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Insect pollination of oil palm - a comparison of the long term viability and
sustainability of Elaeidobious kamerunicus in Papua New Guinea, Indonesia,
Costa Rica, and Ghana
Caudwell, R.W1., Hunt, D2., Reid, A2., Mensah B.A3, Chinchilla, C4.

Abstract
The African pollinating weevil Elaeidobious kamerunicus was introduced from Africa into the
oil palm growing regions of Asia and the Pacific in the early 1980s. These introductions were
very successful, dispensing with the need for assisted pollination, significantly improving
fruitset, and hence increasing yields. The introductions therefore made a significant contribution
to the economic viability of oil palm throughout the region. However there have recently been
serious concerns expressed about the narrow genetic base of the weevil population, as well as the
detrimental effects of parasitism of the weevils by nematodes. This paper describes work
undertaken to evaluate the long-term viability and sustainability of insect pollination of oil palm
by E. kamerunicus. The study had three main objectives: (1) To screen the existing E.
kamerunicus populations within Papua New Guinea, Indonesia, Costa Rica and Ghana for
evidence of infection by parasitic nematodes; (2) To determine the degree of genetic separation
between weevil populations in Papua New Guinea and Ghana, and natural populations in West
Africa, using the amplified fragment length polymorphism (AFLP) technique for genetic
fingerprinting; and (3) To assess the potential to improve the genetic base of the existing
population of E. kamerunicus within areas into which it has previously been introduced. Field
work for the study was undertaken in Papua New Guinea, as well as Indonesia, Ghana, and Costa
Rica. The results of the study are presented, and recommendations made for future work.

Resumen
El insecto polinizador de la palma aceitera, Elaeidobious kamerunicus fue introducido desde
África hasta Asia continental y el Pacífico a comienzos de los años ochenta. Estas introducciones
fueron muy exitosas en cuanto se eliminó la necesidad de la polinización asistida, se mejoró la
conformación de los racimos (fruitset), y se incrementaron los rendimientos de fruta por
hectárea; todo lo cual hizo una contribución significativa a la viabilidad económica de la
actividad de la siembra de la palma aceitera en esta región del mundo. Recientemente, sin
embargo, han existido dudas sobre la estrecha variabilidad genética de la población de insectos
introducida, así como también sobre los efectos adversos del parasitismo de los insectos por
parte de nematodos.
En este trabajo se evalúa la viabilidad y sostenibilidad en el largo plazo de la población de E.
kamerunicus en algunos de los países en donde fue introducido. Los tres objetivos del trabajo
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fueron: (1) Analizar la población existente de E. kamerunicus en Papua Nueva Guinea,
Indonesia, Costa Rica y Ghana, para buscar infección por nematodos parasíticos (2) Determinar
el grado de separación genética entre las poblaciones de insectos provenientes de Papua Nueva
Guinea y Ghana, y las poblaciones naturales en África del Oeste, utilizando la técnica AFLP
(amplified fragment length polymorphism); y (3) Evaluar el potencial para mejorar la base
genética de la población existente de E. kamerunicus dentro de las áreas donde ha sido
introducido. El trabajo de campo se realizó en Papua Nueva Guinea, Indonesia, Ghana y Costa
Rica.
Se encontraron nematodos parasíticos en varias muestras de E. kamerunicus procedentes de
PNG: hembras maduras, huevos y varios estadios larvales, pero no machos del nematodo. El
porcentaje de infestación varió entre 0% y 50% de los insectos analizados según su procedencia.
Prácticamente todas las muestras de E. kamerunicus procedentes de Ghana estaban libres de
nematodos, con excepción de una hembra. En las muestras de Costa Rica no se encontraron
nematodos. El nematodo que parasita los adultos de E. kamerunicus en PNG se localiza en el
hemocelo y es una nueva especie en un nuevo género, Elaeolenchus parthenonema n.g., n.sp.
La comparación de las poblaciones de E. kamerunicus indicó que las muestras de insectos
procedentes de PNG son genéticamente diferentes a las de Ghana, pero similares a las de Costa
Rica, lo cual indicaría que los insectos ahora presentes en este último país, son una subpoblación de la que fue introducida en PNG, y no una población traída de Africa.
Durante las visitas de campo en Africa, se determinó que posiblemente existen al menos dos
nuevas especies de Elaeidobious que no han sido descritas aún, lo cual tiene implicaciones para
definir qué nuevas especies podrían introducirse en una localidad particular para ampliar la base
genética de la población existente de polinizadores.

