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Histological and chemical analyses of different corporal segments of the palm weevil Rhynch-
ophorus palmarum, revealed the presence of two symmetrical glands (modified salivary glands)
in the prothorax of males, but absent in females. Using gas chromatography and mass sepec-
trometry, we demonstrated the presence of rhynchophorol (aggregation pheromone) in
extracts of this gland, as well as in the rostrum and digestive tract (rectum) of males. Olfacto-
metric experiments showed that the release of the aggregation pheromone starts approxi-
mately 10 min after the insect detects ethyl-acetate and continues for several hours. The phero-
mone is secreted through the feces and more concentrated through the mouth to a depression
on the dorsal part of the rostrum where, via hairs and the surface tension of the secretion,
it collects in a complex structure consisting of various types of hairs, which help disperse the
pheromone. Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION

The palm weevil Rhynchophorus palmarum L. is a pest
of African oil palm (Elaeis guineensis) and coconut
(Cocos nucifera) plantations in Mexico, Brazil and the
Caribbean (Bedford, 1980; Barreto, 1986; Hernandez et
al., 1992; Sanchez and Cerda, 1993). A population of 30
larvae in a single mature coconut plant is sufficient to
cause its death (Fenwick, 1967; Griffith, 1968). R. pal-
marum is also a vector of the ‘red ring disease’ as the
adults disperse the nematode Bursaphelenchus coco-
philus (Cobb) which causes this disease.

R. palmarum, as other Coleoptera species, depends on
chemical communication to coordinate its behavioral
activities. The first evidence of R. palmarum producing
semiochemicals was reported by Nadarajan (1986) and
Rochat (1987). They demonstrated that males and
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females were attracted-toward hexane extracts of males.
Moura er al. (1989) and Rochat et al. (1991a,b) showed
in field experiments that the attractiveness of traps baited
with palm chunks increased when males of R. palmarum
were present, even though neither males nor females
alone were able to attract other weevils. This was inter-
preted to be due to the release of an aggregation phero-
mone when the males were feeding on palm chunks. The
principal component of the pheromonal mixture was
identified by Rochat et al. (1991b) and Oehlschlager et
al. (1992) as (S)-6-methyl-2(E)-hepten-4-0l which was
named rhynchophorol.

Males of R. palmarum search for potential host plants,
which they locate via a complex odor mixture generated
by the palm. Among these odors, ethanol, ethyl acetate,
isoamyl acetate, pentane, isopentanol and hexanal have
been identified (Jaffé er al., 1993). When the insect
locates an adequate host plant, it releases an aggregation
pheromone in response to detection of ethyl acetate (Jaffé
et al., 1993). This causes a great number of individuals
to aggregate on the plant, facilitating both mating
behavior and the degradation of the plant. During this
phase, the phyto-pathogenic nematode B. cocophilus is
transmitted to the plant.
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In contrast to other insect groups (Lepidoptera: Percy
and Weatherston, 1971; Hymenoptera: Billen, 1986;
Isoptera: Kaib and Ziesmann, 1992; for example), little
is known about exocrine glands in Coleoptera. The few
exocrine glands known are abdominal glands associated
with the digestive tract (Tumlinson ef al., 1968; Levinson
et al., 1978; Borden, 1984; Dowd and Bartelt, 1993).
Regarding R. palmarum, the identification of rhyncho-
phorol was accomplished through chemical analysis and
electroantennography of odors released by malc weevils
(Rochat et al., 1991b; Ochlschlager ef al., 1992), but no
information about the pheromone-producing gland, nor
the pheromone releasing mechanisms was provided.

In this work we report on the function of structures
related to the synthesis and release of the aggregation
pheromone and describe a pheromone release mechanism
in which no previous storage of chemicais occurs.

MATERIALS AND METHODS

Adult weevils were collected in Laguna de Tacarigua
National Park using retention traps (Hemandez et al.,
1992) baited with coco-palm tissue.

The insects were maintained in the laboratory in plas-
tic containers at 23-27°C and 70-90% RH, with a 12h
light/dark cycle and were fed two times a week with a
piece of sugar cane weighing 80-100 g.

