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Apart from making detailed plans, work has not begun on this grant. For progress on
other aspects of the Guam Coconut Rhinoceros Beetle Project, please see the progress
report for Forest Service Grant 11-DG-11052012-101 submitted on the same date.

1 ATTACHMENT: Draft IPM Plan for Coconut
Rhinoceros Beetle on Guam
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1 Tactics Aimed at Controlling All Life Stages

1.1 Sanitation

Sanitation is the most e�ective control tactic for CRB.
The objective of sanitation is to remove food material from active or potential breeding

sites to prevent generation of adult beetles. Food material is commonly chipped and
stockpiled at a location where it can be properly managed or converted into non-food
(See subsections 1.3 and 1.4).

1.2 Biological Control

1.2.1 Virus

An insect virus attacking CRB has been used successfully for suppressing CRB popula-
tions on other Paci�c Islands. We had planned to introduce this virus into the Guam
population by autodissemination. However, several laboratory bioassays indicate that
the Guam CRB are not susceptible to several strains of virus produced in insect cell
culture by AgResearch New Zealand. These strains were imported into Guam under
conditions of an APHIS import permit.

Applied Research Required:

• Identify a strain of Oryctes nudivirus which is pathogenic for the Guam CRB
population and establish this strain as a biocontrol agent

• Use comparative bioassays with known susceptible strains of Oryctes nudivirus to
prove conclusively that the Guam population is resistant

Note: A research proposal to address these two objectives has already been funded by
APHIS and the work will be done in collaboration with AgResearch New Zealand.

1.2.2 Fungus

As an alternative to the virus as a biocontrol agent, we have implemented classical bio-
logical control using Metarhizium majus, also known as green muscardine fungus (GMF).
Spores of this fungus are produced for the project by Dr. Ambrosio Al�ler of the Philip-
pine Coconut Authority. It is imported and released under conditions of an APHIS
import permit and use of this fungus was evaluated as part of the new environmental
assessment document. M. majus pathogenicity is largely restricted to the genus Oryctes.
Since CRB is the only insect in this genus that occurs on Guam, nontarget e�ects on
other insects are not expected. The fungus did not attack other species of scarab beetles
in laboratory bioassays.
To date, the project has imported eight 15 kg shipments of GMF. Spores are dissemi-

nated in two ways:
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• adult males caught in traps are dusted with spores and released. These males will
�nd breeding sites and infest these sites with GMF.

• Arti�cial breeding sites referred to as �sinks� have been set up. These sinks con-
tain rotting coconut material infested with GMF. Adults are attracted to these
sinks for mating and oviposition. Immatures and adults in the sinks are killed by
GMF infection. Twenty-seven sinks are currently in existence and these are visited
biweekly.

• More recently we have started using 55 gallon oil barrels as sinks. These barrels
may be used as GMF autodissemination sources. We apply GMF to rotting coconut
material. Adult beetles arrive, pick up fungal spores and leave. We have found the
barrels be very e�cient attraction traps when using rotting coconut material plus
aggregation pheromone, thus simulating a breeding site. Very recently, we have
discovered that hexagonal mesh chicken wire covers for the barrels allows adult
beetles to enter but not leave. We are calling these �Hotel California Traps�: beetles
check in but can never leave.

Early results indicate that GMF is e�ectively limiting the Guam CRB population:

• GMF is spreading naturally. Infected grubs have been found at a distance from
GMF spore release sites.

Applied Research Required:

• GMF has been applied to breeding sites in most parts of Guam and we have ev-
idence that it is spreading naturally. However, we do not know how well GMF is
suppressing the Guam CRB population. We need to measure the e�cacy of GMF
as a biocontrol agent. A life table approach may be one way of doing this.

1.3 Pesticide Treatment of Breeding Site Material

• CRB in breeding site material can be killed by fumigation with methyl bromide.
However, this fumigant is only allowable for quarantine treatments.

• Cypermethrin (Demon Max), a pyrethroid, applied as a drench, has been success-
fully used as a nonpersistent treatment for piles of CRB food material in situ and
for killing CRB in managed piles.

• The insect growth regulator NYGUARD has been used to prevent CRB grubs from
transforming into adults. Third instar larvae do not pupate but continue feeding
growing to about twice their normal size. Thus converting large quantities of CRB
food to non-food.
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Applied Research Required:

• We need to measure the persistence of NYGUARD IGR in terms of how often
piles of CRB breeding material need to be treated in order to prevent generation
of adults.

