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ABSTRACT 

The potential damage caused by the invasion of exotic ambrosia beetles to 

Hawai„i is one of the biggest concerns for the coffee, forestry and ornamental plant 

industries. Most of these invasive beetles are from temperate areas and find a suitable 

environment for reproduction and survival in Hawaii, which is favored by climatic 

conditions, presence of alternate hosts and the lack of natural enemies. The black twig 

borer, Xylosandrus compactus (Eichhoff), is an important coffee pest and native forests in 

Hawai„i. This ambrosia beetle is highly polyphagous, reported from >200 hosts, 

including native plants such as the valuable timber species Acacia koa. This dissertation 

addressed the response of X. compactus to semiochemicals which were used to determine 

the beetle flight seasonality, phenology of the black twig borer in coffee plantations, and 

development of a sequential sampling plan for management decision making.  

It was demonstrated that Japanese beetle traps baited with ethanol can serve as 

monitoring tool for the black twig borer, and ethyl alcohol baits yielded higher capture 

rates than eugenol and α-pinene. It was also demonstrated that the repellents verbenone 

and limonene, significantly reduced trap catches of black twig borer. Ethanol baited 

Japanese beetle tras were used to assess the seasonal fluctuation of black twig borer 

throughout the year. Data obtained from trapping demonstrated the peak beetle flight 

periods, which were used as an predictor of damage levels for accurate timing of control 

measures. Elevation and season were significantly related with the number of beetles 

captured and level of infestation.  

Taylor‟s Power Law analysis showed an aggregated infestation of X. compactus 

in coffee fields. The density of infested branches per sampled unit can be estimated using 
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the sampling plan and compared with the action threshold level to make a management 

decision. Enumerative sampling allows estimation of the black twig borer abundance 

with specified precision, providing researchers with a valid tool for the study of this pest 

in coffee.  

Three species of scolytines were detected attacking coffee berries in Hawai„i, 

Xylosandrus compactus, Hypothenemus obscurus and H. hampei. The biology, behavior 

and management of these three species are discussed.  

 

 

 

 

 

 



vii 

 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS ............................................................................................... iv 

ABSTRACT ........................................................................................................................v 

LIST OF TABLES .......................................................................................................... xii 

LIST OF FIGURES ....................................................................................................... xiii 

CHAPTER 1 .......................................................................................................................1 

GENERAL INTRODUCTION AND DISSERTATION STRUCTURE ......................1 

1.1 Background ..............................................................................................................1 

1.2 General research problem to be addressed and justification ..............................2 

1.3 Aims of this dissertation ..........................................................................................3 

1.4 Dissertation organization ........................................................................................3 

REFERENCES ...................................................................................................................5 

CHAPTER 2 .......................................................................................................................7 

BIOLOGY, ECOLOGY AND MANAGEMENT OF XYLOSANDRUS 

COMPACTUS, (CURCULIONIDAE: SCOLYTINAE) .................................................7 

2.1 Origin and distribution of Xylosandrus compactus .............................................7 

2.2 Biology .......................................................................................................................8 

2.2.1 Description .........................................................................................................9 

2.2.2 Life cycle ...........................................................................................................10 

2.3 Host Plants ..............................................................................................................10 

2.4 Crop damage ..........................................................................................................11 

2.4.1 Damage characteristics ....................................................................................12 

2.4.2 Reaction of plants to beetle damage ................................................................13 



viii 

 

2.5 Fungus and beetle association ...............................................................................14 

2.6 Management ...........................................................................................................16 

2.6.1 Cultural control ................................................................................................16 

2.6.2 Biological control .............................................................................................16 

2.6.2.1 Predators....................................................................................................17 

2.6.2.2 Parasitoids .................................................................................................17 

2.6.2.3 Microbial control .......................................................................................18 

2.6.3 Semiochemical control .....................................................................................18 

2.6.4 Chemical control ..............................................................................................19 

2.7 References ...............................................................................................................20 

CHAPTER 3 .....................................................................................................................25 

EFFICACY OF TRAPS, LURES AND REPELLENTS FOR THE BLACK TWIG 

BORER, XYLOSANDRUS COMPACTUS AND OTHER AMBROSIA BEETLES 

ON COFFEA ARABICA PLANTATIONS AND ACACIA KOA NURSERIES IN 

HAWAI‘I ..........................................................................................................................25 

3.1 Abstract ...................................................................................................................25 

3.2 Introduction ............................................................................................................26 

3.3 Materials and Methods ..........................................................................................29 

3.3.1 Comparison of attractants on coffee trees ......................................................29 

3.3.1.1 Study location.............................................................................................29 

3.3.1.2 Experimental design...................................................................................29 

3.3.2 Trap preference test, comparison of attractants and repellents on koa trees 31 

3.3.2.1 Study location.............................................................................................31 



ix 

 

3.3.2.2 Trap preference test ...................................................................................31 

3.3.2.3 Comparison of attractants .........................................................................32 

3.3.2.4 Comparison of repellents ...........................................................................33 

3.3.3 Statistical analysis ............................................................................................33 

3.4 Results .....................................................................................................................34 

3.4.1 Comparison of attractants on coffee plants ....................................................34 

3.4.2 Trap preference test and comparison of attractants and repellents on koa 

trees ............................................................................................................................34 

3.4.2.1 Trap preference test ...................................................................................34 

3.4.2.2 Comparison of attractants on Koa plants ..................................................35 

3.4.2.3 Comparison of repellents on Koa plants ...................................................35 

3.5 Discussion................................................................................................................36 

3.5.1 Comparison of attractants on coffee plants ....................................................36 

3.5.2 Comparison of attractants on koa plants ........................................................39 

3.5.3 Comparison of traps .........................................................................................40 

3.5.4 Comparison of repellents .................................................................................42 

3.6 References ...............................................................................................................52 

CHAPTER 4 .....................................................................................................................60 

PEST STATUS AND PHENOLOGY OF BLACK TWIG BORER, XYLOSANDRUS 

COMPACTUS (COLEOPTERA: CURCULIONIDAE: SCOLYTINAE) ON COFFE 

IN HAWAI‘I .....................................................................................................................60 

4.1 Abstract ...................................................................................................................60 

4.2 Introduction ............................................................................................................61 



x 

 

4.3 Materials and Methods ..........................................................................................64 

4.3.1 Climatic conditions ..........................................................................................64 

4.3.2 Coffee phenology..............................................................................................65 

4.3.3 Description of the study area and farms .........................................................66 

4.3.4 Data collection..................................................................................................66 

4.3.5 Logistic regression analysis .............................................................................68 

4.3.6 Statistical analysis ............................................................................................69 

4.4 Results .....................................................................................................................70 

4.4.1 Abundance and seasonal fluctuations of black twig borers ...........................70 

4.4.2 Elevation effect on seasonal fluctuation .........................................................71 

4.4.3 Logistic regression analysis .............................................................................71 

4.5 Discussion................................................................................................................73 

4.6 References ...............................................................................................................87 

CHAPTER 5 .....................................................................................................................91 

DISPERSION AND SEQUENTIAL SAMPLING PLAN FOR XYLOSANDRUS 

COMPACTUS (COLEOPTERA: CURCULIONIDAE: SCOLYTINAE) 

INFESTING HAWAI’I COFFE PLANTATIONS .......................................................91 

5.1 Abstract ...................................................................................................................91 

5.2 Introduction ............................................................................................................92 

5.3 Material and Methods ...........................................................................................93 

5.3.1 Study area .........................................................................................................93 

5.3.2 Meteorological conditions................................................................................94 

5.3.3 Data collection..................................................................................................95 



xi 

 

5.3.4 Spatial distribution ...........................................................................................95 

5.3.5 Enumerative sampling plan .............................................................................96 

5.3.6 Binomial sampling plan ...................................................................................97 

5.3.7 Statistical analysis ............................................................................................98 

5.4 Results .....................................................................................................................99 

5.4.1 Spatial distribution ...........................................................................................99 

5.4.2 Enumerative sampling plan .............................................................................99 

5.4.3 Binomial sequential sampling plan ...............................................................100 

5. 5 Discussion.............................................................................................................101 

5.6 References .............................................................................................................110 

CHAPTER 6 ...................................................................................................................113 

SCOLYTINAE (COLEOPTERA: CURCULIONIDAE) ATTACKING COFFE 

BERRIES IN HAWAI’I ................................................................................................113 

6.1 Abstract .................................................................................................................113 

6.2 Introduction ..........................................................................................................114 

6.4 Origin and distribution........................................................................................117 

6.5 Biology and ecology..............................................................................................118 

6.6 Damage..................................................................................................................119 

6.7 Management .........................................................................................................125 

6.8 Presence of natural enemies for coffee borers in Hawai’i ................................127 

6.9 References .............................................................................................................129 

CHAPTER 7 ...................................................................................................................134 

GENERAL CONCLUSIONS .......................................................................................134 



xii 

 

LIST OF TABLES 

Table 4.1. Logistic regression estimates of the parameters included the logistic regression 

model of X. compactus on proportion of coffee stems damaged. ......................................84 

Table 4.2. Mean numbers ± SD of X. compactus in dissected coffee branches from Kona, 

Island of Hawaii. 2007…………………………………………………...………...…….85  

Table 4.3. Mean numbers ± SD of X. compactus in dissected coffee branches from Kona, 

Island of Hawaii. 2008…………………………………………………….……………..86 

Table. 5.1. Estimates of dispersion parameters for Xylosandrus compactus in coffee…109 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 

 

LIST OF FIGURES 

Fig. 3.1. Total number of beetles (and SE) for Xylosandrus compactus (A), Xylosandrus 

crassiusculus (B) and Xyleborinus saxeseni (C). ...............................................................46 

Fig. 3.2. Total number of beetles (and SE) for Xylosandrus compactus (A), Xylosandrus 

crassiusculus (B) and Xyleborinus saxeseni (C). ...............................................................48 

Fig. 3.3. Mean number of Xylosandrus compactus trapped in Japanese beetle traps baited 

with five lures. On koa plants for the four sampling dates. Maunawili Valley on the 

windward side of the island of Oahu. ................................................................................49 

Fig. 3.4. Comparison of two repellents, verbenone and limonene (Mean ± SE), for X. 

compactus (A), X. crassiusculus (B) and X. saxeseni (C) in a 6-year-old koa forest 

restoration stand in the Maunawili Valley on the windward side of the island of Oahu. ..51 

Fig. 4.1. Location of eight coffee plantations at different elevations in the Kona 

District…………………………………………………………………………………....80 

Fig. 4.2. Seasonal fluctuation of Xylosandrus compactus. Beetles were captured in 

Japanese beetle traps in eight coffee plantations in the Kona District, Island of Hawaii. 

2007- 2008. Temperature and rainfall data were obtained from Kona research station in 

Kainaliu at an elevation 500 m. .........................................................................................81 

Fig. 4. 3. Seasonal beetle captures (mean  SE) of Xylosandrus compactus collected in 

Japanese beetle traps, 2007 (A) and 2008 (B). ..................................................................82 

Fig. 4.4. Black twig borer captures as a measure to predict beetle population. .................83 

Fig. 5.1. Taylor‟s Power Law (A) and Iwao‟s mean crowding index (B) for X. 

compactus…………………………………………………………………..…………..106 

Fig. 5.2. Enumerative sequential sampling chart for X. compactus on coffee plants. .....107 



xiv 

 

Fig. 5.3. Relationship of proportion of branches infested to proportion of trees infested by 

X. compactus on coffee plants…………………………….……………………………108 

Fig. 6.1 Adults of Xylosandrus compactus (A), Hypothenemus obscurus (B) and H. 

hampei (C). ......................................................................................................................116 

Fig. 6.2. Gallery of Xylosandrus compactus in coffee branches. ....................................120 

Fig. 6.3. Damage symptoms of X. compactus in coffee branches. ..................................121 

Fig. 6.4. Xylosandrus compactus boring coffee berries around the blossom area. ..........122 

Fig. 6.5. Damage of Hypothenemus obscurus to coffee berries. .....................................123 

Fig. 6.6. Coffee berry with tree holes made by the coffee berry borer. ...........................124 

Fig. 6.7. Damage of the coffee berry borer. Coffee berry borer galleries containing eggs 

(A. left), and eggs and larvae (B. right). ..........................................................................125 

 

 

 
 

 

 

 

 

 

 

 

 

 



1 

 

CHAPTER 1 

GENERAL INTRODUCTION AND DISSERTATION STRUCTURE 

1.1 Background  

The black twig borer, Xylosandrus compactus (Coleoptera: Curculionidae: 

Scolytinae) was first found in Hawai'i in 1960, and has been a sporadic pest since then. In 

the recent years, it appears to have become a more significant and predictable pest in 

coffee, particularly in the Kona area (Bittenbender and Smith 1999). It is a polyphagous 

insect, attacking a broad range of plants, including many tree species and shrubs (Hara 

Beardsley 1979), Meshram et al. 1993, Intachat and Kirton 1997, Matsumoto 2002). In 

Hawai'i, it has been recorded from a range of hosts, including avocado, koa, macadamia 

and o‟hia, many of which often occur in close proximity to coffee plantations (Nelson 

1972, Hara and Beardsley 1979). Black twig borer is in the family Curculionidae, 

subfamily Scolytinae, (Coleoptera), many of which are also called “ambrosia beetles”, as 

the parent beetle provides a food source of fungus for her offspring. In the case of X. 

compactus, the adult female beetle bores into the living tissue of a plant, and creates a 

tunnel, which she then inoculates with a fungus, Fusarium solani (Hara and Beardsley 

1979, Ngoan et al. 1976). It is the tunneling action of the adult beetle that results in 

economic damage to crops, rather than the larvae or the fungus with which she provisions 

them that cause damage to the crop (Daehler and Dudley 2002).  