Introduction
Background
Up until the late 1970s the oil palm was widely thought to be anemophilous rather than
entomophilous (Turner & Gillbanks 1974; Hardon and Corley 1976). The belief that the oil palm
was wind-pollinated stemmed from the supposed lack of evidence of any effective insect
pollinator. This seemed to be substantiated by the high atmospheric pollen densities observed at
considerable distances from male inflorescences (Hardon and Turner 1967). However, Hardon
and Turner found that the onset of rains caused an immediate reduction in atmospheric pollen
density and that pollen density was influenced more by the number of days on which rain falls
than by total rainfall. Syed (1979) reported that this observation led some planters, especially
those who had worked in Cameroon, to suspect the involvement of other agencies in pollen
dispersal, because in the wet season rain occurs most days yet natural pollination during this
period was adequate.
Prior to Syed's (1979) paper there was little published evidence to suggest that insects play any
significant role in the pollination of oil palm. Syed began a project in the late 1970s to determine
whether insects or any other organisms contributed to pollination in oil palm. Syed's initial
studies were undertaken in Cameroon, in an area where oil palm is indigenous and assisted
pollination was not required. In this area fruitset levels were considered to be adequate without
human intervention, and it was therefore reasonable to assume that natural pollination was
satisfactory. This was the case even during the wet season when wind dispersal of pollen is
uncommon.

Syed's work (1979) involved studies of wind dispersal of pollen from male inflorescences. These
studies indicated that some pollen, especially from taller palms, reached adjacent palms and thus
were able to adequately pollinate female inflorescences. However, Syed concluded that in the
absence of a large number of well placed male inflorescences, wind alone could not be expected
to give adequate pollination, particularly during the rainy season.
Upon inspection of male and female inflorescences Syed found large numbers of insects. These
insects were present on the male inflorescence during anthesis and on the female flowers during
the first few days of receptivity. Of those insects present on male
inflorescences, Elaeidobious spp. and Atheta spp. were the most abundant. These included E.
kamerunicus, E. plagiatus, and E. subvittatus. Of those insects present in large numbers on the
male inflorescences, only E. subvittatus and Atheta sp. were found in the female inflorescences,
and these were only present in very small numbers. However, continuous observations of female
inflorescences throughout the period of their receptivity revealed that a large number of insects
visited then during the daytime, and that these insects tended to arrive in intermittent storms.
Syed (1979) found that all the species that were found on male inflorescences also visited female
inflorescences. A large number of insects were found on the male inflorescence, and he reported
that some of these continuously left the flowers and were usually laden with pollen grains. To
investigate whether the pollen was actually carried to the female flowers, he captured insects on
the female inflorescences and examined them under the microscope.
Syed found that species of Elaeidobious carried the largest number of pollen grains, but there
was considerable variation in the number of grains that were carried. The viability of the pollen
obtained from the bodies of the insects captured on female inflorescences was examined in
germination tests. He reported that 68.5% of pollen was viable, and concluded that most of the
pollen was fresh.

Introduction of Elaeidobious kamerunicus into Asia and Papua New Guinea
E. kamerunicus was selected for the introductions into Asia and Papua New Guinea because
Syed (1979) reported that it was the most numerous in both dry and wet weather, and that it
carried more pollen grains than the other Elaedobious species. He also reported that E.
kamerunicus had a high reproductive rate, good searching ability, and it was host specific. It was
concluded that this weevil would be safe to introduce into other oil palm growing areas.
Between July and December 1980 E. kamerunicus arrived into Malaysia under the quarantine
care of the Department of Agriculture (Kang and Zam 1982). Having confirmed that the weevil
was host specific to oil palm it was released into two Pamol estates in Johor and Sabah in
February and March 1981. By April 1982, E. kamerunicus was present in virtually all the oil
palm estates in Malaysia. Basri (1984) concluded that the introductions of E. kamerunicus into
Malaysia had the following positive effects:
1. Dispensing with the need for assisted pollination.
2. Significant improvement in fruitset from an average of 52% to 71%.
3. Increase in fruit to bunch ration from an average of 57.7 to 64.7%.

4. Increase in mean bunch weight from 14.6 to 18.7kg.
5. Improvement in oil to bunch ration from a mean of 23.3 to 25.4%
6. Improvement in kernel to bunch ratio from 4.6 to 6.6%
E. kamerunicus was introduced into Papua New Guinea in 1982. This resulted in significant
improvements to oil palm pollination, similar to those in Malaysia as described by Basri (1984).
The introductions thereby improved fruitset levels and oil extraction ratios, and hence increased
yields. The introductions of the pollinating weevil made a significant contribution to the
economic viability of the oil palm industry in PNG, and was particularly helpful to the
smallholder sector because yields were significantly increased with no direct cost to the farmers,
and this continued in the medium to long term.

