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   Summary 
 Th e coff ee berry borer,  Hypothenemus hampei  (Ferrari), is the most devastating insect pest of coff ee 
throughout the world. Adult females bore a hole in the coff ee berry, where they deposit their eggs; upon 
hatching, larvae feed on the coff ee seeds inside the berry, thus reducing yield and quality of the marketable 
product. Th e insect spends most of its life inside the coff ee berry, making it extremely diffi  cult to control. 
Th is paper presents a short review of the literature dealing with natural enemies of the coff ee berry borer, 
on the possible use of fungal endophytes as a biocontrol strategy, and on factors that might be involved in 
attracting the insect towards the coff ee plant. Th e paper identifi es some areas where research eff orts should 
be focused to increase the chances of successfully developing an eff ective pest management strategy against 
the coff ee berry borer. 
© Koninklijke Brill NV, Leiden, 2009
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     Introduction 

 Th e genus  Coff ea  (Rubiaceae) comprises 103 species (Davis et al.,  2006 ), but only two 
of these are commercially traded:  C. arabica  L. and  C. canephora  Pierre ex A. Froehner 
(also referred colloquially to as “robusta”). Th e signifi cance of coff ee in the world econ-
omy is staggering. It is grown in more than 10 million hectares in over 80 developing 
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countries ( http://faostat.fao.org/ ), and approximately 20 million families depend on 
this plant for their subsistence (Osorio,  2002 ; Gole et al.,  2002 ; Vega et al.,  2003 ; 
Lewin et al.,  2004 ). Arabica coff ee has a lower caff eine level than robusta, and arabica 
is an allotetraploid (2 n =4 x =44), while robusta is a diploid (2 n =22); furthermore, 
arabica coff ee grows best at high elevations, while robusta is grown at lower elevations 
(Wintgens,  2004 ; Vega  2008a ; Vega et al.,  2008a ). Both species of  Coff ea  can either 
be grown at full sun, or under diff erent levels of shade (Muschler  2004 ; Perfecto 
et al.,  2007 ). 

 One of the major constraints to coff ee production throughout the world is the dam-
age caused by the coff ee berry borer,  Hypothenemus hampei  (Ferrari) (Coleoptera: 
Curculionidae). Th is small beetle ( Figure 1 ) is endemic to Central Africa (Le Pelley, 
 1968 ), and can now be found throughout every coff ee-producing region, with the 
exception of Hawaii, Nepal, and Papua New Guinea. Adult females bore a hole in the 
coff ee berry and lay their eggs in internal galleries, with larvae feeding on the coff ee 
seed ( Figure 1 ). Feeding damage reduces yields, lowers the quality of the seed, and can 
result in the abscission of the berry. Th ere is a 10:1 female to male sex ratio, most likely 
due to the presence of  Wolbachia  (Vega et al.,  2002 ), and once the insects moult into 
adults inside the berry, there is sibling mating, with the emerging females being already 
inseminated and ready to search for a berry in which they can start ovipositing. Th us, 
most of the life cycle is spent inside coff ee berries, making this cryptic insect quite dif-
fi cult to control both by chemical and non-chemical strategies. 

  Th e availability of artifi cial diets that allow for the production of thousands of speci-
mens and multiple generations has made it possible to conduct research in the labora-
tory (Villacorta and Barrera,  1993 ; Portilla and Streett,  2006 ). Recently, Jaramillo et al. 
( 2009a ) developed a new technique that allows researchers to use infested-coff ee ber-
ries in the laboratory for extended periods of time. In this paper, we present a concise 
review on the coff ee berry borer, focusing on biocontrol methods, and identify areas in 
need of research. 

   Natural enemies 

 Many natural enemies of the coff ee berry borer have been reported, including parasi-
toids, predators, nematodes, and fungal entomopathogens (see below). Recent fi ndings 
serve to point out the many lacunae in the fi eld, and the need for innovative 
thinking. 

