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Technical issues?
• Audio

• Click “Join Audio” and check the volume
• Click the speaker icon 
       (if using a mobile phone) and make sure it is on
• Check connection to speaker 
       (if using a desktop/laptop)

• Try logging off and on
• Send a message to us in the chat box

“Join Audio”

The session will be recorded.                                                                                                
A copy will be shared 1 week after this session.



A recording of the webinar will be made and be distributed 
1 week after this session 1. Use the Q&A box to ask 

questions to the speakers

2. Use Chat to make a comment 
to everyone (e.g. thank a 

speaker, share a link, highlight 
an important point) 

3. Use Reactions if you want 
to share a reaction quickly – 
thumbs up, congratulations, 

etc.

4. Use Raise Hand if you 
would like to talk – please be 

short (no more than 1 minute)
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Pacific Conference
“Minimising the economic impact of the Coconut 
Rhinoceros Beetle and other major pests of coconut 
through innovative and participatory research 
outreach actions.”

Second notice and call for abstracts
Towards an action plan to minimise the impacts of Coconut 
Rhinoceros Beetle and other major insect pests of coconut in 
the Pacific Islands:
Global status, genetics, distribution and control.
Deadline: 31st May 2024
See https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-

abstracts-towards-an-action-plan-to

https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-abstracts-towards-an-action-plan-to
https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-abstracts-towards-an-action-plan-to


Red Palm Weevil
Video Series

Identification, Biology, Damage,
Control Measures + Research
Completed soon



Agenda

7

Time 
(SGT) Agenda Speaker

11:00 Welcome & Remarks ASEAN Action Plan
SPC

11:05 Poll

11:10 Introduction

11:15 Speaker 1:
The invasive Red Palm 
Weevil (Rhynchophorus 
ferrugineus) in Malaysia

Dr Wahizatul Afzan 
Azmi Universiti 
Malaysia 
Terengganu, 
Malaysia

11:30 Q & A Session

11:40 Speaker 2:
The invasion of Black 
Headed Caterpillar 
(Opisina arenosella) into 
Vietnam

Dr Le Khac Hoang, 
Nong Lam 
University, Vietnam 
& Dr Dang Hoa 
Tran, Hue 
University, Vietnam 

11:55 Q & A Session

Time
(SGT) Agenda Speaker

12:05 Speaker 3: The Pacific 
response to the Coconut 
Rhinoceros Beetle (CRB)

Dr Mark Ero, 
Pacific 
Community 
(SPC)

12:20 Q & A Session

12:30 Speaker 4: Coconut pest 
management options 
through the lens of genomics 
- case study of CRB-G

Dr Wee Tek Tay, 
CSIRO, Australia

12:45 Q & A Session

12:55 Closing & 
Feedback Poll

13:00 End



Poll
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Q1: What best describes your current 
role?

Q2: What palm pest do you know the 
most about?

know the audience

• Coconut Rhinoceros Beetle (CRB)
• Black Headed Caterpillar
• Red Palm Weevil
• Other (specify in chat)
• I don’t really know much about palm pests

• Farmer/Agricultural Worker
• Researcher – Entomologist
• Researcher - Other
• Government/Policy 
• Private sector
• Agricultural extension worker 

(working directly with farmers)
• Student
• Other (feel free to tell us in the chat 

box)



Introduction
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▪ An introduction to some key coconut pests in the wider region

▪ A chance to share work and strategies across Southeast Asia and 
the Pacific for prevention, preparedness and sustainable control.

▪ An opportunity to learn about new research and management 
strategies and meet new people working in this area

▪ Potential to identify new collaborations or understand new ways 
of thinking. 



Tools and support
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www.coconutpests.org

Creating a Robotic Solution for Coconut White Fly Control

PEST INFESTATION IDENTIFICATION IN COCONUT TREES 
USING DEEP LEARNING



The Invasive Red Palm Weevil (RPW), 
Rhynchophorus ferrugineus in Malaysia

Dr. Wahizatul Afzan Azmi
Senior Lecturer (Entomology)



Outline

1. Introduction to Red Palm Weevil (RPW)

2. Current status of attack in Malaysia

3. How RPW kill the coconut palm?

4. Current management control of RPW 

5. Current research activity at UMT

6. Conclusion & potential future research 



Introduction

▪  Red Palm Weevil (RPW), Rhynchophorus 
ferrugineus (Coleoptera: Dryopthoridae) 

▪ Serious pest for major cultivated palms             
(coconut palm, date palm and oil palm).

▪ Pest to 29 different palm species (Malumphy & 
Moran, 2009)

▪ Infestation of RPW cannot be detected in the 
early stage.

▪ Larvae are concealed, only adults are exposed.

▪ A threat to Malaysia’s coconut and oil palm 
industry.

Adult of RPW

Larvae of RPW



• Taxonomic Position

     Class: Insecta, Order: Coleoptera, 

     Family: Curculionidae, 

     Species: Rhynchophorus ferrugineus Oliver 

• Common Names

     Red Palm Weevil (RPW), Asiatic Palm Weevil, Coconut 
Weevil, Red Stripe Weevil

• Reason for Inclusion

     A2 list of EPPO (European and Mediterranean Plant 
Protection Organization) as a serious pest (EPPO, 2007).

• Pest Importance

     - Coconut palm: India, Sri Lanka, Indonesia, Burma, 
Punjab, Pakistan (Nirula, 1956; Menon &  Pandalai,  
1960; Kaakeh et al., 2000)

     - Oil palm: India (Misra, 1998)

     - Date palm: Middle East (EPPO, 2008)

 



Host Plants

Pest of more than 29 palm species belonging to 16 different genera 
(EPPO, 2007; Wahizatul et al., 2017). 



