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ABSTRACT

Rats (Rattusspp.)and mice(Mus musulug are introduced pests that are known predators of
endemic Hawaiian plants, invertebrates and birddn effective rodent control program is an
essential aspect of management for many vulnerable Hawaiian spe&eap trap grids are
currently the most frequently used method of rat control in natural areas in Hawhea. uSe of
Ramik rodenticide in bait stations wapreviouslypermitted; however, the Ramikpesticide
Special Local Needabel for use in natural areasexpiredandto date has not been renewed
Consequentlyvarious types okill-traps are one of the best methodsf rat control that is
currently avaibble for use in natural areasThe automatic selfesetting Goodnatur@A24 trap

is a newtype ofkill-trap from New Zealand thas powered by compressed G@nd can reset
up to 24 times before the G@anisterneeds to be replacedln partnership withKalaupapa
National Historical Park and collaboration with the State of Hawaii Department of Land and
Natural Resources, the Oahu Army Natural Ressur®rogram maintained a grid of
Goodnatur® A24s at Pahole Natural Area Reserve, Oahu, from October 20A2igast 2013.
The aim of this project was to investigate th#lity of A24sas a tool to control ratén Hawaiian
forest settings Soecific project objectives were as follondemonstrate that the traps kill rats
in a Hawaiian mesic foresselect an exprimental grid layout for A24s and condu@ld tests

to identify potential equipment, suitable baits, and logistical problemsnitor changes in rat
activity in response to the grignonitor resource responst® the grid;compare he A24 gd to

a snap trap gridand createguidelinesto help develop a best practice protocol.he results of
this project indicate that grid of 45 A24s spadeapproximately 100 m by 50 m apart across
approximately 12.6 ha was effective at reducing rat actiintyracking tunnels; however, the
predation on fruit of the endangere@€yanea superbaubspeciesuperbawas unacceptably
high. More dense protection mabe necessary to protect highly vulnerable specigaits that
were peanut butterbased were the most attractive to rats; adding a preservative ® it
will improve longevity. Equipment malfunctionsccurredbut Goodnaturé remedied many of
the isstes throughout the duration of the project Overall, he grid of A24s at Pahole killed
more rats per hectare than the nearby largeale snap trap grid at Kanahaiki, with
considerably less labor involved. Therefore, a grid of Goodni#?d traps may & more
effective and efficient for rat control than a largeale snap trap grid.

INTRODUCTION

Rat Impacts in Hawaii

The Hawaiian Islands had mativeterrestrial mammals with the exception tie Hawaiian
hoary bat(Lasiurus cinereus semojysrior tohuman settlemen{Tomich 1986) The

Polynesian ratRattus exulanswvas brought by the Polynesians around AD 1000 and was the
first rodent speciesntroduced to the IslandéAthens 20@). The house mous&l{us musculus
the Norway rat R.norvegicu$, and the black or roof ratR. rattug were introduced by
European explorers in the late 1700s to mid 1800s (Atkinson)19MTese rodent speciase
now found throughouterrestrial ecosystems in Hawaii (Shield.@p



Introduced pdents are known to adir 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; Atkeeat 2002; Fukamet al. 2006;

Simberloff 2008Harris 2009. Thehouse mouse, the black rat and the Polynesian ratrapst
commonin higher elevation forested areas in Haw@hiels 2010)They areknown predators

of endemic Hawaiian plants, invertebratesd birdsand arethought to have beemesponsible

for the endangermenandor extinction of many specigStone 1985Athenset al. 2002;

Athens 2009VanderWerf 200 Consequently, an effective rodent control prograapecially

one that targets ratsis an essential element in a managerhptan 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 @ahu
compliance withthe Federal Endangered Species,Agsh and Wildlife Coordination Act,
Migratory Bird Treaty Act, and the Sikes Aloe goal of the program is to effectively balance

the requirements of the Army's training mission with its natuesdaurce responsibilities.

Since 19970ANRP has utilized and experimented with various rodent comgethods

(discussed below)in 2012, the Program began to phase out the use of rodenticide in bait
stations andhas sincdransitioned to using kiltrapsonly. To gauge the effectiveness of rat

control methods OANRP monitongesources for changes in rat predatioRat activity is also
monitored with tracking tunnels inside and outside of control arec@ANRHRs continually

working towards integrating mitiple control methods for adaptive management in an effort to
determine the most effective means to control rats in Army managed areas on Gainumore
infoNY' I A2y 2y h! bwt Qa OdzNNBEyid NRBRSYy (G OANRB NP f
2013.

Rat Control Tools and Methodsr Management of Natural Resources in Hawalii

All methods of conducting rat control in natural areas have advantages and disadvaniages
longest standing anthost commonly used forms of rat control by natural resource
management professionals inclugghysical control (i.e., trapping grids), chemical control using
bait stations stocked with Ranfikodenticide,(currently unaailable due to label changes), and
exclusion(Shiels et al. 2013).

Snap traps are the cheapest taged by OANRP for rat contetcludingabor coststhe cost

of purchasing snap traps is much less than the cost of purchasing Taihitr Goodnatur@
automatic traps.Both small and large sndpap-only grids are known to have positive impacts

on resources (Krushelnycky 2011; Moskeal.2010; Pendeet al.2012; Shiels, unpublished

data). Snap traps may be ideal when there is a limited initial budget for a projaetecsite

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 remed 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

LI



(OANRP 2013)snap traps are only good for one kill each and must be cleaned, baited, and set
before they can tinction again. There is also a risk of flarget species being harmed by a
snap trap such as the nonative birdLeiothrixlutea (unpublished data).