  Parasitoids 

 Th e fi rst coff ee berry borer parasitoid reported in the literature was the bethylid  Prorops 
nasuta  (Waterston) (Hargreaves,  1926 ). It can be found throughout most coff ee-
producing countries in Africa (Le Pelley,  1968 ) and has been introduced to Latin 
America, the Caribbean, Oceania, and Asia (Klein-Koch et al.,  1988 ; Barrera et al., 
 1990a ; Infante,  1998 ; Baker,  1999 ). Even though  P. nasuta  can be mass-reared using 
coff ee berry borer-infested coff ee berries (Abraham et al.,  1990 ; Barrera et al.,  1991 ; 
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 Figure 1.    Female coff ee berry borer (A) walking over a coff ee seed (B) to show the small size of the insect 
(ca. 2 mm long, 1mm wide). Female coff ee berry borer boring a hole in a coff ee berry (C) with character-
istic symptom of infestation revealing frass on the entrance hole (D). Damage caused by larval feeding 
inside the coff ee berry (E). Credits: (A) E. Erbe, USDA, ARS; (B) P. Greb, USDA, ARS; (C) and 
(E) G. Hoyos, Cenicafé; (D) G. Mercadier, USDA, ARS.    
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Infante et al.,  2005 ), the results of introductions have not been promising due to a lack 
of establishment, problems with its production, or negligible parasitism rates (De 
Ingunza,  1964 ; Heinrich,  1965 ; Murphy and Moore,  1990 ; Ruales,  1997 ; Infante, 
 1998 ; Infante et al.,  2001 ). 

 Some recent and very interesting papers related to  P. nasuta  illustrate how much we 
still need to learn about coff ee berry borer parasitoids. For example, Chiu-Alvarado et 
al. ( 2009 ) have shown that  P. nasuta  is attracted to coff ee berry borer-infested coff ee 
berries, as well as to larvae/pupae and frass removed from the infested berries, but not 
to uninfested berries, or to larva/pupae and frass obtained from artifi cial diets. Th ese 
results indicate that an unidentifi ed attractant produced by the interaction between the 
insect and the berry is critical for  P. nasuta  to locate its host. Overall, the long- and 
short-range host location strategies of  P. nasuta  – as well as the other parasitoids men-
tioned below - are poorly understood. 

 Jaramillo et al. (2009b) showed that 97% of the  P. nasuta  collected in the fi eld origi-
nate from berries collected on the ground, in contrast to 2.7% originating from berries 
on the tree. Th is is an important fi nding because it reveals that a common cultural 
practice in the Americas, involving the collection of berries on the ground to reduce 
coff ee berry borer levels (Bustillo et al.  1998 ), would also be removing an important 
biocontrol agent, i.e.,  P. nasuta . Jaramillo et al. (2009b) have suggested a screened 
enclosure that allows parasitoids to escape, but keeps the coff ee berry borer confi ned, 
to determine if this would increase parasitism levels in the fi eld. 

 Another bethylid,  Cephalonomia stephanoderis  Betrem ( Figure 2 ), was discovered as 
a solitary larval and pupal ectoparasitoid of the coff ee berry borer in the Ivory Coast 
(Ticheler,  1961 ; Betrem,  1961 ), and has been reported in various coff ee-producing 
countries in western Africa (Koch,  1973 ; Damon,  1999 ; Barrera et al.,  2000 ), but not 
in East Africa. In the Ivory Coast and Togo,  C. stephanoderis  can cause parasitism rates 
approaching 50% (Ticheler,  1961 ; Koch,  1973 ). Th is parasitoid can be mass-reared 
using coff ee berry borer-infested coff ee berries (Abraham et al.,  1990 ; Barrera et al., 
 1991 ), and has been imported to more than 20 countries, and in most of these, it has 
become established (Klein-Koch, et al. 1988; Barrera et al.,  1990a ,  1990b ,  2000 ; 
Bustillo et al.,  1998 ; Baker,  1999 ), However, where follow-up studies have been con-
ducted (e.g., Mexico and Colombia), the results have been disappointing (Barrera et 
al.,  1990c ; Bustillo et al.,  1998 ; Damon,  1999 ).  Cephalonomia stephanoderis  has been 
reported to produce a yet unidentifi ed marking pheromone after it oviposits on the 
coff ee berry borer (Barrera et al.,  1994 ). 