Cultivation of coconut & 
date palm

• Coconut cultivated in 92 countries (26 
million ha)

• Indonesia, Philippines, India, Sri Lanka

• > 14 countries infested with RPW (15%)

• Date palm grown in 30 countries (12 
million ha)

• Saudi Arabia, Egypt, Iran

• > 15 countries infested with RPW (50%)



Source: Giblin-Davies, 2010



There are 10 species under genus Rhynchophorus:

1. R. bilineatus
2. R. depressus
3. R. palmarum
4. R. niger
5. R.  phoenicis
6. R. signaticollis
7. R. cycadis
8. R. asperulus
9. R. ferrugineus
10. R. vulneratus  synonym  R. schach

In Malaysia,  2 species of Rhynchophorus could be found:
• Rhynchophorus vulneratus (Red Stripe Weevil)
• Rhynchophorus ferrugineus (Red Palm Weevil)

 

(A)  Rhynchophorus vulneratus (Red Stripe Weevil)
(B)  Rhynchophorus ferrugineus (Red Palm Weevil)



Current Status of RPW Attack in 
Malaysia

 RPW was reported in the east coast of Peninsular 
Malaysia in the early 2007.

 In July 2011, an intensive survey on the RPW 
infestation sites revealed that RPW had infested 
in 858 locations in over 800 ha of coconut 
plantations, villages and in FELDA plantations of 
Terengganu (Wahizatul et al., 2013).

 In 2020, the RPW has been reported in most 
states of Peninsular Malaysia (Dept. of 
Agriculture, 2020) – now causing severe damage 
to coconut palms. 



Distributions of RPW in Terengganu, 
Malaysia. Purple dots indicate the RPW-

infested areas (DOA, 2007)

Distribution of RPW in Terengganu (2007)

Common cultivars of coconut palms attacked by RPW:  

Besut

Hulu 
Terengganu

Kemaman

Kuala 
Terengganu

Malayan Tall

Aromatic Dwarf 
(Pandan)

MAWA

MATAG



R. ferrugineus 

R. vulneratus

Map of Terengganu

Sources : Department of Agriculture, Jabatan 
Pertanian Negeri Terengganu (2011)

Current Status of Attack in Terengganu 
(2011)



2020: RPW has been reported in most  states of 
Peninsular Malaysia Source: JK Teknikal RPW, Jab. Pertanian Malaysia 

(2020)

Current Status of Attack in Malaysia (2020)



Female adult of RPW 

Infested palmsWounded tissue of palms

Infested palms died

How did RPW kill the coconut palm?

Symptom of umbrella-
shaped/skirting-shaped leaves



Some variations in adult sizes, colours, number, shape and distribution of pronotal markings 
on the reddish-brown of R. ferrugineus collected in Terengganu. 



Different Colours of Elytra Surface &
Different Hind Wing Venations and Patterns



RPW damage to coconut palms

Location: Rhu Tapai & Merang, 
Terengganu
Photo taken by: Yeung, A.W.S, Abdul 
Rahman, A.R.



RPW damage to coconut palms



RPW damage to 
coconut palms

Various stages co-exist in the 
same host



In 2016, the RPW has been reported in five states – Perlis, 
Kedah, Pulau Pinang, Terengganu and Kelantan. 
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The symptoms of RPW attack......



The symptoms of RPW attack.....cont....



HOW ABOUT OIL PALM INDUSTRY ???



Cultural

Physical - Mechanical

Biological

Chemica

Increasing

Preventive

Curative Toxicity

✓ Topical treatment (small trees);

✓ Stem injection/ soil drenching (tall trees)

e.g. diazinon, carbaryl, nurelle, monocrotophos

✓ Nematode

✓ Entomopathogenic fungus (EPF)

✓ Mites

✓ Mass trapping  

(Pheromone: ferrugion,  

ferrolure of tripheron)

Source: Adopted from FAO-CIHEAM, 2017

✓ Clean cultivation

✓ Sanitation

➢ Harmful effectson  
the ecosystem &  
environment

➢ High degreeofspecificity
➢ Environmentalfriendly

➢ Current practiceused
➢ Practical

➢ Labourintensive
➢ Costly

Current Management Control of RPW



Current Research 
Activity at UMT



SEM images: Cheong J.L., 2018

2. Penetration of hyphae  
across insect cuticle  
and toxin production

1. Adsorption of
conidia

3. Proliferation; fungal 
hyphal  growth within 
the  abdominal region

The Infection Process



Exploring Bioformulation: Emulsion formulation

Appropriate formulations can improves the performance of Metarhizium  anisopliae 

(Isolate MetGra-4) spores under unfavourable environmental  conditions,

✓ increase persistency

✓ enhances infectivity

as compared to conventional water-based formulations

Aqueous phase

• surfactants

• glycerin

• conidia

• water

Oil phase

Homogenize the aqueous phase  

with oil phase at high speed

Emulsion



  

   

Growing 
Metarhizium 

A

B

Infected RPW 
after 14 days 
exposure , 
Dorsal View 
(A),Lateral 
View (B). 

Infected RPW after 
7 days exposure, 
Dorsal view (C), 
Lateral view (D).

Growing 
Hyphae

D

C

The pathogenicity test showed that the concentration of 10^7 spores per mL of Met-
Gra4 may killed 100% of the adult RPW between 12-14 days after treatment. 

Formulated conidia disperse better than that of the aqueous suspension with a 
surfactant, ensuring a  higher chance of conidia adhering onto insect host, leading to 

more balanced and repeatable application,  which explains the disease spreading 
ability of formulated conidia.



Confirmation of Met-Gra4 infection

Cadavers of infected RPW treated with, (A
and C) conidia-loaded emulsion F25, (B) dry
conidia suspension.

PCR product for fungal isolate. M = 1 kb DNA ladder;

-ve = PCR non-template control;

+ve = DNA extracted from M. anisopliae pure culture;

A = fungal DNA extracted from RPW treated with
conidia suspension (1×107 conidia ml-1);

B = fungal DNA extracted from RPW treated with
conidia-loaded emulsion F25.

• 99.64 – 100 %

homolog to M.  

anisopliae with an  

expected value (E)  

of zero.

• The actual infection  

has confirmed, and  

caused by M.  

anisopliae, not by  

other fungi.



• Making innovations in device 
development to detect the pest early.

• Developing novel and effective methods 
for the delivery of chemicals.

• More emphasis on improving the 
trapping systems.

• Advances in chemical ecology of the 
insect pest.

• Several bio-control agents have been 
evaluated over the past and ways 
should be found to find formulations 
and dispensing methods.

• Innovation in the research, 
development, refinement and 
validation.

