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ABSTRACT 

Rats (Rattus spp.) and mice (Mus musculus) are introduced pests that are known predators of 
endemic Hawaiian plants, invertebrates and birds.  An effective rodent control program is an 
essential aspect of management for many vulnerable Hawaiian species.  Snap trap grids are 
currently the most frequently used method of rat control in natural areas in Hawaii.  The use of 
Ramik® rodenticide in bait stations was previously permitted; however, the Ramik® pesticide 
Special Local Needs label for use in natural areas expired and to date has not been renewed.  
Consequently, various types of kill-traps are one of the best methods of rat control that is 
currently available for use in natural areas.  The automatic self-resetting Goodnature® A24 trap 
is a new type of kill-trap from New Zealand that is powered by compressed CO2 and can reset 
up to 24 times before the CO2 canister needs to be replaced.  In partnership with Kalaupapa 
National Historical Park and collaboration with the State of Hawaii Department of Land and 
Natural Resources, the Oahu Army Natural Resources Program maintained a grid of 
Goodnature® A24s at Pahole Natural Area Reserve, Oahu, from October 2012 to August 2013.  
The aim of this project was to investigate the utility of A24s as a tool to control rats in Hawaiian 
forest settings.  Specific project objectives were as follows: demonstrate that the traps kill rats 
in a Hawaiian mesic forest; select an experimental grid layout for A24s and conduct field tests 
to identify potential equipment, suitable baits, and logistical problems; monitor changes in rat 
activity in response to the grid; monitor resource response to the grid; compare the A24 grid to 
a snap trap grid; and create guidelines to help develop a best practice protocol.  The results of 
this project indicate that a grid of 45 A24s spaced approximately 100 m by 50 m apart across 
approximately 12.6 ha was effective at reducing rat activity in tracking tunnels; however, the 
predation on fruit of the endangered Cyanea superba subspecies superba was unacceptably 
high.  More dense protection may be necessary to protect highly vulnerable species.  Baits that 
were peanut butter-based were the most attractive to rats; adding a preservative to the bait 
will improve longevity.  Equipment malfunctions occurred but Goodnature® remedied many of 
the issues throughout the duration of the project.  Overall, the grid of A24s at Pahole killed 
more rats per hectare than the nearby large-scale snap trap grid at Kahanahaiki, with 
considerably less labor involved.  Therefore, a grid of Goodnature® A24 traps may be more 
effective and efficient for rat control than a large-scale snap trap grid.   

INTRODUCTION 

Rat Impacts in Hawaii 
The Hawaiian Islands had no native terrestrial mammals with the exception of the Hawaiian 
hoary bat (Lasiurus cinereus semotus) prior to human settlement (Tomich 1986).  The 
Polynesian rat (Rattus exulans) was brought by the Polynesians around AD 1000 and was the 
first rodent species introduced to the Islands (Athens 2009).  The house mouse (Mus musculus), 
the Norway rat (R. norvegicus), and the black or roof rat (R. rattus) were introduced by 
European explorers in the late 1700s to mid 1800s (Atkinson 1977).  These rodent species are 
now found throughout terrestrial ecosystems in Hawaii (Shiels 2010).   
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Introduced rodents are known to alter ecosystems worldwide and their impacts can be 
especially harmful in island ecosystems where species evolved without predation by mammals, 
such as in Hawaii (Atkinson 1977; Athens 2009; Athens et al. 2002; Fukami et al. 2006; 
Simberloff 2008; Harris 2009).   The house mouse, the black rat and the Polynesian rat are most 
common in higher elevation forested areas in Hawaii (Shiels 2010).  They are known predators 
of endemic Hawaiian plants, invertebrates, and birds and are thought to have been responsible 
for the endangerment and/or extinction of many species (Stone 1985; Athens et al. 2002; 
Athens 2009; VanderWerf 2009).  Consequently, an effective rodent control program, especially 
one that targets rats, is an essential element in a management plan for many vulnerable 
Hawaiian species. 

The Oahu Army Natural Resources Program 

The Oahu Army Natural Resource Program (OANRP) manages over 60 endangered Hawaiian 
species, including plants, invertebrates, and one forest bird across the island of Oahu.  In 
compliance with the Federal Endangered Species Act, Fish and Wildlife Coordination Act, 
Migratory Bird Treaty Act, and the Sikes Act, the goal of the program is to effectively balance 
the requirements of the Army's training mission with its natural resource responsibilities. 

Since 1997, OANRP has utilized and experimented with various rodent control methods 
(discussed below).  In 2012, the Program began to phase out the use of rodenticide in bait 
stations and has since transitioned to using kill-traps only.  To gauge the effectiveness of rat 
control methods, OANRP monitors resources for changes in rat predation.  Rat activity is also 
monitored with tracking tunnels inside and outside of control areas.  OANRP is continually 
working towards integrating multiple control methods for adaptive management in an effort to 
determine the most effective means to control rats in Army managed areas on Oahu.  For more 
infoǊƳŀǘƛƻƴ ƻƴ h!bwtΩǎ ŎǳǊǊŜƴǘ ǊƻŘŜƴǘ ŎƻƴǘǊƻƭ ǇǊƻƎǊŀƳΣ ǊŜŦŜǊ ǘƘŜ нлмо {ǘŀǘǳǎ wŜǇƻǊǘ όOANRP 
2013). 

Rat Control Tools and Methods for Management of Natural Resources in Hawaii 

All methods of conducting rat control in natural areas have advantages and disadvantages.  The 
longest standing and most commonly used forms of rat control by natural resource 
management professionals include physical control (i.e., trapping grids), chemical control using 
bait stations stocked with Ramik® rodenticide, (currently unavailable due to label changes), and 
exclusion (Shiels et al. 2013). 

Snap traps are the cheapest tool used by OANRP for rat control excluding labor costs; the cost 
of purchasing snap traps is much less than the cost of purchasing Ramik® bait or Goodnature® 
automatic traps.  Both small and large snap-trap-only grids are known to have positive impacts 
on resources (Krushelnycky 2011; Mosher et al. 2010; Pender et al. 2012; Shiels, unpublished 
data).  Snap traps may be ideal when there is a limited initial budget for a project or at a site 
that is relatively easy to access.  Disadvantages to using snap traps include: snap trap grids can 
be labor intensive to maintain; they create heavy foot traffic in fragile ecosystems; and efforts 
can be inefficient as bait is often quickly removed by slugs, ants, or other insects.  The peanut 
butter bait has been observed to be eaten off half of all snap traps within a 24 hour period 
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(OANRP 2013).  Snap traps are only good for one kill each and must be cleaned, baited, and set 
before they can function again.  There is also a risk of non-target species being harmed by a 
snap trap, such as the non-native bird Leiothrix lutea (unpublished data). 

Over the years, OANRP has seen evidence of successfully protecting some species, such as the 
endangered palm Pritchardia kaalae, using bait stations with Ramik® rat bait and snap traps 
together (Kawelo et al. 2012).  Bait stations may be a good option in drier habitats and in areas 
that have a rat density low enough to be reduced by intermittent doses of Ramik®.  Rat bait, 
however, is expensive, controversial, heavily regulated, and highly variable in efficacy.  OANRP 
has found the bait to be moldy within a week, eaten by slugs within days, or untouched by 
rodents.  As a result, there is concern that rats often consume sub-lethal doses of bait and may 
be left unharmed to prey upon vulnerable ǊŜǎƻǳǊŎŜǎΦ  wŜŦŜǊ ǘƻ h!bwtΩǎ нлмм {ǘŀǘǳǎ wŜǇƻǊǘ ŦƻǊ 
more information on these concerns (OANRP 2011).  Furthermore, the Ramik® label expired on 
June 8, 2013, therefore using bait stations is not currently an option. The new label will have 
stricter stipulations and grid design requirements (Swift, pers. comm. 2013) that will likely 
preclude the use Ramik® at many sites because the new grid design requirements may be 
impractical to meet.   