   Phymastichus coff ea  LaSalle (Hymenoptera: Eulophidae;  Figure 2 ) was discovered in 
Togo (Borbón-Martínez,  1989 ; LaSalle,  1990 ). It has been reported in many coff ee-
producing countries in Africa (Lopez-Vaamonde and Moore, 1998), and has been 
introduced to many countries in Latin America (Baker,  1999 ) and to India, but there 
is to date no evidence that it has become established. Even though releases in Mexico 
resulted in relatively high levels of parasitism (up to 55%), it was not possible to recover 
the parasitoid 8-12 months after it was released (Galindo et al.,  2002 ). Rojas et al. 
( 2006 ) have shown that the parasitoid is attracted to coff ee berries that have been 
mechanically damaged or that are infested with the coff ee berry borer, but the wasps 
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are more attracted to the mixture of frass and coff ee berry particles produced when the 
female bores galleries. As for  P. nasuta , these results indicate that the berry-coff ee berry 
borer association results in an unidentifi ed attractant for the parasitoid. Rearing meth-
odologies for  P. coff ea  using infested coff ee berries have been described by Infante et al. 
( 1994 ,  2003 ). 

 Th e braconid  Heterospilus coff eicola  Schmiedeknecht was discovered by Hargreaves 
( 1926 ,  1935 ) in Uganda, and is believed to be distributed throughout most coff ee-
producing countries in Africa (Le Pelley,  1968 ). Th is insect has a life-style that resem-
bles a predator, and not a parasitoid. Th e female lays an egg inside the gallery made 
by the female coff ee berrry borer, and upon hatching, the larvae feeds for 18-20 days 
on eggs and immature states of its host, consuming 10-15 individuals throughout its 
life cycle (Hargreaves,  1926 ,  1935 ; da Fonseca and Araujo,  1939 ; Le Pelley,  1968 ; 
Murphy and Moore,  1990 ). A rearing technique for this parasitoid has not yet been 
developed; this makes it diffi  cult to import the parasitoid to other countries for fi eld 
release. 

 Two parasitoids not reported from Africa have been identifi ed as natural enemies of 
the coff ee berry borer in the Americas:  Cryptoxilos  sp. and  Cephalonomia hyalinipennis  
Ashmed. Th e braconid  Cryptoxilos sp.  was reported by Bustillo et al. ( 2002 ) in 
Colombia. Various species of  Cryptoxilos  are known to attack members of the Scolytinae 
(Jordal and Kirkendall,  1998 ; Kenis et al.,  2004 ), and consequently, it is likely that 
their main host is not the coff ee berry borer. 

 Pérez-Lachaud ( 1998 ) reported on a new bethylid parasitoid of the coff ee berry 
borer in Mexico. It was tentatively identifi ed as  Cephalonomia  sp. near  waterstoni , and 
later identifi ed conclusively as  C. hyalinipennis  Ashmed (Pérez-Lachaud and Hardy, 
 1999 ). Th is species attacks various species in the Curculionidae and Anobiidae (Evans 
 1964 ,  1978 ) and has also been found to be a facultative hyperparasitoid of  C. stephano-
deris  and  P. nasuta  (Pérez-Lachaud et al.,  2004 ) thus bringing into doubt its potential 
as a coff ee berry borer biocontrol agent. 

   Predators 

  Ants 
 Ants are quite common in coff ee plantations, and shade-grown coff ee has been reported 
to have higher ant diversity than non-shaded coff ee (Armbrecht and Gallego  2007 ). 
Several authors have shown a close association of ants with the coff ee berry borer (Vélez 
et al.,  2000 ,  2003 ; Gallego-Ropero and Armbrecht, 2005; Vélez-Hoyos et al.,  2006 ; 
Philpott and Armbrecht  2006 ; Armbrecht and Gallego 2007) but so far there is no 
hard evidence, for instance through molecular gut content analysis, on whether ants 
play an important role as predators of the insect. It is important to consider that 
impressive fi ndings of ant predation in the laboratory might not necessarily be repli-
cated in the fi eld (Varón et al.  2004 ). Manipulating ants to increase coff ee berry borer 
predation would be quite diffi  cult, not to mention that ants can be a serious nuisance 
to coff ee pickers. 
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   Birds 
 Coff ee grown under shade has increased levels of biodiversity when compared to non-
shaded coff ee (Perfecto et al.,  1996 ; Greenberg et al.,  1997a ,  1997b ; Moguel and 
Toledo,  1999 ; Hietz,  2005 ; Armbrecht and Gallego, 2007; Philpott et al.,  2008 ). Th is 
increased diversity can include higher levels of birds, which have been shown to reduce 
coff ee berry borer levels. For example, Kellermann et al. (2008) identifi ed 17 species of 
birds as potential predators of the coff ee berry borer in Jamaica. Using coff ee berry 
borer-infested plants from which birds were excluded and contrasting them to plants 
to which birds had access, Kellermann et al. (2008) reported that birds reduce coff ee 
berry borer infestation levels, resulting in reduced berry damage. Similar results were 
also reported for Jamaica by Levy ( 2007 ). Sherry ( 2000 ) also reports on birds as preda-
tors of the coff ee berry borer. Similarly, Greenberg et al. ( 2000 ) and Perfecto et al. 
( 2004 ) have shown increased bird predation of other types of insects in coff ee planta-
tions with increased shade. 

