
Abstract: Deforestation produces homogeneous agricultural environments creating an im-
balance between herbivores and their hosts. Since 2010, there has been a phytosanitary 
crisis in the peach palm (or chontaduro), Bactris gasipaes in the Colombian Pacific Region 
which can be attributed to two species of palm weevils: Rhynchophorus palmarum and 
Dynamis borassi. It has been proposed that deforestation of native palms, used by these 
weevils, induces these to find new resources in the peach palm. This study examined the as-
sociation of these two weevils with native palms near chontaduro crops and how this occurs 
in two types of habitats. Six secondary forests and six anthropogenically disturbed areas 
were visited in third administrative division: “corregimientos” 1 and 2 (Zone A) and 7 and 
8 (Zone B) in the municipality of Buenaventura. Three 50 x 100 m plots were designated 
in each zone, all palms with damage being recorded; the sampling was also complemented 
with a free sample. Twelve palm species distributed into one subfamily and nine genera 
were identified. A total of 271 unopened inflorescences were examined in Zone A and 501 
in Zone B. Only evidence of damage was found in individuals of the “milpesos” palm  
(Oenocarpus bataua), an economically exploitable species. The proportion of palms affected  
in terms of habitat was significantly higher in the disturbed habitat. This is the first record 
that quantifies a high percentage of association between D. borassi and the “milpesos” palm 
in the Colombian Pacific Region, a phenomenon that could be explained by agroecological 
hypotheses.

Keywords: Secondary forest, palm inflorescences, tropical deforestation, palm borers, dis-
turbed zones, chontaduro, Coleoptera, Bactris gasipaes, Rhynchophorus palmarum, Dynamis  
borassi.

Resumen: La deforestación produce ambientes agrícolas homogéneos y puede generar desequi-
librios entre los herbívoros y sus hospederos. Desde 2010, ha ocurrido una crisis fitosanitaria 
en el cultivo de la palma de chontaduro (Bactris gasipaes) en el Pacífico colombiano, atribui-
da a los picudos Rhynchophorus palmarum y Dynamis borassi. Se ha planteado que la defo-
restación de palmas nativas utilizadas por estos picudos, hace que busquen nuevos recursos 
y los encuentran en el chontaduro. Esta investigación examinó la asociación de estos picudos 
con palmas nativas cercanas a cultivos de chontaduro, y cómo se da en dos tipos de hábitats. 
Se visitaron seis bosques secundarios y áreas antropogénicamente intervenidas en los corre-
gimientos 1 y 2 (zona A), y 7 y 8 (zona B) de Buenaventura. En cada una se delimitaron tres 
parcelas de 100 x 50 m y se registraron todas las palmas con daño, además se complementó 
con un muestreo libre. Se identificaron doce especies de palmas distribuidas en una subfa-
milia y nueve géneros. Se examinaron 271 inflorescencias sin abrir en la zona A y 501 en B. 
Solo se evidenció daño en individuos de la palma “milpesos” (Oenocarpus bataua), especie 
económicamente explotable. La proporción de palmas afectadas en términos de hábitat fue 
significativamente mayor en el área intervenida. Este es el primer registro que cuantifica un 
alto porcentaje de asociación entre D. borassi y la palma “milpesos”, fenómeno que podría ser 
explicado por hipótesis agroecológicas. 

Palabras clave: Bosque secundario, inflorescencias de palmas, deforestación tropical, barrena-
dores de palmas, zonas perturbadas, chontaduro, Coleoptera, Bactris gasipaes, Rhynchophorus  
palmarum, Dynamis borassi.
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Introduction

Anthropogenic activities in terrestrial landscapes transform 
heterogeneous agricultural environments into homogeneous 
ones (Perfecto et al. 2009). This homogenization can lead to 
rapid production improvement; however, in the long term, it 
can produce negative consequences when important ecologi-
cal functions that regulate pests are lost (Lindgren et al. 2018). 
For instance, the loss of plant architecture, that supports natural  
enemies or physically and chemically barriers from complex 
vegetation, directly inhibits pest attack (Altieri 1992).