Both snap trap grids and bait station grids have occasionally demonstrated success in the past 
in protecting resources at some sites; however, these methods have certain limitations as 
discussed and must be serviced regularly to maintain rat control.  Rat control has historically 
been an expensive and labor-intensive endeavor to maintain, especially at more remote sites 
that require helicopter access.    

While there have been varied successes over time using snap trap grids or bait stations to 
protect vulnerable Hawaiian species, these methods of rat control have various disadvantages 
and obstacles to overcome.  Primarily, rodent control using these methods has historically been 
labor-intensive and consequently expensive.  A tool for remote sites and for larger 
management schemes is necessary to improve rat control efficacy and reduce associated long-
term costs. 

Goodnature® A24 Automatic Rat Trap 

The Goodnature® A24 kill-trap (Fig. 1) from New Zealand is a new tool for rat control and has 
the potential to minimize some of the difficulties associated with rat control in natural areas in 
Hawaii.  These traps are powered by compressed gas from a 16 gram threaded CO2 canister 
(also called a cartridge) and can reset automatically up to 24 times before the CO2 canister 
needs to be replaced.  They also kill stoats (Mustela erminea; not found in Hawaii) and 
mongooses (Herpestes javanicus).   
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Figure 1.  Goodnature® A24 rat trap and digital counter. 
Diagram and photo courtesy of Goodnature® Ltd. 

A24s are designed to be baited with a long-lasting attractant to prolong maintenance intervals.  
As a rat investigates the scent of the bait stored at the top of the trap, it brushes aside a 
sensitive wire trigger.  This movement alters the pressure gradient inside the trap by releasing a 
small amount of gas, which then causes a larger quantity of gas to escape.  The gas from the 
canister then explosively propels a striker to hit the rat in the skull, killing it instantly 
(Goodnature® 2013).  The striker immediately retracts and the rat falls out of the trap.  The trap 
is then ready to fire again.  Digital counters that slide onto the CO2 canisters and record the 
number of times the trap has been triggered are sold separately.  

This new tool may present advantages over existing methods of rat control including: 

¶ Reduced long-term costs for rat control as a result of less labor from fewer field days 
and fewer visits to helicopter-only accessible locations 

¶ Increased ability to conduct rodent control in remote sites due to less maintenance 
required  
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¶ Increased rat control capabilities because one trap can kill multiple rats without 
servicing 

¶ Decreased damage to vegetation and microtopography due to less frequent servicing 

¶ Reduced health risks for staff resulting from less handling of rat carcasses 

¶ Humanely dispatched rats (Jansen 2011)  

Disadvantages to using A24s include: 

¶ Large upfront purchase cost  

¶ Limited research indicating their effectiveness 

¶ Developing or discovering  a long-lasting attractant 

¶ Troubleshooting mechanical issues 

A field evaluation of the lethality of A24s conducted in New Zealand found that ten consecutive 
rats were rendered irreversibly unconscious in less than 30 seconds.  This time includes the lag 
between the trap triggering and the ability of the assessor to travel to the trap and conduct a 
reflex test (Jansen 2011).  These results meet the New Zealand National Animal Welfare 
Advisory Committee kill trap testing guidelines; there is neither a comparable committee nor 
similar guidelines in the United States regarding the humaneness of rodent traps. 

Each A24 trap currently costs $169 NZD.  The digital counters cost $55 NZD.  Therefore, the cost 
of a trap and counter setup is approximately $180 USD.  CO2 canisters are relatively 
inexpensive, costing approximately $2.50 each. 

Research Objectives 
Information in this report is derived from a project conducted by OANRP in partnership with 
and partially funded by Kalaupapa National Historical Park.  The overall aim was to investigate 
the use of A24s in a Hawaiian forest setting.  The study was conducted in Pahole Natural Area 
Reserve (NAR), located in the northern Waianae range on Oahu, in collaboration with the State 
of Hawaii Department of Land and Natural Resources Division.  The elevation ranged from 
approximately 536 m (1,760 ft) to approximately 732 m (2,400 ft).  To conduct the study, 45 
traps were installed around a population of an endemic endangered tree, Cyanea superba 
subspecies superba, from October 2012 to August 2013.  Rat control is considered an essential 
aspect of managing C. superba subspecies superba because the fruit are highly attractive to rats 
(Pender et al. 2012).  Furthermore, the results from laboratory feeding trials in Pender et al. 
(2012) indicate that that black rats destroy all seeds in C. superba subspecies superba fruit 
when consumed. 
 

The five main objectives of this project were as follows: 

1. Pilot study to demonstrate A24s kill rats in Hawaii 
2. Operational field test of A24s in a grid layout  
3. Monitor changes in rat activity in tracking tunnels prior to and after installing the A24 

grid 
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4. Monitor resource response to the grid as indicated by monitoring rat predation on C. 
superba subspecies superba 

5. Compare the A24 grid to a snap trap grid in terms of efficiency and efficacy 

These objectives were selected in order to begin to collect data on the utility of A24s in 
Hawaiian forests; OANRP is working towards ŘŜǾŜƭƻǇƛƴƎ ŀ άōŜǎǘ ǇǊŀŎǘƛŎŜ ǇǊƻǘƻŎƻƭέ ŦƻǊ ǘƘŜƛǊ ǳǎŜΦ  
Recommendations and tips garnered from this project have been compiled as an appendix to 
this report.    

Study Sites 

Three areas were used to conduct this study (Fig. 2): 

1. Pahole Natural Area  Reserve was the site for grid of A24s 
2. Kahanahaiki contains a large snap trap grid for comparison to the A24 grid 
3. Kapuna was used a control site for monitoring rat activity 

 
Figure 2.  Overview of the study areas. 
The map shows the proximity of the three study sites: Kahanahaiki (snap trap grid and C. superba 
population; Pahole (A24 grid and C. superba population); and Kapuna (comparison site for rat 
activity in tracking tunnels). 

Pahole Natural Area Reserve (NAR) is located in the northern part of the Waianae range on 
Oahu.  The land is owned by the State of Hawaii and managed by the Department of Land and 
Natural Resources.  It was an ideal site to install a grid of A24s due to the following factors: ease 
of access; fenced and free from ungulates; relatively safe from vandalism; no ongoing rat 
control; high priority area for controlling rats; and close proximity to other rat management 
sites (described below) for comparative analyses.   The mesic forest of Pahole provides 
excellent habitat for black rats because the forest structure is diverse with many tall trees, 
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contains ample food sources such as the invasive strawberry guava (Psidium cattleianum), is 
located at a moderate elevation (1,800-2,000 ft), and has varied and moderate topography 
creating many habitat niches. 

West of Pahole is Kahanahaiki, a valley that drains into the larger Makua Valley.   Like Makua 
Valley, Kahanahaiki is owned and managed by the Army.  The proximity of Pahole and 
Kahanahaiki is ideal for comparison because extensive research has been conducted on rodent 
ecology in Kahanahaiki (Shiels 2010), and years of rat trapping data have been collected by the 
OANRP from the Kahanahaiki snap trap grid. The two areas are very similar ecologically and 
include the endemic endangered Cyanea superba subsp. superba (hereafter abbreviated as C. 
superba).  Relevant research regarding resource response to rat control has been conducted at 
both sites (Mosher et al. 2010; Krushelnycky 2011; Pender et al. 2012; Shiels, unpublished 
data).  Pender et al. (2012) studied the effects of the Kahanahaiki trapping grid on C. superba 
predation at Kahanahaiki versus Pahole where rats were uncontrolled. 
 