• For the sustainability of the RPW 
management more efforts are required 
to develop eco-friendly strategies.

Conclusion & Potential 
Future Research





COCONUT PEST AND DISEASES
(Pacific-Southeast Asia)

The invasion of Black Headed Caterpillar 
(Opisina arenosella) into Vietnam

and its bio-controls

Ho Chi Minh City, April 2024

Le Khac Hoang, PhD

Head of Plant Protection Dept., 

Faculty of Agronomy, Nong Lam University

and

Prof. Tran Dang Hoa

Hue University, Vietnam
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1. Introduction
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Fig 1. The invasion of the BHC in the World (CABI, 2022)

2020 2022

• Damaged in India, Sri Lanka  
around 42,82% (1980-1990), and 
reinfected in 2010 – 2017 at 
62,86% (Rao et al., 2018)

• In Myanma, Bangladesh damaged 
approximately  83% (Cock and 
Perera, 1987)

• Recently, in Thailand 45% of 
coconut yield (Namphueng et al., 
2018)

• Damage up to 100% incase 
uncontrolled (Seni, 2019)

Fig 2. Damage symptom of the BHC



2. The invasion of the BHC in Mekong Delta
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The occurrence and symptoms of the BHC

Fig 3. Symptoms of the BHC damage on 

coconut trees

• First found in Phu Long commune,  Binh Dai district, Ben Tre province, 
Viet Nam on 17th July 2020 

• Damage leaflets, and coconut fruit.

Fig 4. Symptoms of the BHC damage 

on coconut fruit and leaflets



2. The invasion of the BHC in Mekong Delta (Cont.)
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Morphological characteristics of the BHC

Fig 6. Larval of  the BHC

A – F: 1 – 6 instars larval

A B C

CB

ED F

A

A B C

Fig 7. Pupal of the BHC

A: 1 day-old ; B: 2 – 4 1 day-olds;

C: 5 - 8 day-olds

Fig 8. Adults of the BHC

A. B: Male   C,D: Female

Fig 5. Eggs of  the BCH

A: 1 day-old;   B: 3 -5 day-olds;  C: 6 – 8 day-olds



2. The invasion of the BHC in Mekong Delta (Cont.)
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The spreads of the BHC in the Mekong Delta

Fig 9. The invasion of the BHC 

in the Mekong Delta
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Fig 10. Coconut area were infected by the BHC 

in the Mekong Delta region from 01/2022 to 
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Fig 12. BHC invasion in the South-central coast in 2023- 2024

Vietnam

2. The invasion of the BHC in Mekong Delta (Cont.)

NONG LAM UNIVERSITY – HO CHI MINH CITY 48

The spreads of the BHC in the South central coast

03 ha

54 ha

South central coast region Vietnam

Paracel Islands

Spratly Islands

09 ha



2. The invasion of the BHC in Mekong Delta (Cont.)
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The spreads of the BHC in the South-Central coast

Fig 11. BHC damage on coconut in South central coast region Vietnam



3. Biological control of the BHC
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The natural enemies of the BHC in Ben Tre province
Table 2. Natural enemies of the Black Headed Caterpillar in Ben Tre

Scientific name Order: Family Stages
Occurrence 

frequency

Parasitic wasps

Bracon hebetor Hymenoptera: Braconidae Larvae +

Bracon sp. Hymenoptera: Braconidae Larvae -

Antrocephalus sp. Hymenoptera: Chalcididae Pupae -

Brachymeria euploeae Hymenoptera: Chalcididae Pupae ++

Brachymeria kamijoi Hymenoptera: Chalcididae Pupae ++

Xanthopimpla punctata Hymenoptera: Ichneumonidae Pupae +

Xanthopimpla nana Hymenoptera: Ichneumonidae Pupae -

Trichospilus pupivorus Hymenoptera: Eulophidae Pupae +

Predators

Chelisoches sp. Dermaptera: Chelisochidae
Larvae and 

Pupae
++

Oecophylla smaragdina Hymenoptera: Formicidae
Larvae and 

Pupae
-

-: Occurrence frequency < 5%; +: Occurrence frequency = 5 - 25%; ++: Occurrence frequency

= 25 - 50%; +++: Occurrence frequency = 50 - 75%; ++++: Occurrence frequency > 75%.
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The natural enemies of the BHC in Ben Tre province (Cont.)

A B

C D E

Figure 13. Morphological characteristics of some adults natural enemies the BHC

in Ben Tre

A: B. euploeae;     B: B. kamijoi;    C: T. pupivorus;

D: B. hebetor;   E: Chelisoches sp.

3. Biological control of the BHC (Cont.)
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3. Biological control of the BHC (Cont.)

Fig 14. Guiding the technician and farmer to rear the natural enemies of BHC
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3. Biological control of the BHC (Cont.)

Fig 15. Guiding the technician and farmer to release the natural enemies of BHC
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Accessing the effectiveness of natural enemies  in 
controlling the BHC

3. Biological control of the BHC (Cont.)
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Biological control of the BHC on coconut field by 
using the parasitic wasp T. pupivorus.

3. Biological control of the BHC (Cont.)

C

A B

D

Fig 16. Morphological of T. pupivorus

A: egg;  B: Larval;  E: Pupal;  F: Adult

6 –  7 days
1 – 2 days

Adult

Pupal

Larval

Egg

1 – 2 days6 days

Fig 17. Life cycle of T. pupivorus

13-15 days
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3. Biological control of the BHC (Cont.)

1 - 2 days

12 - 14 days

Fig 18. Rearing  and releasing T.pupivorus

Release

Biological control of the BHC on coconut field by 
using the parasitic wasp T. pupivorus (Cont.)
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3. Biological control of the BHC (Cont.)
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Figure 19. The effectiveness of T. pupivorus in controlling 

the BHC

• Released 5000 
wasps/1000 m2 
coconut farm

• Effectiveness was 
62.09% after 120 
days of released); 
Remadevi et al. 
(1980) in India, which 
was about 31.82%.   