Bchavioral responses were quantified in an olfac-
tometer as described by Cerda et al. (1994) and Jaffé et
al. (1993). These assays consisted of presenting two odor
sources by blowing a stream of air (collected in a tube)
over the sources toward either side of the insect. The
insects were suspended dorsally and were able to walk
on a foam ball. We measured the insistence of an insect
to walk or fly toward one of the odor sources during a
5 min period. Individuals were previously selected, sexed
and coded in order to assess each individual’s activity.
Nine to 39 insects were assayed individually for each
experimental situation.

During the bioassay testing odor preferences of the
weevils, we recorded any movements by the weevil and
in particular the orientation of the head, the movements
of the rostrum and of the antenna. We registered a
definitive choice (DC) when the insect walked for three
or more minutes (maximum 5 min) toward only one of
the odor sources. When the insect’s movements showed
variable choice, the test was considered as inconclusive
and noted as ‘no preference’. When the insect did not
walk it was considered as non-responsive or ‘inactive’.
The odor sources were the rostrum, head, prothorax and
rest of the body [Fig. 1(1)].

For bioassays determining when weevils start and end
secreting the aggregation pheromone, we placed S male
weevils in an Erlenmeyer flask and applicd an air stream
saturated in cthyl-acetate for 1 min. Then the flask with
the ‘activated’ males was used to test the response of
other ‘test’ weevils from both sexes as described above.
The response of ‘test’ weevils to the ‘activated’ males
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was quantified using the following index: inscct at rest
(0), insect walking (1), walking fast (2), moving wings
(3) and flying (4). The ‘test’ males were monitored each
3 min for 30 min. In this bioassay ‘test’ weevils remained
for over 30 min suspended in the olfactometer which
somehow seemed to affect their activity at the end of
the assay. Thus, in another bioassay, we repecated this
experiment but tested the response of ‘test’ wecevils only
once for 5 min, using the same index as described above.

The results were analyzed using a binomial test
(Sicgel, 1982) by comparing the frequency of individuals
showing a DC response toward a specific source versus
those orientating to both sources.

For morphological studies of the gland, the insect was
anesthetized by cooling (—5°C for 15 min), its rostrum
and hcad were then detached and the prothoracic dorsal
sclerites were withdrawn. The dissection was
accomplished with the aid of a stereoscopic microscope,
and with the insect immersed in phosphate buffer, pH 7.2
and 360 mOsn/1. Tissue was fixed in aqucous Bouin’s
solution for 24h and then dehydrated using a graded ser-
ies of acetone. Thercinafter it underwent critical point
drying in CO, using a BALZERS CPD 020. This prep-
aration and whole rostrums were then gold-plated in the
Balzers sputter-coating device for 1 min. Observations
and photographs of the gland and of the external struc-
tures of the rostrum were done in a MEB philips SEM
508.

Samples of the glands and sections of the rostrum were
prepared for light microscopy observation by fixing the
tissue in 2.5% glutaraldehide and 1% paraformaldechyde,
in isotonic PBS. Fixation started immediately after the
tissue was exposed during the dissection. Pieces of tissue
wcre immersed in the aldehyde fixative to complete pre-
fixation after washing them in buffer solution. Samples
were then fixed in 1% osmium tetroxide in PBS, pH =
7.2 / 360 mOsm/1 and dehydrated with a graded series
of ethanol ending with propylene oxide. Subscquently,
samples were placed in propylene oxide/epoxy mixture
1:1 resin (Polybed) for 45 min at 4°C and finally, they
were fixed in resin mixture for 48h at 60°C. Thick and
semi-thin sections were obtained with a Reichert ultram-
icrotone and then stained with 4% toluidine blue. Obser-
vations and photos were done with a POLIVAR
(Reichert) light microscope.

For the chemical analysis, extracts in dicloromethane
were obtained. The insect body was dissected so as to
obtain in the thoraxic glands, rostrum, rectum and the
rest of the body as described above. Chemical analysis
of glands were made in both normal condition (no
stimulation) and in insects stimulated with ethyl acetate
during one minute. The parts were placed into a vial con-
taining the solvent (CH,Cl,). Solvent extracts were con-
centrated by blowing nitrogen to reduce the volume to
100 wl. Identification of rhynchophorol was achieved by
monitoring selected ions in a gas chromatograph PER-
KIN-ELMER Autosystem 900 coupled with a mass
detector PERKIN-ELMER QMASS-900, and by compar-
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ture. In the rostrum of the males we observed two types
of hairs (Fig. 2), both showing at their bases- small gran-
ules possibly formed by waxes secreted at the base of
the hairs. The hairs on the depression of the dorsal part
of the rostrum of males form a kind of channel which
lead up the apical extreme of the rostrum [Fig. 2(2)]. In
effect, no direct communication between the pheromone
producing prothoraxic gland and the hairs in the rostrum
could be found. However, we observed though ducts
leading from the trichogen cells through the cuticle to
the base of the hairs [Fig. 2(4) and (5)]