To the east of Pahole is the Kapuna drainage, also part of Pahole NAR.  Because there was no 
regular, ongoing rat control at Kapuna, it was a suitable site to use as a control to assess 
changes in rat activity in Pahole.  Pahole, Kahanahaiki and Kapuna serve as ideal sites for 
comparisons because of relevant past research, accessibility and proximity, and similar 
ecosystem characteristics. 

METHODS 

This section discusses the methods employed to achieve each of the five main objectives. 

Objective 1: Pilot Study to Demonstrate A24s Kill Rats in Hawaii 

On September 26, three A24s with motion sensing video cameras were installed in Pahole to 
the north of the study area to gather preliminary data on the functionality of the traps and to 
observe kills recorded on video.  Ideally, these traps would have had counters to record the 
number of times they were triggered to cross reference with video footage; however, counters 
were not available from Goodnature® at the time.  The three A24s were checked one to three 
times a week for four weeks prior to the installation of the A24 grid. 

Objective 2: Operational Field Test of A24s in a Grid Layout  

The discussion of methods for this objective is divided into four separate subsections: grid 
ŘŜǎƛƎƴ ŀƴŘ ǘǊŀǇ ƛƴǎǘŀƭƭŀǘƛƻƴΤ ōŀƛǘ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ǘǊƛŀƭǎΤ ƛƴƛǘƛŀƭ ΨƪƴƻŎƪŘƻǿƴΩ ǇŜǊƛƻŘΤ ŀƴŘ ǊŜƎǳƭŀǊ 
data collection and maintenance intervals. 

Grid Design and Trap Installation 

Five transects were installed in Pahole, each spaced approximately 100 m apart (Fig. 3).  The 
majority of A24s were placed on vertical tree trucks approximately 15-20 cm above the ground.  
A few A24s were installed higher in trees on slanted branches or 15-20 cm above another 
horizontal branch.  The traps were spaced 50 m apart on each transect with one additional trap 
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in between each transect on the perimeter.  This method of creating a denser spacing of traps 
around the perimeter of a trapping area is the current best practice for snap trap grids 
recommended by the New Zealand Department of Conservation (DOC 2005). 

The grid was centered on an outplanting of C. superba and extended approximately 200 m in all 
directions from the outplanting.  This layout required 45 traps total: 37 on transects and eight 
additional perimeter traps (Fig. 3).  The buffer of rat protection measured approximately 12.6 
hectares (31.1 acres).  This area was designed to be comparable in size to the buffer protecting 
the nearby C. superba at Kahanahaiki, where there is a large snap trap grid.  All A24s were 
installed in Pahole by October 22, 2012.  To monitor rat activity, 29 tracking tunnels were 
deployed at Pahole and 24 tracking tunnels were deployed at Kapuna for comparison.  Details 
ƻƴ ǘƘŜ ǳǎŜ ƻŦ ǘǊŀŎƪƛƴƎ ǘǳƴƴŜƭǎ ŀǊŜ ŀŘŘǊŜǎǎŜŘ ōŜƭƻǿ ƛƴ άhōƧŜŎǘƛǾŜ оΥ aƻƴƛǘƻǊƛƴƎ wŀǘ !ŎǘƛǾƛǘȅΦέ 
 

 
Figure 3.  A24 grid at Pahole NAR.  
Each black symbol represents one trap.  The orange circle represents a 200 m buffer around the C. 
superba plants; the pink grid lines form squares that are an example of the home-range size of a 
black rat (~4 ha, Shiels 2010). 

The grid design was selected by reviewing literature, conferring with New Zealand experts, and 
assessing site specifics such as topography and resource locations.  At the minimum trap 
density, Goodnature® recommended that there should be one trap per rat home-range size.  
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However, to increase the likelihood of all rats in an area encountering the traps, the 
Department of Conservation (DOC) in New Zealand suggested installing the traps more densely 
on transects that are spaced 100 m apart with traps 50 m apart on the transects (D. Peters, 
personal communication).  DOC is also using this trap density to test A24s.  With rat home-
ranges of approximately four hectares in the area (Shiels 2010), a grid of 50 m by 100 m yielded 
up to 15 traps per rat home-range.  Rats have overlapping home-ranges; Shiels (2010) 

estimated the average density of black rats at Kahanahaiki to be 9.8 individuals per hectare (° 
1.1).  For the purposes of this project, the 50 m by 100 m grid layout seemed like a good 
starting point to assess the utility of using automatic traps in Hawaii.  However, a long-term 
goal that this study did not attempt to answer was to determine the optimal spacing of the 
traps in terms of minimizing the number of traps needed while maximizing the desired resource 
response; the ideal trap density will undoubtedly vary by site. 

Bait Selection and Trials 

Peanut butter has consistently been found by OANRP over the years to be the most attractive 
bait to rats (unpublished data). Consequently, it has been the most commonly used bait for the 
Kahanahaiki snap trap grid.  For this study, peanut butter was used exclusively in the A24s from 
the start of the project in October, 2012 to February, 2013 to determine the effectiveness of 
A24s for rat control.  Using a bait that is known to be highly attractive limited possible 
confounding data regarding the effectiveness of A24s.  Additionally, using peanut butter 
allowed for comparison of effectiveness between snap traps and A24s.  

The major disadvantage to peanut butter is that it is often eaten by slugs or ants within days, or 
goes rancid after a few weeks.  These disadvantages were not as much of a concern initially 
because the objective was to compare the performance of A24s relative to snap traps, which 
necessitated frequent re-setting anyway.   

Experimenting with alternative baits began on February 26, 2013.  Finding an attractant that is 
highly effective over months is essential to maximizing the utility of A24s.  Baits that were 
tested included: regular creamy peanut butter; the Goodnature® cinnamon lure that came with 
the traps; peanut butter and coconut oil infused beeswax chunks with or without a preservative 
(potassium sorbate; Fig. 4); fish oil; and creamy peanut butter with a preservative (silica) from 
Goodnature® (now comes as the standard bait with A24s).  Fish oil was dispensed in a different 
type of container that Goodnature® provided; it was designed to slowly drip fluid.  The beeswax 
chunks were placed directly on the trap in place of the bait jar.  Potassium sorbate was used in 
the beeswax chunks simply because it was on hand at the time.  Silica was added to peanut 
butter by Goodnature®.     
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Figure 4.  Peanut butter, coconut, and preservative infused beeswax chunks.   
The wax chunks were used in the A24 in place of the bait jar.  They were homemade in cupcake tins 
or ice cube trays. 

There was no consistent method  for trialing various baits.  Instead, bait trials were 
opportunistic and somewhat haphazard.  Different combinations of baits were used each time 
the traps were checked, resulting in different quantities of each bait available at different times 
of the project.  Baits were also deployed for various lengths of time.  This method of testing 
baits was practical for operational field testing, allowed for flexibility, and aimed to broadly 
assess attractiveness of new baits relative to peanut butter.  The number of rats killed per trap 
night for each bait was calculated to compare data.  Because of these variations, the data were 
adjusted for comparison by calculating.  The number of trap nights that each bait was available 
was calculated by multiplying the number of traps that had an individual bait by the number of 
nights it was available throughout the bait trial period.   