Introduction of Elaeidobious kamerunicus into Central and South America
Before the recent introduction of various species of Elaeidobious, oil palm pollination in South
America was attributed to two species of pollinators, Mystrops costaricensis and E. subvittatus.
The genus Mystrops, which is exclusive to South America, is found along the Pacific edge of
America and throughout Central America up to Southern Mexico. It is also found along the
Atlantic coast up as far as the extreme west of Venezuela, and has penetrated within the Andes
along the Magdalena valley in Colombia. The species costaricensis has been sub-divided into
three sub-species: c. costaricensis in Central America, c. orientalis in the Colombian interior,
and c. pacificus on the coast. The genus Elaeidobious is only represented by a single species, E.
subvittatus. This species probably came from West Africa via the east coast of Brazil, and then
went on to colonize the whole of Neotropical America.
Mariau and Genty (1988) reported that in Colombia rain generally has a very depressive effect
on both Mystrops and Elaeidobious populations. These fluctuations give rise to considerable
variations in fruitset, which for pollinated inflorescences in the rainy season can fall to 40%,
whereas in the dry season fruitset levels of more than 80% are possible. Low fruitset levels
generated interest in the introductions of other pollinators into South America to improve oil
palm yields. Other Elaedobious species were therefore introduced into South America in
1986: E. kamerunicus in Colombia, E. singularis in Brazil, and a mixture of four Elaeidobious
species on other plantations in the Manaus region. In Ecuador the situation differs greatly
between the Pacific zone where Mystrops costaricensis pacificus exists and the Amazonian
sector where neither of the two insects had penetrated, and where E. kamerunicus has been
introduced.
Observations carried out by Syed (1985) in Costa Rica and Honduras made him to recommend
the introduction of a new pollinator for the oil palm to complement the work done by M.
costaricensis and E. subvittatus. Despite low fruit set values observed during some months of the
year, assisted pollination was never considered necessary in Central America, except in some
localized areas and under very particular situations (Bulgarelli et al. 2002).

E. kamerunicus was introduced into Costa Rica in March 1986, and the changes observed in fruit
set and the populations of the introduced and native pollinators were documented by Chinchilla
and Richardson (1991).

The long term viability and sustainability of Elaeidobious kamerunicus in
Papua New Guinea, Indonesia, Costa Rica, and Ghana
There have recently been concerns regarding the periodic occurrence of poor pollination and
yield loss in certain locations in Malaysia (Ming 1999). Ming (1999) reported that low weevil
populations were associated with the problem and suggested that this may be caused by the
direct or indirect effects of weather, or due to parasitism by the nematodes enhanced by weather
changes. He suggested that a second pollinator, e.g. Elaeidobious subvittatus could be able to
overcome this, and hence complement E. kamerunicus.
Rao and Law (1998) reported on the problem of poor fruitset in parts of East Malaysia due to
poor pollination. It was found that seasonally low fruitset was due to poor pollination because of
insufficient weevils. Weevil numbers fell dramatically when their breeding sites, the male
inflorescences, became less abundant, and this was coincident with extensive infection by
parasitic nematodes and unfavorable weather. They suggested that the present weevil
populations, derived from only a few pairs, may be suffering inbreeding depression, and hence
more rapidly succumbed to nematode parasitism. Furthermore, it was suggested that these
weevils lacked the features necessary for adaptation to wet conditions. Rao and Law (1998)
considered that a complex of pollinating insects, some of whose niche is not the oil palm
inflorescence may eventually be necessary.
Rao and Law (1998) highlighted that suggestions of importing fresh batches of E.
kamerunicus or indeed other species of pollinating insects from Cameroon requires some priority
research into some key issues. For instance, in their native Cameroon, weevil populations were
also observed to decline in the rainy season but the reduction was less pronounced. It would
therefore be useful to determine the cause of the decline in native Cameroon. A high proportion
of the dead pupae and weevils of the original importation into Malaysia were nematode infected
and hence destroyed. So it was suggested that the nematodes that are now causing the problems
were probably brought in with the original populations.
These authors considered that the suggestion of inbreeding depression, or extreme
homozygosity, raised the question of why the effects were not manifested sooner after the
introduction given the weevil's short generation time. Furthermore, populations at other
localities, some experiencing seasonal wet weather, also grew from a limited number of mating
pairs. They suggest that it would therefore be interesting to find out how potentially serious the
nematode parasitism was in these areas. They concluded that containing nematode parasitism
requires an understanding of the manner of parasitism and the predisposing factors favoring the
rise in nematode parasitism in the weevil population. They also highlighted that the introduction
of new weevils into a given area requires the predetermination of levels of resistance, or at least
heterozygosity, in sub groups if they exist and in different species on the weevil in the genera.

