats to the 

point where mohua bred successfully in the baited area. They did what we hoped they would 

do. The bait stations will remain in place and can be turned on and off in future whenever 

they are required. 
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