Initial ΨYƴƻŎƪŘƻǿƴΩ Period 

All traps in the Pahole grid were baited with peanut butter in the field at least four days prior to 
being set.  Peanut butter was also applied to the tree below each trap to encourage rats to 
investigate the trap.  This method of baƛǘƛƴƎ ǘǊŀǇǎ ōŜŦƻǊŜ ǘƘŜȅ ŀǊŜ ǎŜǘ ƛǎ ƪƴƻǿƴ ŀǎ άǇǊŜ-ōŀƛǘƛƴƎΦέ  
Because black rats have a keen sense of smell, they greatly rely on smell for foraging and 
communication with other individuals (Mallick 1992, Innes 2005).  Rats are known to smell 
foods on the fur, whiskers and especially the breath of other rats and strongly prefer the foods 
those rats had previously eaten (Galef and Wigmore 1983, Posadas-Andrews and Roper 1983).  
The New Zealand Department of Conservation recommends pre-baiting in order to attract rats 
to the traps, promote familiarity, and allow the rats to communicate information to other rats 
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about their new food source (D. Peters, pers. comm.).  In so doing, a rapid reduction, or 
άƪƴƻŎƪŘƻǿƴέ ƻŦ ǘƘŜ Ǌŀǘ ǇƻǇǳƭŀǘƛƻƴ should occur once the traps are set because rats are 
accustomed to visiting the traps.  
 

On October 26, 2012 all traps were baited again with fresh peanut butter and set to kill.  Peanut 
butter was smeared on the tree below each trap every time the traps were checked.  None of 
the traps had counters for the first three weeks because they were not yet available from 
Goodnature®.  It was therefore necessary to frequently check all 45 traps to search for signs of 
rat kills in order to estimate how many rats were killed.  From October 26 to November 16, 
2012, the traps were checked several times a week (every two to three days).  Rat carcasses 
were sprayed with blue dye or spray paint when observed in order to avoid mistakenly counting 
them again the next time.  ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǇǊŜǾƛƻǳǎƭȅ ƻōǎŜǊǾŜŘ άōƭǳŜέ ŎŀǊŎŀǎǎŜǎ ŀǘ ŜŀŎƘ ǘǊŀǇ 
was also recorded in order to estimate scavenging rate by other predators (e.g., cats or 
mongooses).  Every time the traps were checked, peanut butter in the bait compartment was 
refreshed by either adding fresh peanut butter to the bait jar or by replacing the entire jar with 
a new jar of peanut butter when necessary.   

This intensive checking of the traps and refreshing of the bait served to assess overall trap 
function and ensure that the traps were being visited by rats.  The goal was to ΨƪƴƻŎƪŘƻǿƴΩ the 
rat population in the vicinity of the C. superba before the fruit of the C. superba matured in 
early December. 

Regular Data Collection and Maintenance Intervals 

Digital counters for all 45 traps at Pahole were received on November 14, 2012.  From that time 
forward, data regarding number of kills at each trap was recorded from the counters instead of 
visual observations.  After the initial knockdown and data collection period, starting November 
16 the trap check/bait refreshing interval transitioned to twice monthly in order to be 
comparable to the snap trap grid at Kahanahaiki (also baited with peanut butter).   

Twice monthly checks continued regularly through April 2013.  The number of times each trap 
was triggered (recorded by digital counters), results of trap and counter test fires, number of 
new rat carcasses present, notes regarding bait, whether or not the CO2 or entire trap was 
replaced, and any other relevant notes were recorded.  Testing a trap consisted of triggering it 
from above (where the bait jar screws into the trap) and making sure that it fired and that the 
counter recorded the trigger.  Counters were typically reset each time they were checked to 
ŀǾƻƛŘ ŎƻǳƴǘƛƴƎ ǘƘŜ ΨǘŜǎǘ ŦƛǊŜΦΩ   

In April, all traps were removed from the study site in order to receive mechanical updates from 
Goodnature® (new type of o-ring and diaphragm).  This resulted in a one week period when the 
rat populations in Pahole were uncontrolled. 

Beginning in May, 2013, trap check/bait refreshing intervals were increased from every two 
weeks to monthly because stretching the interval between checks as long as possible is the goal 
for using the traps in practice for on-going rat control.  Another reason for the change was to 
test the attractiveness of the various baits being trialed over a longer period.   
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Data collection was concluded on August 12, 2013.  All traps and materials were removed from 
the study sites. 

Objective 3: Monitoring Rat Activity 

Footprint tracking tunnels are used to compare the relative abundance of rodents within similar 
habitat types but should be used in conjunction with other monitoring methods (Blackwell 
2002), such as monitoring fruit predation.  Paper cards with a section of ink in the middle are 
placed inside plastic tunnels to record rodent tracks when the animal walks through the tunnel 
(Fig. 5). 

 
Figure 5.  Tracking tunnel and ink card with tracks at Pahole NAR. 

Twenty-nine tracking tunnels were placed opportunistically throughout the A24 grid in Pahole, 
spaced approximately 50 m apart.  An additional 24 tunnels w ere placed at least 50 m apart in 
Kapuna where there was no on-going rat control for comparison (Fig. 2).  All tracking cards 
were baited with peanut butter, set out for one night in tunnels, and collected the next day.  
The tracks were analyzed by rodent type and counted as either present or absent; no inference 
on the number of rodents of each species was made.  All tracking tunnels were monitored once 
prior to the A24s becoming active in October 2012 to determine pre-treatment rat activity 
levels.  Thereafter, all tunnels were run on a monthly basis, concluding in August 2013. 
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Objective 4: Resource Response Monitoring 

In 2010, Pender et al. (2012) found that predation by rats on C. superba fruit from December 
2009 ς January 2010 was significantly higher in Pahole where there was no rat control than in 
Kahanahaiki where the snap trap grid had been running since May 2009.  This difference was 
assumed to be due to the lack of rat control in Pahole and the effectiveness of the Kahanahaiki 
snap trap grid at controlling rats.  These results provided a unique opportunity to test the 
effectiveness of the A24 grid at Pahole.   

The Pahole A24 grid was designed to create a buffer of rat control for the plants that was 
comparable to the buffer of protection C. superba received from the snap trap grid in 
Kahanahaiki.  All A24s were deployed six weeks before the fruit became mature (early 
December).  The grid at Kahanahaiki has been largely the same and maintained in the same 
manner as it was during the study by Pender et al. (2012); only a few traps were removed or 
installed across the grid over the years.  The trapping grid has been maintained in the same 
manner over the years as well. 

Using the data from Pender et al. (2012), the change in fruit predation after the installation of 
A24s in Pahole could be detected compared to the predation at Kahanahaiki with the trapping 
grid.  Because the only significant change that has occurred between the sites since the study 
by Pender et al. (2012) was conducted is the addition of A24s at Pahole, this method of 
comparison controlled for any ambient changes that may have occurred.  It was assumed that if 
the percentage of fruit predated at Kahanahaiki and Pahole changed similarly over time (either 
positively or negatively), then it would indicate that installing A24s in Pahole had no effect on 
fruit predation (i.e., rats not adequately controlled).  If the change in the amount of fruit 
consumed by rats between the 2009 fruiting season and the 2012 fruiting season was 
significantly reduced in Pahole relative to Kahanahaiki, then it could be asserted that the A24s 
had an effect on predation.  