1.4 Physical Treatment of Breeding Site Material

1.4.1 Killing CRB with Heat and Water

• CRB grubs and adults are amazingly heat tolerant but can be killed by heating
moist substrate to at least 150 degrees Fahrenheit for at least 2 hours. We de-
termined that the 24 hour LT50 for third instar grubs in moist peet moss is 117
degrees F.

• Repeated attempts at raising the temperature of piles above th lethal threshold
using solarization have failed.

• CRB grubs and adults can drowned, but this takes a long time: more than 50 hours
completed submersion.

Applied Research Required:

• We may want to evaluate use of a steam generator as an alternative to pesticides for
killing CRB infesting piles of breeding site material. The idea is to pile breeding site
material on top of a series of perforated pipes. Steam would be pumped through
these pipes to sanitize the pile.

1.4.2 Physical Barriers

Physical barriers can be erected to prevent infestation or re-infestation of breeding site
material. CRB adults can be excluded from an area using half-inch metal hardware cloth.
Beetles will easily make holes in plastic or metal insect screening.
We have recently discovered that a horizontal sheet of hexagonal chicken wire with

one-inch holes acts as a �one-way entrance� for CRB adults. We have made chicken wire
lids to cover 55 gallon oil barrels containing breeding site material and/or a pheromone
lure. Beetles land on the chicken wire, crawl through it, and drop down into the barrel.
Beetles are unable to �y out of the barrels because the holes in the chicken wire are much
less than their wingspan. We consider this to be a signi�cant discovery and have dubbed
it the 'Hotel California' concept ("We are programmed to receive. You can check-out
any time you like, But you can never leave!").
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We may be able to use chicken wire to enclose large piles of breeding site material so
that adults can enter the pile, but none can leave. Thus, the pile would act as a large
sink, capturing many CRB adults �ying in the neighborhood before they can do damage,
while preventing exit of any adults generated by the pile. The end product from the pile
could be used as mulch or compost after physical or chemical treatment to ensure that
all CRB are dead. Perhaps if left long enough, a pile of CRB food would be converted
to nonfood with no risk of being reinfested by CRB.

Applied Research Required:

• Scale up the 'Hotel California' concept to enclose large piles.

• Determine how long it takes protected piles to degrade to a point where they are
no longer useful as food or breeding sites for CRB.

2 Tactics Aimed at Controlling Adults

2.1 Pheromone Traps for Mass Trapping

When the CRB infestation �rst started on Guam in 2007, we were lead to believe that
adults could be trapped out using massed trapping. It soon became evident that standard
ba�ed bucket traps baited with Oryctalure were not e�cacious for mass trapping because
coconut palms within mass trapping areas were being heavily damaged. We gave up on
using pheromone traps as a control method. However, we continue to use these traps for
monitoring (See subsection 3.1).

Applied Research Required:

• We are currently doing trap improvement research (See subsection 3.1). If we can
improve trap e�cacy by an order of magnitude or more, mass trapping should be
re-evaluated.

2.2 Arti�cial Breeding Sites (Sinks)

We set up our �rst arti�cial breeding sites for autodissemination of green muscardine
fungus. These open sinks are essentially small piles of breeding material, mostly decaying
coconut logs, enclosed by box made from coconut logs (about 2 meters square by 0.5
meters high). We soon realized that that these arti�cial breeding sites could be used as
sinks to attract adults �ying in the neighborhood.
More recently, we have developed barrel sinks. We shovel breeding material into surplus

55 gallon oil barrels and cover the top with chicken wire. Adult CRB �ying in the
neighborhood land on the chicken wire, crawl through the wire and drop into the breeding
material. Adults are permanently trapped in the barrel sinks. The barrel sinks are seen
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as a way of managing green waste produced by small household gardens. Having a small
open compost pile in the corner of the garden was good practice before the CRB arrived,
but these piles are now generating adult beetles which attack nearby palms. We are
currently developing recommendations for killing all life stages of CRB in the barrel
sinks prior to using the material for mulch or compost.
In addition to allowing home gardeners to produce mulch and compost without gen-

erating adult CRB which will damage their palms, the barrel sinks attracts and traps
beetles �ying in the neighborhood reducing damage to nearby palms and reducing for-
mation of unmanaged breeding sites.