Although excellent levels of fruit set are being achieved in most project areas within PNG it is
considered that urgent action is necessary to address the sustainability of the current levels of
insect pollination, as well as to possibly make improvements for the future. The current
population of pollinating weevils within PNG is derived from a relatively small number of
weevil individuals introduced from West Africa in 1982. It is therefore apparent that the same
problems are faced as in South East Asia, that possible nematode infection along with the narrow
genetic base of the weevil population poses a very significant risk to viable and sustainable
production.
A two-year research project, funded by the European Union in Papua New Guinea was
undertaken between 2000 and 2002. The objectives of the project were:
1. To screen the existing E. kamerunicus populations within PNG, Indonesia, Costa Rica
and Ghana for evidence of infection by parasitic nematodes.
2. To determine the degree of genetic separation between weevil populations in Papua New
Guinea, Costa Rica and natural populations in West Africa, using the amplified fragment
length polymorphism (AFLP) technique.
3. To assess the potential to improve the genetic base of the existing population of E.
kamerunicus within PNG, either by the introduction of fresh batches of the same weevil
species, or possibly by the introduction of one or a number of new species of pollinating
insects from West Africa or South America.
Field sampling
During the project weevils were collected from PNG, Ghana, Costa Rica, and Indonesia. In PNG
weevils were collected from all oil palm growing regions (Fig. 1):- New Ireland Province
(Lamerika and Kabil plantations), Milne Bay Province (Baraga and Waigini plantations), Oro
Province (Sangara and Embi plantations), and West New Britain Province (Dami, Kumbango,
Kavugara, Kautu, and Hargy plantations). A total of nine samples were collected from a number
of oil palm growing areas in Ghana:- Eastern region (Kade), Western Region (Ajumako, Twifo
Oil Palm Plantation, Ankaako, Assin Dadieso, and Egyirkrom), and Western Region (Benso Oil
Palm Plantation, Ewusiedjoe, and Sekondi School for the Deaf. Weevils were also collected from
Bah Lias Research Station, near Medan, Indonesia, and from Palma Tica oil palms plantations in
Costa Rica (Coto, Celajes, Mirador, and Quepos).The collections of weevils were either
preserved in formaldehyde or kept alive and returned to the UK where live specimens were
selected and frozen at -80°C until required for DNA analysis.

Nematode screening
Materials and methods
Dissections were carried out under the stereomicroscope at a magnification of ×25 and ×50.
Individual beetles were placed in a small drop of fixative in a Petri-dish and, using fine
watchmaker's forceps, mounted micro-pins and a fine syringe needle, the elytra were removed
and examined for nematode dauer larvae and ectophoretic mites. The abdomen was then
carefully dissected and examined for internal nematode parasites (mature females, eggs and/or
juveniles). Instruments were rinsed between dissections to avoid cross-contamination. The
original intention was to dissect 50 beetles of each sex, but this was not always possible due to

limited material of E. kamerunicus in some samples from Ghana. Early results indicated that
there were no differences in nematode infection rate between males and females and so in most
accessions only females were dissected.

Fig.1. Map of Papua New Guinea showing the main sampling sites for the project.

Results
The main results of the nematode screening are presented in tables 1-3 and figure 3. During the
study nematodes were found for the first time within the weevil populations in PNG. It was
found that the number of parasitic females per weevil varied considerably, the lowest number
being one and the highest 15. Most weevils infected by the mature female nematodes also carried
a considerable burden of eggs and various juvenile stages of the nematode parasite. In heavily
infected weevils, almost all the haemocoelic cavity appeared to be occupied by the various stages
of the parasite.
The samples from PNG revealed that some weevil populations were apparently free of the
nematode whereas in others the parasite was present in 50% of the weevils examined. Low
infection rates seemed to be prevalent in samples from West New Britain where nematode
parasites were found in three (Kumbango, Kavugara and Kautu) of the five accessions examined.
Over the five sites from West New Britain the infection rate varied from 0% to 10% with a mean
value of 4.8%, and the mean number of mature parasitic females per infected weevil ranged from
1.4 to 2.0. The accession from Baraga, Milne Bay showed a 50% infection rate with a mean of
1.6 female nematodes per beetle while Waigini, the other site from Milne Bay, had a much lower
percentage infection (4%). The accession from Sangara, Oro Province, although only 8%
parasitized, had a mean of 2.5 female nematodes per infected beetle whilst Embi, also from Oro
Province, was 20% infected with a mean of 1.8 female parasites per infected weevil. Other

accessions from Lamerika (New Ireland), Dami and Hargy (both from West New Britain)
revealed no parasitic nematodes.
Table 1. Occurrence of parasitic nematodes, dauer larvae and ectophoretic mites on female Elaeidobious
kamerunicus from Papua New Guinea in 2000