   Th rips 
 Jaramillo ( 2008 ) and Chapman et al. ( 2009 ) have reported on the black thrips, 
 Karnyothrips fl avipes  (Jones) (Phlaeothripidae), as a predator of egg and larvae of the 
coff ee berry borer in Kenya. Molecular gut analyses have confi rmed that  K. fl avipes  
feeds on coff ee berry borer (Jaramillo et al., submitted; Chapman et al.,  2009 ). 
Sampling for predatory thrips in other coff ee growing areas throughout the world 
might reveal whether this widely distributed thrips species is present, or whether other 
thrips might be preying on the coff ee berry borer. 

   Other predators 
 In a survey of natural enemies of the coff ee berry borer in Togo and Ivory Coast, Vega 
et al. ( 1999 ) reported on a  Leptophloeus  sp. near  punctatus  (Coleoptera: Laemophloeidae) 
preying on larvae. Th ere have been no further reports of this possible coff ee berry borer 
predator. Spiders have also been observed to prey on the coff ee berry borer, although 
their preference for this insect is low (Henaut et al.,  2001 ). 

    Nematodes 

 Laboratory research has shown that the coff ee berry borer can be infected by nema-
todes in the genus  Steinernema  and  Heterorhabditis  (Allard and Moore,  1989 ; Castillo 
and Marbán-Mendoza,  1996 ; Molina and López, 2002; Sánchez and Rodríguez, 
 2007 ). Th ese are commercially produced in many countries as insect biocontrol agents, 
but whether they would be economically feasible in coff ee producing countries is yet 
to be seen. What remains a relatively unexplored area is natural nematode infections in 
the fi eld. Varaprasad et al. ( 1994 ) have reported an unidentifi ed species in the genus 
 Panagrolaimu s (Rhabditida: Panagrolamidae) attacking the coff ee berry borer in India. 
Castillo et al. ( 2002 ) and Poinar et al. ( 2004 ) have reported on a new nematode spe-
cies,  Metaparasitylenchus hypothenemi  (Nematoda: Allantonematidae) attacking the 



136 F.E. Vega et al. / Terrestrial Arthropod Reviews 2 (2009) 129–147

coff ee berry borer in Mexico ( Figure 3 ); the nematode has also been found in Honduras 
(Poinar et al.,  2004 ). Th is was the fi rst report for a nematode attacking the coff ee berry 
borer in the Americas. It is essential for coff ee researchers to sample coff ee-growing 
areas throughout the world for the presence of other nematodes infecting the coff ee 
berry borer. 

