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Assessment of Coconut Rhinoceros Beetle Damage and Resistance in the Palau Archipelago 

Melemalt Benedict 
Christopher Kitalong PhD, Joel Miles PhD, Pacific Academic Institute for Research 

Justin Omak Ramarui, Jason Ngiramengior, Balang Skey, Nelson Masang, Shizu Watanabe, Michael Melzer, Madoka Nakai 
Coordinating Center: Pacific Academic Institute for Research, University of Hawai’i at Manoa, Palau Community College 
and Tokyo University of Agriculture and Technology 

ABSTRACT 

The Coconut Rhinoceros Beetle (CRB), a.k.a. Oryctes rhinoceros, is an invasive insect that kills coconut trees and other palm 
species by feeding on the plant’s crown. There is a confirmed presence of at least two biotypes of the CRB in Palau, 
Nudivirus (OrNV) resistant CRB-G versus all other CRB types. The resistant CRB-G has caused the devastation of palm 
trees throughout Southeastern Asia and Pacific. Multiple institutions across the globe have been working to help control and 
eradicate CRB. 
In Palau, Damage Assessment Surveys were conducted on coconut trees at representative locations throughout all states in 
2016, 2017, and 2018. Specialized traps were used along with manual searches through debris to collect samples as well. 
DNA analysis was used to determine distribution of CRB-G as well as incidence of Nudivirus infection in each sample. 
The results of the Damage Assessment Surveys show slow recovery/reduced damage in coconut tree fronds. Furthermore, 
analysis of biotype and viral detection show a very high rate of infection of all CRB with the Nudivirus (CRB: 92%; CRB-G: 
83%). 
These findings lead to the preliminary conclusion that the OrNV in Palau’s CRB is virulent. This is one of the largest 
collections and assessment in the region and the first sites where the resistant strain was found infected by the Nudivirus. 
Further assessment is necessary but immediate focus of all parties should be made to identify and test virulence of OrNV in 
Palau in order to control CRB for the region. 
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summa ry ( allstates . 2 0 l 6STOP . 4 . FRONDS ) 
summa ry ( allstates . 2 0 l 7 STOP . 4 . FRONDS ) 
summary ( allst ate s . LATE2 0 l 7STOP . 4 . FRONDS ) 
summary ( allstate s . MID20 1 8 STOP . 4 . FRONDS ) 

ERE8330003000108009659.08 
aov . allst ates . TOP . 4 . FRONDS . year< - a ov ( all . s t ates $TOP . 4 . FRONDS- all . st at es$ YEAR ) 
summary(aov . allstates . overall . sites) 

R R Console 

RIS006-MER003 9 . 006780e-0 l 1 . 0 32252e-0 l 1 . 698 130 7543 0 . 004 9 0 4 8 
KOR00l-MER003 4 . 36190 5 e -0 l - 6 . 359390 e-0 1 1 . 5 0831994 73 1 . 0000000 
KOR002-MER003 1 . 3 4 9474e+00 5 . 353193e-0 1 2 . 163628 1 0 6 4 0 . 0000000 
KOR003-MER003 9 . 885 714e -0 1 1 . 4 4 67 19e-0 1 1 . 8 324 7 0 965 2 0 . 002 0 933 

RR16370E57 EE 
@)LS@)@)LULL5LU L L JL3LIL3 Et. s..so 
KOR008-MER003 1 . 0 64651 e+00 2 . 4 1 6694e- 0 l 
KOR009-MER003 1 . 0 920 75e+00 2 . 1 328 10 e- 0 l 
KOR0l0-MER003 5 . 56491 2e-0 l - 3 . 1 2364le- 0 l 
KOR0ll-MER003 8 . 4 88889e-0 l 8 . 0 7 9438e-0 3 
KOR0l2-MER003 1 . 137215e+00 3 . 0 6 0 620 e-0 l 
KOR013-MER003 3 . 8 5531 9e-0 l - 5 . 110 610 e - 0 l 

l . 8876329600 
1 . 9708699760 
1 . 4253465470 
1 . 6 8 9698 3399 
1 . 968 368 4 0 61 
1 . 2 8 2 12 4 7934 

0 . 0001388 
0 . 0004480 
0 . 9770 670 
0 . 0 428 249 
0 . 0000226 
1 . 0000000 

KOR0l4-MER003 6 . 800000e-0 1 - 3 . 444552e-0 1 1 . 7 0 4455182 0 0 . 9544392 

summary(aov . all states . overall . year) 
summary(aov . all state s . TOP . 4 . FRONDS . sit es) 
summary ( a ov . allstate s . TOP . 4 . FRONDS . year) 
Tu keyHSD(aov . allstate s . overall . year) 
Tu keyHSD(aov . allst at es . overall . sites) 
TukeyHSD ( aov . al