Biological control of the BHC on coconut trees by 
using the parasitic wasp T. pupivorus (Cont.)
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• Conclusion

➢ The basic research on controlling the Black Headed 

Caterpillar has been carried out and has achieved some 

significant achievements

➢ NEs show a great potential as a biological control agent 

• Suggestion

➢ Continuing research on the biology of BHC and it’s natural 

enemies 

➢ Research to improve NEs rearing by alternative hosts 

4. Conclusion and suggestions 



NONG LAM UNIVERSITY – HO CHI MINH CITY 59

Thank for your attention!



Coconut Rhinoceros Beetle (CRB), 
Oryctes rhinoceros L. establishment 
and management in the Pacific Region

Mark Ero

PARC Project, LRD, SPC



CRB life cycle

Responsible for 
palm damage

Natural 
decomposers

CRB Life 
Cycle



• There are two haplotype:

• CRB-G (resistant to Oryctes Nudi Virus- OrNV, used as classical biocontrol agent)

• CRB-S (Susceptible to Oryctes Nudi Virus- OrNV)

• Both are morphologically the same, can only be set apart through molecular 
analysis

• CRB-G more destructive than CRB-S but the later can become a major issue if 
escapes the virus and establishes in a new location.

Haplotypes



Spread of CRB in the Pacific region

Without CRB (36%) With CRB (68%)

Cook Islands CNMI (CRB-G)

Kiribati Vanuatu (both)

Tuvalu New Caledonia (CRB-G)

Nauru Guam (CRB-G)

Niue Solomon Islands (both)

French Polynesia PNG (both)

FSM Palau (both)

Pitcairn Islands Fiji (CRB-S)

Tonga (CRB-S)

Samoa (CRB-S)

American Samoa (CRB-S)

Wallis and Futuna (CRB-S)

Tokelau (CRB-S)

Hawaii (CRB-G)

RMI (CRB-G)



Key pests of coconut and oil 
palm but can also attack 
other ornamental palms and 
food crops.

Coconut crop for the region 
(income, food security, 
coastal landscapes, building 
materials, household items)

Oil palm is an important 
cash crop for PNG & 
Solomon Islands

Crops reported attacking



Symptoms CRB damage in coconut

Wedging of leaflets Frond collapse Bore hole frass Frond base bore hole Palm trunk bore hole Dead palms



Examples of severe damage caused by CRB 

Can lead to the collapse of the coconut industry



Management options 
applied (IPM)

IPM options include:

Sanitation

Pheromone trapping

Metarhizium application

Awareness



Vanuatu 
results



• Ministerial order (night 
travel restriction)

• MOA with the Office of 
Maritime Regulator (OMR)

• SOP (guide operation)

•  Operation ongoing

Vanuatu vessel inspection program



Vanuatu vessel inspection program

• 47 domestic vessels inspected 

• 20 CRB (7 males & 13 females) intercepted and destroyed

• Numerous potted plants confiscated

• Main coconut-producing islands (Santo & Malekula) remain free of 
CRB



Cash for beetle initiative

Months Adults Pupae Larvae Amount (VT)

May 1,827 2 6,379 218,800vt

June 2,658 0 7,764 318,900vt

July 22 0 54 2,700vt

August 404 0 600 40,100vt

Total 4,911 2 14,797 580,500vt

Ca USD5,000.00
Overall total = 19,710



• Virus (Oryctes NudiVirus) screening work for CRB-G under way led by our 
collaborating partner AgResearch, NZ.

• Insecticide treatment can be considered where required (targeted trunk 
injection (TTI) on mature palms using systemic insecticides and contact 
insecticide application on young palms but need to be closely 
monitored). 

Other management options



Still early days but signs of palm recovery noticed in some areas



• COVID 19 travel restrictions and lockdowns (major)

• Natural disasters (e.g cyclones, earthquakes, volcanoes)

• Opposition to biosecurity enforcement programmes (e.g vessel 
operators in Vanuatu)

• Vandalism/stolen of management materials.

Key challenges



Conclusion

• Sanitation critical element of management to reduce population 
pressure.

• Consistency in pheromone trap and ABS checks critical.

• Internal quarantine critical for prevention of further inter-island 
spread



Thanks



Australia’s National Science Agency

Coconut pest management options through the lens of genomics - 
case study of CRB-G

Coconut Pests and Diseases Webinar Series Part I: Introduction to key palm pests 
with a case study on the Coconut Rhinoceros Beetle
ASEAN FAW Action Plan – SPC – PPPO | 02 April 2024

Wee Tek Tay  |  CSIRO Health & Biosecurity | Pest Genomics 



• Unique mtCOI identified from Guam CRB (CRB-G)
• OrNV resistant

Current CRB Distribution

• CRB-G COI signature also detected in Hawaii, PNG,
    Indonesia, Palau, Philippines, Solomon Islands

676bp mtCOI

COCONUT PESTS AND DISEASES WEBINAR SERIES - CASE STUDY OF CRB-G  |  W. T. Tay  |  Page 78



From Little Things Big Things Grow: ‘CRB-G’ captivated our imagination
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Key transboundary plant pests of Coconut [Cocos nucifera] in the 

Pacific Island Countries – a biosecurity perspective 
 

Datt N1, Gosai RC1, Ravuiwasa K2 and Timote V3 

 
1Biosecurity Authority of Fiji, Suva, Fiji 
2Fiji National University, Nausori, Fiji 
3Pacific Community, Suva, Fiji 

 

Datt N, Gosai RC, Ravuiwasa K, Timote V 2020 – Key transboundary plant pests of Coconut 

[Cocos nucifera] in the Pacific Island Countries – a biosecurity perspective. Plant Pathology & 

Quarantine 10(1), 152–171, Doi 10.5943/ppq/10/1/17 

 

Abstract 

The movement of plant pests and diseases from one continent or country to another by-

passing physical boundary is as ancient a menace as the drift of people themselves. Many of these 

species pose a direct threat to food security with progressive socio-economic perils affecting the 

livelihoods of people. The National Plant Protection Organisation of a country is vested with 

legislative powers to prevent the incursion of such species through the implementation of proactive 

measures such as risk assessments, monitoring, surveillance and controlling human-aided 

pathways. The unfortunate event of an unwanted incursion brings with it challenges of early 

detection and immediate implementation of eradication measures which are further compounded by 

capability gaps and funding constraints. The success of eradication is more than often determined 

by quick execution of appropriate emergency response measures and flexibility to scale operations 

when needed. Even with extensive and exhaustive eradication efforts applied, many-a-times the 

National Plant Protection Organizations face unfavourable results. Coconut is an extremely 

important subsistence as well as an economic plant for almost all island nations in the Pacific. In 

this view, existing transboundary pests of coconut in the Pacific Islands basin, namely Coconut 

Rhinoceros Beetle-Guam biotype, Coconut Lethal Yellowing phytoplasma and the Coconut 

Cadang-Cadang viroid pose more than a significant threat to countries free of these pests and which 

have put regional National Plant Protection Organizations on high alert. 