Hawai'i grown coffee provides a unique product of the state, with some well 

recognized specialty coffees, such as Kona Coffee. Coffee is grown not only in the Kona 

area of the Big Island of Hawai„i, but also on large plantations on Oahu, Molokai, Maui 
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and Kauai (Bittenbender and Smith 1999). However, Kona Coffee is the best recognized 

Hawai'i coffee, and the highest value per acre.  

In the Kona area, preliminary surveys carried out at the beginning of my 

dissertation research showed that up to 50% of coffee trees had at least one infested 

branch, and it appeared that damage from X. compactus was higher in open areas, 

particularly when alternate host plants were surrounding the coffee plantations.  

There was a dearth of information on this pest in Hawaii. Aside from the some older 

citations above, there has been little research conducted on this insect in Hawaii. 

Xylosandrus compactus has a wide host range, and higher levels of damage in coffee 

areas associated with presence of alternate host plants. Currently, the only viable option 

for the control of black twig borer is sanitation (Jones and Johnson 1996). When 

infestation levels become high, sanitation is a major concern to growers in the Kona area, 

as the removal of large amounts of bearing branches from coffee plants significantly 

reduces yield potential for the current and several ensuing years.  

 

1.2 General research problem to be addressed and justification  

During the course of the review of literature of Xylosandrus compactus, I 

identified semiochemical attractants as an area that needed to be strengthened because of 

its potential role in integrated pest management. I therefore explored semiochemical 

options and showed how trapping rates and non-target captures could guide how to 

develop trapping programs as an integrated pest management tool. Trapping was tested in 

the field while studying population and seasonal fluctuations, which was also an area of 

natural history that need to be strengthened and which could be facilitated by using the 
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trapping techniques and simultaneously forge a practical management tool for crop 

protection. This in turn yielded an approach to develop a sampling program as another 

fundamental tool for integrated pest management that could help guide decision-making 

across susceptible crops. These tools may ultimately prove useful for being tailored to 

future pest problems in these same systems, such as by other invasive ambrosia beetles, 

like the coffee berry borer, that has recently been detected in Hawaii, and should be 

anticipated to increase in pest status. 

Therefore, the general working hypotheses of this research is that 1) semiochemicals can 

be better understood and exploited for improved management of Xylosandrus compactus; 

and 2) X. compactus populations vary in density and pest status seasonally and spatially 

such that optimized pest sampling plans will provide improved management decision 

making in Hawaii coffee plantations. 

 

1.3 Aims of this dissertation 

The overall aims of my research were to: 

1) Develop a suitable monitoring tool (traps and lures) for X. compactus. 

 2) Determine the seasonal dynamics of X. compactus in different climatic zones. 

3) Develop a sampling plan for management decision making.   

 

1.4 Dissertation organization 

This dissertation is divided into seven chapters; the first chapter is a general 

introduction which describes the research problem and justification. The second chapter 
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presents a literature review of X. compactus which describes the biology, ecology and 

management of this insect. The third chapter describes the potential use of attractants and 

repellents for X. compactus. The fourth chapter presents the seasonal fluctuation and 

phenology of X. compactus on coffee plantations. The fifth chapter addresses black twig 

borer dispersion in coffee plantations, and develops a sequential sampling plan to 

estimate black twig borer densities for pest management decision-making. The sixth 

chapter describes the mining behavior of X. compactus, Hypothenemus obscurus and H. 

hampei inside coffee berries. Finally, the seventh chapter presents the general 

conclusions and contributions of this work for X. compactus management. All the 

chapters have been formatted for publication in peer-reviewed journals. There is thus 

some information that will be included in more than one chapter.  
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CHAPTER 2 

BIOLOGY, ECOLOGY AND MANAGEMENT OF XYLOSANDRUS 

COMPACTUS, (CURCULIONIDAE: SCOLYTINAE) 

 

2.1 Origin and distribution of Xylosandrus compactus 

The family Curculionidae, subfamily Scolytinae comprises bark beetles or sub-

cortical feeding beetles and ambrosia beetles that live in wood or other plant tissue 

(Rudinsky 1962). Within the subfamily is the tribe Xyleborini, which includes the species 

which feed on fungi cultivated inside the galleries constructed into the wood 

(xylomycethophagous) (Wood 1982). Beetles included in this category are known as 

ambrosia beetles (Batra 1963, Francke-Grossman 1963, Six 2003). Among the most 

economically important ambrosia beetles in Hawaii is the black twig borer, Xylosandrus 

compactus, a species that damages both cultivated crops and forests (Wolfenbarger 1973, 

Ngoan et al. 1976, Jones and Johnson 1996, Daehler and Dudley 2002, Vasquez et al. 

2002). Synonyms of Xylosandrus compactus include Xyleborus compactus and Xyleborus 

morstatti (Hagedorn) (Hara 1977). The main morphological character difference between 

species in the genera Xyleborus and Xylosandrus is the separation of the anterior coxae; 

Xyleborus has contiguous anterior coxae while Xylosandrus has widely separated anterior 

coxae (Hara 1977). Xylosandrus compactus is mainly distributed in the subtropical and 

tropical areas and is adapted to a warm environment (Hayato 2007). Xylosandrus 

compactus is native to Asia and is now widely spread in Japan, Vietnam, Indonesia, 

Malaya, Sri Lanka, Madagascar, south India, Seychelles, Mauritius, West Africa, Fiji, 

Cuba and Brazil (Venkataramaiah and Sekhar 1964, Vasquez et al. 1996, Oliveira et al. 
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2008). In the United States, the black twig borer was reported in Fort Lauderdale, Florida 

in 1941 (Ngoan et al. 1976) and has since spread throughout the southeast US, along the 

coastal plain from Texas to North Carolina. In Hawaii, this beetle was first reported in 

1961 attacking pink tecoma, Tabebuia pentaphylla (L.) Hemsl. (Beardsley 1964) on 

Oahu, and it is now present on all major islands of the state (Hara and Beardsley 1979, 

Bittenbender and Smith 1999). 

 

2.2 Biology 

The biology of Xylosandrus compactus has been studied and described in detail 

by Ngoan et al. (1976), and Hara (1977). The black twig borer reproduces by 

arrhenotokous parthenogenesis, in which females produce males from unfertilized eggs 

while mated females lay eggs that produce female progeny. Mating is primarily sibling 

mating within the galleries; this is an important life history character for developing 

semiochemical control methods.  Pupation and mating of brood adults occurs in the 

infested plant material. Damage to plants is caused only by adult females; the male is 

flightless, remains in the brood galleries and is rarely observed outside the plant. Field 

populations have a male to female sex ratio of 1:9 (Hara 1977). Female beetles excavate 

the tunnels into the host plant and inoculate the plant with an ambrosia fungus, which is 

the source of nutrients for larvae and adults (Ngoan et al. 1976, Hara and Beardsley 1979, 

Beaver 1989). The time required for a female to bore an entrance tunnel takes 3.7 to 5.3 h 

(Ngoan 1976).  

Females initiate cutting the vascular tissue, reach the pith of the stem and 

excavate it out along the twig on either side of the initial entrance tunnel to make a brood 
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chamber where the eggs are laid. Mother beetles remain in the entry tunnel of their brood 

chamber throughout the brood development and emerge the galleries 23 to 29 days after 

initial boring and 4 to 6 days before the female progeny emerge (Hara 1997). It has been 

reported that females do not excavate new galleries after they have reared one brood. 

Females of the new generation left parental galleries after an average of 29 days 

following establishment of their galleries, and bore into a new host twig. Adult females 

exit the gallery by the same entry hole, to establish a new gallery and emergence typically 

occurs in the afternoon hours (Hara 1977, Ngoan et al. 1976).  

In Florida, black twig borer adults overwinter in flowering dogwood Cornus 

florida L., and emerge during late February, attack twigs in March, and brood production 

begins in April. The highest population levels occur from June to September. Adults 

overwinter in damaged twigs and branches (Ngoan et al. 1976). In Kona, Island of 

Hawaii, on the other hand, the highest populations occur from April to September and 

flight activity is more or less restricted to the period October to March (Chapter 4).  

2.2.1 Description 

Female adult: The teneral female adult is light brown and turns shiny black 3 to 4 

days after emergence from pupal case. The body is cylindrical and elongated. Length is 

1.4 to 1.8 mm and width is 0.7 to 0.8 mm.  

Male adult: After pupal ecdysis, the male adult is light brown and in 3 to 4 days turns 

reddish brown. It is smaller than the female and is flightless. The body length is 0.8 to 1.3 

mm and width is 0.42 to 0.46 mm. 

Egg: Eggs are oval, white with a smooth surface, with an average size of 0.55 to 0.28 

mm. 
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Larva: the body is creamy white and legless. Two larval instars were identified in 

laboratory rearing, while three instars were recorded from individuals collected in the 

field (Hara 1977). 

Pupae: length similar to adult stage, body creamy white and exarate.  

Sex ratio: The field population had a male to female sex ratio of 1: 9 and the laboratory 

population had a sex ratio of 1: 6 (Hara 1977). 

2.2.2 Life cycle 

Oviposition occurs four to seven days after the female enters a twig. Eggs are laid 

in a loose cluster inside the gallery and they hatch three to five days after being laid (Hara 

and Beardsley, 1979). The number of eggs per female ranges from 2 to 16 (Hara 1977) 

and the number of eggs per gallery in coffee branches ranges from eight to fifty. Sharing 

of galleries by attacking adult females has not been reported in the literature, but I have 

found several adult females sharing galleries in the same twig (Chapter 4). This may have 

been the result of sibling females emerging from their pupal cases within the same 

gallery, before emergence from the twig. The complete life cycle of X. compactus from 

egg to adult occurs in an average of 28.5 days (Ngoan 1976). Females live up to 58 days 

while males remain in the galleries with a life span of approximately 6 days (Ngoan et al. 

1976).  

 

2.3 Host Plants 

Xylosandrus compactus attacks more that 224 plant species belonging to 62 

families including agricultural crops, trees and shrubs (Ngoan et al. 1976). Among the 

more commonly attacked non-native host species are avocado (Persea americana Mill.), 
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macadamia (Macadamia integrifolia Maiden and Betche.), mango (Mangifera indica L.), 

sycamore (Platanus occidentalis L.), dogwood (Cornus florida L.), orchids (e.g. Cattleya 

skinneri Lindl.), cinnamon (Cinnamomum camphora (L) Nees and Eberm.), cherimoya 

(Annona cherimola Mill.), and passion flower (Passiflora edulis Sims.). In Hawaii, X. 

compactus has been reported infesting coffee (Coffea arabica L.), cacao (Theobroma 

cacao L.), Brazilian pepper (Schinus terebinthifolius Raddi), koa haole (Leucaena 

leucocephala Benth), anthurium (Anthurium andreanum cv Rubrun), litchi (Litchi 

chinensis Sonn), longan (Euphoria longan Steud.), red ginger (Alpinia purpurata 

Vieillard) K. Schumann), hibiscus (Hibiscus rosa-sinensis L.), and eucalyptus 

(Eucalyptus sideroxylon A. Cunn. Ex Woolls). In addition, some Hawaiian native species 

are also attacked by X. compactus such as acacia (Acacia koa A. Gray), hame (Flueggea 

neowawraea W.J. Hayden), mamaki (Pipturus albidus Hook. and Arn. A.Gray), kauila 

(Colubrina oppisitifolia Brongn. ex H.Mann), lama (Dyospyros sp.), kawau 

(Ilex anomala Hook. & Arn.), uhiuhi (Caesalpinia kavaiensis H.Mann), Olomea 

(Perrottetia sandwicensis A. Gray), ohai (Sesbania tomentosa Hook. and Arn.), 

Canavalia napaliensis H. St. John, and Mann‟s Gardenia (Gardenia mannii H. St. John 

and Kuykendall) (Hara 1977). Many of these native Hawaiian plants are threatened or 

endangered. 

