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Rats to Palm Trees:
Baiting the Canopy During the Palmyra Atoll Rat Eradication Project

Alexander Wegmann

Idand Conservation, Honolulu, Hawaii

Rory Stansbury, Aurora Alifano, Erik Oberg, and Madédeine Pott
Idand Conservation, Santa Cruz, Cdifornia, USA

Pete McCldland

Lord Howe Idand Board, Lord Howe Idand, New South Wales, Austraia
Gregg Howald

Idand Conservation, Santa Cruz, California, USA

ABSTRACT: Rodent eradication campaigns on tropical isands face challenges not experienced in temperate climates, such as
competition for bait by land crabs and extensive use of the forest canopy by rats. In 2011, black rats were successfully eradicated
from Palmyra Atoll with a campaign built on lessons learned from a prior, unsuccessful ground-based eradiation attempt. The 2011
eradication team, at condderable cost and effort, ensured that bait (brodifacoum, 0.0025%) was placed in every potential rat
territory, including the atoll’s coconut palm canopy. Coconut pam is the dominant canopy tree at Palmyra, covering 45% of the
235 haland area. Bait applied to palm crownsis not available to land crabs and persistslonger than bait placed on the ground. Rats
were frequently observed traveling to and from the crowns of pams overhanging the water, yet this important habitat could not be
treated by aerial broadcast (the primary bait application method) as this would place bait into the marine environment. To deliver
bait to overhanging palms lining Palmyra’s shoreline, we developed a “bola” canopy bait (BCB) — two cotton-gauze sacks
connected by 20 cm of twine, each containing 12.5g of bait. A manufacturing system was created to produce the quantities of
BCBs needed to treat Palmyra’s overhanging palm habitat. BCBs were dung by hand or with a ding-shot, or dropped into pam
crowns by a team member suspended beneath a helicopter. Handheld GPS units were used to record the location of each palm
crown treated with a BCB 0 that the bait application could be tracked. We believe that the successful outcome of the 2011
eradication was due, in part, to the comprehensive treatment of Palmyra’s palm canopy.

KEY WORDS: baiting strategy, brodifacoum, canopy, coconut palm, Cocos nucifera, conservation, invasive species, idand,
Palmyra Atoll, Rattus rattus, rodent eradication
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INTRODUCTION from Pdmyra Atoll with an innovation-packed campaign

Introduced rodents threaten the biodiversty and built on lessons learned from a prior, unsuccessful
ecological integrity of the idands that they invade (Towns  ground-based eradiation attempt (Wegmann et a. 2012).
et a. 2006, Varnham 2010). Over the last 50 years, the The eradication team applied Brodifacoum-25W
control or eradication of introduced rodents from idands  Conservation bait (0.0025%, manufactured by Bell
has been an important tool for the preservation of idand  Laboratories, Madison WI, and registered to USDA
biodiversity (Howald et al. 2007, Phillips 2010, IC 2014).  APHIS) using aerid and hand broadcast, bait stations, and
Successful rodent eradication projects adhere to the thousands of specially-designed bolacanopy baits (BCB).
following principle al individuas within the target C. nucifera aong Palmyra’s shoreling, termed
population are put at risk by the eradication methods “overhanging palms,” extend out over the water to escape
(Cromarty et d. 2002). Nearly all successful campaigns shade produced by neighboring trees. R rattus nested
to eradicate introduced rodents from idands used bait and foraged in overhanging palms a Palmyra (Wegmann
containing an anticoagulant rodenticide as the primary  unpubl. 2005), yet the overhanging palm habitat could not
removd method (Howald e d. 2007). Rodent betreated by aerial broadcast as thiswould result in direct
eradication campaigns on tropical idands are challenged  application of bait into the marine environment, a
to satisfy the aforementioned principle; degradation of  violation of the Federal Clean Water Act (71 CFR 227
bait caused by warm, wet topica conditions (Berentsen et pp. 68483-68492), and most of the crowns were too high
al. 2014), non-target bait consumers such as land crabs (5-30 m) to treat by hand-placing bait. The risk of
(Griffiths et al. 2011, Cuthbert et d. 2012), and extensve missing one or more rats by not baiting this habitat was
use of Cocos nucifera (coconut palm) crowns by rats deemed dgnificant by the project’s implementation
(Strecker et d. 1962) can rapidly reduce the availability  partnership. During the 2011 eradication project, BCBs
of bait to rodents and increase the probability that one or  were dung into overhanging palms along Palmyra’s coast
more individuals could escape letha exposure to the with dingshots and from the air by a team member
rodenticide. harnessed to the end of a 15m line attached to a