 

Key words – Cadang-cadang – Coconut Rhinoceros Beetle – Guam biotype – Lethal yellowing 

 

Introduction 

To correctly understand the concept of transboundary pests, a key distinction between 

standard yet easily inaccurately used terms must be made. The term “pest” has been defined in 

many contexts covering a spectrum of definitions from broader to confined perspectives. A simple 

online search is likely to yield the following: a pest is “any living stage of insects, mites, 

nematodes, slugs, snails, protozoa, bacteria, fungi, other invertebrate animals, parasitic plants, 

parasitic plant parts, viruses, any other similar organism, or any infectious substances that can 

injure, infect or damage any plants or plant products”. On the other hand, the International Plant 

Protection Convention (IPPC 2007) – International Standard for Phytosanitary Measures 5 (ISPM 

5) defines a pest as any species, strain or biotype of plant, animal or pathogenic agent injurious to 
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beetles subsequently spread more widely to India, Sri Lanka, Mauritius, Maldives, the Reunion 

Islands and the Arabian Peninsula (Goonewardene 1958, Waterhouse & Norris 1987). CRB is 

believed to have been introduced in rubber seedling pot plants from Ceylon (Sri Lanka) to the 

Pacific island of Upolu, Western Samoa in 1909 and then to have spread within the region through 

increased sea traffic during World War II (Nishida & Evenhuis 2000). First CRB infestation is 

noted for Wallis in 1931, Tonga in 1951, Fiji in 1953 and Tokelau in 1963. In 1942, the infestation 

was noted in New Britain island of Papua New Guinea and Palau, further spreading to New Ireland 

and Manus islands 7of Papua New Guinea in 1952 (Gressitt 1953, Lever 1979, Bedford 1974). 

As early as 2007, more severe infestations with very destructive effects on coconut palms was 

noted in Guam followed by Papua New Guinea in 2009, Hawaii in 2013, Palau in 2014 and the 

Solomon Islands in 2015 (Jackson & Marshall 2017, Tsatsia et al. 2018). This damage was 

identified to be caused by a more aggressive strain of the CRB named as “CRB – Guam biotype” or 

“CRB-G” for short. The earlier known mild strain was differentiated as the “CRB – Pacific 

biotype” or “CRB-P”. The new haplotype (or biotype) CRB-G was not detected until careful 

analysis and scrutiny of deoxyribonucleic acid (DNA) sequences from multiple samples (Marshall 

et al. 2016). 

 

 
 

Fig. 1 – Illustration of CRB distribution in the Pacific. The yellow spots indicate the distribution of 

the Pacific strain while the red spots indicate the presence of the Guam biotype. 

 

CRB-Guam biotype 

Marshall et al. 2016 in their study determined that the new, more destructive damage seen in 

Guam was the result of infestation by a slightly genetically distinctive beetle compared to CRB-P, 

but of the same species. Using a restriction enzyme analysis of 523 bp cytochrome C oxidase I 

(COI) gene fragments digested by the enzyme MseI with a four base pair recognition sequence of 

5’ – TTAA – 3’, it was detected that CRB-G has only six MseI sites compared to CRB-P which has 

seven in the same sequence length. This extra MseI enzyme site in CRB-P is located at base pair 

286. However, it is noteworthy that currently there is no correlation study to suggest that the lesser 

number of MseI enzyme sites has an influence on the aggressive nature of CRB-G and its resistance 

to Oryctes rhinoceros nudivirus (OrNV). 

1 Pacific Horticultural and Agricultural Market Access (PHAMA) Program  

Coconut Rhinoceros Beetle Report 

 

Pacific Horticultural and Agricultural Market Access (PHAMA) Program 

Department of Foreign Affairs and Trade 

 

  

TECHNICAL REPORT 

Coconut Rhinoceros Beetle 
Report (2 parts) 

#134 
 

CRB Action Group Meeting, Hyderabad, Nov 13 2019 

 

CRB – Review Hyderabad, 2019 

 

 

Present; Sean Marshall, Trevor Jackson, Aubrey Moore, Jim Gracela, Mark Ero, Chris Kitalong,  Mohd 

Mazmira, Geoff Bedford, Joseph Rajkumar and Indian colleagues 

 

1.  Role of the CRB Action Network. 

The CRB-G Action Group has been an informal group which last met at SIP 2018 in Brisbane.  Its role 

is to contain and control invasive CRB by building the knowledge base and engaging in effective 

collaborations to limit damage from the pest.   

 

CRB-G Action Group 

Objective – to contain and control CRB-G 

Commitment of members 

• To collaborate to achieve the objective of containment and control of CRB-G. 

• To provide information on plans and progress to the group on a regular basis   

• To participate in regular meetings and contribute to consensus report on progress. 

• To share data, distribute reports and publications 

• To participate in joint research and publications on an agreed basis. 

 

Members (Tentative list) to be confirmed Dec 2019 

AgResearch – Sean Marshall, Sarah Mansfield, Trevor Jackson 

UofGuam – Aubrey Moore, Jim Gracela 

PNG-OPRA – Mark Ero,  

Uni Palau – Chris Kitalong 

MPOB – Mohd Mazmira, Nur Ain Farah 
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BUYUNG HADI SELECTED AS IAPPS FAO REPRESENTATIVE 
 

The Executive Committee of the Governing Board of IAPPS is pleased to announce the 
appointment of Dr. Buyung Hadi as The Food and Agricultural Organization (FAO) 

Representative. Buyung, an IRRI entomologist, has been serving until very recently as IAPPS 
Region XI: South East Asia Coordinator (IAPPS Newsletter June 2019). He has been leader of the 

USAID/VA Tech IPM Innovation Lab project, “Development of Ecologically-based Participatory 
IPM Package for Rice in Cambodia (EPIC)” since 2016 and was recently appointed as Director of 
the IRRI Cambodia office with leadership for the “Sustainable Impact Platform Project”. In March, 

2020, Buyung was appointed as Agricultural Officer (IPM); AGPMC (Pest and Pesticide 
Management), Plant Production and Protection Division, Food and Agriculture Organization of 

the United Nations, Rome, Italy.  
 