 

2.4 Crop damage 

Beetles of the subfamily Scolytinae are among the most damaging insects in the 

world. Their cryptic life cycle inside the host plant makes these insects difficult to control 

(Rudinsky 1962). Most ambrosia beetles attack unhealthy, stressed or dying trees by 
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boring into the wood (Kajimura and Hijii 1992, Jones and Johnson 1996). However, 

Xylosandrus compactus is one of the few ambrosia beetles that attacks both healthy 

plants and plants that are under stress conditions such as drought, pruning or recently 

transplanted hosts (Hara and Beardsley 1979, Jones and Johnson 1996, Hayato 2007). 

Damage on coffee is related to orchard proximity to alternate host plants and to lack of 

sanitation of infested material inside the orchard (Jones and Johnson 1996). There are two 

potential mechanisms through which the black twig borer can cause the death of the host 

plant: mechanical damage and the introduction of the ambrosia fungus, which may be 

phytopathogenic (Hara and Beardsley 1979, Daehler and Dudley 2002). Females bore an 

entrance hole of approximately 0.8 mm diameter in the twigs, and then excavate their 

galleries in the pith (Chapter 4) Initially, leaves of infested branches turn light green after 

a couple of hours (Chapter 4). Wilted leaves and bark beyond the affected area turn 

brown or black after few days of beetle attack (Ngoan et al. 1976, Jones and Johnson 

1996, Daehler and Dudley 2002). The dieback of twigs is the result of the mechanical 

damage of vessels caused by beetle boring (Daehler and Dudley 2002). Subsequent 

necrosis in the bark and the desiccated zone in the xylem suggest the invasion of 

associated fungi into the twig tissue, which moves through the xylem of the tree, 

obstructing the flow of water and nutrients and contribute to the twig dieback (Hayato 

2007). 

 

2.4.1 Damage characteristics 

Two types of infestations have been reported in flowering dogwood Cornus 

florida L. (Ngoan et al. 1976), one in small branches with 0 to 7 mm diameter, and the 
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second in larger twigs of 8 to 22 mm in diameter. One female can kill a small twig, and 

larger branches may be infested by up to 20 black twig borer females, which results in 

formation of a canker around the entry hole. In avocado, unsuccessful holes were 

observed in branches larger than 15 mm of diameter and tree trunks up to 200 mm in 

diameter (Hara 1977);  in Asia, Browne (1954) reported that avocado branches of 25 mm 

in diameter were attacked by the black twig borer. 

In coffee plants, damage occurs in vertical branches and horizontal branches (0.48 

to 6.47 mm in diameter) and two types of boring damage have been observed. One type 

of damage occurs where the hole is superficial and limited to the phloem, where females 

start boring the branches but the tunnel is not completed. The second type of damage is 

characterized by an extended tunnel, along with the brood chamber. Both types of 

damage may cause the wilting and necrosis of the branch. The maximum number of 

females found in a hole of 0.48 to 7 mm diameter was 41 (average = 1.9) (Chapter 4). 

Ngoan et al. (1976) reported that the number of black twig borer inside branches of 2-57 

mm in diameter varies from 1 to 40. The duration of boring activity and the number of 

eggs laid is influenced by the hardness of the tree tissue and conditions influencing the 

growth of the ambrosia fungus.  

 

2.4.2 Reaction of plants to beetle damage 

 Hara (1977) described different types of symptoms characteristic of infestation after 

black twig borer attack. Avocado plants exude a sap from the entry hole and as the sap 

dries, a white powdery material identified as calcium oxalate remains surrounding the 

entry hole. This symptom has been observed in successful and unsuccessful attacks. 
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Another type of reaction was observed in attempted entry holes of Croton reflexifolius. 

Branches larger than 5 mm in diameter were also observed with exuding sap. However, 

in successful boring, exuded sap was not present. Exuding sap was also reported in 

Acacia koa seedlings on stems larger than 10 mm in diameter. None of the entry holes 

with exuding sap had developing brood galleries. Hara (1977) reported the presence of 

sap exudation as a repellent factor for black twig borer attack in healthy host plants. 

Plants under stressed conditions produced less sap, which allowed the attack of black 

twig borer. This type of tree defense is common against Scolytinae beetles; in fact, tree 

death can be predicted by the presence of dry frass (as opposed to liquid resin) coming 

out of the entrance hole (Hara 1977). However, in coffee plants exudation was never 

found associated with successful or unsuccessful attack (E.Burbano unpublished data).  

 

2.5 Fungus and beetle association 

Ambrosia beetles are characterized by the presence of mycangia; these are 

specialized structures which consist of pouches, sacs or pubescent areas and they can 

occur in numerous locations in and on beetles (Kajimura and Hijii 1994, Farrel et al. 

2001, Six 2003). 

Some mycangia are equipped with glands or secretory cells that support the 

growth of fungal spores and perhaps also function to nourish mycelium during transport 

of the symbiotic fungus (Beaver 1989). These glands also protect spores and mycelium 

from desiccation, and contamination until dispersal, and act selectively against fungi not 

symbiotic with the beetle (Paine and Birch, 1983, Kajimura and Hijii 1994). The presence 

of fatty acids, sterols, amino acids and phospholipids produced by the glandular 
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secretions influence the growth of the ambrosia fungi in the mycangium (Norris 1979). 

The mycangium in X. compactus comprises a pair of dorsal pouches formed by the 

integumental membrane between the sclerotized mesonotum and the pronotum (Hara 

1977). The mutualistic association between the beetle and fungus is obligate and 

predictable, ensuring the continuity of insect fungus association from generation to 

generation (Six 2003). There are several species of fungi associated with X. compactus 

including Fusarium solani (Mart.) Snyd. & Hans. (Hyphomycetes) and Ambrosiella 

xylebori Brader ex Arx and Hennebert (Hyphomycetes) as its primary ambrosia fungus 

(Hara 1977, Muthappa and Venkatasubbaiah 1981, Beaver 1989, Bhat and Sreedharan 

1988, Hayato 2007).  

Other species of fungi have also been isolated from body surface and mycangia of 

adult beetles. Ambrosiella xylebori, Fusarium sp., and Candida sp., were isolated from 

mycangia (Bhat andSreedharan1988, Hayato 2007) and Fusarium sp., Cladosporium 

spp., and Penicillium sp., were isolated from body surfaces. Among these, only F. solani 

has been reported as a plant pathogen. Depending on the strain, Fusarium solani can be a 

plant pathogen that causes root rot or cankering (Daehler and Dudley 2002). Ambrosia 

beetles are exclusively mycetophagous (fungi eating). Their nutrition depends on the 

ambrosia fungus because they lack the enzymes in their digestive system to digest 

cellulose and lignin (Berryman 1989). This symbiotic association has been attributed due 

to the dependence of fungal steroids necessary for egg hatching and larval development 

Kok et al. 1970, Jordal 2002). The beetle benefits from this association because the 

fungal hyphae are its primary source of nutrition; in addition the fungus weakens the 

wood, facilitating the excavation of the tunnel by developing larvae (Batra 1967). The 
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fungus benefits because it is inoculated into a moisture- and nutrient-rich environment 

where the fungus can survive; the mycangia provides the fungus protection from 

desiccation, and permits multiplication and reproduction of the fungus. Uric acid and urea 

from beetle frass also provides nitrogen to the fungus (Batra 1967). 

 

2.6 Management 

2.6.1 Cultural control  

To reduce black twig borer populations in coffee plantations, it is currently 

recommended to monitor the level of infestation and to remove as much beetle- infested 

material as possible from the field. If the pruned, infested branches are not removed from 

the plantation, the black twig borer will remain active in the residues and reinfestation 

can occur (Jones and Johnson 1996). Use of chippers or shedders to destroy the pruned 

branches results in approximately 90% mortality of the beetles in the stem, so the residue 

can be left on-site as long as branches are not left intact. Promotion of tree health and 

vigor will help in resisting infestation or recovering from attack (Jones and Johnson 

1996).  

 

2.6.2 Biological control 

Information on biological control agents is limited, however several natural 

enemies have been reported feeding on immature stages and adults of black twig borer, 

but none of them have been shown to provide sustained and effective control (Sreedharan 

and Balakrishnan 1992). 
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2.6.2.1 Predators 

Larvae of the predatory beetle Callimerus sp. (Coleoptera: Cleridae) were 

observed in tunnels of coffee branches Coffea canephora cv. robusta in India 

(Sreedharan and Balakrishnan 1992). Under laboratory conditions, one larva of 

Callimerus sp. consumed an average of 18 larvae/pupae of black twig borer per day. 

Callimerus sp. pierces the body and then sucks the contents, leaving the exoskeleton 

behind. This predator feeds on all the immature stages of black twig borer and 

occasionally adults, but larvae are the preferred prey (Sreedharan et al. 1992). 

Chryptamorpha desjardinsi (Coleoptera: Silvanidae) is a predator beetle of the tropical 

nut borer (Jones 2002) and it has been observed inside black twig borer tunnels in 

branches and coffee beans in Hawaii (Chapter 4). 

 

2.6.2.2 Parasitoids 

Several parasitoids have been reported in India. Eupelmus sp. (Hymenoptera: 

Eupelmidae) has been reported inside black twig borer tunnels in coffee plants in India. 

Although there are no studies on its impact on X. compactus, presence of this parasitoid 

was significantly higher during September (21%) and lower numbers were observed in 

January (1.31%). This coincides with the higher and low levels of X. compactus 

populations during these months respectively (Balakrishnan et al. 1989).  

Tetrastichus xylebororum (Eulophidae) and an undescribed bethylid (Hymenoptera: 

Bethylidae) were reported to be associated with X. compactus in Java (Balakrishan et al. 

1989). In Hawaii, three braconids were introduced and released for Xylosandrus 
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compactus control: Dendrosoter enervatus Marsh, Dendrosoter protuberans Nees, and 

Ecphylus sp. However, parasitism has not been recorded from the field and they are 

presumed not to have established (Bernarr Kumashiro, Hawaii Department of 

Agriculture, personal communication). 

2.6.2.3 Microbial control 

Another promising natural enemy of Xylosandrus compactus is the 

entomopathogenic fungus Beauveria bassiana. Beauveria bassiana was shown to infect 

all the life stages of X. compactus in India. Augmentative spray applications of spores of 

the fungus Beauveria bassiana resulted in 21% infection of the beetles present in 

colonies of robusta coffee branches (Balakrishnan et al. 1994). Beauveria bassiana is not 

registered for insect management in Hawaii. 

 

2.6.3 Semiochemical control 

The use of semiochemicals to control ambrosia beetles by mass-trapping has been 

widely studied (Moeck 1970, Czokajlo and Teale 1999, Oliver and Mannion 2001). 

Japanese beetle traps baited with vials filled with 95% ethanol has been reported as a 

potential attractant to monitor abundance and flight activity of X. compactus (Chapter 3). 

The lure combination of ethanol with the repellent verbenone (polyethylene bubblecaps 

filled with 800 mg neat S-(-)-verbenone (Contech, Inc.) reduced significantly the number 

of X. compactus compared to the traps baited with ethanol. 
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2.6.4 Chemical control 

Mangold et al. (1977) reported 83 % mortality of all stages of Xylosandrus 

compactus infesting flowering dogwood in Florida, using the organophosphate 

insecticide chlorpyrifos. The systemic neonicotinoid insecticide imidacloprid (Provado
®

) 

has been registered in Hawaii to control the green scale, Coccus viridis Green, in coffee 

plantations. Control of X. compactus requires information on seasonality of adult flight 

and effectiveness of cultural practices (Jones and Johnson 1996). 
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CHAPTER 3 

EFFICACY OF TRAPS, LURES AND REPELLENTS FOR THE BLACK TWIG 

BORER, XYLOSANDRUS COMPACTUS AND OTHER AMBROSIA BEETLES 

ON COFFEA ARABICA PLANTATIONS AND ACACIA KOA NURSERIES IN 

HAWAI‘I 

 

3.1 Abstract 

The black twig borer (BTB), Xylosandrus compactus Eichhoff (Coleoptera: 

Curculionidae: Scolytinae), is a serious pests of coffee and many endemic Hawaiian 

plants. This pest is a significant concern among Hawaiian coffee growers and managers 

of native Hawaiian forests on several islands. Traps baited with a chemical attractants are 

commonly used to capture ambrosia beetles for purposes of monitoring, studying 

population dynamics, predicting outbreaks, and for mass trapping (population control). 