In 2011, Idand Conservation, the U.S. Fish and helicopter. This paper discusses the development and
Wildlife Service (USFWS), and The Nature Conservancy  utility of the BCB tool for the Pamyra Atoll rat
(TNC) successfully eradicated black rats (Rattus rattus)  eradication project and future rodent eradication or
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control projects where canopy baiting is required.

METHODS

Palmyra Atoll Nationa Wildlife Refuge (5° 53' N,
162° 05' W) is a the northern tip of the Northern Line
Idands in the Central Pacific. Palmyra’s emergent land
area consists of 25 low coral idands (235 ha) that support
a regiond flora that is typical of Central Pacific moist
forests (Wester 1985). Palmyra’s 25 islands encompass
two large lagoons and have 389 km of shoreline
Pdmyra is home to a robust community of land crabs
composed of 9 species and reaching mean densities of
460 crabs/ha (Howald et al. 2004). With ample resources
provided by Palmyra’s aseasonal climate and heavy
rainfall, and the absence of predators, Palmyra’s rat
population sustained high densities of 90 to 120 rats per
hectare (Flint et a. 1992, Wegmann and Middleton
2008).

C. nucifera is the dominant canopy tree a Pamyra,
covering 45% of the 235 ha land area (Wegmann 2009).
By sampling the number of overhanging pams aong
representative stretches of shoreline, we estimated that
166 (n =9, SE=157) and 109 (n = 9, SE = 18.3)
overhanging pams occurred within every km of lagoon-
facing and ocean-facing shoreline, respectively (Alifano
and Wegmann 2010). In total, we edtimated 5,762
overhanging palms along Palmyra’s 38.9 km of shoreline.

During pre-eradication studies conducted at Palmyra,
several BCB prototypes were field-tested (Buckelew et d.
2005, Alifano et a. 2010). We assessed prototype BCBs
according to the following criteriaz  durability of the
packaging, accessibility of bait by ras, and ease of
applying the BCD to pam crowns. Prototypes bola
designs conssted of tea filter bags, cheesecloth, and
cotton Surgitube® dressing. During the pre-eradication
trids, the prototype BCBs containing a placebo version of
the bait used in the eradication were dung into trees to
test durability and function, hung in front of motion-
sensing cameras to test accessibility by rats, and left in
rat- and crab-proof cages to assess their robustness in
Palmyra’s warm, wet climate.

To test the durability and function of the different
packaging materials, prototype BCBs were launched into
C. nucifera crowns using 3 different tools: aHyperDog™
Ball Launcher (HyperPet™, Columbus, GA) (alarge arm-
mounted sllngshot des gned to shoot atennisball over 60
m), The Big Shot® (Sherrill Tree, Greensboro, NC) (a
ding-shot mounted on an 2.5-m fiberglass pole), and the
Squal 250 (Air Cannons, Inc., Aurora, CO) compressed
air cannon (intended to launch teeshirts and other
paraphernalia into crowds at distances up to 75 m). All
three tools were tested on trees of varying heights

To determine the extent to which the BCB prototypes
persisted within Palmyra’s tropical climate, the different
designs were placed in C. nucifera crowns and in
excluson cages (0.9 m x 0.9 m x 0.45 m) and checked
daily for 12 days. Motion-sensing cameras were focused
on the prototype BCBs placed in C. nucifera crowns to
determine if rats could readily access the bait and to
identify bait consumers other than rats.