Over the yearsDANRMas seen evidence of successfully protecting some species, such as the
endangered palnPritchardia kaalagusing bait stations with Ranfikat bait and snap traps
together Kawelo et al. 2012 Bait stations may be a good option in drier habitats aratéas

that have a rat density low enough to be reduced by intermittent doses of RarRiat bait,
however, is expensive, controversial, heavily regulated, and highly variable in effCadyRP

has found the bait to be moldyithin a week eaten by slugwithin days or untouched by

rodents. As a result, there is concern that rats often consumedegial doses of bait and may

be left unharmed to prey upon vulnerabiB a 2 dzZND S a ¢ WSTFSNI G2 h! bwt Q&
more information on these concern® ANRP 2011)Furthermore, the Ramf{abel expired on
June 8, 2013herefore using bait stations is not currentbn option Thenew label will have
stricter stipulations and grid design requirements (Swift, pers. cog@h3 that will likely
precludethe use Ramikat many sites because the newid 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 meth@d®certainlimitationsas
discussednd must be serviced regularly to maintain rat control. Rat control has historically
been an expensive and labottensive 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 methaglhiktorically 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.

Goodnaturé A24 Automatic Rat Trap

TheGoodnaturé A24kill-trap (Fig. 1from New Zealanis a new tool for rat contradnd has

the potential to minimize some of the difficulties associated with rat control in natural areas in
Hawaii These traps are powered by compresggak from a6 gram threaded C{zanister

(also called a cartridgend can reset automatically up to 24 times before the Cahister

needs to be replacedThey alsokill stoats Mustela ermineanot found in Hawaiiand
mongoosesHerpestes javanicis
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Figure 1. GoodnatuféA24 rat trap and digital counter.
Diagram and photo courtesy of Goodnatbiked.

A24s are designed to be baited with a ldagting 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 ofcgescape. The gas from the
canisterthen explosively propels strikerto hit the rat in the skull, killing it instantly
(Goodnatur€2013). Thestrikerimmediately retracts and the rat falls out of the trap. The trap

is then ready to fire againDigtal counters that slide onto th€Q 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:

1 Reduced longerm costs for rat control as a result of less lafrom fewer field days
and fewer visits tdelicopteronly accessible locatien

1 Increased ability to conduct rodent control in remote sites due to less maintenance
required



1 Increased rat camol capabilities because one trap can kill multiple rats without
servicing

Decreased damage to vegetatiand microtop@raphy due tdess frequent servicing
Reducecdhealthrisksfor staff resulting from less handling of rat carcasses
Humanely dispatched rats (Jansen 2011)

= =4 -4

Disadvantages to using A24s include

Large pfront purchase cost

Limited researchndicating their effectiveness
Developingor discoveringa longlasting attractant
Troubleshooting mechanical issues

E N

A fieldevaluation of the lethality of A24s conducted in New Zealand found that ten consecutive
rats were rendered irreversibly unconscious in less than 30 secdrtds.time includes the lag
between the trap triggering and the ability of the assessor to travehe 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 regardihg humaneness of rodent traps

Each A24 trap currently costs $169 NZDe dgital counterscost$55 NZD. Thefore, thecost
of a trap and counter gap is approximately $180 USIZQ canisters are relatively
inexpensive, costing approximately $2.5&ka

ResearclObjectives

Information in this report is derived from a project conducted by OANRP in partnership with
and partially funded by Kalaupapa National Historical P&Hhe overall aim was to investigate
the use of A24s in a Hawaiian forest settifidee studywas conducted in Pahole Natural Area
Reserve (NAR), located in the northern Waianae range on,@ahallaboration with the State
of Hawaii Department of Land amthtural Resources Divisioithe elevation ranged from
approximatly 536 m (1,760 ft) to approximately 732 m (2,400 T conduct the study, 45
traps wereinstalled arounda population of arendemicendangered treeCyanea superba
subspeciesuperba from October 2012 to August 201Rat control is considered an essential
aspect of managin@. superbaubspeciesuperbabecausehe fruit are highly attractive to rats
(Pender et al. 2012)Furthermore the resultsfrom laboratory feeding trialgh Pender et al.
(2012)indicate thatthat black rats destroy all sesih C. superbaubspeciesuperbafruit

when consumed

Thefive main objective of this projectwere as follows:

1. Pilot study to demonstraté&24s kill rats in Hawaii

2. Operational field tesof A24s in a grid layout

3. Monitor changes in rat activity in tracking tunnels prior to and after instathiegA24
grid



4. Monitor resource response to the grid as indicated by monitoring rat predatio@.on
superbasubspeciesuperba
5. Compare tle A24 grido a snap trap grith terms of efficiency and efficacy

These objectives were selected in order to begin to collect data on theywdflif24s in

Hawaiian forestsDANRP is working towar®sS @St 2 LAY 3 | ao6Said LINF OGAOS
Recommendatims and tips garnered from this project have been compiled as an appendix to

this report.