The objectives of this research were to optimize trapping systems for X. compactus and 

other ambrosia beetles such as Xylosandrus crassiusculus and Xyleborinus saxeseni by 

comparing efficacy of several attractants and deployment methods, , and trap types. The 

ability of certain chemicals to interfere with trap catch was also tested for purposes of 

finding repellents which can be used to protect host plants from attack. Potential 

attractants and application methods tested were: an ethyl alcohol pouch, an ethyl alcohol 

vial, α-pinene in Eppendorf tubes, eugenol bubblecaps, ginger oil bubblecaps, manuka oil 

bubblecaps, phoebe oil bubblecaps, and an unbaited control. Potential repellents tested 

were limonene and verbenone. Ethyl alcohol vials were as attractive as ethyl alcohol 

pouches, and were more effective than traps baited with eugenol and α-pinene. Japanese 
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beetle traps were more effective for black twig borer trapping than Lindgren funnel traps, 

and were easier to deploy. Verbenone and limonene significantly reduced trap catch of 

Xylosandrus crassiusculus and X. crassiusculus, suggesting that they may be effective for 

interrupting attraction to host plants. The development of effective monitoring and 

management procedures will enhance black twig borer integrated pest management. 

 

Key words: Xylosandrus compactus, X. crassiusculus, Xyleborinus sasexeni, ethanol, 

traps, verbenone, limonene 

 

3.2 Introduction 

The black twig borer (BTB), Xylosandrus compactus (Eichhoff) (Coleoptera: 

Curculionidae, Scolytinae), is originally from Asia and is one of the most serious pests in 

coffee plantations and endemic forest trees in Hawaii (Hara and Beardsley 1979, 

Marsden 1979). This invasive ambrosia beetle also attacks more than 200 plant species 

including agricultural crops such as cacao (Theobroma cacao), mango (Mangifera 

indica), avocado (Persea americana), macadamia (Macadamia integrifolia) and native 

forest trees such as ohia (Metrosideros polymorpha), koa (Acacia koa), mamaki (Pipterus 

spp.) and Flueggea neowawraea (Hara 1977). They are called ambrosia beetles because 

the larvae feed on the fungus Fusarium solani cultivated on the walls of their galleries 

(Beaver 1989, Daehler and Dudley 2002). Females transport the symbiotic fungus in a 

cuticular invagination known as mycangium (Six 2003). Female black twig borers 

construct an entry hole into the host, make galleries and lay eggs. Consequently, damage 

is caused both by the physical excavation process and the inoculation of pathogens into 



27 

 

the host plants (Hara and Beardsley 1979). This ambrosia beetle is reported to attack the 

boles of saplings and young wood of healthy trees (Daehler and Dudley 2002). Damage 

by the black twig borer to the endemic koa tree (Acacia koa Gray Fabaceae in Hawaii is a 

significant concern because koa is a culturally important forest species used to make 

furniture, canoes and musical instruments (Yanagida et al. 1993). This beetle causes 

significant mortality in koa seedlings and small saplings (Daehler and Dudley 2002), so 

efforts to propagate this endemic species are hampered by the black twig borer attack.  

Black twig borer is also a coffee pest in Hawaii (Trujillo et al. 1995, Jones and 

Johnson 1996, Bittenbender and Smith 1999). Kona coffee is an important crop for 

Hawaii, not only because Hawaii is the only state which grows coffee commercially, but 

also because of its heritage value, being an old industry in the islands (Bittenbender and 

Smith 1999). In the Kona area, losses incurred by the typically small growers are a 

serious concern. This problem has prompted a search for pest management alternatives 

such as attractants for mass trapping and repellents which can be sprayed on host plants 

to protect them from damage by the black twig borer. Ethanol, manuka oil and other lures 

have been proven attractive to ambrosia beetles (Oliver and Mannion 2001, Gallego et al. 

2008, Hanula and Sullivan 2008, Miller and Rabaglia 2009). The combination of ethanol 

plus other lures can have a synergistic effect on the attraction of black twig borer 

(Czokajlo and Teale 1999). Repellents such as verbenone and limonene, which are 

effective repellents for other beetle species (Livingston et al. 1983, Payne and Billings 

1989, Phillips et al. 1988, Paine and Hanlon 1991, Bertram and Paine 1994, Miller et al. 

1995, Rappaport et al. 2001, Bentz et al. 2005, Progar 2005, Miller 2007) could be used 

in combination with attractants act in a push-pull manner by deterring the settling of 
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dispersing beetles, while the attractant could lure the repelled beetles to a trap placed 

some distance from the protected plants. The combination of lure and repellent could play 

an important role in protecting an area infested with black twig borer.  

 Lindgren funnel traps are widely used for monitoring invasive ambrosia beetles 

in the United States (Lindgren 1983). These traps consist of a series of vertical funnels 

with a collecting cup at the bottom. Lindgren funnel traps are efficient in mass trapping 

and surveys of Curculionidae: Scolytinae beetles. However; these traps are too unwieldy 

to be easily used in a tropical forest. Also, the Broca trap
®
, which similar to a Japanese 

beetle trap, has been shown to be effective for the coffee berry borer (Hypothenemus 

hampei Coleoptera: Curculionidae Scolytinae) (Dufour et al. 2005). It has been shown 

that Japanese beetle traps are very effective for a wide variety of Scolytinae in coastal 

California (Gillette, unpublished). Thus, it seems that Japanese beetle traps have potential 

to be used for monitoring the black twig borer populations effectively and at much less 

expense. Black twig borer as well as other ambrosia beetles such as Xylosandrus 

crassiusculus and Xyleborinus saxeseni were included in this study because they co-occur 

with black twig borer in Hawaii and respond to many of the same trapping systems 

(Kovach and Gorsuch 1985, Coyle et al. 2005). X. crassiusculus and Xyleborinus 

saxeseni are of Asian origin and have become potential pests of fruit orchards, 

ornamental trees and conifers throughout North America (Atkinson and Wilkinson 1988, 

Oliver and Mannion 2001, Coyle et al. 2005). Therefore, this study was aimed to 

compare the effectiveness of existing attractants, repellents and two trapping systems for 

the black twig borer X. compactus, X. crassiusculus and X. saxeseni on coffee plantation 

and Acacia koa trees.  



29 

 

3.3 Materials and Methods 

3.3.1 Comparison of attractants on coffee trees 

3.3.1.1 Study location 

This study was conducted in 15 year old commercial Kona coffee plantation 

located at 538 m (N 19°33.361‟ W 155°55.730‟) in the district of Kona, Island of Hawaii, 

in the United States. The coffee trees had a high level of black twig borer infestation 

(approximately 70% of the trees had one or more infested twigs at time of survey and the 

surrounding vegetation of this farm such as mango (Mangifera indica L.), eucalyptus 

(Eucalyptus sideroxylon A. Cunn. ex Woolls), christmas berry trees (Schinus 

terebinthifolius Raddi), avocado (Persea Americana Mill), Koa (Acacia koa A. Gray), 

macadamia (Macadamia integrifolia Maiden & Betche) and ohia lehua (Metrosideros 

polymorpha Gaud) provided alternate hosts for the black twig borer. 

 

3.3.1.2 Experimental design 

In May 2006, I deployed ten green Japanese beetle traps (JB/Expando
(T)

 trap) 

(Trece Company, Salinas, CA) on three plots that were chosen randomly, with 30 m of 

buffer rows of coffee trees among plots. Traps were hung at a height of 1.5 m, with a 

distance of 20 m between traps and 10 m away from the border of the field. Individual 

traps were baited with four different lures and unbaited traps served as controls.  

The treatments consisted of (1) low-release ethanol sleeves with a release rate of 7 

mg/day at 20 °C  (constructed of 13 mil thick PVC plastic charged with 3 ml of 95% 

ethanol and 5% water containing 27 ppm Bitrex as a denaturant; give the ethanol an 

unpalatable flavor to prevent people from drinking it (2) high-release ethanol lures 
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deployed in 15 ml LDPE vials filled with 95% ethanol with a hole of 1mm diameter in 

the lid; (3)  α-pinene lures, composed of a 1.8 ml polyethylene tube charged with 300 ul 

of α-pinene, with a release rate of 1.2 mg/day at 20 °C; (4) eugenol bubble cap dispensers 

constructed from a 10 mil clear low density polyethylene (LDPE) bubble and a 40 um 

clear LDPE membrane, charged with 320 mg of 99 % eugenol, with a release rate of 1 

mg/day at 20 °C; and (5) an unbaited control trap. I included the high-release ethanol lure 

to provide an inexpensive alternative that small farmers could easily duplicate; in 

addition, I expected that higher release rates of ethanol might attract more beetles. The 

choice of the attractant was based on the availability of semiochemicals for ambrosia 

beetles in the market. The five treatments were installed in a randomized complete block 

design with repeated measurements. Two traps per treatment were installed in each plot. 

This study was conducted for four months (March to July) and every two weeks the trap 

catches were collected, lures were rotated in each plot, and the 15 ml ethanol vials were 

refilled. Rotation of lures was conducted to minimize bias from potential location effects. 

To maintain a consistent release rate throughout the study, all lures were replaced in the 

field every 2 months as recommended by Contech, Inc. Victoria, BC. To kill the captured 

beetles and minimize predation by trapped predatory insects, a 2-cm strip of Hercon 

VaporTape II (10% 2,2 dichlorvos) (Bioquip
®
, CA, USA) was placed in the collection 

container of the traps. All the captured insects were refrigerated in the collection 

container until examination. The data were analyzed using Mixed Generalized Linear 

Models (a mixed Poisson regression) to account for the random effect due to block, to 

avoid pseudo-replication. Beetles collected from each treatment were separated by 

species, plot, treatment, and sample date. Specimens were sent to University of Michigan 
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and identified by Dr. Anthony Cognato, Dr. Robert J. Rabaglia and Dr. Donald Bright. 

Voucher specimens of these insects were placed in the University of Hawaii Insect 

Museum (UHIM). 

 

3.3.2 Trap preference test, comparison of attractants and repellents on koa trees 

3.3.2.1 Study location 

Studies were carried out in a 9-year-old koa forest restoration stand in the 

Maunawili Valley on the windward side of the island of Oahu, Hawaii (21°21‟3.7” N, 

157°46‟00.6” W). Populations of black twig borer were causing severe damage to all koa 

trees prior to commencement of the experiments.  

 

3.3.2.2 Trap preference test 

Twelve trap locations were set up in a grid in the plantation, with 15 m spacing 

between trap locations. Six green Japanese beetle traps and six black Lindgren funnel 

traps were suspended at 1.5 m heights at the gridpoints, with trap type for each location 

determined by random choice. Traps were then baited with vials of 95 % ethanol.  Traps 

were organized in a complete randomized design with rotated repeated measurements. 

Every two weeks, each trap was moved up one position; when the last trap was reached, 

it was moved to the first position. Rotation of traps was conducted to minimize any effect 

due to location. Traps were suspended at a height of 1.5 m and randomly distributed 

within the grid. Trap collection cups contained half of a Vaportape II pesticide strip. 

Samples from the traps were collected weekly for four weeks and separated by species, 

treatment and sample date.  
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3.3.2.3 Comparison of attractants 

Twenty Japanese beetle traps were placed in a grid at 15 m intervals in a 

randomly selected area of the field. Traps were organized in a completely randomized 

design with rotated repeated measurements. The traps were placed in four rows with five 

traps per row. Each trap was allocated one of the five treatments. Japanese beetle traps 

baited with 95% ethanol were used as positive control. Ethanol lures consisted of 15 ml 

polyethylene vials filled with ethanol and sealed with cotton. The attractant treatments 

consisted of polyethylene bubble caps. Lure combinations for the four baited trap 

treatments consisted of ethanol-baited controls, ethanol plus manuka oil, ethanol plus 

ginger oil, ethanol plus α-pinene and ethanol plus phoebe oil. Enhanced ginger oil (Alpha 

Scent, Inc.) contained 8% of alpha-copaene as a compound of interest and a daily release 

rate of 8 mg of total mix at 21°C.  α -pinene had a daily release rate of ca 150 mg/24 h at 

21°C. The release rate of manuka oil and phoebe oil were not determined. Manuka oil is 

an essential oil extracted from wild manuka (Leptospermum scoparium Forst and Forst.) 

plants by Coast Biologicals, Auckland, New Zealand (Hanula and Sullivan 2008). Phoebe 

oil is an extract of Brazilian walnut (Phoebe porosa Mez) (Hanula and Sullivan 2008).  