An ecological consequence of habitat transformation by 
humans is that some herbivore populations increase as a res-
ponse to resource homogenization, thus giving rise to eco-
nomic problems for a crop (Armbrecht 2016). It has been 
suggested that decreased diversity could result in a greater 
abundance of focal host species (Pagán et al. 2012). Further-
more, greater plant diversity in agroecosystems has been rela-
ted to an increase in insect diversity which, in turn, can result 
in less damage by insect herbivory (Letourneau et al. 2011). 

Insect pests, especially species those with a limited host 
range, have greater difficulty in locating and remaining on 
their host plants in small, scattered crops rather than on lar-
ge, dense crops (Root 1973). These changes in behavior may 
be due to the chemical and visual interference used for loca-
ting the host plant or to the quality of microhabitats (Andow 
1991). In agroecology, the pattern just described is known 
as the resource concentration hypothesis, which leads to the 
prediction that crop herbivory will tend to decrease in more 
biodiverse contexts (Vandermeer 1989; Armbrecht 2016). Re-
cent empirical evidence demonstrates that both the presence 
of forests and the design of diversified agricultural systems 
guarantee beneficial inter-species interactions, better weed 
suppression and the disruption of the life cycle of pests (Cong 
et al. 2015; Palomo-Campesino et al. 2018).

The chontaduro, “pejibaye” or peach palm (Bactris  
gasipaes Kunth, 1816; Arecaceae) was domesticated in 
pre-Columbian times by the Amerindians in the humid 
lowland neotropics. At present, it is widely cultivated outside 
of its original area (Ordoñez-Santos et al. 2015) occupying 
most of the neotropics (Mora-Urpí et al. 1997) from Hondu-
ras to Bolivia (along the Atlantic Coast of Central and South 
America to Brazil, and along the Pacific Coast from Costa 
Rica to the extreme south of Peru). Brazil, Colombia, Cos-
ta Rica, and Peru are the greatest producers (Clement et al. 
2004). In Colombia, the peach palm is best represented in the 
Pacific and Amazon Regions (Godoy et al. 2007).

In 2010, a phytosanitary crisis was detected in peach palm 
production areas on the Colombian Pacific Coast. The dam-
age was characterized by the toppling of palm crowns, caus-
ing the death of at least 253.000 plants (ICA 2015) This has 
been widely attributed to the palm weevil, Rhynchophorus 
palmarum L., 1758 (Coleoptera: Curculionidae). However, 
the presence of another very similar weevil, Dynamis borassi  
(Fabricius, 1801) (Coleoptera: Curculionidae), has also 
been recorded in chontaduro (Pardo-Locarno et al. 2016).  
As pointed out by farmers, this phytosanitary crisis coincided 
with the indiscriminate removal of native palms in different 
chontaduro production areas (Löhr and Vasquez-Ordóñez, 
pers. comm, November and December 2017), which are used 
for building material, food, and other purposes (Bernal and 
Galeano 2013). All of this has exerted a negative effect on 
palm diversity and population dynamics (Navarro 2015).  

Therefore, the phenomenon has probably important changes 
in forest dynamics since these palms are key components of 
tropical rain forest structure (Benchimol et al. 2017).

Damage promoted by D. borassi has been recorded in 
Astrocaryum chonta Mart. (1844) and A. carnosum F. Kahn 
and B. Millán (1992) in Peru (Couturier et al. 2000); Euterpe 
oleracea Mart. (1824) and Oenocarpus minor Mart. (1823) 
in Brazil (Couturier et al. 1998a, 1998b, 2000; Beserra et al. 
2006); Cocos nucifera L. (1753) in Ecuador (Gerber et al. 
1990) and Syagrus schizophylla (Mart.) Glassman (1968) 
and S. vagans (Bondar) A.D. Hawkes (1952) (Couturier et al. 
1998a) in Brazil. In Colombia, this insect is associated with 
coconut palms (Mora-Urpi et al. 1997) and, specifically in 
Buenaventura municipality, with peach palm or chontaduro 
(Pardo-Locarno et al. 2005, 2016). Therefore, in this study we 
expected to find inflorescences of different species of native 
palms (besides chontaduro) being attacked by these weevils. 

Details of the interaction between the Oenocarpus bataua 
Mart. (1823) or “milpesos” palm and D. borassi are unknown 
and how this interaction may vary in different types of habi-
tats has not been evaluated. Therefore, the present study ai-
med to determine which species of native palms are used by 
D. borassi and the incidence of these weevils on native palms 
in two types of habitats: secondary forest and disturbed areas 
in two zones in the municipality of Buenaventura, Valle del 
Cauca, Colombia.