� � --- o -] 11 0µ1 
ll summary(all . states RSSLSSS0IL8CDT1OR5Z3 O0013 00198S00003 336.41 
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. . arrar<- so»]'J[J$-LSUJUJI'JL#o 
Tu keyHSD ( aov . AIRAI ) 

aov . KAYANGEL< -aov ( KAYANGELSOVERALL- as . facto r ( KAYANGELS YEAR)) 
TukeyHSD ( aov . KAYANGEL ) 

aov . NGARCHELONG< - a ov ( NGARCHELONGSOVERALL-as . factor ( NGARCHELONGSYEAR ) ) 
Tu keyHSD ( aov . NGARCHELONG ) 

aov . NGARRARD< -aov (NGARRARDSOVERALL-as . factor (NGARRARDSYEAR) ) 
Tu keyHSD(aov . NGARRARD) 

aov . NGIWAL< -aov ( NGIWALSOVERALL- a s . fact o r ( NGIWALS YEAR) ) 

< 

KAY002-MER003 
KAY003-MER003 
KAY004-MER003 
KAY005-MER003 
KAYO06-MER003 
NGC00l-MER003 
NGC002-MER003 
NGC003-MER003 
NGC004-MER003 
NGC005-MER003 
NGR00l-MER003 
NGR002-MER003 
NGR003-MER003 
NGR004-MER003 
NGI001-MER003 
NGI002-MER003 

� 
> 

1 . 77428 6 e+00 9 . 303862e-0l 2 . 6 1 8 1 8 5250 9 0 . 0000000 
1 . 613333e+00 7 . 768 692e-0 l 2 . 4497 9748 6 8 0 . 0000000 
1 . 266667e+00 4 . 3 02 025e-0 l 2 . 1 0 313082 0 1 0 . 0000005 
1 . 4 13333e+0 0 5 . 7 6 8 692e- 0 l 2 . 24979748 6 8 0 . 0000000 
1 . 5 33333e+0 0 6 . 968 692e-0 l 2 . 3697 9748 6 8 0 . 0000000 
6 . 100000e -0 1 - 3 . 134314e - 0 l 1 . 533431 4220 0 . 958 257 0 
3 . 600000e-0 l -5 . 2720 42e- 0 l 1 . 24720 42127 1 . 0000000 
8 . 800000e-0 l - 1 . 444552 e-0l 1 . 9 0 4455182 0 0 . 3259669 
8 . 3 5 0000e -0 l - 6 . 362617e - 0 l 2 . 3 0 6261 7429 0 . 9988464 
6 . 151724e -0 l - 3 . 73325 7 e-0l l . 60 3670 531 6 0 . 98 76258 
5 . 561 5 3 8 e -0 l -2 . 5 0 628 1 e-0 l 1 . 3629357553 0 . 9141126 
4 . 7886 7 9e-0 l - 3 . 264376e-0 l 1 . 284 1734537 0 . 9958 633 
4 . 45714 3 e-0 l - 3 . 60 3227e-0 l 1 . 251 7513125 0 . 9 9 9 4 713 
6 . 647619e-0 l - 1 . 4 12 7 5 1 e-0 l 1 . 470798 9316 0 . 4508874 
7 . 3450 9 8 e -0 l -7 . 3 80353e - 02 1 . 5428 2 31330 0 . 18 4 6633 
5 . 458 5 8 6 e-0 l -2 . 648 620 e- 0 l 1 . 3565791 9 0 9 0 . 941 4911 
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CRB-G 
State n l% Infected n 

1 Aimeliik 
2 Airai 
3 Angaur 
4 Kayangel 

12 
6 
1 
0 

5 Koror 60 
6 Melekeok 3 
7 Ngaraard 5 
8 Ngarchelong 6 
9 Ngardmau 34 

10 Ngatpang 3 
11 Ngchesar 9 

12 Ngeremlengui 12 
13 Ngiwal 12 
14 Peleliu 3 
15 Rock Islands 8 
16 Sonsorol 0 

92 22 
100 10 
100 0 

0 7 
75 30 

100 0 
100 1 
100 10 
100 14 
100 0 
100 1 
92 2 
92 2 

100 8 
75 7 
0 19 

CRB-P 
% Infected 

100 
91 
0 

100 
86 
0 

100 
91 
88 
0 

100 
so 

100 
89 
58 
73 

803 20Kl77 
[ Total 174 831 133 70 
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