During the rat eradication at Padmyra, BCBs were
applied to every third interconnected (fronds touching)
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and every standalone overhanging pam along Palmyra’s
shoreline. Howald et a. (2004) found that rats at Palmyra
can occupy home ranges smaller than 500 . To apply
bait to every potential rat home range while minimizing
the number of BCBs required, we decided that three
interconnected palm crowns (mature C. nucifera crowns
are approximately 10 m in diameter) represented an area
that would be less than or equal to the smallest rat home
rege. BCBs were applied by gloved-hand, with
HyperDog™ Bal Launchers, or dropped into pam
crowns by a team member suspended beneath a
helicopter. Handheld GPS units were used to record the
location of each pam crown treated with a BCB so the
baiting manager could keep track of the bait application.

RESULTS

The packaging of all three BCB prototypes remained
intact throughout the 12-day exposure period in the
excluson cages. However, the bait inside the teabag
prototype deteriorated quicker than the bait in the
cheesecloth and Surgitube® prototypes. Of the 29 BCBs
placed in C nucifera crowns (9 teabags, 7 cheesecloth, 13
Surgitube®), 82% disappeared within the first 24 hours
and al dissppeared within 48 hours of deployment.
Every ingance where the motion-sensing cameras
detected arat near to or interacting with the BCB, the bait
from the BCB was removed by the rat, suggesting that
BCBs that remained untouched the first night may not
have been encountered by a rat. Rats readily accessed
bait from all three prototypes and we found no preference
for one prototype over another. We did not observer
consumers other than rats accessing the bait within the
prototype BCBs placed in C. nucifera crowns.

The fina BCB design mcorporated two cotton-gauze
sacks made from Surgltube connected by 20 cm of
twine, each containing 12.5 g of bait and asmall cork; the
corks dlowed team members to retrieve BCBs that
missed the mark and landed in the water. The cotton
sacks were secured on each end and to the connecting
twine by small hog rings. A manufacturing system that
automatically fed bait and corks into the Surgitube® and
allowed for quick attachment of the twine with a foot-
pedal-driven pneumatic hog ring pliers was created to
produce the 8,050 BCBs brought to Palmyra to treat the
overhanging palm habitat.

The 2011 eradication team applied BCBs to 8,883
overhanging pams (including the two adjacent pams
connected to the treated pam) over three gpplications
(Table 1, Figure 1). Assuming a 10-m diameter for the
crown of each overhanging palm, 8.9 ha or 3.8% of the
total potential rat habitat at Palmyra was treated with
BCBs. Combined, the three BCB applications required
approximately 400 person-hours and 11 hours of
helicopter flight time.

DISCUSSION

For a rodenticide-based rodent eradication project to
succeed, every individual within the target population
must incur alethal exposure to the rodenticide. The most
direct pathway for a lethal exposure to occur is through
consumption of bait containing the rodenticide. To
ensure that every rat has the opportunity to consume an



Table 1. Summary of BCB application during the Palmyra atoll rat eradication project, June-July 2011.

Treatment Bait used (kg) Palm crowns treated Bait application rate (g/crown)
Application 1 72.3 4,185 17.2
Application 2 715 4,350 16.4
Rat detection response 51 351 145
Total 148.9 8,883 mean = 16

1

-~

10

wa

Figure 1. A map of Palmyra Atoll with black dots that represent overhanging palms that were baited with BCBs
during the 2011 rat eradication project. The numbers and lines describe the strategy for parceling Palmyra’s land

area to allow for a systematic bait application.

amount of bait that delivers a letha dose of rodenticide,
enough bait must be placed in every potentia rat territory.
This was a chdlenging criterion for the Pamyra rat
eradication project. Land crabs, primarily Coenibitids
and Gecarcinids, compete with rats for bait pellets
broadcast across Palmyra’s islands (Buckelew et al. 2005,
Wegmann et a. 2008a), and Palmyra’s warm, wet
climate results in relatively rapid degradation of bait
pellets (Berentsen et d. 2014). While land crabs will
consume several grams of bait containing anticoagulant
rodenticide per day (Alifano and Wegmann 2010), they
do not appear to be negatively affected by the
rodenticides (Pain et a. 2000).