Study Sites
Three areas were used to conduct this stBig. 2)

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

Legend

O  Tracking Tunnels
Joyl ====-- Snap Trap Grid

[]A24crid

Existing Fence

=) [— Proposed Fence

/1 o 260 520 Meters ,&
/ N

Figure 2. Overview of the study areas.
The map shows thgroximity of the three study siteKahanahaik{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 par d¥#ianae range on

Oahu The land is owned by the State of Hawaii and manbagedtie 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 autrolling 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,



contains amp# food sources such as the invasive strawberry gudsalium cattleianury is
located at a moderate elevation (1,8@)000 ft), and has varied and moderate topography
creating many habitat niches

West of Pahole is Kahanahaiki, a valley that drains méddarger 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), aratyef rat trapping data have been collected by the
OANRP fnm the Kahanahaiki snap trapidr Thetwo areas are very similar ecologically and

include the endemic endangerétiyanea superbsubsp.superba(hereafter abbreviated a€.
superbg. Relevant remarch regarding resource response to rat control has been conducted at
both sites Mosheret al.2010; Krushelnycky 2011; Pendgral. 2012; Shiels, unpublished

data). Pendeeet al.(2012) studied the effects of the Kahanahaiki trapping gri€osuperba
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 donasdess

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 rhetls employed to achieve each of tfiee main objectives.

Objective 1Pilot Study toDemonstrate A24s Kill Rata Hawaii

On September 26, three A24s with motion sensiitieocameras were installed in Pahdte

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 theyvere triggered to cross reference with video footagewever, counters
were not available from Goodnatufat the time. The three A24s were checked one to three
times a week for four weekgsrior to the installation of the A24 grid

Objective 2 0Operational Field Testf A24s in aGrid Layout

The discussionf methods for this objectives divided into four separatsubsections: grid

RSaA3dy YR UNYLI AyadlrttlraAaz2yT o0FLAG aStSOlAzy
data collection and maintenance intervals.

Grid Desigrand Trap Installation

Five transects were installed in Pahaachspacedapproximatelyl00 m apar{Fig. 3) The
majority of A24s were placed on vertical tree trucks approximatE20 cm above the ground
A few A24s were installeaigher in treeson slanted branches or 280 cm above another
horizontal branch The traps werespacedb0 m apart on each transect withne additional trap



in between each transect on the perimeter. This method of creating a denser spacing of traps
around the perimeter of a trapping area is therrent best practice for snap trap grids
recommendedoy the New Zealand Department of Conservation (DOC 2005)

The grid was entered on an outplanting of. superband extended approximately 200 m in all
directions from the outplanting. This layogquired45 traps total: 37 on transects and eight
additional perimeter trapgFig. 3) The buffer of rat protection measured appromately 12.6

hectares (31.1 acres)hisareawasdesigned to beeomparable in size to the buffer protecting

the nearbyC.superbaat Kahanahaikiwhere there is a large snap trap gridll A24swere

installedin Paholeby October 22, 2012To monitor rat activity29 tracking tunnels were

deployed at Paholand24 tracking tunnels were deployed at Kapdoacomparison Details

2y GKS dzaS 2F GNIYOlAy3a GdzyySta INB | RRNBaasSR
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Figure 3. A24 grid at Pahole NAR
Each black symbol represents one trap. dia@gecircle represents a 200 buffer around the C.
superba plants; theink grid lines fornsquaresthat are an example of the horrange size of a
black rat (~4 ha, Shiels 2010).

The griddesignwas selected by reviewing literature, conferring with New Zealand experts, and
assessing site specifics such as topography and resource locations. At the minimum trap
density, Goodnatur®recommended that there should be one trap per rat honaage size.



However to increase the likelihood of all rats in an area encountering the tridyes,

Department of Conservation (DOC) in New Zealand suggested installing the traps more densely
on transects that are spaced l@®apart with traps 50n apart on the transcts (D. Peters,
personal communication)DOC is also using this trap density to test A24gh rat home

ranges of approximately four hectares in the area (Shiels 2010), a gridchob$A00m yielded

up to 15 traps per rat homeange. Rats have ovesibping homeranges; Shiel@2010)

estimated theaverage density of black rats at Kahanahaiki to be 9.8 individuals per hettare (
1.1). For the purposes of this projedhe 50 m by 100 m grid layoseemedlike a good

starting point toassess the utilitpf using automatic traps Hawaii However, a longerm

goal that this studylid not attempt to answemasto determinethe optimal spacing of the

trapsin terms of minimizinghe number of traps needed while maximizing the desired resource
response; the ideal trap density will undoubtedly vagysite

Bait Selection andrials

Peanut butter has consistently been found by OANRE the yeargo be the most attractive

bait torats (unpublished dafaConsequently, it has beghe most commonly used bdior the
Kahanahaiki snap trap gridror thisstudy, peanut butter was used exclusively in the A24s from
the start of the project in October, 2018 February, 2013 tdetermine the effectiveness of
A24sfor rat control Usinga 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 betaresnap traps and A24s.