Traps were deployed in a grid pattern then baited and left in place for one-week intervals, 

then beetles were collected and entire traps, including the attractant, were moved forward 

one position at each one-week collection interval. In this way, trap 1 was placed in trap 

2‟s former position and trap 20 moved to trap 1‟s position. Thus, each trap had the same 

attractant throughout the trial, but the trap positions were rotated weekly to minimize 

potential location effects. This study was conducted for eight weeks and insects were 

separated and identified by species, treatment and sample date.  
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3.3.2.4 Comparison of repellents  

During the course of the study of lures, it was shown (see Results section) that 

Japanese beetle traps baited with 95% ethanol attracted significantly larger numbers of 

black twig borer and therefore this trap and lure combination were used as a positive 

control in assessing the efficacy of the repellants tested. Ethanol lures consisted of 15 ml 

low polyethylene vials filled with ethanol and sealed with cotton. The limonene treatment 

was constructed with the same type of vials filled with 15 ml R-(+)-limonene and 

verbenone lures consisted of polyethylene bubblecaps filled with 84% (-)-enantiomer, 

98% purity (Contech, Inc.). Lure/repellant combinations for the three baited trap 

treatments consisted of ethanol-baited controls, ethanol plus limonene vials and ethanol 

plus verbenone bubblecaps. Each treatment was replicated six times. Eighteen Japanese 

beetle traps were placed in a grid at 15-m intervals and were placed on the koa trees at a 

height of 1.5 m in a completely randomized design. Treatments were randomly assigned 

to the traps. Samples were collected weekly for four weeks rotating the lures at each 

sampling occasion. Beetles collected from each treatment were separated by species, 

treatment, and sample date.  

 

3.3.3 Statistical analysis 

The response variable for the comparison of attractants, traps and repellents was 

the total number of beetles per trap summed over the entire sampling period and was 

modeled as a Mixed Generalized Linear Model. Multiple comparisons were based on the 

maximum likelihood ratio test with the Bonferroni approach (α-level = 0.05). The 



34 

 

comparison was conducted using the SAS (v.9.2) GLIMMIX procedure (SAS 9.2, Cary, 

North Carolina, USA). 

 

3.4 Results 

3.4.1 Comparison of attractants on coffee plants 

X. compactus was significantly more attracted to 95 % vials than ethanol pouches 

(F4, 102 = 35,9; P < 0.0001) and there were no significant differences between the eugenol, 

α-pinene and the control (Fig. 3.1.A). While no significant differences between eugenol, 

α-pinene and control treatments were observed, there were significant comparisons for 

non-target organisms such as X. crassiusculus and Xyleborinus saxeseni collected in traps 

baited with the different semiochemicals.  

Figure (3.1.B) shows that X. crassiusculus was significantly more attracted to ethanol 

vials than ethanol pouches (F4, 102 = 28.5; P < 0.0001) and there were no significant 

differences among ethanol pouches, eugenol, α-pinene and the control. X. saxeseni was 

significantly attracted to both 95 % vials and ethanol pouches (F4, 102 = 17.9; P < 0.0001) 

and there were no significant differences among eugenol, α-pinene and the control for 

that species (Fig. 3.1.C).  

 

3.4.2 Trap preference test and comparison of attractants and repellents on koa trees 

3.4.2.1 Trap preference test 

The green Japanese beetle trap baited with 95 % ethanol attracted significantly 

more black twig borers than the Lindgren funnel trap (F1,18 = 16.9; P = 0.0007) (Fig. 

3.2.A). During the four weeks of the study, the mean number of black twig borers female 
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per Japanese beetle trap was 800 compared to 500 per Lindgren funnel trap. Other 

invasive species that were attracted to these baited traps were X. saxeseni and X. 

crassiusculus. The Lindgren funnel trap attracted more X. crassiusculus (F1,18 = 6.5 P = 

0.021)  (Fig. 3.2.B) while the Japanese beetle trap attracted more X. saxeseni (F1,18 = 

12.5; P = 0.0024) (Fig. 3.2.C). 

Due to the relatively small absolute differences between the two traps in terms of beetle 

catches, the Japanese beetle traps were preferred for further work, due to their compact 

size, durability and lower price. 

 

3.4.2.2 Comparison of attractants on Koa plants 

The five treatment levels were not statistically significantly different from each 

other (F4,54 = 1.6; P= 0.184) (Fig. 3.3). However, the combination of ethanol plus α-

pinene and ethanol plus manuka oil caught more X. compactus than the other attractant 

combinations (Fig. 3.3).  Although the difference was not significant, the absolute 

number in the manuka treatment was greater than in the others. 

 

3.4.2.3 Comparison of repellents on Koa plants 

The total number of X. compactus was significantly reduced in the Japanese 

beetle traps treated with verbenone and limonene compared to Japanese beetle traps 

baited with 95% ethanol alone (F2,49 = 1046.2; P < 0.0001) (Fig. 3.4.A). Verbenone, even 

in the relatively slow releasing bubblecap dispenser (>10 mg/day), was an effective 

inhibitor of the black twig borer attraction to ethanol, reducing the trap catch by almost 

50%. X. crassiusculus was significantly reduced in traps baited with verbenone and 
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limonene compared to traps baited only with ethanol (F2, 49 = 91.9; P < 0.0001) (Fig. 

3.4.B). Japanese beetle traps baited with limonene reduced the number of beetles for all 

three species (F2,49 = 79,5; P < 0.0001) (Fig, 3.4.1, 3.4.2), but this reduction was not 

significant for  X. saxeseni (Fig. 3.4.C).  

 

3.5 Discussion 

3.5.1 Comparison of attractants on coffee plants 

My study reports the first attempt to attract X. compactus, as well as other 

ambrosia beetles such as X. crassiusculus, X. saxeseni present in these habitats, to baited 

traps in coffee and koa plantations in Hawaii. Ethanol is produced in stressed trees 

undergoing anaerobic respiration (Gallego et al. 2008) and has been identified in extracts 

of wood and bark as the primary attractant of several ambrosia beetles and is responsible 

for increasing their attack rate (Moeck 1970, Bhagwandin 1992, Shore and Lindgren 

1996). Our findings are therefore consistent with the general pattern showing attraction of 

ambrosia beetles to this byproduct of injury to plant tissues. 

Eugenol is a substance encountered in flowers of Couroupita guianensis Aubl (Yong 

1990). α-pinene is an organic compound and it is among the major components emitted 

by conifers (Pinus halepensis Mill) (Mirov et al 1962,Gallego et al 2008). Eugenol and α-

pinene have been widely studied as attractants of ambrosia and bark beetles and their 

synergistic effect with ethanol (Nakayama and Terra 1986, Schroeder and Lindelow 

1989, Czokajlo and Teale 1999, Gallego et al. 2008). In this study X. compactus was 

significantly more attracted to ethanol than eugenol and α-pinene. There was significantly 

higher number of X. compactus in traps baited with ethanol in vials than pouches. Several 
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studies have reported the attraction of scolytid species to ethanol at different 

concentrations and release rate (Moeck 1970, Oliver and Mannion 2001, Hoagland and 

Schiltz 2006, Miller and Rabaglia 2009). Concentration and release rate are factors that 

might have affected black twig borer attraction. Moeck (1970) reported that 

Trypodendron lineatum (Coleoptera: Scolytidae) was more attracted to higher 

concentration of ethanol. In our study ethanol vials were refilled during each trap 

clearing, and ethanol pouches were replaced every two months as recommended by 

PheroTech. It is possible that ethanol vial concentrations were constant throughout the 

experiment, while ethanol pouch concentrations degraded after a number of weeks of use, 

and reduced black twig borer captures resulted. It has been demonstrated that stressed 

trees produce higher amounts of volatile compounds than healthy trees and the release 

rate of ethanol from a fresh log is probably lower compared to damaged tissue (Schroeder 

and Lindelöw 1989). Schroeder (1988) also tested the attraction of Trypodendron 

lineatum (Coleoptera: Scolytidae) to traps baited with different release of ethanol (1.5, 

13, 128 and 2116 mg ethanol/day). He found that T. lineatum was most attracted to the 

higher ethanol release rate treatment. Joseph et al. (2001) reported that increasing release 

rate of ethanol increased the number of scolytid species caught by 1.5 to 3.7 times. 

Schroeder 1988, Moreno et al. 2008 showed that the attraction of scolytid species 

depended on the breeding substrate. Black twig borer has been reported to be more 

attracted to trees that are under stress conditions such as transplanting or drought (Jones 

and Johnson1996, Daehler and Dudley 2002) however, apparent healthy coffee trees has 

been observed being attacked (personal observations). Therefore, to increase the 

attraction of black twig borer, a high release rate of ethanol may be appropriate to 
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simulate a recently damaged branch or several release rates should be tested. It shows 

that different species respond differently to varying release rates, and further studies 

should be conducted to maximize black twig borer captures.  

Ethanol has been widely used for trapping and monitoring ambrosia beetles that affect 

several species of trees (Moeck 1970, Shore and Lindgren 1996, Schroeder and Lindelöw 

1989, Oliver and Mannion 2001, Czokajlo and Teale 1999, Coyle et al. 2005, Hoagland 

and Schiltz 2006).  

Oliver and Mannion (2001) used Lindgren funnel traps baited with 70 % ethanol 

and reported that timing of peak trap captures for ambrosia beetles in the spring and fall 

coincided with attacks on chestnuts, and suggested that initial spring collections of 

ambrosia beetles are probably the most critical indicator for risk of tree damage to 

chestnuts trees (Oliver and Mannion 2001). Therefore, the use of baited ethanol traps 

may be an important tool for monitoring beetle populations and study their seasonal 

fluctuations. Accordingly, trap collections may indicate the highest risk for tree attack, 

and when control measures should be taken. Control measures for black twig borer in 

coffee trees include the use of insecticide or pruning (Mangold et al. 1977, Jones and 

Johnson 1996). Previous studies have shown that black twig borer occurs perennially in 

Kona, Hawaii (Chapter 4). Therefore, to achieve reliable monitoring of the black twig 

borer population in Kona coffee plantations, traps should remain in the coffee field all 

year and should be checked often, especially during black twig borer population peaks. 

Baited traps can also be used as a mass trapping technique in an integrated pest 

management program. Dufour and Frérot (2008) compared the efficiency of different 

attractive mixtures composed of ethanol and methanol on the attraction of coffee berry 
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borer (Hypothenemus hampei Coleoptera: Curculionidae). During high migration periods, 

95 % ethanol - 100 % methanol mixture (1:1) resulted in the highest rate of beetle capture 

with an average of 370.50 beetles per trap during 11 days compared to 1.44 beetles 

captured with 95 % ethanol. The combination of methanol-ethanol or other attractants 

could be an alternative for mass trapping or for a push-pull strategy. While lures can be 

an important tool for monitoring adult insect populations as part of an integrated pest 

management program, Japanese beetle traps could also serve as a physical control tactic 

for mass trapping.   

Another attractant tested in this study was α-pinene (release rate of 120 mg/day and 

concentration of 99%). α-pinene did not significantly attract X. compactus. Schroeder 

(1988) reported that α-pinene (release rate 10 mg/day) did not attract Trypodendron 

lineatum however; it attracted other scolytid species such as Tomicus piniperda and 

Thanasimus formicarius. The inconsistency between the present study and Schroeder 

(1988) may result from differences in the release rate of the volatiles which the species 

are adapted (Schroeder and Lindelow 1989).  

 

3.5.2 Comparison of attractants on koa plants 

Ethanol has been reported to synergize attraction with α-pinene and other 

attractants for some scolytid species (Czokajlo and Teale 1999, Miller and Rabaglia 

2009). Although there was no significant difference among the attractants that we tested, 

there was a trend toward higher number of beetles in traps baited with ethanol + α-pinene 

and ethanol + manuka oil. Schroeder (1988) studied the effect of α-pinene (release rate 10 

mg/h) in combination with ethanol at different release rates (1.5, 13, 128 and 2116 mg 
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ethanol/day). They reported a synergistic effect of α-pinene at high release rate of ethanol 

for several scolytid species. Hanula and Sullivan (2008) pointed out also that manuka oil 

and phoebe oil were attractive to Xyleborus glabratus Eichhoff (Coleoptera: Scolytinae). 