    Fungal entomopathogens 

 Various entomopathogenic hypocrealean fungi (Ascomycota) have been reported infect-
ing the coff ee berry borer:  Beauveria bassiana  (Balsamo) Vuillemin,  Metarhizium ani-
sopliae  (Metschn.) Sorokin,  Isaria farinosa  (Holmsk.) Fr. (formerly known as  Paecilomyces 
farinosus ),  Isaria fumosorosea  Wize (formerly known as  Paecilomyces fumosoroseus ), 
 Lecanicillium lecanii  (Zimm.) Zare and Gams (formerly known as  Verticillium lecanii ), 
 Nomurae rileyi  (Farl.) Samson, and  Ophiocordyceps entomorrhiza  (Dicks) Sung et al. 
(formerly known as  Hirsutella eleutheratorum ) (Bustillo et al.  1998 ,  2002 ; Vega 
et al.,  1999 ). By far,  B. bassiana  ( Figure 4 ) has been the most commonly reported 
throughout the world. Few studies have been conducted to assess coff ee berry borer 
mortality levels in the fi eld due to natural  B. bassiana  infections (i.e., not based on fi eld 
bioassays with introduced isolates). One such study reported up to 30% mortality in 
Venezuela (Klein Koch et al., 1988), 60% in India (Balakrishnan et al.,  1994 ), <10% 
in Mexico (Méndez-López,  1990 ; Córdova-Gámez,  1995 ), and <1% in Brazil (Costa et 
al.,  2002 ). Field studies have assessed coff ee berry borer infection with  B. bassiana  after 
spraying conidial suspensions in the fi eld (Velez-Arango and Benavides-Gómez, 1990; 
Bustillo et al.,  1991 ; Bustillo et al.,  1999 ), but long-term studies in these sites are  lacking. 

 Figure 3.    Infective juveniles of  Metaparasitylenchus hypothenemi  emerging from an infected coff ee berry 
borer (left), and detail of the infective juvenile (right). Credits: (A) A. Castillo, ECOSUR; (B) G. Nieto, 
ECOSUR.    
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Such studies are necessary to determine whether  B. bassiana  becomes established in the 
fi eld, causing increased insect mortality in subsequent seasons when compared to plots 
where it was not sprayed. In addition, it is important to develop cost-eff ective ways to 
spray it. One particularly interesting concept involving  B. bassiana  involves its possible 
use as a fungal endophyte in biological control programs (see below). 

    Th e search for natural enemies 

 It is imperative that sampling for natural enemies be conducted in a methodical man-
ner throughout the entire coff ee-producing regions of the world. Th is sampling should 
be based on long-term collections in diff erent sites, and not in the traditional short-
term visits approach. Th is approach has resulted in the discovery of  Aphanogmus  sp. 
(Hymenoptera: Ceraphronidae;  Figure 2 ), a previously unreported hyperparasitoid of 
 P. nasuta  in Kenya (Jaramillo and Vega,  2009 ); the predatory thrips  Karnyothrips fl a-
vipes  in Kenya (discussed above); and the new nematode species  Metaparasitylenchus 
hypothenemi  in Mexico (Poinar et al.,  2004 ). It is possible that previously unrecorded 
natural enemies might be found, and these could become important components of 
biocontrol programs against the coff ee berry borer. 

    Fungal endophytes 

 One innovative research area recently being explored against the coff ee berry borer, 
involves fungal endophytes in coff ee plants (Posada and Vega,  2006 ; Posada et al.  2007 ; 
Vega et al.  2008b ,  2008c ; Vega  2008b ). Th e goal is to introduce  B. bassiana  as a fungal 
endophyte; this would ideally result in the establishment of a systemic biocontrol agent 
inside the plant. If eff ective, such a technique could become a very valuable pest man-
agement strategy. 

 Various fungal entomopathogens have already been reported as endophytes (Vega et 
al.,  2008b ) and the various methods used to inoculate coff ee plants with  B.  bassiana  

 Figure 4.    Coff ee berry borers infected with the fungal entomopathogen  Beauveria bassiana . Credits: left, 
A. Ramírez, Puerto Rico Department of Agriculture; right, F. Posada.    
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were partially eff ective (Posada et al.,  2007 ), as recovery was confi rmed but establish-
ment was not long lasting. Th is lack of establishment was hypothesized to be due to the 
presence of other fungal endophytes that outcompeted  B. bassiana  (Posada et al.,  2007 ). 
For coff ee, where seedlings are constantly being grown in nurseries to be subsequently 
transplanted in the fi eld, it would be ideal to develop a methodology to inoculate 
these seedlings in a manner that results in permanent and systemic establishment of 
 B. bassiana  as an endophyte. 