Dr. Hadi is the first FAO Representative on the IAPPS Governing Board, a new position created 

by the IAPPS Executive Committee. IAPPS wishes to continue to avail of his global experience 
and pest management expertise in the delivery of crop protection technology to small-holder 

farmers via his role as FAO Agricultural Officer (IPM). Buyung’s role as IAPPS FAO 
Representative will be of mutual benefit to IAPPS and FAO as both organizations have similar 
objectives: that of promoting global food security via the development and transfer of sustainable 

pest management practices.  
 

On behalf of the IAPPS Executive Committee, Regional Coordinators and the global IAPPS 
membership I am pleased to welcome Dr. Buyung Hadi as the IAPPS FAO Representative. 
 

Prof. E. A. “Short” Heinrichs 
Secretary General, IAPPS 
E-mail: eheinrichs2@unl.edu   

 
 

 
IAPPS HELPS PREPARE COCONUT RHINOCEROS BEETLE 
EMERGENCY WORKERS FOR A POST COVID-19 WORLD 

 

The effects of COVID-19 are being felt as far away as the remote Pacific islands where 

governments have shut down travel and transport to prevent arrival of the virus.  Unfortunately, 
this is not the only problem the island states are facing.  Increasing storms and sea level rise, are a 

consequence of climate change. Invasive pests, like the coconut rhinoceros beetle (CRB) (Oryctes 
rhinoceros), are highly damaging on vulnerable islands.    

Guam
(2007)

Hawaii (~2013)

Sol Is.
(~2014)Palau (Year: ?)

PNG (~2009)

Rota
(~2015)

and many more …

Detection & Spread



Structure analysis: 7,907SNPs

    |  4465REIL Et  a L.

the disparity observed between f a st st r u c t u r e and st r u c t u r e assign-

ments for this region.

r a x ml  analyses yielded a variable set of unrooted phylogenies, de-

pending	on	the	data	matrix	used	(summarized	in	Figure	4b).	Two	major	

clades are conserved across the tree set: Hainan and Thailand as sister 

groups,	with	American	Samoa	sister	to	them,	and	the	placement	of	

Guam	and	Oahu	as	sister	groups.	Taiwan	specimens	occupy	a	central	

branch	nearly	equidistant	from	these	two	clades.	Variation	between	

topologies was generally focused around the placement of the Palau 

populations. In IPY.sh4snp and STA.44 trees, the Palau populations are 

sister to each other, and this clade is placed sister to that of Hainan–

Thailand–American	Samoa.	In	the	STA.151 tree, Palau populations are 

split	such	that	Palau	S1	has	a	similar	node	position	as	in	the	44-	taxon	

trees,	but	Palau	S2	is	sister	to	Taiwan.	In	all	variations,	support	is	weak	

surrounding nodes which anchor Palau along the backbone topology.

Quartet analyses performed on the STA.44 and IPY.sh4snp data 

matrices produced unrooted trees with different topologies (sum-

marized	in	Figure	4b).	Branch	support	values	highlighted	regions	

of ambiguity in coalescent models between different genes. The 

STA.44 sv d q u a r t et s tree mirrored the maximum- likelihood trees for 

STA.44 and IPY.sh4snp, with poor support on branches around the 

Palau	split	(Branch	Support	<70).	On	the	IPY.sh4snp tree, Palau pop-

ulations	are	split:	Palau	S1	is	sister	to	the	Hainan–Thailand–American	

Samoa	clade	and	Palau	S2	is	sister	to	the	Guam-	Oahu	clade.	Taiwan	

sits between these groupings. The backbone of this tree was well 

supported	for	all	clades	(Branch	Support	>90),	in	contrast	to	the	

other phylogenies produced by this study which exhibited weak 

support	(Branch	Support	<90)	on	branches	associated	with	either	of	

Palau’s	two	populations	(Figure	4b).

3.3 | Demographic history

t r eemix	analysis	revealed	an	admixture	event	between	Palau	S1	and	

Palau	S2	that	improved	the	tree,	increasing	variance	explained	by	

the	model	by	8.97%	(Figure	5a,b).	Assuming	additional	admixture	

events beyond the first did not strengthen the model substantially 

(0.2%	improvement	or	less).	mo men t s software further reinforced a 

migration	pattern	from	Palau	S1	to	Palau	S2	(Figure	5c).	Effective	

F I G U R E  3  st r u c t u r e Plots describing cluster assignment made by st r u c t u r e and f a st st r u c t u r e for O. rhinoceros samples using the STA.151 
data set. Each bar represents a single sample. Cluster colours are preserved and used to define similar regional clusters across the figures in 
this	report.	At	K	=	2,	st r u c t u r e and f a st st r u c t u r e made identical assignments with extremely minor differences in admixture; therefore, K = 2 
for f a st st r u c t u r e was omitted. Range designations were made based on historical records of where the beetle natively occurs and where it is 
known to be invasive [Colour figure can be viewed at wileyonlinelibrary.com]
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Indonesia
PNG

Hawaii
Palau

Solomon Is
New Caledonia

C
R

B
-G

Solomon Is

Philippines
Guam

Palau
Solomon Is

Philippines

Genotyping by Sequencing (GBS; 1,138 SNPs & 6,561 SNPs)

Disagreement between 
OrNV & mtCOI G- /S- 

haplotypes

• Lacks appropriate sampling – missing Guam CRB
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Mitochondrial genome & the ‘barcoding’ gene

• 13 protein coding genes

• 22 tRNA genes

• 2   rRNA genes + control region
• ‘Barcoding’ mtCOI gene (~670bp)

~3% of mtDNA to differentiate 
between G- vs. S-haplotypes!