The results of scanning elcctron microscopy of the par-
ietal gland showed a glandular structure surrounded by
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numcrous fat bodics, and alveolar microtubules that con-
nected to larger efferent ducts [Fig. 1(2)]. In the alveolus,
the cells had a typical ‘acinus’ arrangement, including
lacunar spaces in the basal and distal acuminal region,
with several adjacent cells through which the synthesized
substances could flow. No reservoir could be found, but
rather, the secretion could flow through the cfferent ducts
to cven wider ducts, eventually being relcased in the
digestive tract. The connection to the digestive tube could
not be observed but was implied by circumstantial evi-
dence from the chemical analysis and behavioral obser-
vations (sec below).

Direct observations of the rostrum of males being

FIGURE 2. 2(1) Scanning microscope view of the rostrum of male weevils where the apex is indicated with R; 2(2) further

amplification of the apex of the rostrum showing the central depression (CD); 2(3) scanning micrograph of two types of hairs

(S1 and S2) on the dorsal part of the rostrum; 2(4) light micrographic view of a transversal section of the rostrum showing

cutting of the hairs (H) and the alimentary canal (AC); 2(5) further amplification showing transversal ducts (TD), cuticle (C)
and trichogen cells (TC).
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stimulated with ethyl-acetate odors showed that the
insects produced a clear droplet which was extruded from
the mouth while the mandibles remained closed, so that
the droplet was secreted dorsally, contacting the apical
part of the dorsal depression of the rostrum filled with
hairs. On three occasions, we could observe the droplet
dispersing rapidly after contacting the hairs in the
depression and immediately afterward all hairs on the
dorsal part of the rostrum were moist. Unfortunately,
insects placed under a stereoscope did not emit the
secretion, making close observation and photography
impossible. A simulation of this phenomenon using dead
insects and droplets of ethanol revealed a curious capil-
lary effect: the width of the depression and the position
of the hairs were such that a droplet, placed at the apical
end of the depression, would immediately spread to all
hairs on the rostrum of the male.

Our behavioral assays testing the body part of the
insect which produced the aggregation pheromone are
summarized in Table 1. When stimulating the insects

TABLE 1. Response of R. palmarum to odors of different body parts
from conspecific weevils. The number of weevils of each sex is indi-
cated for each response category

Males Females Total
Rostrum male 16 14 30 *
Rostrum female S 5 10
No preference 9 8 17
Inactive 1 1 2
Rostrum male 3 4 7
Air 0 0 0
No preference 2 1 3
Inactive 0 0 0
Rostrum female 1 1 2
Air 3 3 6
No preference ] 1 2
Inactive 0 0 0
Rest of the body male 0 i 1
Air 2 2 4
No preference 2 2 4
Inactive 1 1 2
Rest of the body female 4 4 8 *
Air i 0 1
No preference 0 1 1
Inactive 0 0 0
Rest of the body male 5 2 7
Rest of the body female 15 13 28 *
No preference 9 10 19
Inactive 1 2 3
Proboscis male 12 18 30 *
Rest of the body male 6 9 15
No preference 9 14 23
Inactive 9 6 15
Head male 0 1 1
Prothorax male 9 7 16 *
No preference 6 5 It
Inactive 1 1 2
Rostrum male 0 0 0
Prothorax male 1 2 3
No preference 4 1 5
Inactive 0 0 1

* indicates statistically significant values (P <0.05, binomial test)

17

simultancously with odors released by the head vs. those
released by the prothorax, both sexes preferred odors
from male prothorax. In other tests, odors rcleased by the
rostrum were more attractive than those from the rest of
the body. When odors from the rostrum were tested
against those from the prothorax, individuals preferred
the prothorax.