The methods for monitoring rat predation on C. superba in this study were identical to those 
outlined in Pender et al. (2012); however only a subset of the total number of plants in the 
2009 study were monitored (nine at Pahole and 13 at Kahanahaiki).  On the first monitoring 
visit, all fruit on an individual plant were counted and individual infructescences were 
numbered using a tag tied to the peduncle for record keeping purposes.  Thereafter, all fruits 
were monitored for rodent damage on individual infructescences every two to three days at 
both sites.  On each visit, the number of predated fruit on each infructescence was recorded in 
order to calculate the total proportion of fruit predated at each site (Fig. 6).  When the fate of a 
fruit was unknown or if a fruit never matured, the fruit was removed from the analysis.  The 
monitoring was conducted from December 6, 2012 to January 22, 2013; Pender et al. (2012) 
conducted fruit monitoring from December 1, 2009 to January 28, 2010.  The percent of fruit 
consumption by rodents on each plant was determined and then the mean fruit consumption 
was calculated for all plants at each site.  For comparison between years, the 2009 dataset was 
reduced and recalculated to only include the subset of plants that were monitored in 2012.   
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Figure 6. Rat predated C. superba fruit.  
/Φ ǎǳǇŜǊōŀ ŦǊǳƛǘ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ƳŀǊƪŜŘ ǿƛǘƘ ŀƴ Ψ·Ω ŀŦǘŜǊ ōŜƛƴƎ ǊŜŎƻǊŘŜŘ ŀǎ ǇǊŜŘŀǘŜŘΦ 

Objective 5: Compare A24 Grid to Snap Trap Grid 

The layout and maintenance of the A24 grid was designed in order to be somewhat comparable 
to the Kahanahaiki snap trap grid.  The total number of rats caught per hectare was calculated 
for each grid at the conclusion of the project.  Additionally, the estimated number of hours 
spent maintaining each grid was calculated.  C. superba fruit predation was also monitored at 
both sites in order to compare differences in rodent control efficacy. 

RESULTS & DISCUSSION  

Objective 1 Results: Pilot Study to Demonstrate A24s Kill Rats 

The three motion sensitive cameras captured many photographs and videos of rats, 
mongooses, and feral cats (Felis catus) investigating the traps and the area around the traps 
(Fig. 7).  Unfortunately, the video length on the cameras was very short; no video footage of a 
kill was recorded because the cameras always shut-off  before a kill occurred.  The nighttime 
video footage had a maximum recording length of 10 seconds and the daytime footage lasted 
30 seconds.  However, there were two videos that showed mongooses finding rat carcasses and 



15 

carrying them away.  These videos were the first confirmation that the traps were killing rats.  
No rat carcasses were observed in person and the traps did not have counters on them to 
indicate how many times the traps had been triggered.  At least one mongoose was killed by a 
trap; the carcass was found under the trap with obvious head trauma. 

 
Figure 7.  Images of animals investigating the A24s.   
Clockwise from top left: Black rat sniffing entrance to trap; black rat looking at trap; feral cat with 
nose in opening of trap; mongoose with half of head in trap.  

The recorded images and videos revealed that many animals investigate the traps every day.  
Rats, cats, and mongooses are clearly very inquisitive and thoroughly investigate new objects in 
their habitats.  These results further support the need to pre-bait traps before the traps are set 
in order to achieve a quicker and more substantial reduction in the rat population after the 
traps are set.  It is unknown how many animals were killed during this period but it was 
beneficial to collect images of activity at the traps and learn how to install and bait the traps. 
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Objective 2 Results: Operational Field Test of A24s in a Grid Layout 

The results for this objective are divided into four separate subsections.  First, the overall 
trapping data for the A24 grid will be discussed.  Second, there is a section discussing the 
frequency of rat carcass scavenging.  Next, mechanical malfunctions encountered are 
discussed.  Finally, the results of the various bait trials are discussed.  

A24 Trapping Grid Data 

45 A24s were armed with CO2 gas canisters on October 26, 2012 after they had been pre-baited 
for four days.  Three days later, 19 rat carcasses were observed under 12 traps (several traps 
had multiple carcasses; Fig. 8).  Between October 29 and November 16, 2012, a total of 76 rat 
carcasses and 2 mouse carcasses were observed.  The grid was checked and rebaited every two 
to three days for a total of eight times during this period.    

 
Figure 8.  Three rat carcasses under one trap.   
All three rats (circled) were killed within a three day period.  The photo was taken on the first day the 
grid was checked, October 29, 2012. 

From November 16 (week 3) forward, data regarding number of kills at each trap for the 
remainder of the study was recorded from the counters instead of visual observations.  Over 
the whole duration of the project, a total of 639 rats were recorded (visual observations plus 
counter data; Fig. 9). 
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Figure 9.  The number of rats recorded (total 639) in the Pahole A24 grid over time.   
All 45 traps were checked eight times between October 26 and November 16, 2012.  On November 
14, counters were installed.  Subsequently, the check interval transitioned to twice monthly.  In April 
2013, the check interval changed to monthly.  The last data collection was on August 12, 2013. 

There are no consistent trends in the data.  However, there was a noticeable reduction in the 
number of rats killed by the third week possibly indicating that a large proportion of the 
resident rats had been killed; this may have been achieved because the traps were checked 
frequently and were constantly supplied with fresh peanut butter.  Howe ǾŜǊΣ ǘƘŜ άƪƴƻŎƪŘƻǿƴέ 
was not maintained over time as the number of kills increased and fluctuated over time.  
OANRP has had difficulty maintaining a knockdown in oth er trapping grids as well, especially in 
the Kahanahaiki grid (OANRP 2013).  Perhaps the grids are too small to maintain any a 
knockdown inside the trapping area and rats are continually coming in from the outside.   The 
low numbers of rats caught in April is a result of many traps being out of commission because 
ǘƘŜȅ ǿŜǊŜ ƭŜŀƪƛƴƎ Ǝŀǎ όǎŜŜ ǘƘŜ άaŜŎƘŀƴƛŎŀƭ aŀƭŦǳƴŎǘƛƻƴǎέ ǎŜŎǘƛƻƴύΦ  !ƭƭ ǘǊŀǇǎ ǿŜǊŜ ǊŜƳƻǾŜŘ 
from the field on April 16, 2013 for mechanical updates.  The traps were returned to Pahole one 
week later.   

Overall, the A24s appear to be an effective and humane method for killing rats based off the 
number of confirmed kills, especially during the knockdown period when the traps were 
checked frequently.  Over the course of the project, a total of 125 rat carcasses were observed: 
all had obvious trauma to the head indicating proper trap functioning and quick death.  The 
only exception was one rat that was found alive and injured near a trap.  It appeared to have 
been struck on the head by the trap and sustained an obvious injury to its skull.  This was the 
only time that a live injured animal was observed.  It is assumed that the trap did not fire at full 
capacity, however it was observed to function normally otherwise.  The incident was reported 
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to Goodnature® and they responded that it was the first time they had heard of such an 
occurrence.   

Scavenging of Carcasses 

Data from the frequent observations during the initial knockdown period indicate that every 
two to three days, approximately half of the rats killed were scavenged.  Between October 29 
and November 16, 2012, on average 48.2% of the previously observed carcasses (marked with 
blue paint) were removed by the next check (two to three days later).  Data from the twice 
monthly checks indicate that on average only 10.3% of the triggers registered on the counters 
had rat carcasses present at the trap.  When the trap check interval transitioned to monthly in 
May, on average only 2.4% of the recorded triggers had rat carcasses present. 

Clearly, there is frequent scavenging of rat carcasses by predators such as cats, mongooses, and 
other rats.  Indeed, the images recorded with the motion-sensing cameras showed that many 
animals visit the traps and scavenge for food.  Tracking tunnels from Pahole also indicated a 
high presence of cats in the trapping area and many of the traps were marked with urine.  Pueo 
(Hawaiian owl, Asio flammeus sandwichensis) have also been documented by motion-sensitive 
cameras to frequent A24s in Upper Limahuli Preserve on Kauai (M. Lucas, pers. comm.; Fig. 10).   

 
Figure 10.  Two pueo staking out an A24 in Upper Limahuli Preserve on Kauai. 
Photo courtesy of Matt Lucas, National Tropical Botanical Garden. 