The use of these attractants combined with effective sanitation of infested trees could be 

used to reduce ambrosia beetle populations or as bait for early detection of new pest 

introduction (Hanula and Sullivan 2008). 

Studies should be conducted to determine the adequate release rate of ethanol and the 

synergism effect of theses volatiles with other attractants to increase black twig borer 

captures. These results allow the development of an operative lure for the effective 

monitoring of black twig borer, although improvement by the addition of different release 

rates should be studied. 

 

3.5.3 Comparison of traps 

The Lindgren funnel trap has been used widely as monitoring tool for ambrosia and bark 

beetles (Oliver and Mannion 2001, Gallego et al. 2008, Hanula and Sullivan 2008, Miller 

and Duerr 2008). The Japanese beetle trap was designed to attract the Japanese beetle 

Popillia japonica (Coleoptera: Scarabeidae) (Alm et al. 1994) and a similar trap is also 

effective in the attraction of the coffee berry borer (Mathieu et al. 1999). This study is the 

first attempt for monitoring ambrosia beetles such as X. compactus, X. crassiusculus and 

X. saxeseni in Hawai‟i and to test two of the most common traps used in scolytid 

management. There was a difference in effectiveness of Japanese beetle trap and the 

Lindgren funnel trap in the attraction of X. compactus, X. crassiusculus and X. saxeseni. 

Japanese beetle traps baited with 95 % ethanol attracted more X. compactus and X. 
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crassiusculus and the Lindgren funnel trap attracted more X. saxeseni. These results agree 

with those obtained by Flechtmann et al. (2000) for several scolytid species when 

evaluating ESALQ-84 trap. The ESALQ-84 trap is similar to the Japanese beetle trap but 

is black in color and has a small plate that covers the trap in the top (Flechtmann et al. 

2000). The majority of the ambrosia beetle species were significantly more attracted to 

this trap compared to the Lindgren funnel trap. 

One factor that might explain the higher trapping in the Japanese beetle trap in our study 

may be because the beetles that bump into the trap drop shorter distances into the 

collecting cup compared to the Lindgren funnel trap, where beetles have to pass through 

a series of funnels before reaching the collection cup. These multiple steps may allow 

them to spread their wings and escape (Flechtmann et al. 2000). It is also possible that 

visual cues may play a role, and the green color and smaller size of the Japanese beetle 

trap may more closely mimic the host plant than the large, black Lindgren trap. Trap 

efficacy is also related to lure release rate (Flechtmann et al. 2000), however in our study 

the ethanol vial was more exposed in the Japanese beetle trap than the Lindgren funnel 

trap. In addition, the Lindgren funnel trap had a plate located at the top of the trap. This 

plate could have hindered the ethanol release. The results of this study are in agreement 

with those obtained by Flechtmann et al. (2000) who ranked the ESALQ-84 trap as 

having a higher degree of exposure to ambient air and can thus release more effectively 

than the Lindgren trap. A lower lure diffusion of ethanol to the environment in the 

Lindgren trap may explain the lower rate of capture (Flechtmann et al. 2000). Due to the 

relatively small differences in captures between the two traps used in our study, the 

Japanese beetle traps are preferred due to their compact size, durability and price. 
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3.5.4 Comparison of repellents 

Verbenone is an antiaggregation pheromone produced by different species of bark 

beetles (Bentz et al. 2005). Verbenone is released by colonizing beetles when the beetle 

population density exceeds the population that the host can support and thus these 

chemicals are released to keep other beetles away from the tree and reduce competition 

for resources (Lindgren and Miller 2002). Verbenone can also be produced through 

autoxidation of the oxygenated monoterpene α-pinene found in pine phloem in the 

absence of bark beetles (Flechtmann et al. 1999), by bark beetles themselves, by 

metabolic conversion of trans-verbenol, a pheromone that attracts both sexes, and by 

yeasts and gut microorganisms associated with adult bark beetles (Hunt and Borden 

1989, Bentz et al. 2005). Here we describe the effect of verbenone and limonene 

deterring three ambrosia beetles, X. compactus, X. crassiusculus, and X. saxeseni.  

Our data show that ethanol-baited Japanese beetle traps treated with verbenone 

significantly reduced the number of X. compactus and X. crassiusculus compared to the 

traps baited with ethanol. This result is consistent with the study of  Bentz et al. (2005) 

working with a different beetle species, who demonstrated the efficacy and consistency 

of verbenone pouches (84% (-)-enantiomer, 98% purity, 5.0-g releasing 50 mg/d at 30 

°C) for protecting stands of lodge pole and whitebark pine from mountain pine beetle 

(Dendroctonus ponderosae) attack. A dose of 40 verbenone pouches per 0.40 ha 

significantly reduced the number of mountain pine beetle attacked trees (Bentz et al. 

2005).  

Limonene was less effective than verbenone, but there was a trend to reduce the 

number of beetles present in traps treated with limonene. A higher release rate of 
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verbenone and limonene may also increase the efficacy of this repellent for X. compactus, 

X. crassiusculus and X. saxeseni. There are some factors that may inhibit the 

effectiveness of verbenone. Verbenone becomes ineffective when the trees present beetle 

damage. Beetles present in the area release a pheromone that attract more beetles to the 

suitable host and interfere with the effect of verbenone (Bentz et al. 2005). For example, 

females mountain pine beetles (D. ponderosae) convert the host tree monoterpene α-

pinene into trans-verbenol, a pheromone that attracts both sexes (Bentz et al. 2005). 

Surrounding landscapes may contain odors that affect verbenone effectiveness, attracting 

beetles from surrounding suitable hosts (Bentz et al. 2005). This study was conducted in a 

koa field which was located close to potential alternative host for X. compactus, X. 

crassiusculus and Xyleborinus saxeseni. This type of host plants provide breeding and 

survive habitat for these ambrosia beetles and the semiochemical releases from them may 

interfere with the effect of verbenone and limonene.  

It is essential to understand that verbenone would not likely protect all trees within the 

treated area; there are some trees that would still be attacked (Bentz et al. 2005). 

Semiochemicals like verbenone do not remove insects from the system; however they can 

be part of a management system that reduces dispersal by beetles (Bentz et al. 2005). 

Since verbenone is more effective in beetles that prefer fresh host tissue than aged host 

tissue (Lindgren and Miller 2002) it can be a potential management tool for reducing 

attack of beetles that attack healthy trees such as X. compactus. Additional studies on 

higher release rate of verbenone and limonene should be conducted to reduce the beetle 

population approaching Acacia koa nursery and in coffee fields before the beetle reach 

their peak.  
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Ambrosia beetles are stimulated to fly upwind and in the direction of the source in 

response to odor attractions (Coyle et al. 2005). Females are guided by volatiles produced 

by host tissue and the condition of the host is a major factor in susceptibility to attack 

(Miller 2007). Ambrosia beetle attack is typically associated with hosts that are under 

stress conditions or recent injury (Bhagwandin 1992, Stone and Nebeker 2007). They 

also attack healthy trees found close to the suitable hosts and if highly susceptible hosts 

are limited (Bhagwandin 1992). Ambrosia beetles select host trees depending on their 

physiological stage or age, with host stress being positively correlated with the 

production of ethanol by the potential host plants (Moeck 1970, Schroeder 1988, Shore 

and Lindgren 1996). The use of plant volatiles has been studied to develop attractive 

lures for management of several scolytid species (Moeck 1970, deGroot et al. 1998, 

Erbiligin et al. 2008, Gallego et al. 2008, Moreno et al. 2008). Baited traps are also 

important for monitoring seasonal fluctuations in beetle numbers and movement of adult 

beetles (Aguilar et al. 2007) and the relationship of beetle phenology with tree attack 

(Oliver and Mannion 2001). The results of this study may be used to more effectively and 

safely manage black twig borer and other ambrosia beetles.
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Fig.3.1.
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Fig. 3.1. Total number of beetles (and SE) for Xylosandrus compactus (A), Xylosandrus 

crassiusculus (B) and Xyleborinus saxeseni (C).  

Trapped in Japanese beetle traps baited with three lures on coffee plants for the four 

sampling dates (means with the same letter are not significantly different from one 

another at a experiment wise error rate = 0.05). 
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Fig. 3.2. 
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Fig. 3.2. Total number of beetles (and SE) for Xylosandrus compactus (A), Xylosandrus 

crassiusculus (B) and Xyleborinus saxeseni (C). 

Ttrapped in Japanese beetle trap vs. Multiple funnel trap in a 6-year-old koa forest 

restoration stand in the Maunawili Valley on the windward side of the island of Oahu.  
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Fig. 3.3. Mean number of Xylosandrus compactus trapped in Japanese beetle traps baited 

with five lures. On koa plants for the four sampling dates. Maunawili Valley on the 

windward side of the island of Oahu.  
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Fig. 3.4. 
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Fig. 3.4. Comparison of two repellents, verbenone and limonene (Mean ± SE), for X. 

compactus (A), X. crassiusculus (B) and X. saxeseni (C) in a 6-year-old koa forest 

restoration stand in the Maunawili Valley on the windward side of the island of Oahu. 

Means followed by the same letter are not significantly different from one another at a 

experimentwise error rate = 0.05; the Bonferroni approach was used to test the 

significance of multiple comparisons. 

 

 

 

 

 



52 

 

3.6 References 

Aguilar-Pérez, H., L. A. Rodríguez-del-Bosque, C. H. Aguilar-Pérez, and N. Durán de la 

Peña. 2007. Seasonal abundance of Xyleborus ferrugineus (Coleoptera: 

Curculionidae) on pecan trees in northern Coahuila, Mexico. Southwestern 

Entomologist. 32(2):105-109.  

Alm, S., T. Yeh, C. M. Dawson, E. Jenkins, and A. Simeoni. 1994. Modified Trap 

Designs and Heights for Increased Capture of Japanese Beetle Adults 

(Coleoptera: Scarabaeidae). Journal of Economic Entomology. 87(3): 777-780. 

Atkinson, T.H., J. L. Foltz, and R. C. Wilkinson. 1988. Xylosandrus crassiusculus 

(Motschulsky), an Asian ambrosia beetle recently introduced into Florida 

(Coleoptera: Scolytidae). Florida Department of Agriculture and consumer 

Service. Entomology. Circ. 310. 

Beaver, R.A. 1989.  Insect-fungus relationships in the bark and ambrosia beetles.  In, N. 

Wilding, N.M. Collins, P.M. Hammond, and J.F. Webber (eds), Insect-fungus 

interactions, 121-143.  Academic Press, New York. 

Bentz. B.J., S. Kegley, K. Gibson, and R. Their. 2005. A test of high dose of verbenone 

for stand level protection of lodgepole and whitebark pine from Mountain pine 

beetle (Coleoptera: Curculionidae: Scolytidae) attacks.  Journal of Economic 

Entomology. 98 (5): 1614-1621. 

Bertram, S.L. and T.D. Paine. 1994. Influence of aggregation inhibitors (verbenone and 

ipsdienol) on landing and attack behavior of Dendroctonus brevicomis 

(Coleoptera: Scolytidae). Journal of chemical ecology. 20(7): 1617-1629. 



53 

 

Bhagwandin, Jr. H.O. 1992. The shot hole borer: an ambrosia beetle of concern for 

chestnut orcharding in the pacific northwest. Published in the 93
rd

 annual report of 

the northern nut growers assn. 168-177.  

Bittenbender, H.C., and V. E.Smith. 1999. Growing coffee in Hawaii. College of tropical 

agriculture and human resources. University of Hawaii at Manoa. p.40.  

Coyle, D. R., D. C. Booth, and M. S. Wallace. 2005. Ambrosia Beetle (Coleoptera: 

Scolytidae) Species, Flight, and Attack on Living Eastern Cottonwood Trees 

Journal of Economic Entomology. 98 (6): 2049–2057. 

Czokajlo D. and S. Teale. 1999. Synergistic effect of Ethanol to α-pinene in Primary 

Attraction of the Larger Pine Shoot Beetle, Tomicus piniperda. Journal of 

Chemical Ecology. 25(5): 1121-1130 

Daehler, C.C. and N. Dudley. 2002.  Impact of the black twig borer, an introduced insect 

pest, on Acacia koa in the Hawaiian Islands. Micronesica Supplement. 6: 35-53. 