New Ireland
Province

Lamericai

0

Mean number mature
female nematodes
/parasited insect
0

Kabil

0

0

0

0

Milene Bay
Province

Waigini

4

3.0

0

0

Baraga

50

1.6

0

0

Sangara

8

2.5

2

0

Embi

20

1.8

0

0

Dami

0

0

0

0

Kumbango

8

2.0

0

0

Kavugara

6

2.0

0

0

Kautu

10

1.4

0

0

Hargy

0

0

0

0

Site

Oro Province

West New
Britain

% infected with
parasitic nematodes

% with
% with ectophoretic
nematode
mites
dauer larvae
0
0

The samples from Ghana, on the other hand, proved to be free of nematode parasitism apart from
a single female weevil from Kade, Eastern Region. This infection was represented by a solitary
female nematode, a number of juveniles and eggs and several immature males. Weevils from
Ghana often carried large burdens of ectophoretic mites, indeed the sub-elytral space was often
crammed with such passengers.
The haemocoel parasitizing nematode found infecting E. kamerunicus in PNG is now known to
be a new species and new genus, Elaeolenchus parthenonema n.g., n.sp. (Poinar et al. 2002), and
is likely to be widespread in the oil palm growing areas of South East Asia. This type of parasitic
nematode draws all its nutritional requirements from the host and therefore high parasitic
burdens would be expected to have an effect on fecundity, perhaps even resulting in sterility due
to depletion of the host's fat body. A reduction in energy reserves could also inhibit the ability of
the weevils to fly and therefore impact on their ability to pollinate the oil palm flowers.
It is not yet clear whether the nematode parasite E. parthenonema was carried to South East Asia
and PNG with the original weevil introductions from West Africa (this would have to have been
at a very low infestation level as the weevils were screened before release), or may have been
acquired subsequently from a local infection source. Of the nine weevil populations examined
from Ghana, only one was recorded with a nematode parasite in the haemocoel and this record
was restricted to a solitary female nematode and associated juvenile stages in a single weevil.
This nematode was not particularly well preserved, but appeared to belong to a different genus
to Elaeolenchus parthenonema. None of the six accessions from Costa Rica, another country into
which Elaeidobious kamerunicus was introduced to improve pollination, were infected with the
entomoparasitic nematode. It is always possible, of course, that the parasite is present, but in
numbers too low to be detected by the current investigation.

Table 2. Occurrence of parasitic nematodes, dauer larvae and ectophoretic mites on female Elaeidobious
kamerunicus from Costa Rica

Site
Coto1

Female

Male

Mean number
% infected with
% with
mature female
% with
parasitic
nematode
nematodes /parasited
ectophoretic mites
nematodes
dauer larvae
insect
0
0
16
0

Coto2

0

0

0

0

Celajes

0

0

18

0

Mirador

0

0

22

0

Quepos1

0

0

10

0

Quepos2

0

0

12

0

Coto1

0

0

12

0

Coto2

0

0

2

0

Celajes

0

0

20

0

Mirador

0

0

18

0

Quepos1
Quepos2

6
0

0

16

0

The life cycle of the nematode appears to be as follows:- The mature parasitic female is found in
the haemocoel of the adult weevil (it is also likely to be found in late instar larvae). The sausage
shaped female grows to a length of several millimeters, but smaller in multiple infections (Fig.
2). Almost the entire body is taken up by the genital system, the female producing hundreds of
eggs. Reproduction is apparently parthenogenetic, no males having been found.

Fig. 2. Photograph of a nature parasitic female nematode from
haemocoel of Elaedobious kamerunicus

Fig 3. Contry comparisons of weevil burden (parasitic nematodes, dauer larvae and
ectophoretic mites).

The eggs hatch within the host and the juveniles develop, probably to the immature vermiform
female stage. Vermiform females (and possibly fourth stage juveniles) are oviposited by the
female host along with her own eggs. The nematodes then exist in the environment for a while as
a free-living stage, possibly feeding on fungal hyphae, before penetrating a weevil larva and
migrating to the haemocoel. Here they absorb nourishment from the haemolymph (presumably
depleting the fat reserves of the host as a result) and grow enormously as they mature.
Of course, the fact that the PNG nematode was not found in the Ghana samples does not
unequivocally imply that the parasite did not originate in West Africa, but it is suggestive. If the
nematode is of West African origin, then either it may be at a very low incidence (only one
weevil, corresponding to 0.2% of the 450 insects examined, had any entomoparasite), or it may
be of local or restricted occurrence. For instance, for logistical reasons no weevil material from
Cameroon was examined, and it was from Cameroon that the founder colonies of the weevil
were originally taken.

Table 3. Combined data from all sites (on a per country basis) for incidence of female parasitic nematode,
ectophoretic nematode dauer larvae and ectophoretic mites