620-670 bp / 20,898 bp     0.03

• Inherited from mother

PCR
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• Inherited as a single genome

Assumption: If COI is identical, remaining genome regions also identical



Reassessment of native and invasive CRB phylogeography

• 13 mitogenome PCGs (11,113 bp) 

• Guam CRB signature not detected elsewhere 
   - COI ‘CRB-G’ (Philippines, Palau, PNG, Hawaii, Sol Is.)

   - New incursion in Guam detected

If CRB-G hasn’t spread, how to reconcile the widespread 
severe damage vs. OrNV control failures?

Present

Absent

Key

OrNV detection by PCR (945 bp)

42 Guam CRB: ~80% OrNV positive

Tay et al. (In prep.)

Assessment of Oryctes rhinoceros mitochondrial genomes changes the 
understanding of its invasion and status in the Pacific
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• Identify potential sources for new BCA’s

Tay et al. (In prep.)

Coconut rhinoceros beetle mitochondrial genomes assessment redefines 
understanding of its Pacific invasions

PNG / Solomon Islands

Marshall Islands / Solomon Islands / Hawaii
 / Japan / Palau / Rota / PNG / Guam

Malaysia

Malaysia / Singapore 
/ Thailand / China

Samoa / Fiji / 
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Sri Lanka

Taiwan

Thailand

China

Palau

Native population

Introduced population

Putative introduced population

Sri Lanka

Biosecurity
hot-spots

WGS: Biosecurity toolkit to identify ‘hot-spots’ 
& introduction pathways/invasion origins
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Management options



Marschall KJ (1970) 
Nature 225, 288-9

• Metarhizium anisopliae
       ~ 10-30% as effective as OrNV
       Synergistic effect with OrNV

• Differences in modes of dispersal 
& infection between EPF vs. OrNV

The case for Solomon Islands

1 Pacific Horticultural and Agricultural Market Access (PHAMA) Program  

Coconut Rhinoceros Beetle Report 

 

Pacific Horticultural and Agricultural Market Access (PHAMA) Program 

Department of Foreign Affairs and Trade 

 

  

TECHNICAL REPORT 

Coconut Rhinoceros Beetle 
Report (2 parts) 

#134 
 

“The plan switched to containment 
and population control”

• Import & bulking up of EPF
• Improve techniques of release
    - design of artificial breeding sites
    - different inoculation methods
    - minimise exposure to UV
    - etc.

“…  test a range of OrNV strains to 
hopefully identify one that is 
effective against CRB-G for manage 
release.”

“… confirmed it to be the ‘G’ (Guam) 
strain of CRB … cannot be control by 
the virus …”
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Historical vs. Current Approaches



OrNV Genome Comparisons

~94.5%

~99.6%

~99.5%

Others

Others

Indonesia

Indonesia

~94.5%

Hypervariable/intergenic 
excluded:

Only Nudiviridae core 
genes:

96.2%

98.1%

Indonesia OrNV: An alternative biocontrol agent?

Indonesia OrNV
~128,031bp

28 Nudiviridae 
core genes

IndonesiaSolomon Is.Assembly using:

Others
• Distinct variants!
• Distinct phenotypes?

Tay et al. (Unpublished Data)

COCONUT PESTS AND DISEASES WEBINAR SERIES - CASE STUDY OF CRB-G  |  W. T. Tay  |  Page 87



Emerging coconut pests (& 
diseases) for the Pacific …



mtCOI vs. Genomics: Global spread of FAW

Cyprus
Jan 2023

• Rapid spread (natural, unstoppable)
• single founder
• west-to-east

• Multidirectional (Human-assisted, stoppable)
• Multiple founder
• Multiple biosecurity hotspots
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The world was caught unprepared!



Red Palm Weevil (RPW) & other Palm weevil species complex

Tay et al. (In prep.)

Coconut rhinoceros beetle mitochondrial genomes assessment redefines 
understanding of its Pacific invasions
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Modified from Rugman-Jones (2013)

GBIF, Pestnet

31/3/2024, 10:17 amCoconut  red palm weevil (180)

Page 2 of  2ht tps://apps.lucidcentral.org/pppw_v12/text /web_full/ent it ies/coconut_red_palm_weevil_180.htm

Management

NATURAL ENEMIES

In the 1970s, Platymerus laevicollis (also known as the red-eyed assassin bug) was introduced into Sri Lanka from Samoa, but this

predatory bug is a generalist feeding on a wide range of other insects. It was hoped that it would control rhinoceros beetles (Oryctes

rhinoceros) in coconut plantations in Sri Lanka, but it was found to prefer the red palm weevil.

Nymphs and adult earwigs, Chelisoches moio, eat the eggs and larvae of the weevil.

CULTURAL CONTROL

Destroy any infested stems by cutting and burying them, and treat cuts and other types of wounds with an insecticide.

If leaves are removed from the palms during routine harvests (e.g., oil palm, date palm, sago palm) cut the leaves where the

leaflets start, to prevent the weevil from entering the stem.

CHEMICAL CONTROL

Pheromone lures are available, and are used in date plantations in the Middle East, and in coconuts in India. The aggregation

pheromone is marketed under the name Ferrolur and Ferrolure+. Commonly, bucket traps are baited with sugarcane.

A number of chemicals have been suggested as trunk injections, such as fipronil and imidacloprid, but these are unlikely to be

economic in coconut plantations. Note, there are also restrictions on the use of these insecticides in many countries.

____________________

When using a pesticide, always wear protective clothing and follow the instructions on the product label, such as dosage, timing of

application, and pre-harvest interval. Recommendat ions will vary with the crop and system of  cult ivat ion. Expert  advice on the

most  appropriate pest icides t o use should always be sought  f rom local agricult ural authorit ies.

