Chapter 8
The Use of Oryctes Virus for Control of
Rhinoceros Beetle in the Pacific Islands

Trevor A. Jackson

Abstract The rhinoceros beetle (Oryctes rhinoceros) was accidentally introduced
into Samoa in 1909 from where it spread to many islands in the south-west Pacific. A
novel virus pathogenic to the beetle, originally designated as Rhabdionvirus oryctes
and later Oryctes virus, was isolated from Malaysia and introduced into Samoa in
1963. Later releases took place in Tonga, Fiji and other Pacific Islands. The virus
rapidly established and caused high levels of infection that spread as epizootics
through the beetle populations. The virus killed larvae in breeding sites and caused
adult beetles to cease feeding, leading to reduced damage and a decline in fecun-
dity of the pest population. Researchers reported spectacular declines in the treated
populations within 1-3 years of application. Reapplication has proven effective
where there has been a resurgence of beetle damage. After 40 years from the ini-
tial releases, high palm damage has been reported from some areas suggesting a
breakdown of control. Selection of more virulent strains and improved methods of
application could overcome these problems.

8.1 Introduction

The rhinoceros beetle Oryctes rhinoceros (Scarabaeidae; Dynastinae) is a large
horned beetle endemic to the Asia/West Pacific region. Its biology has been re-
viewed by Catley (1969) and Bedford (1980), and quantitative ecological data was
reviewed and incorporated into a model by Hochberg & Waage (1991). The adult
beetles feed and aggregate in the crowns of palm trees (Fig. 8.1A). The beetles
enter the leaf axil and feed by boring into the unfurled tissue at the meristem of
the palm. Male beetles produce an aggregation pheromone, attractive to both males
and females, which results in a patchy distribution of the beetles within a stand
of palms. Beetle presence is evidenced through notching, fanning and breaking of
the emergent palm fronds (Fig. 8.1B). In cases of high beetle feeding pressure, the
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Fig. 8.1 A. Adult rhinoceros beetle. B. Young coconut palm with extensive leaf damage caused by
adult rhinoceros beetle feeding (Photos courtesy of Sada Nand Lal)

growing tip of the palm will be killed leaving a dead standing stump. After mating,
female beetles will fly to accumulations of dead organic matter, heaps of fronds,
fallen logs and even standing dead palms, for oviposition, laying approximately 60
eggs into the decaying organic matter. The first instar larva will emerge from the egg
after two weeks and begin to feed on the surrounding organic matter. Development
of the three larval instars will take approximately 6 months in tropical conditions
before transformation into the pupal stage, which lasts for about 1 month prior
to emergence of the neonate adult. The adult beetles can live for about 6 months
and are strong fliers over relatively short distances. A sibling pest species, Oryctes
monoceros, is known from Africa and Islands of the Indian Ocean and the massive
Scapanes australis occupies a similar niche damaging coconut palms in Asia and
Papua New Guinea. Within its endemic zone the rhinoceros beetle can be a pest
of coconut palm (Cocos nucifera) and oil palm (Elaeis guineensis), especially when
there is an abundance of decaying organic matter suitable for breeding. Young palms
on replant sites are particularly susceptible.

8.2 Rhinoceros Beetle in the Pacific

In the early part of the 20th century the major economic activity for most Pacific
Islands was production of copra from coconuts in natural or managed plantations.
Rhinoceros beetle is believed to have entered the Pacific concealed in rubber plant
seedlings from Ceylon in 1909 (Catley 1969). The insect established rapidly in Samoa
and subsequently spread to Tonga (1921) (since successfully eradicated); Wallis Is-
land (1931); Palau, New Britain and West New Guinea (1942); Vavua, Tonga and
New Ireland (1952); Pak Island and Manus Island, New Guinea (1960); Tongatapu,
Tonga (1961) and the Tokelau Islands (1963). The beetle was first reported from
Fiji in 1953 and, despite intensive attempts to implement quarantine procedures,
had spread through most of the Fiji Island group by 1971 (Bedford 1976). Initial
outbreaks of the pest were devastating; on Palau 50% of palms were killed within 10
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years of Oryctes introduction (Gressit 1953). Establishment of quarantine systems,
coupled with a reduction in beetle numbers through control measures, appears to
have reduced the rate of spread of the insect with few new outbreaks reported since
1970. However, recent reports indicate that the beetle has been discovered on Guam
and damage has been reported from Raratonga (SN Lal personal communication).