These results show that the counters are necessary if data collection regarding number of rats 
killed is important.  Because the technology of A24s is new and there is limited research to 
inŘƛŎŀǘŜ ŀ ǘǊǳŜ άōŜǎǘ ǇǊŀŎǘƛŎŜέ ŦƻǊ ǘƘŜƛǊ ǳǎŜΣ ƛǘ Ƴŀȅ ōŜ ŀŘǾƛǎŀōƭŜ ǘƻ ǇǳǊŎƘŀǎŜ a number of 
counters initially in a project in order to approximate the number of rats killed.  Otherwise, 
there may be no indication of any activity at the traps due to scavenging of carcasses.  Counters 
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are also a necessary tool for collecting data to determine relative attractiveness of various 
baits.   

Counters do not provide an absolute number of rats killed.  Large slugs such as Limax maximus, 
have been observed to trigger the trap.  Also, globs of peanut butter can fall onto the trigger 
and cause the trap to fire to the point of depleting all gas from the trap; this seems to occur 
most frequently with bait jars that do not have a plastic mesh screen over the opening.  On two 
occasions, there was a rat carcass present at a trap but no count on the counter.   

Mechanical Malfunctions 

It was initially assumed that the A24s would function for months without servicing so the gas 
canisters were not replaced in the 45 A24s in Pahole for the first three months nor were any of 
the traps test-fired.  Upon first attempt to replace gas canisters on February 1, 2013, five traps 
were suspiciously out of CO2, indicating a slow leak.  Two weeks later, six additional traps 
showed signs of leaking gas.  Over time, 25 out of the 66 traps in rotation for this project had 
mechanical failures, most of them leaking gas.  The traps used in this project were some of the 
first models of A24s that Goodnature® had on the market.  The National Tropical Botanical 
Garden (M. Lucas, pers. comm.) and the New Zealand Department of Conservation (Gillies et 
al., 2012) independently found similar results with early models of A24s.  All faulty traps were 
sent to Goodnature® for fault diagnoses and repair.   

In April, all traps were removed from the field for one week to receive mechanical updates 
(new type of o-ring and diaphragm).  These improvements greatly improved their reliability and 
performance.  Nevertheless, it would be advisable to test-fire each trap in the field periodically 
to ensure proper functioning. 

Additionally, the batteries on the digital counters were unreliable.  According to Goodnature®, 
even with frequent checks they are supposed to last five years, but 12 out of 59 counters have 
died over the past ten months.  All faulty counters were returned and replaced by Goodnature®.  
The company recently found a new manufacturer for the counters to try to correct the 
problem. 

Another issue was encountered when trying to remove the CO2 canisters: they sometimes 
became adhered to the inside of the trap and could cause the entire regulator that the canister 
was screwed into to come out.  When this occurred, the trap became damaged and had to be 
returned to Goodnature® for repairs.  Goodnature® recently announced a new policy stating 
that for all new orders of A24s, the warranty on the traps will be voided if other sources of CO2 
are used besides their own (pers. comm.).  If it is not feasible to purchase additional CO2 from 
the company, Goodnature® recommends purchasing gold-colored canisters because the threads 
are less likely to adhere to the metal of the regulator.  For these canisters, apply a tiny smear of 
silicone grease to the tip of the canister.  It may also be helpful to also apply some silicone to 
the threads of the canister to prevent it from getting stuck. 

Based on the responsiveness of Goodnature® to these issues, OANRP is optimistic that the trap 
design will continue to improve and become more reliable. 
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Bait Trial Results 

The three types of peanut butter bait clearly caught more rats per trap night (TN) than the 
other two baits (Fig. 11).  Regular creamy peanut butter was used the most throughout the trial 
period (2,507 TN) and also killed the most rats (132 rats); however, it tied for rats per trap night 
with the preservative peanut butter bait (0.053 rats/TN).  Peanut butter and coconut oil infused 
beeswax chunks, also with a preservative (potassium sorbate), were also successful at 
attracting rats (0.051 rats/TN).  The Goodnature® cinnamon lure was marginal in its 
attractiveness; despite being used fairly frequently (1,444 TN), it had less than half of the 
rats/TN than the peanut butter based lures did.  However, this bait was very long-lasting and 
may have potential use at sites that are not accessed frequently.  The fish oil used in this trial 
was not promising. 

 

Figure 11. Results from bait trials conducted in Pahole NAR.  
Various baits were deployed at different times and in different quantities from February 26 to August 
12, 2013.  The number of trap nights (TN) each bait was available total is indicated. 

The conclusion derived from these investigations is that a peanut butter-based lure that has 
some sort of preservative in it for longevity is the best bait known that is available.  Regular 
peanut butter went rancid after two to four weeks in the mesic forest of Pahole but the peanut 
butter with preservative appeared to stay fresh for over two months.  A preservative peanut 
butter is now shipped with new orders of A24s as the standard bait.  Wax concoctions may be 
more resistant to slugs/ants but perhaps are not necessary with a good supply of preservative-
infused peanut butter.   More testing is necessary. 

Objective 3 Results: Monitoring Rat Activity 

As would be expected in comparable habitat types, rat activity in October (prior to trapping) 
was similar in Pahole and Kapuna (Fig. 12).  After trapping began, rat activity in Pahole was 
consistently lower than in Kapuna for the duration of the study.  The difference between the 
two sites, however, did not become statistically significant until February (chi square test, p < 
0.05).  The rat levels in Pahole remained significantly lower than in Kapuna for the remainder of 
the project, with the exception of May.  In early April, a large number of the traps in the grid (12 
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out of 45) were not functioning due to the gas leaks previously mentioned.  Thereafter, all traps 
were removed from the field for one week to receive the previously discussed mechanical 
updates.  It is possible that this interruption gave the rat population a chance to rebound 
resulting in the higher rat activity in May.  From June to August, rat activity was again 
significantly less in Pahole than in Kapuna. 

 
Figure 12.  Rat activity at Pahole (A24 grid) and at Kapuna (non-treatment site).   
Data collected from October 2012 to August 2013 using tracking tunnels.  The * indicates months 
that had significantly less rat activity at Pahole than Kapuna (chi test, p < 0.05). 

There was no significant correlation between rat activity in tracking tunnels and the number of 
rats killed in a month at Pah ole (Fig. 13).   
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Figure 13.  Scatterplot showing the number of rats killed in a month by the A24s as a 
function of rat activity in tracking tunnels.   
There are no significant relationships present, even when the outlier data from the month of May is 
removed. 

Shiels (2010) also found no correlation between tracking tunnel activity and rat abundance 
estimates in Kahanahaiki. Addition ally, OANRP has not seen a strong correlation between 
tracking tunnel data and trapping data in any of the three large-scale trapping grids the 
Program maintains (OANRP 2013).  However, tracking tunnels have consistently been found to 
be useful to detect a difference in rat activity inside a trapping grid relative to outside of the 
trapping grid (OANRP 2013).  The tunnels seem to work well to detect an overall effect of rat 
control relative to no rat control but do not correlate well with smaller measurements of rat 
density.  According to Blackwell et al. (2002), the ability of a single rat to track multiple tracking 
tunnels makes the index susceptible to changes in activity and rodent abundance.  With home-
ranges of one hectare in New Zealand, Blackwell et al. (2002) They suggest that spacing tracking 
tunnels farther apart (100 m for New Zealand rats) may improve reliability of this index.     

The data from the Pahole tracking tunnels do indicate that the 100 m by 50 m grid design was 
sufficient to reduce overall rat activity inside the managed area relative to the control site.  
These findings are in accordance with data from other rat control grids managed by OANRP, 
including the Kahanahaiki trapping grid (OANRP, unpublished data).   OANRP has consistently 
found that tracking tunnels are most useful for comparing rat activity inside a trapping grid 
relative to a control site.  To determine the effectiveness of a rat control effort, it is perhaps 
most important to directly monitor resources, as discussed in the next section. 