De Groot P., G. Debarr, and G. Birgersson. 1998. Field Bioassays of Synthetic 

Pheromones and Host Monoterpenes for Conophthorus coniperda (Coleoptera: 

Scolytidae). Environmental Entomology. .27(2): 382-387. 

Dufour B., M.O. Gonzalez., J.J. Mauricio, B.A. Chavez, and R. Ramirez. 2005. 

Validation of coffee berry borer (CBB) trapping with the Brocap trap. In : 20th 

International Conference on Coffee Science, 11-15 October 2004, Bangalore, 

India. ASIC. 1243-1247.  

Dufour, B.P., and B. Frérot. 2008.  Optimization of coffee berry borer, Hypothenemus 

hampei Ferrari (Col., Scolytidae), mass trapping with an attractant mixture. 

Journal of Applied Entomology. 132 (7): 591-600. 



54 

 

Erbiligin N., N. Gillette, D. Owen, S. Mori, A. Nelson, F. Uzoh, and D. Wood 2008. 

Acetophenone superior to verbenone for reducing attraction of western pine beetle 

Dendroctonus brevicomis to its aggregation pheromone. Agricultural and Forest 

Entomology. 10: 433-441. 

Flechtmann, C.A.H., M.J. Dalusky, and C.W. Berisford. 1999. Bark and ambrosia beetle 

(Coleoptera: Scolytidae) responses to volatiles from aging loblolly pine billets. 

Environmental Entomology. 28: 638-648. 

Flechtmann C., A. Ottati, and C. Berisford. 2000. Comparison of four trap types for 

ambrosia beetles (Coleoptera, Scolytidae) in Brazilian Eucalyptus stands. Journal 

of Economic Entomology. 93(6):1701-1707. 

Gallego D., J. Galian, J. J. Diez, and J. A. Pajares. 2008. Kairomonal responses of 

Tomicus destruens (Col., Scolytidae) to host volatiles α –pinene and ethanol. 

Journal of Applied Entomology. 132: 654-662 

Hanula, J. and B. Sullivan. 2008. Manuka oil and phoebe oil are attractive baits for 

Xyleborus glabratus (Coleoptera: Scolytinae), the vector of laurel wilt. 

Environmental Entomology. 37(6): 1403-1409 

Hara, A. H., and J. W. Beardsley. 1979. The biology of the black twig borer, Xylosandrus 

compactus (Eichhoff), in Hawaii. Proceedings of the Hawaiian Entomological 

Society. 23: 55-70. 

Hoagland, T.P., and P.B. Schiltz. 2006. Using ethanol baited traps to minimize risk of 

asian ambrosia beetle, Xylosandrus crassiusculus, attack to hardwood trees in 

Virginia nursery production. SNA research conference. 51. 132- 133.  



55 

 

Hunt, D.W.A. and J.H. Borden. 1989. Terpene alcohol pheromone production by 

Dendroctonus ponderosae and Ips paraconfusus in the absence of readily 

culturable microorganisms. Journal of Chemical Ecology. 15: 1433-1463. 

Jones, V.P., and M.W. Johnson. 1996. Management of black twig borer on coffee. GACC 

Termination report. 6 pp. 

Joseph, G., R. G. Kelsey, R. W. Peck, and C. G. Niwa. 2001. Response of some scolytids 

and their predators to ethanol and 4-allylanisole in pine forest of central Oregon. 

Journal of Chemical Ecology. 27(4): 697-715. 

Kovach, J., and C. S. Gorsuch. 1985. Survey of ambrosia beetle species infesting South 

Carolina peach orchards and a taxonomic key for the most common species. 

Journal of Agricultural Entomology. 2: 238-247. 

Lindgren, B.S. 1983. A multiple funnel trap for scolytid beetles (Coleoptera). The 

Canadian Entomologist. 115 (3). 299-302. 

Lindgren B. and D. Miller. 2002. Effect of Verbenone on Five Species of Bark Beetles 

(Coleoptera: Scolytidae) in Lodgepole Pine Forests. Environmental Entomology. 

31(5): 699-705. 

Livingston, W. H., W. D. Bedard, A. C. Mangini, and H. G. Kinzer. 1983. Verbenone 

interrupts attraction of roundheaded pine beetle, Dendroctonus adjunctus 

(Coleoptera: Scolytidae) to sources of natural attractant. Journal of Economic 

Entomology. 76: 1041-1043.  

Mangold, J. R., R. C. Wilkinson, and D. E. Short. 1977. Chlorpyrifos sprays for control 

of Xylosandrus compactus in flowering dogwood. Journal of Economic 

Entomology. 70: 789-790. 



56 

 

Marsden, D.A. 1979. Control of black twig borer. Honolulu. Entomology Notes No. 5. 

Hawaii Cooperative Extension Service, Honolulu, HI.  

Mathieu, F., L.O. Brun, B. Frerot, D.M. Suckling, and C. Frampton. 1999. Progression in 

field infestation is linked with trapping of coffee berry borer, Hypothenemus 

hampei (Col., Scolytidae). Journal of Applied Entomology. 123: 535-540. 

Miller, D.R., J.H. Borden, and L.B. Staffan. 1995. Verbenone: dose-dependent 

interruption of pheromone-based attraction of three sympatric species of pine bark 

beetles (Coleoptera: Scolytidae). 24(3):692-696. 

Miller, D.R. 2007. Limonene: Attractant kairomone for white pine cone beetles 

(Coleoptera: Scolytidae) in an eastern white pine seed orchard in western north 

Carolina. Journal of Economic Entomology. 100 (3): 815-822. 

Miller D., and D. Duerr. 2008. Comparison of Arboreal Beetle Catches in the Wet and 

Dry Collection Cups with Lindgren Multiple Funnel Traps. Journal of Economic 

Entomology. 101(1): 107-113. 

Miller, D.R. and Rabaglia, R.J. 2009. Ethanol and (−)-α-pinene: Attractant kairomones 

for bark and ambrosia beetles in the southeastern US. Journal of Chemical 

Ecology 35: 435-448. 

Mirov, N.T., E. Zavarin, and J.G. Bicho. 1962. Composition of gum turpentines of pines. 

Pinus nelsonii and Pinus occidentalis. Journal of Pharmaceutical Sciences. 

51(12): 1131-1135. 

Moeck H., 1970. Ethanol as the Primary Attractant for the Ambrosia Beetle, 

Trypodendron lineatum (Coleoptera: Scolytidae). The Canadian Entomologist. 

102: 985-995 



57 

 

Moreno B., J. Macias, B. Sullivan, and S. Clarke. 2008. Field Response of Dendroctonus 

frontalis (Coleoptera: Scolytinae) to Synthetic Semiochemicals in Chiapas, 

Mexico.  Journal of Economic Entomology. 101(6): 1821-1825 

Nakayama, K., and P. Terra 1986. Atratividade de substancias e de ramos de cacaueiro 

sobre Xylosandrus morigerus (Blandford 1894) (Coleoptera, Scolytidae). Revista 

Theobroma. 16(3): 155-160 

Oliver, J.B. and C.M. Mannion. 2001. Ambrosia beetle (Coleoptera: Scolytidae) species 

attacking chestnut and captured in ethanol baited traps in middle Tennessee. 

Environmental Entomology. 30 (5): 909-918.   

Paine, T.D. and C.C. Hanlon. 1991. Response of Dendroctonus brevicomis and Ips 

paraconfusus (Coleoptera: Scolytidae) to combinations of synthetic pheromone 

attractants and inhibitors verbenone and ipsdienol. Journal of chemical ecology. 

17(11): 2163-2176. 

Payne, T. L., and R.F. Billings. 1989. Evaluation of (S) Verbenone applications for 

suppressing southern pine beetle (Coleoptera: Scolytinae) infestations. Journal of 

Economic Entomology. 82(6): 1702-1708. 

Phillips, T., A. Wilkening, T. Atkinson, J. Nation, R. Wilkinson, and J. Foltz. 1988. 

Synergism of turpentine and ethanol as attractants for certain pine-infesting 

beetles (Coleoptera). Environmental Entomology. 17 (3): 456-462. 

Progar, R.A. 2005. Five-year operational trial of verbenone to deter mountain pine beetle 

(Dendroctonus ponderosae; Coleoptera: Scolytidae) attack of lodgepole pine 

(Pinus contorta). Environmental Entomology. 34(6): 1402-1407. 



58 

 

Rappaport, G. N., Owen, D. R. and J.D. Stein. 2001. Interruption of semiochemical 

mediated attraction of Dendroctonus valens (Coleoptera: Scolytidae) and selected 

nontarget insects by verbenone. Environmental Entomology. 30(5): 837-841. 

SAS, SAS/STAT user's guide. version 8 ed. 2002, Cary NC: SAS Institute Inc.  

Shore, T., and B. Lindgren.1996. Effect of Ethanol  and α-pinene on Response of 

Ambrosia Beetle, Trypodedron lineatum, to Lineatin-baited Funnel and Drainpipe 

Traps. Journal of Chemical Ecology. 22(12): 2187-2196. 

Schroeder, L. 1988. Attraction of the bark beetle Tomicus piniperda and some other bark- 

and wood-living beetles to the host volatiles α-pinene and ethanol. Entomologia 

Experimentalis et Applicatta. 46: 203-210. 

Schroeder, L., and A. Lindelow. 1989. Attraction of Scolytids and associated beetles by 

different absolute amounts and proportions of α-pinene and ethanol. Journal of 

Chemical Ecology. 15(3): 807-817. 

Six, D. L. 2003. Bark beetle-fungus symbioses. In: Bourtzis, K, and Miller, TA (Eds.) 

Insect Symbiosis. CRC Press, Boca Raton, FL. 99-116. 

Stone, W.D., and T. E.Nebeker. 2007. Distribution and seasonal abundance of 

Xylosandrus mutilatus (Coleoptera: Curculionidae). Journal of Entomological 

Science. 42(3): 409-412.  

Trujillo, E.E., S. Ferreira, D.P. Schmitt, and W. Mitchell. 1995. Serious economic pests 

of coffee that may accidentally be introduced to Hawai‟i. College of tropical 

agriculture and human resources. University of Hawaii. Research extension series 

156. 



59 

 

Yanagida, J.F.,  J. M. Halloran, U.Chakravorty, and D. J.  Lee. 1993. Hawaii‟s forest 

industry: An inventory and analysis of economic potential. Report to the 

Governor‟s Agricultural Coordinating Committee, State of Hawaii, Honolulu, HI.  

Yong, H. S. 1990. Flower of Couroupita guianensis: a male fruit fly attractant of the 

methyl eugenol group. Nature Malaysiana.15: 92–97. 



60 

 

CHAPTER 4 

PEST STATUS AND PHENOLOGY OF BLACK TWIG BORER, XYLOSANDRUS 

COMPACTUS (COLEOPTERA: CURCULIONIDAE: SCOLYTINAE) ON COFFE 

IN HAWAI‘I 

 

4.1 Abstract 

The largest contiguous area of coffee production in the United States is in Kona 

district of the Island of Hawaii. Kona is located in the southwest side of the Island of 

Hawaii and the land area comprises 312,960 acres (126,650.418 hectares) in North Kona 

and 214,656 acres (86,868.201 hectares) in South Kona (Hawaii Databook, Department 

of Business and Tourism, 2009). Coffee production in Kona ranges from conventional to 

organic production. The black twig borer, Xylosandrus compactus, was considered to be 

the most serious coffee pest in Hawaii until my discovery of the coffee berry borer there 

in August, 2010. Current management practice for control of the black twig borer relies 

on cultural methods, principally by pruning the infested branches. Improvements in 

management tactics for black twig borer, however will require information about the 

interaction of this beetle with environmental factors that can be used to predict beetle 

numbers and time control measures. There is therefore a need to develop an effective 

plan and to characterize the phenology of the black twig borer in Hawai‟i. To that end, I 

used three sampling methods to estimate black twig borer populations (Japanese beetle 

traps, collection of infested branches, and plant inspection), then applied a logistic 

regression analysis to predict the number of black twig borers at different treatment 

thresholds so that plantation manager can take measures to prevent higher levels of 
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infestation. I found that the black twig borer is present all year round, but populations 

were higher during the warmest months in Kona (May through August) while the lowest 

numbers were observed from September to April. Variation in damage does not appear to 

be related to elevation; instead it appears to be related to cultural practices and proximity 

of alternate hosts. The logistic regression analysis showed a significant relationship 

between the independent variables (number of females trapped, elevation, and month) on 

the proportion of trees infested. Black twig borer phenology data were used to predict 

damage levels and facilitate the correct timing for control measures. In addition, 

Chryptamorpha desjardinsi was found inside black twig borer galleries, and this 

predatory beetle could be a potential natural enemy of black twig borer in a classical 

biological control strategy if its populations can be enhanced.  