Materials and methods

Study area. The samplings were carried out in third admin-
istrative division: “Corregimientos” 1 and 2 (hereafter Zone 
A) and 7 and 8 (hereafter Zone B) in the municipality of Bue-
naventura, Valle del Cauca (Alcaldía Distrital de Buenaventura  
2015). In the   Bajo Calima area, near Zone A, average annual 
temperature is 26.5 °C, relative humidity is 90 % and precipi-
tation is ca. 7,500 mm (Bocanegra-Gonzaléz et al. 2015). The 
Anchicaya River Basin, near the Zone B, has an average an-
nual temperature of 26 °C, relative humidity of 86 % (Angulo 
2012) and annual precipitation between 4,000 and 8,000 mm 
(Pardo-Locarno et al. 2016).

Sampling sites located in Zone A were studied between 
May 30 and June 8, 2018 whereas the sites in Zone B were 
studied between June 26 and July 7, 2018. The geographical 
coordinates and names of all the sampling sites are listed in 
Table 1. In each zone, seven sampling points were identified: 
three were classified as secondary forest (Habitat 1), three as 
anthropogenically disturbed areas (Habitat 2) and one was a 
free sampling point (see below). The secondary forest had at 
least four vertical vegetation layers and signs of healthy rege-
neration such as seedlings, herbaceous vegetation, and adult 
trees with overlapping canopies. The soil in the forest had 
abundant decomposing leaf litter and lacked dominant grasses. 
The criterion for selecting the “forest” habitat was the presen-
ce of arboreal tree structure and closed canopy. The disturbed 
areas were characterized by having very exposed palms, no 
canopy cover and, on many occasions, clearings at ground 
level. Ground cover was mainly characterized by the presen-
ce of one species of fern, Dicranopteris sp. (Gleicheniaceae),  
which normally grows in open or deforested tropical soils 
(Zhao et al. 2012), or pastureland with little vegetation (Fig. 
1). Finally, a free sampling was carried out in the two Zones 
(A and B) by following dirt roads in primary succession areas 
for approximately 3 h (time was not standardized).
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Table 1. Geographic location of Zone A (“Corregimientos” 1 and 2) and Zone B (“Corregimientos” 7 and 8) sampling sites in 
the municipality of Buenaventura, Valle del Cauca, Colombia.

Name of location (Type of habitat) Coordinates
Zone A

“El Guineo”- Stations of “Universidad del Tolima” (disturbed habitat) 3º57’07.32”N 76º59’16.21”W
“Tatabro” (Km 15) (disturbed habitat) 3º57’33.72”N 77º00’23.14”W
“El Vivero” (disturbed habitat) 3º56’26.26”N 76º59’06.05”W
“Guineo” (secondary forest habitat) 3º58’27.30”N 77º00’12.38”W
“Tatabro” (Km 15) (secondary forest habitat) 3º57’30.46”N 77º00’30.01”W
“El Vivero” (secondary forest habitat) 3º56’07.69”N 76º59’17.14”W
“Brisas” (free sampling) 3º57’31.22”N 77º00’13.64”W

Zone B

“Alto Potedó” (disturbed habitat) 3º45’48.38”N 76º57’49.49”W

“Bogotá” (disturbed habitat) 3º46’06.70”N 76º58’04.73”W

“San Marcos” (disturbed habitat) 3º42’47.83”N 76º57’31.89”W

“Bartolo” (secondary forest habitat) 3º41’30.40”N 76º57’59.84”W

“El Colegial” (secondary forest habitat) 3º41’06.08”N 76º57’13.48”W

“Chaverra” (secondary forest habitat) 3º41’47.41”N 76º57’49.59”W

“Potedó” (free sampling) 3º47’39.58”N 76º59’20.18”W

BA

Figure 1. Characteristic habitats at studied sampling sites in rural areas of Buenaventura, Valle del Cauca, Colombia: A. Secondary 
forest. B. Disturbed areas. 