Objective 4 Results: Monitoring Resource Response  

The results of the monitoring effort indicate that overall, predation on C. superba was 
unacceptably high by OANRPΩǎ management goals (Җ нл҈ ŦǊǳƛǘ ŘŀƳŀƎŜύ at Pahole and at 
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Kahanahaiki (Fig. 14).  The percent of total fruit predated at Kahanahaiki increased from 5% 
(2009) to 43% (2012) and at Pahole it increased from 60% (2009) to 73% (2012).  However, 
because the increase in predation at Kahanahaiki was far greater than the increase in predation 
at Pahole, it is assumed that the A24s likely prevented an even higher increase in predation at 
Pahole.  If the addition of A24s had made no difference, theoretically, there would have been 
the same magnitude of change in predation at both sites.    

 
Figure 14.  Proportion of C. superba fruits predated over time at Kahanahaiki and Pahole. 
Bars are one standard error from the mean. 

 

These results illustrate the need for direct monitoring of resources to gauge whether rat control 
goals are achieved.  In the future, OANRP will employ a smaller and denser grid of A24s closer 
to the C. superba.  Saturating the area with A24s spaced 25 m apart and extending 
approximately 50 m from the perimeter of the population may be a more appropriate layout 
for C. superba and other highly vulnerable species.  Additional protection is warranted for the C. 
superba at Kahanahaiki, as well.   

Objective 5 Results: Comparison of A24 Grid to Snap Trap Grid  

Assessing data from the Pahole A24 grid and the Kahanahaiki snap trap grid indicate that the 
A24s were more effective than the snap trap grid at killing rats.  A comparison of the 
effectiveness of the snap trap grid at Kahanahaiki (464 traps; 26 hectares) versus the A24 grid 
at Pahole (45 traps; 12.6 hectares) shows that the A24s killed more rats per hectare (51 rats/ha) 
than the snap trap grid (34 rats/ha; Fig. 15, A).  Moreover, the Pahole A24 grid was maintained 
with roughly 35% of labor required for the Kahanahaiki snap trap grid (Fig. 15, B).  A24s appear 
ǘƻ ƎƛǾŜ άƳƻǊŜ ōŀƴƎ ŦƻǊ ǘƘŜ ōǳŎƪΦέ 
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Figure 15.  Comparison of the Pahole A24 grid versus the Kahanahaiki snap trap grid for: A) 
rats killed per hectare; and B) estimated number of hours of labor invested.   
The Pahole grid consisted of 45 A24s across 12.6 hectares; the Kahanahaiki grid consisted of 464 
snap traps across 26 hectares.  Data collected from October 26, 2012 to August 12, 2013.  The 
Pahole grid was checked 24 times; the Kahanahaiki grid was checked 28 times. 

Essentially, the total cost for rat control is equal to  the sum of the cost of traps, labor, 
transportation, and maintenance/replacement.  Even with the relatively high cost of A24s, they 
appear to be more cost effective over time in comparison to maintaining a snap trap grid. 

CONCLUSIONS & IMPLICATIONS 

The results of this study indicate that a grid of Goodnature® A24 traps may be more effective 
and efficient for rat control than a large-scale snap trap grid.  At Pahole NAR, the grid of A24s 
killed more rats per hectare than the large-scale snap trap grid at Kahanahaiki.  The grid design 
of 45 A24s spaced 100 m by 50 m apart was adequate to reduce overall rat activity in tracking 
tunnels over the duration of the project; tracking tunnels are a useful tool to detect differences 
inside and outside of rat control areas.  However, vulnerable resources in high quality rat 
habitat, such as C. superba or Achatinella mustelina, may require increased protection, as seen 
by predation on C. superba at Pahole in this study.  Only 35% of the labor was required to 
conduct the monitoring and maintenance of the A24 grid than the Kahanahaiki snap trap grid.  
This information is perhaps the most important finding in the study because rat control grids 
can be very expensive to maintain.  In actual management practice, even less labor would be 
required to maintain an A24 grid than the labor invested in this project because the A24s were 
checked frequently to collect data.    

Changing a grid of snap traps to A24s is predicted to be more cost-effective due to reduced 
labor costs.  For example, a comparison of the cumulative theoretical cost of maintaining the 
current grid of snap traps that OANRP maintains at Kahanahaiki versus a grid of 54 A24s shows 
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ǘƘŀǘ ǘƘŜ άōǊŜŀƪ-ŜǾŜƴ Ǉƻƛƴǘέ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƳŜǘƘƻŘǎ ǿƻǳƭŘ ƻŎŎǳǊ ōŜŦƻǊŜ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŦƛǊǎǘ 
year (Fig. 16).   
 

 
Figure 16.  Theoretical cumulative cost of maintaining the Kahanahaiki snap trap grid versus 
a grid of A24s.  
Year 0 represents the initial cost of purchasing supplies.  Subsequent years include the cost of labor 
for snap traps and for A24s.  An additional $1,000 has been incorporated into the yearly budget for 
the A24 grid for replacement traps and CO2 canisters. 

The initial cost of 464 Victor® snap traps housed in wooden boxes at Kahanahaiki was 
approximately $6,900.  With the helicopter time necessary to deploy the traps and boxes, the 
total start up cost of the trapping grid was at least $8,100.  All 464 traps are normally checked 
and re-baited every two weeks by four people.  For simplicity, in this example it is estimated 
that labor costs are $12,000 per year to maintain the grid.  If A24s were deployed instead of 
snap traps in a 100 m by 50 m grid as used in Pahole, there would be a total of 54 A24s at 
Kahanahaiki.  Fifty-four A24s (with counters and CO2 canisters) would cost approximately 
$10,000.  No helicopter time would be required as the gear would be easy to carry and deploy. 
This grid would probably be checked and re-baited at least quarterly by a couple of people, 
thereby resulting in less than 20% of the total labor required to maintain the current snap trap 
grid.  It is yet to be discovered how often A24s will need to be replaced in the field, however, 
they are expected to last for more than a few years. 

Initially, the cost of purchasing A24s is marginally higher than the cost of starting a snap trap 
grid, however, when labor costs are factored into the cumulative cost of the grids over time, it 
is clear that the A24 grid would quickly make up for the additional upfront cost with a reduction 
in labor.  By the end of year 2, the cumulative cost of maintaining the snap trap grid would be 
approximately twice as much as the cost of maintaining the A24 grid (Fig. 16).  This example 
shows that maintaining a grid of A24s could be a more cost effective option at Kahanahaiki.  
Plus, this example does not consider the additional cost of helicopter flights that are often 
necessary to access remote sites.   
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OANRP is discussing plans for installing a grid of A24s in Kahanahaiki in 2014 and suspending 
maintenance of the 464 snap traps currently present.  In reality, the grid design will differ from 
the theoretical example discussed above.  Because Kahanahaiki contains ideal rat habitat and 
there are many endangered species across the management unit (such as C. superba and A. 
mustelina), a denser arrangement of A24s may be necessary, especially concentrated around 
specific populations.  The traps will likely be checked more frequently than in the example (i.e., 
monthly) to ensure trap function and bait persistence.  After a period of time, trap maintenance 
intervals will likely become less frequent.  During seasonal spikes in rat activity or during C. 
superba fruiting season, more rat control effort may be necessary (such as setting snap traps).  
Tracking tunnels will also be monitored inside and outside of the grid to monitor changes in rat 
activity.   