The majodisadvantage¢o peanut butter is that it is often eaten by slugs or ants within days, or
goes rancid after a few weeks. Thelksadvantagesvere not as much of a concern initially
because the objective was tomparethe performance of A24s relative to snap trapghich
necessita¢d frequent resetting anyway

Experimenting withalternativebaits began on February 26, 201Binding an attractant that is
highlyeffectiveover monthsis essential to maximizing the utility of A24Baits that were
testedincluded: regular creamy peanut butter; the Goodnat{i@nnamon lure that came with
the traps; peanut butter and coconut oil infusbdeswaxchunks with or without a preservative
(potassium sorbateFig.4); fish oil; and creamy peanut butter with a preservative (silica) from
Goodnatur€ (now comes as the standard bait with A24B)sh oil was dispensed in a different
type of container that Goodnatuf@®rovided; it was designed to slowly drip fluid. The beeswax
chunks were placed directly on the trap in place of the bait Rotassium sorbate was used in
the beeswax chunks simply because it was on hand at the time. Silica was added to peanut
butter by Goodnatur&



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 methdar trialing various bigs. Instead, bait trials were
opportunistic and somewhat haphazar®ifferentcombinations of baits were used each time
the traps were checked, resulting in differequantitiesof each baitavailable at different times
of the project. Baits were alsteployed for various lengths of timé'his method of testing
baitswas practical for operational field testing, allowed for flexibilégd aimed tdoroadly
assess attractiveness new baits relative to peanut butterThe number of rats killed per trap
night for each baitvas calculated to compare dat®ecause of these variation$e data were
adjustedfor comparison by calculating. The number of trap night each bait waswvailable
was calculated by mufilyingthe number of traps that hadnindividualbait by the number of
nights it was availablthroughout the bait trial period

Initial WY y 2 O PR®dd y Q

Alltrapsin the Pahole grid werbaited 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. Thismethodofbal Ay 3 (NJ LJA 0 ST2NB DK & AlyNEBbEa
Because black rats have a keen sense of smell,gtegtlyrely onsmellfor foraging and

communication with other indiduals (Mallick 1992, Innes 20053ats are known temell

foods on the fur, whiskers and especially the breath of other rats and strongly prefer the foods

those rats had previously eaten (Gadefd Wigmore 1983, PosadAasdrews and Roper 1983

The New Zealand Depénent of Conservation recommegbre-baitingin order toattract rats

to the traps,promote familiarty, and allow the rats to communicate information to other rats
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about their new food source (D. Peters, pers. comrin)so doingarapid reduction, or
Gly201R28Yy ¢ 27T shoddccitdnde theltapidate IsdiekaRisé rats are
accustomed to visiting the traps.

On October 26, 2012 all traps were baitghinwith fresh peanut butter and set to kilPeanut
butter was smeared on the tree below each trap every time the traps were ched¥exe of

the traps had counters for the first three weeks becatisgy were not yet available from
Goodnatur€. 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 checkestveral times a weeleyery two to three days Ratcarcasses

were sprayed with blue dye or spray paint when observed in order to avoid mistakenly counting
them again the nexttime¢ KS y dzYo SNJ 2F LINBGA2dzat e 20aSNBSR
was also recorded in order to estimate scavenging rate bgrgbhedators €.g., cats or

mongooses) Every time the traps were checked, peanut butitethe bait compartmentvas
refreshedby either adding fresh peanut butter to the bait jar or by replacing the entire jar with

a new jar of peanut buttewhennecessay.

This intensive checking of the traps and refreshing of the bait served to assess overall trap
function and ensure that the trapsere being visited byats. ThegoalwastoW{ y 2 O(tHe2 5y Q
rat population in the vicinity of th€. superbdefore the fruit of theC. superbanatured in
earlyDecember.

RegulaiData 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 eacap was recorded from the counters instead of
visual observationsAfter the initial knoclown and data collection period, starting November
16the trap check/bait refresimg interval transitioned to twicenonthly in order to be

comparable to the snap trap grid at Kahanahéalkso baited with peanut butter).

Twicemonthly checks aatinued regularly through Aprit013. The numberof times each trap
was triggeredrecordedby digital counters), results oftrap and counter test fires, number of
new rat carcasses present, notes regarding bait, whether or not theC&htire trap was
replaced, and any other relevant notegre recorded Testingatrap consisted of triggering it
from above (where the bajar screws into the trap) and making sure thatiied and that the
counterrecordedthe trigger. Counters were typically reset each time they were checked to
I P2AR O2dzyiAy3a GKS WiSad FANB®Q

In April, all traps were removed from the study site in orderéceive mechanical updates from
Goodnatur€ (new type of ering and diaphragm). This resulted ine weekperiodwhenthe
rat populations in Pahole were uncontrolled.

Beginning in May, 2013, trap check/bait refreshing intervals were increfagedevery two
weeksto monthly becausetgetching the intervabetween checksas long as possible is the goal
for using the traps inactice for ongoing rat control. Another reasorfor the changewas to

test the attractiveness of the various balising trialedover a longer period.
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Data collection was concluded on Augigt 2013. All traps and materials were removed from
the study sites.

Objective3: Monitoring Rat Activity

Footprint tracking tunnels are used to compare the relative abundancedsnts within similar
habitat types but should be used in conjunction with other monitoring methods (Blackwell
2002), such as monitoring fruit predatioPaper cards with a section of ink in the middle are
placed inside plastic tunnels to record roderddks when the animal walks through the tunnel

(Fig. 5).

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

Twentyninetracking tunnels were placegpportunisticallythroughout the A24 grign Pahole
spacedapproximately50 m apart. Anadditional 24 tunnels vere placed at least 56 apart in
Kapuna where there was no ggoing rat control for comparisoffrig. 2) All tracking cards

were baited with peanut butter, set out for one night in tunnels, andezédd 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 maéliktrackingtunnels weremonitoredonce

prior to the A24s becoming active in October 20t determine pretreatment rat activity

levels. Thereatfter, all tunnels were run on a monthly haacluding in August 2013

12



Objective4: Resource Respon$donitoring

In 2010, Pendeet al.(2012) found that predation by rats dd. superbdruit from December

2009¢ 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 ardetffectiveness of the Kahanahaiki
snap trap gridat controlling rats These resultgrovided a unique opportunity to test the
effectiveness of the A24 grid at Pahole.