PNG PNG
2000 2001

Country of origin
PNG
Costa
Sumatra Ghana
(combined)
Rica

Total number of weevils disected

500

450

950

100

450

600

Number of weevil with parasitic nematodes

53

28

81

6

1

0

% infected with parasitic nematode

10.6

6.2

8.5

6.0

0.2

0.0

Total female parasitic nematodes

190

161

350

11

1

0

Mean parasitic females/infected weevil

3.58

5.75

4.32

1.83

1.0

0.0

Mean parasitic female/weevil

0.38

0.36

0.37

0.11

0.002

0.0

1

3

4

15

76

76

0.20

0.67

0.42

15.0

16.9

12.7

Number of weevils with ectophoretic mites

0

0

0

0

90

0

% with ectophoretic mites

0

0

0

0

20.0

0

Number of weevils with dauer larvae
% with dauer larvae

Molecular genetics of Elaeidobious kamerunicus
Materials and methods
A number of live weevils from each site were selected from the total sample and frozen at -80ºC
to await DNA extraction. Individual weevils were placed in a watchglass in 100 ml 1xTE buffer
(10 mM Tris pH 8.0, 1 mM EDTA). Each insect was dissected under a dissecting microscope
and checked for contamination with nematodes and/or mites. Where possible only weevils
without either of these contaminants were used for DNA extraction. Where this was not possible
the weevil material was picked out leaving as many of the nematodes/mites as possible behind.
The dissected material from each individual weevil was placed in a sterile 1.5 ml
microcentrifuge tube and stored at -20ºC until all individuals from a single site had been
dissected. DNA extraction was carried out using a Phytopure DNA extraction kit (Nucleon
Biosciences) as per the manufacturer's instructions. After extraction the DNA pellets were
resuspended in 50 ml sterile water and stored at -20ºC.
Five individual weevils were analysed from each site (Table 4). AFLP reactions were performed
using a protocol modified from the original of Vos et al. (1995). Restriction enzyme digestion of
20 ml of genomic DNA was performed using 5 units of EcoR I and 5 units of Hpa II in MultiCore buffer (Promega) in volumes of 40 ml for 1 h at 37°C. Double stranded adapters were
ligated onto the digested genomic DNA fragments in total volumes of 50 ml using 1 unit of T4
DNA Ligase (Promega) in 10x Multi-Core Buffer and 0.1 ml of ATP (100 mM). The reactions
were incubated overnight at 37°C. Adapter strands were as follows ECO-AD1 5' CTC GTA
GAC TGC GTA CC 3' and ECO-AD2 5' AAT TGG TAC GCA GTC TAC 3', HPA-AD1 5'
GAC GAT GAG TCC TGA G 3' and HPA-AD2 5' CGC TCA GGA CTC ATC GT 3'.

All primers were synthesized by Amersham Pharmacia Biotech. The adapter strands were mixed
together in equimolar amounts, heated at 95ºC for 5 min. and allowed to cool slowly to room
temperature to form the double stranded adapters. The ECO-AD was used at a concentration of 5
pmols/ml and the HPA-AD at 50 pmols/ml. The adapter ligation mixes were diluted 1 in 10 with
sterile water and stored at -20°C.
Preamplification reactions were carried out in a Hybaid PCR-Express using the ECO-AD1 and
HPA-AD1 adapter strands as primers in volumes of 20 ml containing 2.0 ml of 10x Buffer, 2.0
ml MgCl2 (25 mM), 0.5 ml of each dNTP (20 mM), 0.5 ml of each primer (100 pmol/ml), 0.2 ml
Taq polymerase (5 U/ml) (Sigma) and 1 ml of the diluted sample. Amplification conditions were,
94°C for 5 min followed by 30 cycles of 94°C for 30 s, 56°C for 60 s, 72°C for 90 s and a final
step of 72°C for 5 min. After amplification the reactions were diluted 1 in 10 with sterile water
and stored at -20°C.
Selective PCR reactions were performed using three combinations of primers, ECO-AT and
HPA-CAT, ECO-AT and HPA-CTC, ECO-GC and HPA-CTC. The core sequences of the
primers were ECO-NN 5' GAC TGC GTA CCA AAT TC-NN 3' and HPA-NNN 5' GAT GAG
TCC TGA GCG G-NNN 3'. The fluorescently labelled ECO primers were synthesized by MWG
Biotech and the unlabelled HPA primers by Amersham Pharmacia Biotech. Selective
amplifications were made up in the same manner as the preselective amplifications except that
the ECO primer was used at a concentration of 2 pmols/ml and 5 ml of the preselective
amplification was added to each reaction. Cycling conditions were, 94°C for 2 min followed by
13 touchdown cycles of 94°C for 30 s, 65°C for 30 s (reduced by 0.7°C each cycle), 72°C for 90
s, followed by 23 cycles of 94°C for 30 s, 56°C for 30 s, 72°C for 90 s and a final step of 72°C
for 10 min. Prior to electrophoresis 10ml of loading buffer (Cambio) was added to each reaction
which then were heated at 90°C for 3 min and immediately placed on ice. The reactions were run
on 8.0% denaturing Long Ranger (Flowgen) acrylamide gels on a LiCor 4200 automated
sequencer. A molecular weight marker ladder containing band sizes of 350, 325, 300, 255, 230,
204, 200, 175, 145, 120, 105, 100, 95 75 and 50 base pairs (MWG Biotech) was loaded between
each ten sample lanes to allow for calibration of each gel in subsequent analysis.
The computer package GelComparII (Applied Maths) was used to analyse these AFLP data. A
binary table was constructed from these AFLP data showing the presence/absence for each of
341 different bands yielded in total by the various primer combinations. The binary table was
then analysed in PAUP v4b.10 using Neighbor Joining with the BioNJ option in effect, a 1000
round bootstrap calculation (also based on Neighbor Joining) as well as a further parsimony
heuristic search also with 1000 rounds of bootstrapping.
Results
AFLP analysis using three different selective primer combinations yielded a total of 341 bands.
These were scored as present/absent using GelCompar II for each of the 85 samples analysed and
the binary table produced treated to three different forms of analysis using PAUP. All three tree
building techniques yielded trees with similar topologies. Figure 4 shows the Neighbor joining
phylogram, showing two major clades, one containing the Papua New Guinea and Costa Rica
isolates and the other containing the samples from Ghana. Each of these major clades can be
further sub-divided. Within the Ghana samples there are two clades. The first contains all of the
isolates from sites B, D and G and two samples from site H and 1 from site E. The second