Gaining a new tool for rat control is especially valuable in Hawaii because there are limited 
options available and all methods have limitations or restrictions.  OANRP considers the utility 
of A24s to be the greatest at remote sites that require helicopter access or are otherwise 
difficult to access.  For recommendations and tips for the use of A24s in Hawaii, see Appendix 
A:  Suggestions and tips for use of Goodnature® A24 rat traps in Hawaii. 
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APPENDIX A: SUGGESTIONS AND TIPS FOR USE OF 
GOODNATURE® A24 RAT TRAPS IN HAWAII 

 
 

This appendix is meant to provide tips and recommendations for use of Goodnature® A24 rat 
traps in Hawaii.  The information is a result of assessing all data collected during a trial 
conducted by the Oahu Army Natural Resources Program (OANRP) at Pahole Natural Area 
Reserve (NAR) from October 2012 to August 2013.  Tips and suggestions learned by trial and 
error and general experience are also provided.  The appendix is divided into nine sections: 

1. Purchasing and Shipping 
2. Trap Layout and Grid Design 
3. Mounting A24s 
4. CO2 Canisters: Installing and Removing 
5. Bait Selection and Bait Use  
6. Carcass Scavenging & Digital Counter Utility 
7. Pre-Baiting Traps for Initial Knockdown 
8. Checking Traps and Recording Data  
9. Monitoring Rat Control Efficacy 
10. Summary 
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1. Purchasing and Shipping 

Several kinks have been worked out regarding the logistics of purchasing A24s since they first 
became available.  Goodnature® has complied with US regulations and is officially approved by 
the Environmental Protection Agency to sell their traps in the US.  Putting in an order with 
Goodnature® is now relatively straight forward.  Government-affiliated agencies, such as the 
bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜΣ Ƴŀȅ ǊŜǉǳƛǊŜ ǘƘŀǘ ŀ ά{ƻƭŜ {ƻǳǊŎŜ WǳǎǘƛŦƛŎŀǘƛƻƴέ ŘƻŎǳƳŜƴǘ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ 
approve the international order.  The document essentially states why the traps are an 
important purchase and that Goodnature® is the only distributor of the traps in the world. 

Goodnature® will ship the order using the best method in compliance with US regulations.  It is 
important to learn whether or not the shipment will be received by US Customs and Border 
Protection (CBP) and require clearance.  International shipments go through CBP for a number 
of reasons and the purchaser should check with Goodnature® to discover whether or not to 
expect this situation.  If the order will be held by CBP, be prepared in advance by arranging to 
have a broker handle the customs clearance.  Additional fees are incurred in this process. 

2. Trap Layout and Grid Design 

The ideal trap density and number of traps necessary will vary according to site-specific details 
and ultimate goals.  To reduce rat populations over a larger area and to provide benefits 
throughout the ecosystem (not for single species protection), the grid spacing of 100 m by 50 m 
was adequate at Pahole NAR (across 12.6 ha or 31.1 acres).  Rat densities may be lower in other 
ecosystems.  Therefore, it may be easier to control rats at other sites with fewer traps or a less 
dense spacing.  Conversely, rat densities may be higher in other ecosystems, which would cause 
the need for a larger grid or more dense spacing. 

To protect a particular species that is highly vulnerable to rats and located in areas with high rat 
densities (such as Cyanea superba subspecies superba at Pahole) a tighter, denser grid may be 
necessary.  Saturating the area with A24s spaced 25 m apart and extending at least 50 m from 
the perimeter of the population may be a more appropriate layout for this species.  As a 
general rule, the larger the buffer of rat control around a vulnerable resource, the better. 

Another method for estimating how many A24s are needed at any given site is to think of A24s 
in the same manner as bait stations; both are multi-kill devices that are designed to have 
minimal maintenance.  The expired Ramik® label specified that bait stations be spaced 25 m 
apart in a grid layout around the vulnerable resource.  OANRP is using the number of bait 
stations that previously occurred at a site as a guideline to determine how many A24s should be 
ordered to replace the bait stations.  OANRP is optimistic that the traps will perform better 
than bait stations, especially in wetter habitats. 

To summarize this section discussing grid design, OANRP has found: 
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Á A grid of 45 A24s spaced 100 m by 50 m was adequate to reduce rat activity across 12.6 
hectares (31.1 acres) of mesic forest but not adequate to protect an extremely 
vulnerable species (C. superba subspecies superba) in the center of the grid 

Á For vulnerable species, a denser grid (traps placed 25 m apart) with a buffer of at least 
50 m to increase protection may be necessary 

Á The larger the buffer of rat control around a vulnerable resource, the better 
Á When unsure of how many A24s to deploy at a site, referring to past experience at that 

site using bait stations (if applicable) is helpful to give a starting point  

3. Mounting A24s 

The traps should ideally be mounted on sturdy, non-ƴŀǘƛǾŜ ǘǊŜŜǎ ǘƘŀǘ ŘƻƴΩǘ Ƙŀve too much 
ǾŜƎŜǘŀǘƛƻƴ ǘƘŀǘ Ƴŀȅ ōƭƻŎƪ ŀ ǊŀǘΩǎ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ǘǊŀǇΦ  Goodnature® recommends installing them 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ му ŎƳ όǊƻǳƎƘƭȅ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ŀ ΨǎƘŀƪŀΩΤ CƛƎΦ A1, A) above the ground or above a 
branch jutting out horizontally from a tree.  If there are ground nesting birds or other species of 
concern in the area, the trap should be mounted higher off the ground, perhaps above a 
horizontal branch. Black rats spend a significant amount of time in trees so installing some traps 
higher up on trees may be beneficial.  In Pahole NAR, most traps were mounted about a shaka 
height from the ground but a few were higher up on trees or on fallen logs.  

A24s come with square-ƘŜŀŘŜŘ ǎŎǊŜǿǎΤ ƘƻǿŜǾŜǊ ƛǘ ƛǎ ǿƻǊǘƘ ŎƻƴǎƛŘŜǊƛƴƎ ǎǳǇǇƭȅƛƴƎ ƻƴŜΩǎ ƻǿƴ 
screws if another type of screw is preferred.  Use a cordless drill for ease.  Be careful not to 
over-tighten the tabs on the tree mount because as the tree grows and swells over time, the 
mount becomes harder to remove and the tabs that the trap clips into can become warped.  
Note: Strawberry guava trees seem to swell more than other species which can make it 
particularly difficult to unscrew the mount. 

Alternatively, if there are not many suitable trees in the area, the traps can be mounted onto 
pointed stakes that are pounded into the ground (Fig. A1).  Stakes can be constructed from 
άǘǊŜȄ ŘŜŎƪƛƴƎέ ƻǊ ŀƴƻǘƘŜǊ ŘǳǊŀōƭŜ ƳŀǘŜǊƛŀƭ ŀƴŘ ǎƘƻǳƭŘ ƳŜŀǎǳǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ол ƛƴŎƘŜǎ ƭƻƴƎ 
by two inches wide.   
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Figure A1.  Mounting A24s on stakes. 
A) Mount attached at ΨǎƘŀƪŀΩ ƘŜƛƎƘǘ ŀōƻǾŜ ƎǊƻǳƴŘΤ .ύ !нп ƳƻǳƴǘŜŘ ƻƴ ǎǘŀƪŜ ƛƴ ¦ǇǇŜǊ [ƛƳŀƘǳƭƛ tǊŜǎŜǊǾŜΦ  
Photos courtesy of Matt Lucas, National Tropical Botanical Garden. 

Consider making signs to display in the area that warn of the dangers of tampering with the 
traps.  Stickers printed on waterproof mailing labels can also be made that fit onto the top of 
the trap (Fig. A2). 

 

Figure A2. Safety signage used in Pahole NAR. 
A) Durable sign that was mounted on trees at access points to trapping area; B) Stickers made from mailing 
labels to adhere to trap; C) A24 with sticker 