The Pahole A24 gridas designed to create buffer of rat control for the plants thavas
comparable to the buffer of protectiof. superbaeceived from the snap tragrid in
Kahanahaiki All A24s were deployed six weeks before the fruit became mature (early
December). The grid at Kahanah&iés beerargely the same and maintainedtime same
manneras it was during the study by Pendsral.(2012);only a few traps were removed or
installed across the grid over the years. The trapping grid hasibeenained in the same
mannerover the years as well

Using the data from Pendet al.(2012), the change in fruit predation after the installation of
A24s in Pahole could be detectedmpared to the predation at Kahanahaiki with the trapping
grid. Because the only significant change that has occurred between the sites since tiie stud
by Pendeet 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 change@dymaler time (either
positively or negatively), then it would indicate that installing A24s in Paholebadfecton

fruit predation (i.e., rats not adequately controlled). If the change in the amount of fruit
consumed by rats between the 2009 frugiseason 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 @i superban this study were identical tchbse
outlined in Pendeet al.(2012); however only a subset of the total number of plants in the
2009 study were monitore¢hine at Pahole and 13 at Kahanahaikin the first monitoring

visit, all fruit on an individual plant were counted and individa&iuctescences were

numbered using a tag tied to the peduncle for record keeping purposes. Theresiffenjts

were monitored for rodent damage on individual infructesceneesrytwo 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 (B)g.When the fate of a
fruit was unknown oif a fruit never matured, the fruit vesremovedfrom the analys. The
monitoring was conducted from December 6, 201Jémuary 22, 201Fenderet al. (2012)
conducted fruit monitoring fronbecember 1, 2009 to January 28, 20TMe percent ofruit
consumption by rodents onaeh plant was determinednd then themean fruit consumption
was calculated for all plants at each siteor 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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Figure6. Rat predatedC. superbdruit.
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Objective5: CompareA24 Grid to Snap Trap Grid

The layout and maintenance of the A24 grid was designed in order to be somewhat comparable
to the Kahanahiki 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 calculate@l. superbdruit predation was alsononitored 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 cameraaptured many photographs and videos of rats,

mongoaes, anderal cats(Felis catuginvestigating the trapand thearea around the traps

(Fig. 7) Unfortunately,the video length on theeameraswvas very shortno video footage of a

kill was recoded because the camerasdways shubff before a kilbccurred The nighttime

video footage had a maximum recording length of 10 seconds and the daytime footage lasted
30 secondsHowever, there were two videos that showed mongooses finding rat casass
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carryingthem away. These videos were the ficginfirmation that the trapsvere Kkillingrats.

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 triggeréd.least me mongoosevas killed by a
trap; the carcass was found undére trap with obvious head trauma.

Figure7. Images of animals investigating the A24s.
Clockwise from top left: Black raiffing entrance to trapblack ratlooking at trap feral cat with
nose in opening of trgpmongoosewith half of head in trap

Therecordedimagesand videogevealedthat many animals investigate the tragvery day.
Rats, cats, and mongooses are clearly wgyisitiveand thoroughly investigate new objects in
their habitats. These results furtheupport the need to préait traps before the traps are set
in orderto achievea quicker and morsubstantialreductionin the rat popuétion after the

traps are set It is unknown how many animals were killed during this period but it was
beneficial tocollect images of activity at thieaps 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

Theresultsfor this objectiveare dividedinto four sgparate subsections. First, the overall
trapping datafor the A24 grid will be discussed. Secaheére is a section discussing the
frequency of rat carcass scavenging. Nedchanical malfunctions encountered are
discussed. Finally, the results of the various bait trials are discussed.

A24Trapping Grid Data

45 A24s werarmed with C@gascanisteson October 26, 2012 after they had been fraited
for four days. Thre days later19rat carcassesvere observed undef.2 traps (severdtaps
had multiple carcasses; F&). Between October 29 and November 16, 204 2otal of /% rat
carcasses an?l mouse carcasses were observed. The grid was checked and rehatgdwo
to three days for a total of eight times during this period.

Fiure8. Three rat carcasses undene rap
Allthreerats (circledwere kiled within a three day period. Thlgiowastaken on thefirst day the
grid was checked)ctober 29, 2012.

Fom November 1@week 3)forward, data regarding number of kills at each trap for the
remainder of thestudy was recorded from the counters instead of visual observatiéhger
the whole duration of the project, a total @39 rats wergecorded(visual observations plus
counter data; Fig9).
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Figure9. The number of rats recortl (total 639) inthe Pahole A24 grid oveéime.

All 45 traps wereheckeceight times between October 26 aidbvember &, 2012. On November

14, counters were istalled. Subsequentlyhé check interval transitioned to twice monthly. Ajoril

2013,the check intervathangedo monthly. The last data collection was on August 12, 2013.

There are b consistent trends in the data. Howevenete was a noticeable reduction in the

number of rats killed by the third weglossiblyindicating that a large proportion of the

resident rats had been killedhis mayhave been achieved because the traps were checked

frequently and were enstanty supplied with fresh peanut butterHowe@SNE G KS a1y 2 O]
was not maintaineaver timeasthe number ofkills inceased and fluctuad over time.