 Th e research also revealed the presence of bacterial endophytes (Vega et al.,  2005 ), 
and that coff ee plants growing in the fi eld in Hawaii, Colombia, Mexico, and Puerto 
Rico can harbor hundreds of fungal endophytes (Vega et al., 2010), including 
 B. bassiana  (isolated in Colombia). Th ese results bring to the forefront three interesting 
questions: (1) How does the fungal endophyte diversity in Africa compare to that of 
Hawaii, Colombia, Mexico, and Puerto Rico? (2) Can the presence of specifi c fungal 
endophytes be correlated to reduced coff ee berry borer damage?; and (3) Is it possible 
that the dissemination of coff ee from its center of origin left behind an important 
coevolved fungal endophyte biodiversity? 

   Insect attraction towards the coff ee plant 

 Insect attraction to plants can be infl uenced by kairomones and plant color, among 
others factors (Vinson,  1976 ; Prokopy and Owens,  1983 ; Miller and Strickler,  1984 ; 
Vet and Dicke,  1992 ; Vet,  1999 ). Knowledge on kairomones and colors that are attrac-
tive to the insect are of critical importance in the development, design and implemen-
tation of lures and traps that can be used against the coff ee berry borer. 

  Kairomones 

 Th e specifi c cues used by the coff ee berry borer to localize the berry have not been 
elucidated, but various studies have directly or indirectly examined the composition of 
volatiles produced by the berries. Direct chemical analyses of berry-produced volatiles 
(using gas chromatography, etc.) have been conducted by Mathieu et al. ( 1991 ,  1996 , 
 1998 ) and Ortiz et al. ( 2004 ). Th ese studies have identifi ed various volatiles that should 
be tested for their possible eff ectiveness in attracting the coff ee berry borer. Ortiz et al. 
( 2004 ) found alcohols – mainly ethanol – as the dominant components in the volatile 
composition. Th is might explain why the commonly used coff ee berry borer trapping 
mixture of ethanol:methanol is eff ective (see below). 

 In an example of unidentifi ed volatiles that attracted the coff ee berry borer, Velasco 
Pascual et al. ( 1997 ) extracted homogenized berries in 80 ml methanol and 120 etha-
nol, followed by fi eld studies in which the extracts were placed in dispensers. Th eir 
results are interesting because they show signifi cant diff erences in insect capture based 
on the coff ee variety used. Th is indicates the presence of a berry component that attracts 
the insect when compared to ethanol, methanol, or a combination of ethanol and 
methanol. In similar studies, Gutiérrez-Martínez et al. ( 1990 , 1996) used various sol-
vents to extract diff erent parts of  C. canephora  plants and tested these extracts in the 
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fi eld and the laboratory. Th e highest attraction was obtained from a methylene chlo-
ride extract in which caff eine was detected as the main component. Giordanengo et al. 
( 1993 ) have reported on upwind attraction by the coff ee berry borer to unidentifi ed 
volatiles obtained from coff ee berry extracts. 

 Based on the previous discussion, it is clear that the literature on coff ee plant vola-
tiles and their attraction to the coff ee berry borer is quite limited. Th is is an area in 
which there is ample room for testing new possible attractants that would ideally be an 
improvement over the currently used methanol:ethanol mixtures. Th is mixture has 
been widely used in coff ee berry borer trapping devices (Mendoza-Mora, 1991; Brun 
and Mathieu,  1997 ; Mathieu et al.,  1999 ; Cárdenas,  2000 ; Borbón Martínez et al., 
2000; Saravanan and Chozhan,  2003 ; Dufour and Frérot,  2008 ) and even though the 
coff ee berry borer captures can be quite high, they are still a low percentage of the total 
population. It is important to ask whether a diff erent attractant might result in signifi -
cantly higher insect capture, while keeping in mind that plant-derived attractants used 
in a trap won’t solve the infestation problem. 

 Similarly, groundbreaking research on volatiles that act as repellents would also be 
quite useful as part of the arsenal of control strategies against the coff ee berry borer. 
Th e only article on coff ee berry borer repellents is by Borbón Martínez et al. (2000), in 
which they report Z-3 hexenol, 3-methylcyclohex-2-en-1-one, and verbone as coff ee 
berry borer repellents. Th us, there is ample room for research in this area. 