contains all of the isolates from site A, C and F as well as the remaining samples from sites E (4)
and H (3).

Fig. 4. Neighbor joining phylogram

Fig. 5. Neighbor joining bootstrap cladogram. The numbers at the nodes are bootstraps values

Fig.6. Parsimony analysis bootstrap cladogram. The numbers at the nodes are bootstrap values.

Within the Papua New Guinea clade there is one branch containing the Costa Rican samples as
well as the samples from sites 4 and 8. The remainder of the Papua New Guinea samples cluster
together on a separate branch within which it is possible to distinguish two further branches one
containing samples from sites 1, 2 and 3 and the other sites 5, 6 and 7 (Table 4). When a
bootstrap analysis is performed on these data using neighbour joining the cladogram (Fig. 5)
shows a similar topography to the NJ tree (Fig. 4). The Ghana and Papua New Guinea samples
remain separated and there are still two branches for the Ghana samples. These two branches
mostly contain the same samples as for the NJ tree. The bootstrap tree still separates the Costa
Rican and Papua New Guinea sites 4 and 8 sites from the remainder of the Papua New Guinea
sites but in this tree these remaining samples are not so easily separated into two further
branches.
Table 4. Origins of Elaeidobious kamerunicus oil palm weevil samples
examined by AFLP and their indentifying codes used on trees

Country
PNG

Sample size
Sangara, Oro Province

Code
1

PNG

Hargy, West New Britain

2

PNG

Lamerika, New Ireland

3

PNG

Waigini, Milne Bay

4

PNG

Dami, West New Britain

5

PNG

Kavugara, West New Britain

6

PNG

Kumbango, West New Britain

7

PNG

Kautu, West New Britain

8

Costa Rica Coto

CR

Ghana

Kade, Eastern Region

A

Ghana

Ajumato, Central Region

B

Ghana

Benso Oil Palm Plantation, Western Region

C

Ghana

Sekondi School for the Deaf, Western Region

D

Ghana

Twifo Oil Palm Plantation, Central Region

E

Ghana

Ankaako, Central Region

F

Ghana

Assin Dadieso, Central Region

G

Ghana

Ewusiedjoe, Western Region

H

The heuristic parsimony analysis coupled with bootstrapping yields a cladogram (Fig. 6) with
exactly the same groupings as the NJ tree in Figure 4. In general the bootstrap values for the
deeper rooted nodes are not well supported for either trees in figures 4 and 5 but as the general
topographies for all three trees are broadly similar this is not a major concern.
All three methods for tree construction give a similar result, that is, the samples from Papua New
Guinea are genetically distinct from those from Ghana. The samples from Costa Rica clusters

with the Papua New Guinea isolates, which strongly suggests that this population is a subset of
those originally introduced to Papua New Guinea and was not a fresh isolation from Africa. The
strongly supported separate branches for the Papua New Guinea and Ghana samples indicates
that the former population is evolving separately from those in Africa. However, the branch
lengths in the Neighbor Joining tree (Fig. 4) do not indicate any less genetic diversity within the
Papua New Guinea isolates than within those from Ghana. This could either be a reflection that
the founder population was large enough to prevent a genetic bottleneck occurring or, more
likely, that not enough time has yet elapsed for this effect to be seen. Any drop in efficacy in the
weevil population seen in some areas of South East Asia could therefore be largely due to the
parasitism by the nematodes, although this susceptibility could, in turn, have been due to low
levels of genetic diversity within the founder population.
A rapid method for the screening of weevil populations for nematode infection would be
advantageous. This could be achieved by the cloning of a species specific fragment of DNA from
the nematode. PCR primers could be designed to amplify this specific piece of DNA thus
allowing the rapid screening of weevil populations to assess parasite burden.
Unfortunately it is not possible to determine the level of gene flow using AFLP data. This is due
to the way that AFLP markers are dominantly inherited thus rendering it impossible to score
heterozygotes. To obtain a true reflection of the levels of gene flow between sites in PNG it
would be necessary to screen the populations using a marker that allows the scoring of
heterozygotes. Microsatellite markers are ideally suited to such a study.
The advantage of the construction of a library of such markers are twofold. First, it would be
possible to determine the level of integration of any subsequent introduction of new populations
of the weevil from Africa. Microsatellite markers would also enable the spread of newly
introduced isolates from their source to be measured.