OANRP has had difficulty maintaining a knockdown ireothapping grids as well, especially in

the Kahanahaiki grid (OANRP 2013). Perhaps the grids are too small to maintain any a

knockdown inside the trapping areand rats are continuallcoming in from the outside The

low numbers of rats caught in April is a result of many traps being out of commission because
GKS® 6SNB fSIFH{Ay3a 3l a 0aSS GKS daaSOKIyYyAOlf al
from the field on April 16, 2013 for mechanical updates. The twagre returned to Paholene

week later

Overall, he A24s appear to be an effective and humane methodilbng rats based off the
number of confirmed kills, especially during the knockdown period when the traps were
checked frequently Over the cowse of the project, @otal of 125 rat carcassegere 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 stuck 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 otherwiEke incident vas reported
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to Goodnatur&and they responded that it was the first time they had heard of such an
occurrence.

Scavengin@f 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. Bet®@etrber 29

and November 16, 2012, on averagfe 2% of the previously observed casses (marked with

blue paint) were removed by the next check (two to three days later). Data fromwibe

monthly checks indicate that on average only 10.3% of the triggers registered on the counters
had rat carcasses present at the trap. When th@ ttheck 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, momgabses,
other rats Indeed, the images recded with the motionsensing 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 Bire®.
(Hawaiian owlAsio flammeus sandwichengigave also been documented by motigensitive
camerado frequent A24s in Upper Limahuli Preserve on Kauai (M. Lucas, pers. comm.; Fig. 10).

Flgur 10.Two pueostaklng 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
NRAOIGS | GNHzS do6Sad LINI OGAOSéE HBBuUmbedd SANJ dza S=
counters initially in a project in order to approximate the number of rats kill&therwise,

there may be no indication of any activity at the trafage to scavengip of carcassesCounters
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are also a necessary tool for collecting data to determine relative attractiveness of various
baits.

Countersdo not provide an absoluteumber of rats killed. Large slugs suclimsax maximus

have been observed timigger the trap. Also, globs of peanut butter can fall onto the trigger

and cause the trap to firto the pointof depletingall gas fronthe trap; thisseems 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 A2 would function for months without servicing so the gas
canistes were not replaced in the 45 A24s in Pahole for the first three months nor were any of
the traps testfired. Upon first attempt to replace gasanistes on February 1, 2013, five traps
were suspiciously out of GOndicating a slow leak. Two weeks later, six additional traps
showed signs of leaking gas. Over time, 25 out of the 66 trajpgation for this projecthad
mechanical failures, most of them leaking gase traps used in thiproject were somef the

first models of A24s that Goodnatuthad on the market.The National Tropical Botanical
Garden (M. Lucas, pers. comm.) and the New Zealand Department of Conseriitiosef

al., 2012) independently founsimilar results with early models of A24s. All faulty traps were
sent to Goodnatur&for fault diagnoses and repair.

In April, all trapsvere removed from the fieldlor one weekio receivemechanical updates
(new typeof o-ring and diaphragm). Thesepnovementsgreatly improved their reliability and
performance. Nevertheless,would beadvisableo test-fire each trapin the fieldperiodically
to ensureproper functioning

Additionally, the batteries on the digital countesre unreliable. Accordig to Goodnatur®

even with frequent checks they are supposed to last five years, but 12 out of 59 counters have
died over the past ten monthsAll faulty counters were returned and replaced by Goodnafure
The company recently found a new manufactui@rthe counterdo try to correct the

problem

Anotherissuewas encountered when trying to remove the £fanistes: they sometimes

became adhered to the inside of the trap and could cause the entinglaitay that thecanister
wasscrewedinto to comeout. When this occurred, the trapecame damagedndhad to be
returned to Goodnatur&for repairs. Goodnatuférecently announced a new policy stating

that for all new orders of A24s, the warranty on the traps will be voided if other sourcesof CO
areused besides their own (pers. comm.). Ifitis not feasible to purchase additional CO2 from
the companyGoodnaturérecommends purchasingpld-coloredcanistes because the threads
are less likely to adhere to the metal of the regulator. For theseders, apply a tiny smear of
silicone grease to the tip of theanister It may also be helpful to also apply some silicone to

the threads of thecanisterto prevent it from getting stuck.

Based on the responsimess of Goodnatuf&o these issuesDANRRS optimistic that the trap
design will continue to improve and become more reliable.
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Bait TrialResults

The three types of peanut butter batlearly caught more rats per trap night (TN) than the

other two baits (Figll). Regular creamy peanut buttela used the most throughout the trial
period (2507 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
beeswaxchunks, also with a preservative (potassium sorbate), were also successful at
attracting rats (0.051 rats/TN). The GoodnaflzEinamon lure was marginal in its
attractiveness; despite being used fairly frequently3@d TN), it had less than half of the

rats/TN than the peanut butter based lures did. However, this bait was veryastigg and

may have potential use at sites that are not accessed frequently. The fish oil used in this trial
was not promising.

0.06 -

2507 TN 171 TN 1339 TN

0.05 -

0.04 -

1444 TN

Rats / Trap Night

957 TN

Regular PB  PB w/ PreservativePB Beeswax Mixe Cinnamon Lure Fish oil

Figurell. Results from bait trials condted in Pahole NAR.
Various baits wre deployed at different times atiil different quantities fromébruary 26 to August
12, 2013. The number of trap nights (TN) each bait was available total is indicated.