Selected ion monitoring analysis by gas chromatogra-
phy-mass spectrometry (m/e = 128, 95, 71, 57 and 43),
showed the presence of rhynchophorol from two pools
of 8 insects gave values of rhynchophorol of 940 and
1300 ng/insect in the glands of stimulated insects, 2.1
and 2 ng/insect in glands from insects under normal con-
dition; and 0.2 10 0.3 ng/rostrum, 0.05 to 0.13 ng/rectum,
0.0 ng/remains of the thorax and 0.0 ng/remains of the
abdomen of stimulated insects.

Experiments in which groups of 5 males were stimu-
lated (‘activated’) for 1 min with ethyl-acetate odors, and
then used to stimulate ‘test’ weevils fixed in the olfac-
tometer, showed that male weevils activated ‘test’ weev-
ils approximately 10 min after smelling ethyl-acetate
(Fig. 3), suggesting that the production of aggregation
pheromone by activated’ males is initiated some minutes
after being stimulated by ethyl-acetate. When we
observed the response of fresh ‘test” weevils for only 5
min in front of groups of ‘activated’ males at various
times after ‘activating’ the males (Fig. 4), the ‘activated’
males stimulated the ‘test’ weevils (thus, probably emit-
ting the aggregation pheromone) for several hours.

DISCUSSION

Abundant information about the chemistry of the
aggregation pheromones released by Coleoptera exists.
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FIGURE 3. Temporal pattern of the release of the aggregation phero-
mone produced by males after being stimulated with ethyl-acetate
odors. The mean of the activity index of performance of weevils in
the olfactometer, submitted to odors from 5 activated males, is plotted
at different time intervals from the mgment the males at the source
were activated (filled circles). Controls are indicated in open circles.
Standard deviation is indicated in one direction only, N = 10.
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FIGURE 4. Duration of males aggregation pheromone production.

The mean of the activity index of performance of weevils in the olfac-

tometer, submitted to odors from 5 males which werc activated with

ethyl-acetate odors, is plotted at different time intcrvals from the

moment the males at the source were activated. Standard deviation is
indicated, N = 12.

However, less is known about the exocrine glands and
the biosynthetic mechanisms of pheromones. In the case
of the Rhynchophorinae, the aggregation pheromones of
six species of the genus Rhynchophorus have been ident-
ified (Oehlschlager er al., 1992, 1993; Gries et al., 1994;
Hallett ef al., 1993; Rochat et al., 1993; Weissling et al.,
1994). However, nothing is known about either the
glands of origin, nor the releasc mechanisms of these
aggregation pheromones.

Our chemical, behavioral and morphological evidence
suggest that the lateral gland in the prothorax is respon-
sible for the synthesis of the aggregation pheromone.
This gland, due to its location, can be considered as a
modified salivary gland, similar to the one reported for
Shedorhinotermes lamanianus (Kaib and Ziesmann,
1992), as both glands probably release their secretions
into the digestive tract.

Our results suggest that the aggregation pheromone is
produced and continuously released once the exploring
male is stimulated with appropriate odors, i.e. ethyl-acet-
ate. Clearly males do not release the aggregation phero-
mone in the absence of plant volatiles (Moura et al.,
1989; Rochat et al., 1991a; Jaffé et al., 1993). Thus, the
insects synthesize and release the pheromone only after
smelling ethyl acetate (see also Jaffé et al., 1993).

The morphological examination of the gland and the
behavioral observations suggest that the insect does not
possess a reservoir to store the pheromone, indicating
that the pheromone must be synthesized and released in
direct response to the stimulus. This may also occur in
other species in which there is no accumulation of phero-
mone (Raina et al., 1989; Teal et al., 1989).

Our results with R. palmarum present the first detailed
description of a pheromone releasing mechanism in
Coleoptera. Here, the prothoracic glands (probably modi-
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fied salivary glands) are the source of the aggregation
pheromone. The pheromone is synthesized as a response
to the presence of a stimuli (ethyl-acetatc) and secrcted
through the feces and/or directly released through the
oesophagus to the mouth, where it is channeled via capil-
lary forces to the depression on the dorsal surface of the
rostrum to a conglomerate of hairs, which aid in the
cvaporation of the volatiles.

Given the close phylogenetic relationship between R.
palmarum and other species of Rhynchophorini
(Wattanapongsiri, 1966), it is probable that males of
other species of the same genus also possess the parietal
gland which would produce the aggregation pheromone.
Similar pheromone releasing mechanisms could also be
expected in insects of the same tribe and even among
Curculionidae in general.
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