The potential for new genetic material
During the project large numbers of insects were found on male and female oil palm
inflorescences in Ghana. These insects were present on the male inflorescence during anthesis
and on the female flowers during the first few days of receptivity. Of those insects present on
male inflorescences, Elaeidobious spp. and Atheta spp. were the most abundant. These
included E. kamerunicus, E. plagiatus, and E. subvittatus. Of those insects present in large
numbers on the male inflorescences, only E. subvittatus and Atheta sp. were found in the female
inflorescences, and these were only present in very small numbers. However, as Syed (1979)
reported, continuous observations of female inflorescences throughout the period of their
receptivity revealed that a large number of insects visited them during the daytime, and that these
insects tended to arrive in intermittent storms.
During the project E. kamerunicus, E. plagiatus, and E. subvittatus were found to visit female
inflorescences and were usually laden with pollen grains. Species of Elaeidobious were found to
carry the largest number of pollen grains. However during the fieldwork it was found that the
taxonomy of the Elaedobious genus is somewhat complicated, and that at least two previously
undescribed species are present within the genus. Two new species of Elaedobious have been
discovered and these are currently being described. In addition to this the Elaedobious genus has

also been revised. A taxonomic field guide, that is absolutely essential for any further field
operations, is to be produced at the Natural History Museum in London.
In Costa Rica, where M. costaricensis, E. subvittatus, and E. kamerunicus are all present, E.
kamerunicus was found to have out competed the other two species. E. kamerunicus is the most
dominant pollinator for most of the year, and is particularly useful as it is numerous and active in
both moderately dry and wet weather. It was also found to carry more pollen grains than the
other two species, and also responds better to the scent of the female inflorescence (Chinchilla
and Richardson 1991). E. kamerunicus also has the advantage of being host specific to oil palm,
whereas M. costaricensis feeds from a number of other palms, including coconut. It was found
that rain generally had a very depressive effect on both M. costaricensis and E. subvittatus,
indeed it was this that generated interest in introducing E. kamerunicus from Africa in the first
place.
During the project it has therefore been very difficult to identify any candidate insects that might
be able to compete with E. kamerunicus to improve oil palm pollination in PNG. Hence the
introduction of fresh batches of E. kamerunicus into PNG from Africa is recommended.
However this cannot be done until the uncertainty surrounding the taxonomy of
the Elaedobious genus is resolved, particularly regarding the status of the two previously
undescribed species within the genus, and what impact they might be having on pollination.
Other problems include the widespread occurrence of nematode parasitism in the populations of
pollinating weevils within PNG, and the lack of basic biological information concerning these
parasites, particularly with regard to the effect that they might be having on the host. As the
origin of the nematodes is still uncertain, this has implications for the quarantining requirements
of any new introductions.

General discussion
Considerable progress has been made in addressing each of the three original objectives of the
project. However, further work is required in order to gain a full understanding of a number of
scientific issues that emerged during the project. Once these have been dealt with, then the
overall goal of the introduction of new genetic material could go ahead.
Future work should include:
1. Further studies on the ecology, biology and distribution of the entomoparasitic nematode
are required to quantify the actual and potential impact of the parasite on its host and the
knock-on effect on pollination and hence palm oil production. As the origin of the
nematodes is still uncertain, this has implications for the quarantining requirements of
any new introductions. In addition to this, the widespread occurrence of the parasite has
made DNA extraction very difficult and time consuming.
2. Additional surveys in West Africa are required to establish whether the entomoparasite is
present in other areas and, if so, at what level. Examination of related species
of Elaeidobious (including as yet undescribed species now known, as a result of this
project, to be present in Ghana) is essential if an enhanced pollinator suite is to be
considered for introduction to non-indigenous oil palm areas.

3. A molecular analysis of new Elaeidobious species should be undertaken to determine the
genetic variability between the various species. This could be achieved by analysis of
sequence data generated from the internal transcribed spacer region of the ribosomal
DNA cistron. Generation of such data would lead to a greater understanding of the
relationships within the genus.
4. A rapid technique, preferably quantifiable and robust enough for field use, needs to be
developed to detect the entomoparasitic nematode in weevil 'squashes', thus obviating the
time consuming need to dissect numerous insects. Such an assay would also be useful for
quarantine purposes.
5. A microsatellite based assay needs to be developed to enable the measurement of actual
gene flow between different populations of the weevil in both Africa and PNG.
6. The uncertainty surrounding the taxonomy of the Elaedobious genus needs to be
resolved, particularly the status of the two previously undescribed species within the
genus. The role of these two species in oil palm pollination should also be investigated.
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