Theconclusiorderived from thesanvestigationds thata peanut butterbased lure that has

some sort of preservative in it for longevig/the best bait known that is availabl&egular

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 montAgreservative 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 soipgpigservative
infused peanut butter. More testing is necessary.

Objective 3 Resultdvlonitoring Rat Activity

As would be expected in comparable habitat types, rat activity in October (prior to trapping)
was similar in Pahole and Kapuna (FR). JAfer 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 leals 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 mentiofiéebreafter, 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 dun August, rat activity was again
significantly less in Pahole than in Kapuna.

100% | g panole (n=29)m Kapuna (n=24)
90%
80%
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Figure 2. Rat activity at Pahole (A24 grid) and at Kapuna {tneatment site).
Data collected from October 2012 to August 2013 using tracking tunnels. The * indicetis

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 Patie (Fig. B).
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Figure B. Scatteplot 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 (2010alsofound nocorrelation between tracking tunnelctivity and rat abundance
estimates in Kahanahailddditionally, OANRP has not seen a strong correlation between
tracking tunnel data and trapping data in any of the three lasgale trapping grids the
Program maintans (OANRP 2013However, tracking tunnels hawensistentlybeen found to
be useful to detect a differege in rat activity inside a trapping gnidlative tooutside of the
trapping grid(OANRP 2033 The tunnels sem to work well to detect an overadffect 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 abunddfitehome
ranges of one hectare in New Zealand, Blackwell et al. (Z088) suggst that spacing trackm
tunnels farther apart (100 m for New Zealand ratg)y improve reliability of this index.

The data from the Paheltracking tunnels do indicatdat the 100 m by 50 m grid design was
sufficient to reduce overall rat activitpside 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 trackingunnels 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: MonitoringResource Response

The results of the monitoring effort indicate that overall, predation@rsuperbavas
unacceptably high b@ANRR @anagemengoab (0K H /2 F NdahRahoRandat: 3 S 0
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Kahanahaiki (Fig4). 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.
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0.7 fH73%

0.6 i 60%
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L 43%
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Proportion of Fruit
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0.0 _ _ . .
2009 2012 2009 2012
Kahanahaiki Pahole
Figureld. Proportion ofC. superbdruits 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 empkmpaller and denser grid of A24s closer

to the C. superbaSaturating the area with A24s spaced 25para and extending

approximately 50 m from the perimeter of the population may be a more appropriate layout

for C. superband other highly vulnerable speciesadditional protection is warranted for the.
superbaat Kahanahaiki, as well.

Objective 5 Rsults: Comparison oA24 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 snapdp 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; Fidp, A). Moreover, the Pahole A24 grid was neiimed

with roughly 35% of labor required for the Kahanahaiki snap trap grid &i®)1 A24s appear

G2 3IAGS aY2NB oFly3a F2N 0KS 0dz01 o¢
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Figure 5. 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 46
shap 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 equalttte sum of the cost of tias, 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 indi@that a grid of GoodnatuféA24 traps may be more effective

and efficient for rat control tham largescale snap trap grid. At Pahole NAR, the griti2afs

killed more rats per hectare than the largeale snap trap grid at Kahanahaikhe 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 andoutside of rat control areas. However, vulneratdsources in high quality rat

habitat, such a€. superba or Achatinella musteljmaayrequire increased protection, as seen

by predation orC. superbat Pahole in this studyOnly 35% of the labor was required to
conduct the monitoring and maintenanacd the A24 grid than the Kahanahaiki snap trap grid.
This information is @rhaps the most importantinding in the study because rat control grids

can be very expensive to maintaim actual management practice, even less labor would be
required to mairain 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 moreetfestive due to reduced
labor costs.For example, aomparison of theeumulative theoretical cost of maintaining the
currentgrid ofsnap tras that OANRP maintaiaé Kahanahaiki versus a grid of 54 A24s shows

24



GKFGO (0KSSOSyo NBRAAlY ¢ 0S06SSy (KS (62 YSGK2RaA
year (Fig. &).

§ $35 - -<+=Snap trap grid (464  —m—A24 grid (54)

> "D

g $30 N ‘—”—'

L_./ ,—’—“

.-9 $25 7] ’—"—"

— ,o"‘ ‘..

8 $15 - -

g ° === ——

g $10 5’7__—'

c

S $5 -

= s

O = T 1
0 1 2

Years Since Installatio
Figure B. 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 additio&l000 has been incorporated into the yearly budget for
the A24 grid for replacement traps and £@nistes.

The initial cost of 464 VictBsnap traps housed in wooden boxes at Kahanahaiki was
approximately $6,900. With the helicopter time necessargiéploy the traps and boxes, the
total start up cost of the trapping grid was at least $8,1@80l.464 traps are normally checked
and rebaited every two weeks by four people. For simplicity, in this example it is estimated
that labor costs are $12,00@pyear 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. Fiftfour A24s (with counters and G@anistes) would cost approximately
$10,000. Ndnelicopter time would be required as the gear would be easy to carry and deploy.
This grid would probably be checked anebagted at least quarterly by a couple of people,
thereby resulting in less than 20% of the total labor required to maintain theentisnap trap
grid. Itis yet to be discovered how often A24s will need to be replaced in the field, however,
they are expected to last fanore than a fewyears