   Color 

 Concerning color preferences, laboratory studies have used green, yellow, red, and 
black berries, as well as artifi cial berries made of spherical polystyrene to determine 
which one’s are preferred by the insect (Mendoza et al.,  2000 ). Th e results indicate a 
preference for red and black berries, both in the real berries and the artifi cial berries. In 
the fi eld, it is the norm to fi nd insects starting to penetrate the coff ee berry in the green 
stage, and the determining factor for the progress of the penetration is the dry matter 
content, which has to be over 20% (Bustillo et al.,  1998 ). Th us, the results in the labo-
ratory indicating preference for a berry that is red or black, are not likely to have any 
signifi cance in the fi eld, because by the time the berry reaches those colors, it has 
already been attacked by the insect. In trapping devices, it has been shown that red 
traps result in higher insect capture (Dufour and Frérot,  2008 ), but the role that the 
coff ee berry color plays by itself, or in combination with volatiles, remains to be 
elucidated. 

    Other areas that would benefi t from increased research eff orts 

 Some basic aspects of the insect’s biology need further research. For example, as men-
tioned before, the proteobacterium  Wolbachia , believed to be responsible for the 
skewed sex ratio favoring females, has been detected in the coff ee berry borer (Vega et 
al.,  2002 ). To confi rm whether  Wolbachia  is actually responsible for the skewed sex 
ratio, research aimed at eliminating it from the insect (e.g., using antibiotics) needs to 
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be conducted, followed by determinations of ensuing sex ratios, which should then be 
close to 1:1. Additional studies would then be needed to determine if there is any pos-
sible mechanism to eliminate  Wolbachia  in fi eld populations, as this would drastically 
reduce the number of females. 

 Recently, Jaramillo et al. (2009c) conducted research on the potential eff ects of glo-
bal warming on the coff ee berry borer and reported lower and upper thresholds for 
development estimated at 14.9 and 32°C, respectively. Th e results reveal that the previ-
ous absence of the insect in some locations in Ethiopia might have been simply due to 
the low temperatures prevalent in the area, which would not allow full development of 
the insect. Th e paper also focuses on how to use shade to mitigate the higher coff ee 
berry borer pressure expected as a result of the predicted higher seasonal temperatures 
in coff ee production areas. 

 Still, reports of eff ects of shade on the coff ee berry borer and its natural enemies are 
confl ictive. For example, da Fonseca ( 1939 ) presents anecdotal evidence for increased 
coff ee berry borer damage in shaded plantations in Uganda and Brazil, which he 
ascribes to increased moisture and protection from the wind; at the same time he 
doubts that shaded habitats will lead to increased parasitism levels by  H. coff eicola  and 
 P. nasuta  based on their presence in Ugandan plantations and the still high coff ee berry 
borer infestation levels. Similarly, Wrigley ( 1988 ) states that heavy shade leads to severe 
infestations, but does not present any data to support this claim. Graner and Godoy 
(1959) conducted a six-year study in Brazil and found higher infestation levels in 
shaded coff ee. In contrast, in a study conducted in Mexico, Soto-Pinto et al. ( 2002 ) 
found no correlation between coff ee berry borer population levels and several variables, 
including shade levels. Even though Crowe and Gebremedhin ( 1984 ) briefl y indicate 
that heavy shade is unfavorable towards natural enemies (without specifying which 
one’s they are referring to), one would expect that heavy shade would be favorable 
towards entomopathogenic fungi due to the ensuing reduction in ultraviolet light and 
likely increase in humidity levels. To our knowledge, there are no studies correlating 
shade with increased coff ee berry borer mycoses due to entomopathogenic fungi. Th is 
entire area of the insect response and its natural enemies to shade levels needs addi-
tional research. 

 One other are that has remained elusive, is whether the coff ee berry borer produces 
pheromones. It could be argued that their biology precludes the need for pheromones, 
as there is sibling mating inside the berry. Even though under high infestation levels it 
is possible to fi nd a berry that has been infested by two females (based on two entrance 
holes), it is the norm to fi nd berries with only one female. Th is suggests that it might 
be possible for colonizing females to be producing a marking pheromone once they 
enter the berry. If such a chemical were identifi ed, it might be possible to install dis-
pensers in the fi eld that might end up confusing and/or repelling colonizing females. 

   Conclusion 

 Th e coff ee berry borer is an extremely diffi  cult pest to control, mostly due to its cryptic 
nature. Some of the research areas outlined in this paper should lead to new knowledge 
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on the coff ee berry borer, which might increase our chances of developing successful 
biocontrol strategies against this insect. 
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