Sampling design. At each of the sites (except those for free 
sampling), three 50 x 100 m plots were measured for a total 
of 36 plots in the entire study. Each plot was divided into four 
25 x 50 m cells (Fig. 2). Distance between plots was a least 
20 m. In each of the plots, the species of palms were iden-
tified and evidence of damage to inflorescences by borers 
was carefully searched for using binoculars. All sites eval-
uated were within a range of 500-1,000 m from the peach  
palm crops.

Free sampling was focused on specimens of the “milpe-
sos” palm in order to increase the number of captured weevils 
and document the damage they cause to this specific species 
of interest. Free sampling time was five hours for Zone A and 
one hour for Zone B. Although time could not be standardized 
due to access logistics and security issues, the shorter sam-
pling period in the second zone was partially rectified by hav-
ing two researchers conduct the evaluation, both with more 
experience than in Zone A.

Damaged bracts (unopened inflorescences) were collected 
with the aid of a tree pruner (the maximum height of the palms 
from which the bracts were obtained was 15 m) when tree 
height and slope of terrain permitted. These were subsequently 

dissected in search of insects. Recovered adult weevils were 
preserved in 96 % ethanol. Following the Stehr (1987) proto-
col, the larvae were boiled (in 100 °C water) and placed in la-
beled vials with 96 % ethanol. The pupae were extracted from 
the palm inflorescences along with their cocoon and taken to 
the laboratory at the Universidad del Valle in Cali, Colombia, 
where they were raised until the emergence of imagos.

Sample processing. All palms were identified according to 
Galeano and Bernal (2010). Samples of vegetative and/or re-
productive parts were collected when further examination was 
required for reliable identification. Voucher specimens were 
deposited at the “Luis Sigifredo Espinal Tascón Herbarium”, 
Universidad del Valle (CUVC), under the following codes: 
Bactris coloradonis L. H. Bailey (1933) (CUVC-67962 to 
CUVC-67965), Euterpe precatoria Mart. (1842). (CUVC-
67955 to CUVC-67958), Manicaria saccifera Gaertn. (1791) 
(CUVC-67959 to CUVC-67961), Oenocarpus bataua Mart. 
(1823) (CUVC-67974 to CUVC-67977), Oenocarpus sp. 
(CUVC-67982 to CUVC-67985), Pholidostachys dactyloides  
H. E. Moore (1967) (CUVC-67978 to CUVC-67981),  
Wettinia quinaria (O. F. Cook & Doyle) Burret (1930) (CUVC-
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67966 to CUVC-67969) and Wettinia radiata (O. F. Cook & 
Doyle) R. Bernal (1995) (CUVC-67970 to CUVC-67973).

Adult and larvae weevil were identified based on Wat-
tanapongsiri (1966). All material was examined at the “Lab-
oratorio de Biología, Ecología y Evolución de Artrópodos”, 
Universidad del Valle, and deposited at the “Museo de En-
tomología de la Universidad del Valle” (MUSENUV) under 
the following voucher codes: D. borassi (MUSENUV-29193, 
MUSENUV-29193-1 and MUSENUV-29193-2).

Data analyses. A Generalized Mixed Linear Model with bino-
mial error distribution was made to assess the differences in the 
proportion of palms and inflorescences of O. bataua in both in 
zones and in the sampled habitats. All statistical analyses were 
carried out using the R version 3.1.5 free distribution program 
(Core Team 2018) and the Ime4 package to adjust Mixed Effect 
Generalized Linear Models. Level of significance was 5 %.

Results 

A total of twelve species of palms were identified at the study 
area (including the two zones) and a total of 772 unopened 
inflorescences were collected (Table 2).

Table 2. Number of unopened inflorescences per palm species collected 
in Zone A (“Corregimientos” 1 and 2) and Zone B (“Corregimientos” 7 
and 8) in Buenaventura, Valle del Cauca, Colombia.