AUTHOR Grahame Jackson

Informat ion f rom Rhode BE, Crosby T (2012) Red Palm Weevil (Rhynchophorus ferrugineus): PaDIL -  ht tp://www.padil.gov.au; and McCaffrey, S, Walker K (2012) Red palm weevil (Rhynchophorus ferrugineus): PaDIL -

ht tp://www.padil.gov.au; and Rhynchophorus ferrugineus (red palm weevil) (2020) Cr op Protect ion Compendium. (ht tps://www.cabi.org/cpc/datasheet/47472); and from Malumphy C, Moran H (2017) Red palm weevil

Rhynchophorus ferrugineus. Plant Pest Factsheet. Department for Environment, Food & Rural Affairs. (ht tps://planthealthportal.def ra.gov.uk/assets/factsheets/Rhynchophorus- ferrugineus- Def ra- PP- Factsheet- Oct- 2016-

FINAL4.pdf ). Photo 1 John Kabashima, UC Coop erat ive Extension, Bugwood.org. Photos 2&3 Christ ina Hoddle, University of  Calif ornia -  Riverside, Bugwood.org. Photo 4  Küchenkraut Rhynchophorus ferrugineus (2021)

Wikipedia. (ht tps://en.wikipedia.org/wiki/Rhynchophorus_ferrugineus/).

Produced with suppor t  f rom the Australian Centre for Internat ional Agricultural Research under project  PC/2010/090: Strengthening int egrated crop management r esearch in the Pacif ic Islands in suppor t  of  sustainable

intensif icat ion of  high- value crop product ion, implement ed by the University of  Queensland and the Sec retariat  of  the Pacif ic  Community.

Copyright ©  2023. All rights reserved.

Web edition hosted at https://apps.lucidcentral.org/pppw
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RPW & threats to coconut palms in Asia-Pacific
    Time for a genomics approach?

• Which species, how far have they spread?

• Pathway analysis (genomics)

• BCA options – time to build up our ‘biosecurity preparedness tool-kit’?



Burma (see Ghosh C.C. (1924) Oryctes rhinoceros and other important palm pests in Burma. - pp. 99-103 in Report of the Proceedings of the 5th 
Entomology Meeting, Pusa, February 1923. - Calcutta.)

Bangladesh (see Alam, M. Z. (1962). A list of insects and mites of Eastern Pakistan. — 107 pp. Dacca, East Pakistan, Dep. Agric.)

Pre-1924

Pre-1962

Pre-1898

Sri Lanka (see Green, E. E. (1898). A coconut palm caterpillar. - Trop. Agriculturist Ceylon 26, 298-308.) cited in Perera et al. 1989

Black Headed Caterpillar

• Population genomic
   - Confirm native population
   - Identify biosecurity hotspots
   - Source BCAs
   - Understand pathways

Natural (unstoppable) vs. Human-
assisted (behavioural)

   - Explore novel control options
      Virus, RNAi
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Thank You! 







 

Red palm weevil 

Rhynchophorus ferrugineus 
 

 

Figure 1. Red palm weevil adult intercepted in the UK on a gourd imported from Sri Lanka © Fera 

Background 

Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae) is a highly invasive pest of 

palms that can have a significant economic, environmental and social impact when 

introduced into new geographical areas. It is the most important pest of date palm 

(Phoenix dactylifera) in the world and a serious pest of coconut (Cocos nucifera). It is 

native to southern Asia and Melanesia but since the 1980s it has rapidly expanded its 

geographical range westwards. It reached Saudi Arabia and the United Arab Emirates in 

about 1985, spreading throughout the Middle East and into Egypt. In 1994 it was detected 

in Spain and in 1999 in Israel, Jordan and the Palestinian Authority Territories. It has since 

spread widely in the Mediterranean region where the two main palm species of concern 

are date palm and Canary Island date palm (Phoenix canariensis), the main crop and 

ornamental species. It also attacks several other ornamental palms that are regularly 

imported into Britain, such as chusan palm (Trachycarpus fortunei). It has devastated 

ornamental palms in many areas of the Mediterranean, changing the landscape. The 

European Commission has introduced emergency measures to prevent the further spread 

of R. ferrugineus within the community. 

Plant Pest Factsheet  



The global spread of FAW
Single gene markers approach via DNA barcoding

• Single introduction (west Africa)

• Recent & rapid (West-to-East) spread via wind & natural ability

• Natural spread (unstoppable) vs. Human-assisted (trade; risks can be reduced)

• Low genetic diversity in pest pop/s

Cyprus
Jan 2023
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• Multiple introductions in Asia/SEA

• Multiple pathways into Australia
- Significant structures
    western ≠ eastern populations

Pathways & gene flow in East Africa, Asia & Australia

Rane et al. (2023)

Complex multiple introductions drive fall armyworm invasions into Asia 
and Australia
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• Current assumption: 
Single pathway into 
Australia

• Two potential geographic hotspots 

• Keep in mind that there are other 
potential regions not surveyed

   (e.g., Thailand, Indonesia)



FAW IN SEA
467 FAWs, 890 SNPs 
• 36 invasive populations
• 13 countries
• Africa, Asia, SEA, Oceania

• 9 native populations
• 7 countries
• North, Central, South Americas, 

Caribbean
6 genetic clusters

China Malaysia
Penang

Kedah

Johore

3 clusters

Australia China S.K Lao MMR MYS PHL PNG VNM

Multiple introductions
• Asia 
• SE Asia

What are the scenarios in Australia?
Rane et al. (2023)

Complex multiple introductions drive fall armyworm invasions into Asia 
and Australia
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Palm Pests and Diseases + Biosecurity
2024 webinar schedule

2 
April

23 
April

21 
May

2-5 
July

Pests Diseases Future Strategies 
& Activities

Pacific 
Conference

Part 1 Part 2 Part 3 Pacific Conference

100



Pacific Conference
“Minimising the economic impact of the Coconut 
Rhinoceros Beetle and other major pests of coconut 
through innovative and participatory research 
outreach actions.”

Second notice and call for abstracts
Towards an action plan to minimise the impacts of Coconut 
Rhinoceros Beetle and other major insect pests of coconut in 
the Pacific Islands:
Global status, genetics, distribution and control.
Deadline: 31st May 2024
See https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-

abstracts-towards-an-action-plan-to

https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-abstracts-towards-an-action-plan-to
https://www.spc.int/updates/news/media-release/2024/01/second-notice-and-call-for-abstracts-towards-an-action-plan-to


Palm Pests and Diseases 
+ Biosecurity
Webinar Series

Part 1: 2 April 2024

Supported by
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