8.3 The Search for Controls

Damage by rhinoceros beetle, the effect on villagers’ livelihoods and the threat to
economic viability of the island communities, prompted regional bodies to investi-
gate possible solutions. Initial responses included cultural control through destruc-
tion of breeding sites and treating palms with chemical pesticides, which had limited
success (Catley 1969). Biological control was attempted and gained momentum
with the initiation of the UNDP/SPC Project for Research on the Control of the
Coconut Rhinoceros Beetle in 1965 (Young 1986), resulting in the release of a large
number of natural enemies of rhinoceros beetle into the Pacific Islands. Most re-
leases of parasites and predators had little success (Waterhouse & Norris 1987) but
the search for pathogens in the region of origin of the pest was to prove more suc-
cessful. Dr Alois Huger of the Institute for Biological Control, Darmstadt, Germany,
was contracted to search for pathogens of the beetle by UNDP/SPC (Huger 2005).
He concentrated his survey studies on the Malay peninsular working closely with
staff of the oil palm plantations where large numbers of beetles were found in
decaying logs in the replanting areas. Unusual larvae were identified displaying a
lethargic, translucent condition indicative of dissolution of the fat body. Feeding
macerates of putative diseased larvae to healthy larvae from a laboratory colony
resulted in similar symptoms and strong indications of an infective agent, which
was revealed as a virus by histological and electron microscopy studies.

8.4 The Oryctes Virus

The Oryctes virus is a non-occluded dsDNA virus that was first described as Rhab-
dionvirus oryctes (Huger 1966) and later defined as Oryctes virus, the type species
of Subgroup C of the Baculoviridae by the International Committee on Taxonomy
of Viruses (ICTV). It has recently been suggested that Oryctes virus be incorporated
into a new virus genus and designated as Oryctes rhinoceros nudivirus (OrNV)
(Wang er al. 2007). Characteristics of the virus and pathology of the infected beetles
are described by Huger (1966, 2005) and Huger & Krieg (1991). Following inges-
tion by larvae, the virus will invade the midgut epithelium and migrate into other
tissues. The abdomen becomes turgid and glassy and internal turgor may increase
to cause prolapse of the rectum. The virus also infects the adult beetle with initial
infection of the midgut epithelial cells causing a proliferation of cells, swelling of
the gut and release of infected nuclei into the gut lumen. Infected adults will defecate
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large amounts of virus during the early stages of infection and contaminate their
surrounding habitat. Infection leads to cessation of feeding, reduces the fecundity
of females and decreases the life span of infected beetles (Zelazny 1973a).

8.4.1 Release of the Virus for Rhinoceros Beetle Control

The first field releases of the virus were made in 1967 in Samoa. Infected rhinoceros
beetle larvae were shipped from the BBA laboratory, Darmstadt, to Samoa for mul-
tiplication of the virus by feeding healthy larvae with rotting sawdust contaminated
by macerates of diseased larvae (Huger 1972, 2005). Dead infected larvae were dis-
tributed and applied to breeding sites on the Samoan islands of Manono and Savaii
in March and April 1967. By October 1968, infected larvae were recovered from the
field and subsequently virus infection was found to be widespread throughout the
Samoan islands, even on Upolu where no releases had taken place (Marschall 1970).
In the site of original release on Manono, Marschall (1970) reported “the beetle had
almost disappeared” and noted a conspicuous decrease in damage in areas where
the virus was well established.