Species
Number of unopened 

inflorescences
Zone A Zone B

Attalea allenii H. E. Moore. (1949) 0 3
Bactris coloradonis 3 1
Euterpe precatoria 7 8
Iriartea deltoidea Ruiz y Pav (1798) 0 5
Manicaria saccifera 45 2
Oenocarpus bataua 63 40
Oenocarpus minor 0 2
Oenocarpus sp. 0 1
Pholidostachys dactyloides 3 0
Socratea exorrhiza (Mart.) H. Wendl (1860) 3 15
Wettinia quinaria 61 324
Wettinia radiata 86 100
Total 271 501

Of the twelve palm species identified, damage was only 
found in O. bataua in both samples (plots and free samples). 
Complete damage to the inflorescence was observed and more 
than 50 % of the inflorescences showed various perforations 
at the apex, the central and basal part of the unopened inflo-
rescences (Figs. 3B-3D). The largest number of perforations 
was recorded in the central part of the inflorescence in both 
zones (Zone A: 98 perforations and Zone B: 31 perforations), 
followed by perforations in the apex (35 and 9, respectively) 
and the base (24 and 8, respectively). The affected bracts (un-
opened inflorescences) were also totally consumed (rachis, ra-
quilla and flowers) (Fig. 3E). Statistical analyses could not be 
carried out for this descriptive data because they included ob-
servations made by free sampling for which time was not stan-
dardized. The pupae were observed at the base of the bracts, 
each enclosed within a pupal case made from bract fibers (Fig. 
3F). For both, the sampling of plots and free sampling, empty 
pupal cases were found to drop off the inflorescences while the 
larvae and pupae were found inside. The pupal phase lasted 
for 40 days until the emergence of the imagoes. Both adult and 
larvae were identified as D. borassi (Fig. 4).

Some inflorescences with incomplete weevil-induced 
perforations (13 in Zone A and 5 in Zone B) were observed.  
A pattern to identify affected inflorescences was determined: 
whereas healthy inflorescences normally tilt forwards before 
the bracts open to expose the reproductive structures, dama-
ged unopened inflorescences exhibited a tendency to maintain 
an upright position.

In plot samplings, the percentage of O. bataua affectation 
was 49.2 % (62/126) in Zone A, where six empty pupae and 
two larvae were found. In Zone B, percentage of affectation 
was 42.8 % (21/49) and five empty pupae were found.

In O. bataua free sampling, percentage of palm affecta-
tion in Zone A was 47.6 % (30/63), where five empty pupae, 
two larvae, and one pupa with a live individual were found.  
In Zone B, the percentage of affectation was 25 % (2/8) and 
two empty pupae were found (Fig. 5).

No significant statistical differences were found, in terms 
of damage percentaje, between Zone A and Zone B (P = 
0.318). However, there was a statistically significant effect for 
habitat (P = 0.043) on the mean proportion of palms affected 
for O. bataua, the effect being greater in the disturbed zone 
habitat than in the secondary forest (Table 3, Fig. 6A). Re-
garding affected O. bataua bracts, no significant differences 
were found between Zones A and B (P = 0.222) (Table 3). 
Nevertheless, a marginal, but statistically negligible, effect 
was found on comparing habitats (secondary forests vs. dis-
turbed zones) regarding the proportion of affected unopened 
inflorescences (P = 0.058) (Table 3, Fig. 6B)

Discussion

Our results showed that, during the season sampled, there was 
an exclusive association of the weevil D. borassi on O. bataua 
since no attack on the other eleven co-occuring palms in the 
region was recorded. Although the number of sampled inflo-
rescenses was very different, and there are still uncertainties, 
our results suggest that D. borassi weevils can be host-se-
lective. Their preference for O. batatua may be related to a 
chemical preference for volatile substances produced by this 
host plant. This behavior was previously reported in literature  
on other weevils of this subfamily (Reddy and Guerrero 2004; 
Aldana de la Torre et al. 2011). 

C2

C4

25 m25 m

50 m

50 m

C1

C1

Figure 2. Organization of one of the 36 sampling plots (three at each 
sampling site): C1, C2, C3 and C4 are Cell 1, 2, 3, and 4, respectively.
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A

D E F G

B C

Figure 3. Oenocarpus bataua inflorescences. A. Healthy inflorescence and normal development. B. Da-
mage to the apical portion. C. Damage to the mid-apical portion. D. Damage to the base. E. Completely 
empty bract affected by the weevil. F. Pupa of Dynamis borassi at the base of the inflorescence. G. Empty 
D. borassi pupal case.

A

1 cm

B C

1 cm

1 cm

Figure 4. Dynamis borassi Olivier (Curculionidae, Dryophthorinae) larva and adult. A. Larva. B. Adult male (dorsal view). 
C. Adult male (lateral view).