Initially, the cost of purchasing A24snmarginallyhigher 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 gridould quickly makeup for the additional upfrontost with a reduction

in labor. By he end of year 2, the cumulative cost of maintaining the snap trapvgpigdd be
approximately twice as much as the cost of maintaining the A24(igigd 16) This example
shows that maintaining a grid of A24s could be a more cost effective oatiKalanahaiki.
Plus,this exampledoes not consider the additional cost of helicopter flights that @iten
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 44 snap traps currentlgresent In reality, the grid desigwill differ from

the theoretical example discussed above. Becd{meanahaiki contains ideal rat habitat and
there are many endangerespecies acroshe managementnit (uch asC. superbandA.
musteling, a denser arrangement of A24s may be necessary, espamaltentratedaround
specificpopulations The traps will likely be checked more frequently than in the example (i.e.
monthly) to ensure trap function and bait persistence. Aftgreaod of time, trap maintenance
intervals will likelypbecome less frequentDuring seasonal spikes in rat activity or dur@g
superbafruiting season, more rat control effort may be necessary (such as setting snap traps).
Trackingunnels will also benonitoredinside 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 helicopiecess or aretherwise

difficult to accessFor recommendations and tips for the use of A24s in Hawaii, see Appendix
A: Suggestions and tips for use Gbodnature® A24 rat traps in Hawaii
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APPENDIA: SUGGESTIONMBID TIPS FOR USE OF
GOODNATURB24RAT TRAPS IN HAWAII

This appendix is meant to provide tips and recommendations for use of GoodfiA®4eat
traps in Hawaii. The informatida a result of assessing all data collected during a trial
conductedby the Oahu Army Natural Resources Paog (OANRR)t Pahole Natural Area
ReservgNAR)Yrom October 2012 to August 2013. Tips and suggestions learned by trial and
error and general experience are also provided. The appendixigied intonine sections:

1. Purchasing and Shipping

2. Trap Layoutad Grid Design

3. Mounting A24s

4. CO2 Canisters: Installing and Removing

5. Bait Selection and Bait Use

6. Carcass Scavenging & Digital Counter Utility
7. PreBaiting Traps for Initial Knockdown

8. Checking Traps and Recording Data

9. Monitoring Rat Control Efficacy

10. Summary
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1. Purchasingand Shipping

Several kinks have been worked out regardihg togistics of purchasing A24s since they first

became available Goodnature® has complied with US regulations and is officially approved by

the Environmental Protection Agencygell their traps in the US. Putting in an order with
Goodnature® is now relatively straight forward. Governrredfitiated agencies, such as the
brdAz2ylt tIFN] {SNOBAOS:E YI& NBIldZANBE GKFG | a2
approve the iternational order. Thelocument 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 regulatians. It
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 disebet¢hner 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. TrapLayoutand Grid Design

The ideal trap densjtand number of traps necessary will vary according tespecific details

and ultimate goalsTo reduce rat populations over a larger area and to provide benefits
throughout the ecosystem (not for single species protection), the grid spacing of 1§(GMrn

was adequate at PaholAR(across 12.6 ha or 31.1 acredjat densities may dewer in other
ecosystems. Therefore, it may be easier to control rats at other sites with fewer traps or a less
dense spacingConversely, rat densities may be higle 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 aSyaneasuperbasubspeciesuperbaat Pahole) a tighter, denser gnidaybe
necessary. Saturating the area with A24s spaced 25 m apart and extemd@agt50 m from

the perimeter of the population may be a more appropriate layout for this spedssa

general rule, the larger the bigr of rat control around a vulnerable resource, the better.

Anothermethod 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 muili devices that are designed to have

minimal mantenance. 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 manysA@dkl be
ordered to eplace the bait stations. OANRP is optimistic that the traps will perform better
than bait stationsespecially in wetter habitats.

To summarize this section discussing grid design, OANRP has found:
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A A grid of 45 A24s spaced 100 m3fym was adequate to reduce rat activity across 12.6
hectares (31.1 acres) of mesic forest but not adequate to protect an extremely
vulnerable specie<], superbaubspeciesuperba in the center of the grid

A For vulnerable species, a denser grid (traps placed 25 m apart) with a buffer of at least
50 m to increase protectiomaybe necessary

A The larger the buffer of rat control around a vulnerable resource, the better

A 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, §6h G A @S (1 NB S@tooinkidhii R2y Qi
@SASGFGA2Yy GKIG Y& o0 ftGyalhatule® nddorintedds ihs@ing theém G 2
FLILWNREAYI GSt e my OY o6 NER dad KYabovditie §roukdokabdieia 2 F |
branch jutting out horizontally fromtree. If there @& ground nesting birds or other species of

concern in the area, the trap should be mounted higher off the ground, perhaps above a

horizontal branchBlack rats spend a significant amount of time in trees so installing some traps
higher up on trees may heeneficial. 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 withsquar& S RSR AONBgaT K26SOSNI Al Aada 62NIK
screws if another typefoescrew 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 poundedtb the ground (FigAl). Stakes can be constructed from

GONBE RSO{AYy3Ié 2N I y2GKSNI RdzNI 6t S YFOGSNRIFE |y
by two inches wide.
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FigureAL Mounting A24s on stakes.
A) Mount attached aWa KQ {KSAIKG 62@S 3ANBdzyRT .0 !Hn Y2dzyiSR 2
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 pried on waterproof mailing labels can also be made that fit onto the top of
the trap (FigA2).

FigureA2 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
labelsto adhere to trap; C) A24 with sticker

32





