Following the success of the initial virus releases in Samoa, further releases were
made on other rhinoceros beetle infested islands of the Pacific (Bedford 1981).
Oryctes virus was introduced into Fiji from Samoa in 1970 and released on mul-
tiple sites by capturing healthy adult beetles, infecting them in the laboratory and
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Fig. 8.2 Reduction in palm damage recorded over 36 months after release of Oryctes virus on five
sites in the Fiji Islands from 1970-1972. No virus was released in the Lautoka area where damage
remained high 18 months after the start of the programme but natural incidence of disease was
recorded in the area after 36 months coinciding with a decline in visible damage (adapted from
Bedford 1981)
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releasing them into the field at selected sites (Bedford 1976). Between 1970 and
1974 several thousand infected beetles were released to badly infested areas and
impact monitored by disease spread and estimates of damage to the palms. Several
untreated sites were also monitored to provide controls for impact assessment. The
results were dramatic, with 50-70% of trapped beetles infected and palm damage,
which ranged from 35-85% before treatment, dropping to less that 10% on most
sites within 3 years of release (Fig. 8.2). Dramatic photographic evidence of the
recovery of palms post treatment is provided by Bedford (1976, 1981).

On Tongatapu, Tonga, virus was released by pouring macerate of larvae infected
in Samoa onto heaps of rotting sawdust artificially infested with beetle larvae. More
than 50 breeding heaps were treated on the western end of the island in 1970 and the
resulting epizootic was monitored and estimated to have spread across the island at
arate of 3 km/month (Young 1974) with a peak of 40% larvae infected at the height
of the epizootic. At the release site, number of palms with central crown damage
dropped from 28 to 5%, 15 months from treatment.

The virus has also been released on other Pacific Islands including Tokelau
(1967), Palau (1970, 1983), Wallis Island (1970-1971), American Samoa (1972)
and Papua New Guinea (1978-1979) (Hajek et al. 2005) as well as releases within
the Maldives and India. The virus has also been released for control of Oryctes
monoceros in the Seychelles and Tanzania (Hajek er al. 2005).

8.4.2 Effect of Multiple Releases of Virus

Young (1974) indicated that disease incidence fell behind the “front” of the epi-
zootic, which would be expected for the normal delayed-density-dependent activity
of a pathogen following pest density reduction (Barlow 1999). In Samoa, Marschall
& Toane (1982) noted that after the spectacular decrease associated with the first
release of the virus, beetles were increasing in number and palm damage was once
again increasing, especially in areas where there was bush or plantation clearing and
a high number of fresh breeding sites. A reinfection programme was established and
monitored by trapping adults with the attractant ethyl chrysanthemumate (Maddi-
son et al. 1973). Releases were made at several sites and beetle populations and
disease monitored for up to 3 years with the authors concluding that damage could
be reduced through implementation of this process. Increased levels of infection and
reduced palm damage have been reported in a number of areas following regular re-
lease of virus including the Philippines (Alfiler 1992), Malaysia (Tuck 1996; Ramle
et al. 2005) and India (Babjan er al. 1995).

8.4.3 Assessment Methods

While introduction of the virus into a new outbreak area where the rhinoceros
beetle population is free of the disease is relatively simple to manage, ongoing
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management through repeated introductions will be more complex and depend on
some simple decision rules. The decision to re-release is generally made on the
basis of need — when beetle numbers seem to be on the rise. However, a rational
programme would be based on absence or low incidence of the virus from the bee-
tle population. Diagnosis of disease and determination of disease incidence is not
always simple. Several methods have been developed for diagnosis of Oryctes virus
and Zelazny (1978) reports on visual diagnosis, bioassay and gut content smear and
microscopic examination as alternative methods for assessment. He concluded that
direct visual diagnosis was the easiest method of diagnosis, but was dependent on
the experience of the observer. To develop a consistent method for monitoring the
virus, Richards et al. (1999) designed a PCR primer for the virus and a monitoring
system that has been tested in Malaysia and Samoa. While this method has proven
effective in monitoring virus spread (Ramle et al. 2005), sensitivity of PCR means
that care must be taken in sample collection and preparation to avoid cross contam-
ination and overestimation of disease.