Applied Research Required:

• Evaluate barrel sinks as traps

• Develop chemical and nonchemical methods for reliably killing all CRB life stages
prior to use sink contents as mulch or compost.

• Determine how long it takes for barrel sink contents to be converted from CRB
food to nonfood.

2.3 Pesticide Application to Tree Crowns

Recent research indicates that adult CRB actively attacking palms can be killed by
application of cypermethrin to palm tree crowns. Moribund and dead CRB are found
under treated trees for a few days following treatment. This suggests that applying a
spray application of pesticide to palm crowns may be a useful emergency treatment.
However, we do not yet know if this observed CRB mortality results in a reduction in
damage (bore holes and defoliation).

Applied Research Required:

• Perform �eld trials to determine if pesticide application to palm tree crowns reduces
damage (bore holes and defoliation).

• Determine persistence of cypermethrin in order to recommend a treatment interval.

• Identify and evaluate an active ingredient more persistent than cypermethrin.

3 Monitoring

3.1 Pheromone Traps for Monitoring

We know that the standard ba�ed bucket traps baited with oryctalure pheromone which
are used by the project are ine�cient from two lines of evidence. Firstly, coconut palms

6



are repeatedly damaged in mass trapping areas, indicating that the palms are more
attractive than the traps. Secondly, in a preliminary mark-release-recapture experiment
in which 20 adult CRB were released in a mass trapping area, not a single beetle was
recaptured.
We are currently doing research to �nd out how to improve trap performance. There is

strong evidence that the release rate of commercially available lures may be too high for
the Guam CRB population, either arresting or repelling beetles before they enter traps.
In addition, work in collaboration with Matt Siderhurst and Eric Jang at USDA-ARS-
PBARC suggests that CRB are attracted to ultraviolet light emitting diodes (UV LEDs).
We have established replicated �eld trials to compare trap catch data from standard traps
and those �tted with UV LEDs and/or reduced release rate lures. We will also test a
new trap design and new lures produced by AlphaScents.

Applied Research Required:

• Complete trap improvement studies outlined above.

• Test new trap design and new lures from AlphaScents using our current ba�ed-
bucket traps baited with Oryctalure as a standard.

• In an attempt to correlate trap catch with CRB �ight activity, we will repeat mark-
release-recapture experiments. We will use only male beetles which will be �ight
tested prior to release. Each beetle will be uniquely marked so that we can record
data on longevity and distance traveled from release site to capture site.

• If �eld trials result in more attractive or cheaper traps, we will make changes to
our island-wide trap network of about 1000 traps. Traps will be calibrated using
mark-release-recapture experiments before and after application of these changes.

• We will observe motion of beetles in relation to pheromone traps using cameras
and radio telemetry in an attempt to determine the active space of a trap.

3.2 Pan Traps

A pan trap is a simple modi�cation to a barrel sink. A metal pan is placed directly be-
neath the chicken wire to prevent CRB adults from burrowing into the breeding material.
Thus they can be quickly counted without having to dig through the breeding material.

Applied Research Required:

• Evaluate pan traps with and without Oryctalure as a surveillance device. Compare
pan trap catch with those of standard ba�ed-bucket traps baited with Oryctalure.
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3.3 Scouting for Breeding Sites

Wherever we �nd CRB damage, we do visual searches for breeding sites to local sources
of adult beetles. Breeding sites are mapped and sanitized upon discovery. In the past
we successfully used detector dogs to scout for CRB breeding sites but this part of our
project was discontinued because it was too expensive.
During our workshops, we will train people how to survey for breeding sites.

Applied Research Required:

• None, at present.

3.4 Scouting for Adult Damage

Defoliation by CRB is very distinctive and proof that the defoliation was caused by CRB
can be determined by presence of a bore hole.
During our workshops, we will train people how to detect CRB damage symptoms and

determine conclusively if the observed damage was caused by a rhino beetle.

Applied Research Required:

• For research purposes, we need to develop a rating system for CRB damage to
individual palms. For example, we will need to quantify damage reduction as a
result of insecticide application to crowns of palms. A ranking system based on
images may be su�cient.
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