Thefirgt attempt to eradicate rats from Palmyra (2000-
2001) utilized second-generation anticoagulant bait
placed in gtations on a 50 m x 50 m grid; eradication was
not achieved and an independent assessment of the
project suggests that rats frequenting the C. nucifera
canopy were not exposed to rodenticide through the
consumption of bait placed in stations on the ground
(Howald et d. 2004).

The abundant C. nucifera at Palmyra likely aided the
atoll’s population of R rattus by providing foraging
opportunities and refuge (Strecker et d. 1962, Wegmann
et a. 2008a); however, the palm crowns also provide the
only crab-free habitat in which bait could be placed for
rats. During the eradication project, bait was broadcast
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by helicopter and by hand over Palmyra’s land area at 80
kg/ha for the first bait application and 85 kg/ha for the
second bait application (Engeman et a. 2013). Low
quantities of bait pellets are retained by the concave shape
of C. nucifera’s inner crown, and these pellets tend to
persist longer than pellets that pass through the canopy to
the ground (Berentsen et a. 2014). In severa locations
throughout Palmyra, bait did not remain readily available
on the ground for more than 24 hours following the bait
broadcast (Berentsen et a. 2014), which was shown by
Wegmann et a. (2008a) to be too short of atime period
for al rats to encounter and consume bait at Padmyra
While stands of C. nucifera dominate 45% of Palmyra’s
land area, individud C. nucifera trees are common
throughout the remaining 55% of the atoll. We suspect
that bait retained in C. nucifera crowns extended the
period during which bait was available to rats. Similarly,
the treatment of overhanging pams with BCBs alowed
us to place bait in every potentid rat territory throughout
the atoll and bait within the BCBs remained available to
rats longer than bait that fell to the forest floor (Berentsen
et d. 2014).

Would the 2011 Palmyrarat eradication have failed if
the overhanging palms were not baited? There is
insufficient information to answer this question without
risking atype | or type Il error.  However, prior to the
eradication of R. rattus from Pamyra, earlier versions of



the BCB were gpplied to inland and overhanging C.
nucifera crowns in concet with a hand-broadcast
application of Brodifacoum-25W Conservation bait to
successfully eradicate R. rattus from Pein Ma Idand
(Wegmann et a. 2008b) and R exulans from Dekehtik
Idand (Wegmann et a. 2008a) offshore of Pohnpe,
Federated States of Micronesia. As with Palmyra, the
successful eradication of rats from the small idands
offshore of Pohnpei should not be interpreted as a
validation of the effectiveness of applying bait to C.
nucifera crowns or BCBsto overhanging palms, yet three
successful applications of this strategy indicates that the
benefit isat least neutral and likely positive.

In addition to the potential increase in efficacy
achieved by baiting overhanging pams at Palmyra with
BCBs, we significantly decreased the amount of bait that
would have entered the marine environment had the
overhanging pams been treated by aerial broadcast.
Engemann et a. (2013) reported the aeria broadcast of
bait to Palmyra’s tortuous land area resulted in bait
drifting into the marine environment in some areas, and
the exposure of fish (Moolgarda engeli and Liza
vaigiend) and fiddler crabs (Uca tetragonon) to brodi-
facoum was documented (Pitt et d. 2012). These find-
ings point to the undesirable short-term environmental
cogts that can result from the eradication of rodents from
idands by broadcasting bait containing a rodenticide.
However, had we treated Palmyra’s overhanging palms
by aeria broadcast, the amount of bait drifting into the
marine environment would have been dignificantly
greater. Or, had we chosen to not treat the overhanging
palms, the project may have faled to give every rat the
opportunity to consume a lethal amount of rodenticide.
The development and application of BCBs during the rat
eradication a Pamyra demondrates that baiting C.
nucifera crownsis feasible and likely beneficia to rodent
eradication campaigns on tropical idands.
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