8.5 Discussion

The introduction of Oryctes virus into the Pacific Islands has been a major success in
reducing extreme outbreak populations of rhinoceros beetle and resolving the crit-
ical problem of beetle damage to palms. The success of the virus can be attributed
to its biology and mode of pathogenicity. As observed by Huger (1972) infected
beetles act as “virus reservoirs” releasing large quantities of virus into the beetle
habitat. Beetles aggregate at feeding and breeding sites, behaviour encouraged by
the male attractant pheromone (Hallett ef al. 1995). Not surprisingly, mature beetles
caught in traps show very high levels of infection as the aggregation behaviour of
the insects ensures cross contamination. Levels of infection are higher among ma-
ture beetles than neonates or larvae (Ramle ez al. 2005) suggesting that the virus is
predominantly horizontally transmitted between the adults. The virus is successful
in protecting the palms by bringing about cessation of feeding and a reduction in
egg laying rate by females, leading to reduced damage and population decline. The
pathobiology of Oryctes virus also reveals its weakness as a plant protection agent
and suggests that with a high density of emergent adults, the reduced level feeding
will not be sufficient to prevent palm damage, especially to young establishing trees.
Damage, even in the presence of virus in the population, can be observed where
there is a high density of organic matter for beetle breeding such as after old palm
clearing for replanting, hurricane damage or in the areas near to sawmills.

Release of virus into fresh healthy outbreak populations will remain an essential
tool in rhinoceros beetle management but the question remains whether the sys-
tem could be improved (Jackson et al. 2005). Crawford & Zelazny (1990) showed
that the virus evolved rapidly after release in the Maldives and data have been
collected from Malaysia (Ramle et al. 2005) suggesting that some of the natural
isolates are only weakly virulent. Success of reintroduction programmes in Samoa
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and the Philippines suggests that there may be a benefit from release of highly vir-
ulent strains even where the virus is already established. Zelazny (1973b) showed
that highly virulent strains can cause cessation of feeding within a few days with a
consequent reduction in damage and fecundity in the population. Virus delivery can
also be improved by development of stable formulations that could be combined
with attractants for a lure-and-infect strategy. A combination of new strains and
new delivery systems could enhance the performance of Oryctes virus and provide
an excellent new technology for coconut palm protection in the Pacific.

Acknowledgments My thanks to scientists who worked on the discovery and implementation
phase of the Oryctes virus programme for their thorough reports, especially Dr Alois Huger for
his enthusiastic insights and stimulating discussions on the history of the programme. I would also
like to acknowledge the researchers and field workers in the Pacific and Asia for their efforts that
have contributed to the continued use of Oryctes virus for protection of the “tree of life”.

References

Alfiler ARR (1992) Current status of the use of a baculovirus in Oryctes rhinoceros control in
the Philippines. In: Jackson TA, Glare TR (eds) Use of pathogens in scarab pest management.
Intercept, Andover, pp 261-267

Barlow ND (1999) Models in biological control: a field guide. In: Hawkins BA, Cornell HV
(eds) Theoretical approaches to biological control. Cambridge University Press, Cambridge,
pp 43-70

Babjan B, Sudha Devi K, Dangar TK, Sathiamma B (1995) Biological suppression of Oryctes
rhinoceros by re- release of Baculovirus oryctes in an infected contiguous area. J Plantation
Crops 23:62-63

Bedford GO (1976) Use of a virus against the coconut palm rhinoceros beetle in Fiji. Pest Articles
News Summ (PANS) 22:11-25

Bedford GO (1980) Biology, ecology and control of palm rhinoceros beetles. Annu Rev Entomol
25:309-339

Bedford GO (1981) Control of rhinoceros beetles by baculovirus. In: Burges HD (ed) Micro-
bial control of pests and plant diseases, 1970-1980. Academic Press, London, New York,
pp 409-426

Catley A (1969) The coconut rhinoceros beetle Oryctes rhinoceros (L.). Pest Articles News Summ
(PANS) 15:18-30.