It is also possible that, due to phenology or other unknown 
ecological factors, the D. borassi would not have attacked 
other native palm species. Further, it has been shown that 
it does attack other palms such as peach palm (chontaduro) 
(Pardo-Locarno et al. 2016) among other palms (Couturier 
et al. 2000). It seems likely that habitat deterioration and the 
increase of monocultures in the Pacific region, added to palm 
deforestation affects peach palm and “milpesos” palm infes-
tation rates.

Our observations also showed that D. borassi completes 
the larval cycle inside O. bataua inflorescences. This is con-
sistent with literature reports, which confirm that this species 
attacks and undergoes its inmature stages in palm inflorescenc-
es (Giblin-Davis et al. 1996; Couturier et al. 1998a, 1998b; 
2000). A different damage pattern occurs in chontaduro (B. 
gasipaes or peach palm) crops, where the larva often burrows 
into the apical portion of the stem to complete its develop-

ment (A. A. Vásquez-Ordóñez, pers. obs.). This behavior has 
also been documented in other palms, such as in O. mapora H. 
Karst 1857; and it has been found that, on occasions, it only 
affects the stem, such as in E. oleracea (Beserra et al. 2006).

An important observation for the diagnosis of attack is that 
affected inflorescences (bracts) remain in an upright position 
and do not tilt forward, a symptom of great importance for 
differencial identification when the height of the palm hinders 
a more detailed diagnosis.

Seventeen (17) empty pupal cases were found in inflores-
cences: almost half of the inflorescences sampled were found 
to be damaged and with evidence of insect exit but without 
insect presence. Up to three individuals in any state of de-
velopment were found per inflorescence, which means that 
various individuals can develop in an inflorescence. This also 
suggests the seasonality of the occurrence of D. borassi at our 
study site, which was reinforced by peach palm (B. gasipaes) 
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observations near the study sites during the same season that 
showed a similar seasonal pattern of D. borassi abundance. 
However, we also found larvae inside inflorescences thus 
demonstrating the possibility of an asynchronous population 
cycle. This asynchrony may be related to the variable phe-
nology of the host palm (O. bataua) (Nuñez-Avellaneda and 
Rojas-Robles 2008) that maintains floral resources over the 
entire year thus allowing the continuous development of D. 
borassi populations. This may also be explained by a mul-
tivoltine behavior of this weevil, something which has also 
been reported for other species of this subfamily (Riba and 
Alonso 2007). However, more studies on this aspect are need-
ed specifically for D. borassi.

Greater affectation of the weevil in O. bataua was ob-
served in disturbed habitats. A possible, yet scientifically 
unproven, explanation is that weevil populations are directly 
influenced by the concentration or spatial dispersion of the 
suitable host palms. In the disturbed habitats and peach palm 
monocultures, where the palms are more exposed and con-
centrated, weevils can localize food resources more easily 
(Root 1973). Instead, when within the forest, the weevil is 
less likely to easily find its host plant, because there is more 
vegetation diversity and a greater abundance of plants with 
different phytochemicals that produce different aromas. This 
could mask chemical stimuli and physical obstacles (Vander-
meer 1989) that act as barriers, thus permitting the insects to 
infest more plants and inflorescences. Nevertheless, more re-
search is required to confirm this hypothesis and this study 
does not claim to have found evidence of it.

Conclusions

A descriptive and quantitative report on an exclusive D. 
borassi association with the O. bataua palm in the tropical 
region was produced. All damage was reported within un-
opened inflorescences, where the weevil seems to carry out 
all immature stages. This is extremely important for under-
standing the ecology of this weevil in non-cultivated palms 
and contributes to understanding their impact on peach palm 
(chontaduro) crops.

Our results suggest that increasing deforestation, particular-
ly of native palms, and replacement of natural forest cover with 
peach palm monoculture favor the scenario of the agroecologi-
cal resource concentration hypothesis. Although more research 
is required, our results present possible explanations and hy-
potheses for further work. Studies regarding direct temporal 
relationships between the deforestation of native palms and 
increased infestation of the peach palm by D. borassi, together 
with plausible reasons behind host preference, should contin-
ue. It is also necessary to spatially and temporally increase re-
search, such as that reported for the Colombian Choco, in order 
to establish associations with other species of native palms.
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