Crawford AM, Zelazny B (1990) Evolution of Oryctes baculovirus: rate and types of genomic
change. Virology (New York) 174:294-298

Gressit JL (1953) The coconut rhinoceros beetle (Oryctes rhinoceros) with particular reference to
the Palau Islands. Bulletin Bernice P. Bishop Museum, No 212, 157 pp

Hajek AE, McManus ML, Delalibera Junior I (2005) Catalogue of introductions of pathogens and
nematodes for classical biological control of insects and mites. USDA For Serv FHTET-2005-
05.59 pp

Hallett RH, Perez AL, Gries G, Gries R, Pierce HD Jr, Yue J-M, Oehlschlager AC, Gonzalez LM,
Borden JH (1995) Aggregation pheromone on coconut rhinoceros beetle, Oryctes rhinoceros
(L.) (Coleoptera: Scarabaeidae). ] Chem Ecol 21:1549-1570

Hochberg ME, Waage JK (1991) A model for the control of Oryctes rhinoceros (Coleoptera:
Scarabaeidae) by means of pathogens. J Appl Ecol 28:514-531

Huger AM (1966) A virus disease of the Indian rhinoceros beetle, Oryctes rhinoceros (Linnaeus),
caused by a new type of insect virus, Rhabdionvirus oryctes gen. n., sp. n. J Invertebr Pathol
8:38-51



140 T.A. Jackson

Huger AM (1972) Grundlagen zur biologischen Bekdmpfung des Indischen Nashornkifers,
Oryctes rhinoceros (L.), mit Rhabdionvirus oryctes: Histopathologie der Virose bei Kéfern.
Z Angew Entomol 72:309-319

Huger AM (2005) The Oryctes virus: Its detection, identification, and implementation in biological
control of the coconut palm rhinoceros beetle, Oryctes rhinoceros (Coleoptera: Scarabaeidae).
J Invertebr Pathol 89:75-84

Huger AM, Krieg A (1991) Baculoviridae. Nonoccluded baculoviruses. In: Adams JR, Bonami JR
(eds) Atlas of invertebrate viruses. CRC Press, Boca Raton. pp 287-319

Jackson TA, Crawford AM, Glare TR (2005) Oryctes virus — time for a new look at a useful
biocontrol agent. J Invertebr Pathol 89:91-94

Maddison PA, Beroza M, McGovern TP (1973) Ethyl-chrysanthemumate as an attractant for the
coconut rhinoceros beetle. J Econ Entomol 66:591-592

Marschall KJ (1970) Introduction of a new virus disease of the coconut rhinoceros beetle in
Western Samoa. Nature 225:228

Marschall KJ, Ioane I (1982) The effect of re-release of Oryctes rhinoceros baculovirus in the
biological control of rhinoceros beetles in Western Samoa. J Invertebr Pathol 39:267-276

Ramle M, Wahid MB, Norman K, Glare TR, Jackson TA (2005) The incidence and use of Oryctes
virus for control of rhinoceros beetle in oil palm plantations in Malaysia. J Invertebr Pathol
89:85-90

Richards NK, Glare TR, Aloali’i I, Jackson TA (1999) Primers for the detection of Oryctes virus.
Molec Ecol 8:1552-1553

Tuck HC (1996) The integrated management of Oryctes rhinoceros (L.) populations in the zero
burning environment. Proc 1996 PORIM Internatl Palm Oil Congress. pp 336-368

Wang Y, van Oers MM, Crawford AM, Vlak JM, Jehle JA (2007) Genomic analysis of Oryctes
rhinoceros virus reveals genetic relatedness to Heliothis zea virus 1. Arch Virol 152:519-531

Waterhouse DF, Norris KR (1987) Oryctes rhinoceros (Linnaeus). In: Biological control; Pacific
prospects. CSIRO, Canberra, Australia. pp 101-117

Young EC (1974) The epizootiology of two pathogens of the coconut palm rhinoceros beetle.
J Invertebr Pathol 24:82-92

Young EC (1986) The rhinoceros beetle research project: History and review of the research pro-
gramme. Agric Ecosys Environ 15:149-166

Zelazny B (1973a) Studies on Rhabdionvirus oryctes. 11. Effect on adults of Oryctes rhinoceros.
J Invertebr Pathol 22:122-126

Zelazny B (1973b) Studies on Rhabdionvirus oryctes. 1l1. Incidence of the Oryctes rhinoceros
population in Western Samoa. J Invertebr Pathol 22:359-363

Zelazny B (1978) Methods of inoculating and diagnosing the baculovirus disease of Oryctes
rhinoceros. FAO Plant Prot Bull 26:163-168