 

Key words: Xylosandrus compactus, seasonal fluctuation, logistic regression, natural 

enemy 

 

4.2 Introduction 

Hawaii and Puerto Rico are the only coffee - producing states in the United States 

(Bittenbender and Smith 1999). Coffee in Hawaii is grown from sea level to 762 meters, 

and the largest contiguous area of production is in the North and South Kona districts of 

the Island of Hawaii (Bittenbender and Smith 1999).  

There are 830 coffee farms recorded in the state of Hawaii with 6,300 acres harvested 

(2549.519 hectares), 790 of which are located on the island of Hawaii with 2,900 acres 

harvested (1173.588 hectares) annually, the majority of farms are located in the districts 
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of North and South Kona. Forty coffee farms are located on other major Hawaiian islands 

(Honolulu, Kauai and Maui), with 3,400 acres harvested (1375.931 hectares harvested) 

and these contribute significantly to the total value of Hawaii‟s coffee production (HASS 

2009). However, coffee produced in the Kona district is world renowned for its quality, 

and therefore commands a premium price (Bittenbender and Smith 1999). 

The farms that produce Kona coffee are small, with only a few farms larger than 20.23 

hectares, independently owned, and they use a range of production procedures from 

intensive to extensive and from conventional to organic. The Hawaii Agricultural 

Statistics Service (HASS 2010) estimates statewide coffee production at 7 million pounds 

of green coffee for the 2009/10 season, with total farm revenues estimated at $27 million 

(HASS 2010).  

Several insect pests attack coffee in Hawaii including the green scale (Coccus 

viridis Green) (Hemiptera: Coccidae), the banana moth (Opogona sachari Bojer) 

(Lepidoptera: Tineidae), the Mediterranean fruit fly (Ceratitis capitata) (Diptera: 

Tephritidae) and the black twig borer (Xylosandrus compactus Eichhoff) (Coleoptera: 

Curculionidae: Scolytinae) (Bittenbender and Smith 1999). The black twig borer is native 

to Asia and is widely distributed there, but is now also distributed through parts of Africa, 

Central America and the Caribbean, South America, and Oceania (CAB International, 

1997). It is also now present in the states of Florida, Alabama, Louisiana, Georgia 

Hawai‟i, Mississippi, South Carolina, Texas, and Puerto Rico in the United States (CAB 

International, 1997, Franqui et al. 1991). This beetle is a serious pest of robusta coffee, 

Coffea canephora Pierre, in India and Cuba (Chacko 1978, Vasquez et al. 1996). Losses 

up to 28 % are reported in younger plants, on lateral and new apical shoots (Vinodkumar 
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et al. 1986, Ramesh 1987, Vázquez and Martínez 1999). In Hawaii, the black twig borer 

was first detected in Oahu in 1961 attacking pink tecoma, Tabebuia pallida (Hara 1977), 

and it is now present on all the major islands (Nelson and Davis 1972). This polyphagous 

insect attacks more than 224 species of shrubs and trees in 62 families including koa, 

ohia, avocado, macadamia, guava, Christmas berry, anthurium, red ginger, Eucalyptus 

spp., dogwood, mango, hibiscus, litchi, cacao and many other trees and orchids (Ngoan et 

al. 1976, Hara 1977, Daehler and Dudley 2002). Some of these plants are used to provide 

shade for coffee plants (Bittenbender and Smith 1999), inadvertently providing a wide 

range of alternate hosts for the black twig borer in the vicinity of coffee plants (Hara and 

Beardsley 1979).  

Several different management alternatives have been attempted for control of the 

black twig borer including the release of parasitoids that presumably they never became 

established, but there were no post-release studies to verify that assumption (Dr. 

Nagamine HDOA, personal communication). Two registered insecticides on coffee were 

tested in coffee branches infested with black twig borer in the Kona district (Jones and 

Johnson 1996) including the synthetic pyrethroid tau-fluvalinate (Mavrik
®
) and the insect 

growth regulator from neem seed extract, azadirachtin (Azatin
®
); each insecticide was 

combined with 25% horticultural mineral oil for application. None of the pesticides tested 

provided sufficient control of black twig borer population suppression (Jones and 

Johnson 1996). 

Currently, the only management tactic to control this pest is sanitation by pruning 

and shredding the infected material (Jones and Johnson 1996). However, shredding the 

cuttings may leave some adults alive and may thus constitute an important re-infestation 
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source of beetles (Jones and Johnson 1996). Ideally, infested branches should be 

packaged and removed from the field, however this cultural practice is not followed for 

some farmers; they prune the infested material and leave it inside the orchard (Jones and 

Johnson 1996). At a grower meeting held in Kailua-Kona in January, 2008, growers 

identified the black twig borer as the primary obstacle to coffee production in the Kona 

District. However, little is known about the pest status, phenology, abiotic and biotic 

factors affecting black twig borer populations. Understanding the relationship of abiotic 

and biotic factors with the pest fluctuation is vital to establishing an effective integrated 

pest management (Baker and Barrera 1993, Jones and Johnson 1996). Control of the 

black twig borer requires information on seasonality of adult flights (the primary 

dispersal mechanism), the effectiveness of natural enemies, and the effectiveness of 

cultural control methods (Jones and Johnson 1996).  

Therefore, the aims of this research were to (1) determine the pest status and 

study the seasonal fluctuations of black twig borer populations within different coffee 

zones in the Kona District; (2) use logistic regression analysis to estimate numbers of 

black twig borers associated with different damage levels, (3) determine practical 

thresholds for initiation of management methods which will prevent or minimize damage, 

and identify the insects present in black twig borer galleries.  

 

4.3 Materials and Methods 

4.3.1 Climatic conditions 

This study was conducted in the Kona District of the Island of Hawaii, USA. 

Climatic data were obtained from the College of Tropical Agriculture and Human 
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Resources (CTAHR) Kona research station in Kainaliu. The Kona coffee belt, which 

represents ideal climatic conditions for growing coffee in Hawaii, has an average 

temperature of 22°C and average annual rainfall of 1245 mm (Bittenbender and Smith 

1999). Spring and summer constitute the rainy season in the Kona area (April to 

September). After the rainfall decreases, the harvest season approaches (August to 

September). A period of low rainfall occurs during the coldest months of the year, which 

are December through February, when the crop continues to mature. Kona‟s cool, dry 

winter is conductive for forming the flowers for the next crop (February to May) 

(Bittenbender and Smith 1999).  

 

4.3.2 Coffee phenology  

The phenology of coffee in the Kona district has been summarized by 

Bittenbender and Smith (1999). There are several peak coffee flowering periods in Kona, 

depending on elevation. At 366 to 518 m elevations, where the majority of the coffee in 

Kona is grown, there are three or more major flowering periods and several minor ones 

per year. At high elevations (609 to 762 m a.s.l) there are two or three substantial 

flowerings in February, March and April plus minor flowerings at almost any time of the 

year. At lower elevations, flowerings tend to occur only in February through March.  

Coffee has a prolonged and variable fruiting season, cherry maturation is slow, and all 

cherries do not ripen simultaneously. Harvest begins in August and there are several 

pickings throughout the following months. The last crop is harvested during December 

and January.  After the harvest of the final crop, the annual pruning is done. 
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4.3.3 Description of the study area and farms 

Eight commercial coffee farms were chosen, representing different agroclimatic 

zones and elevations (140, 246, 344, 368, 504, 535, 674 and 756 m) (Fig. 4.1). 

Plantations consisted of mature coffee plantings between 5 and 15 years old, and all were 

of a Guatemalan variety locally known as Kona typica (Coffea arabica). Coffee trees 

were planted in an average of 1.6 m apart within plants, and rows were spaced 3.4 m 

apart. Coffee on some farms was grown without shade, but on other farms various shade 

tree species were used, including ohia (Metrosideros polymorpha Gaud), Eucalyptus spp., 

Koa (Acacia koa A. Gray), Christmas berry (Schinus terebinthifolius Raddi), coral tree 

(Erythrina spp.), avocado (Persea americana Mill), litchi (Litchi chinensis Sonn), 

macadamia (Macadamia integrifolia F. Muell), monkey pod (Pithecellobium saman Jacq. 

Benth), and mango (Mangifera indica L).  

 

4.3.4 Data collection 

Three sampling methods for X. compactus were used, ethanol-baited Japanese 

beetle traps (JB/Expando
 (T)

 trap) (Trece Company, Salinas, CA), direct plant inspection, 

and collection of infested branches. Japanese beetle traps consisted of a green capture 

funnel that is open at the top to let the insects in and a transparent capture cup of 125 ml 

(Nalge Nunc International).  

In January 2007, ten Japanese beetle traps were organized in a zigzag pattern in each 

plantation. Traps were hung from trees at a height of 1.5 m, separated by at least 20 m 

among traps and at least10 m away from the border of the plantation. Each trap was 

baited with a 15 ml polyethylene vial completely filled with 95% ethyl alcohol capped 
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with a lid with a hole of approximately 2 mm diameter. A 2-cm strip of Hercon 

VaporTape II (10% 2, 2 dichlorvos) (BioQuip
®
, CA, USA) was placed in the collection 

cup to kill the captured insects. Insects captured were removed monthly. Container cups 

and pest strips were changed monthly and traps were monitored for a period of two years. 

Ethanol vials were refilled every month to ensure adequate release rate.  

Specimens collected in traps were identified by comparison with specimens at the 

University of Hawaii at Manoa Insect Museum and confirmed by Dr. Alan Samuel, 

Bishop Museum, Oahu, HI. Voucher specimens of these insects were placed in the 

University of Hawaii Insect Museum (UHIM). 

For the collection of infested-branches sampling method, black twig borer infestation was 

identified by wilting symptoms in the first leaves of the branches, a change color of 

leaves from light green to brown, and discoloration of the bark beyond the affected area 

turns also a brown or black color. A random selection of all lateral branches that showed 

this type of symptom was identified, pruned proximal to the necrosis area at distal end of 

the entry hole, and transported to the laboratory in plastic bags. Branches were examined 

under a microscope and holes made by beetles were characterized as successful (presence 

of tunnel) or unsuccessful (superficial hole limited to the phloem and no gallery). The 

number of holes per branch and branch diameter was recorded for each branch. Entrance 

holes/galleries were dissected and the number of all black twig borer stages and other 

insects, including predators, was recorded.  

For the direct plant-inspection sampling method, fifty-five coffee trees were randomly 

selected in the whole acreage of each farm. Each of these trees was examined for black 

twig borer infestation and was categorized as infested (1) or not infested (0). Every 
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vertical branch was pulled down with a wooden hook, and the number of vertical and 

lateral branches infested with black twig borer (as evidenced by branch wilting or 

flagging) was recorded, as was the total number of branches. These data were recorded 

monthly for two years.  

 

4.3.5 Logistic regression analysis 

To model black twig borer infestation level as a function of biological and 

environmental variables, a logistic regression analysis was used. Logistic regression 

models explain the effects of independent variables on a binomial response variable 

(Jewell 2004). Generally, the response variable is dichotomous, such as success/failure or 

presence/absence, which means the response variable can take the value 1 with a 

probability of success (p), or the value 0 with probability of failure (1- p). The results of 

the analysis are in the form of an odds ratio. The explanatory variables do not have to be 

normally distributed or with an equal variance within each group and the relationship 

between the explanatory variables and response variable is not a linear function (Jewell 

2004).  

In this study, the response variable consisted of the data from direct plant 

inspection method (infested = 1 and not infested = 0) and the independent variables were 

month of the year, elevation and number of females captured in Japanese beetle traps. 

The logistic model is as follows: 

Log [p/ (1-p)] = b0 + b1*month + b2*elevation + b3*FJBT    [eq. 1] 

where Log [p/ (1-p)] is the proportion of infested trees, b0 is the intercept estimate; and 

b1, b2 and b3 are the parameter estimates for the independent variables. Logistic 
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regression was used since the dependent variable was the proportion of trees infested 

based on data which were dichotomous (zero or one). The influence of the independent 

variables was expressed as odds ratios.  

The logistic regression model was subsequently used to estimate black twig borer 

females captures in Japanese beetle traps as a measure to predict an outbreak of the beetle 

population, and thus increased damage levels. To estimate trap catch numbers that would 

be associated with different nominal thresholds for infestation (15%, 25% and 50%) 

which represent the number of trees with at least one flagged branch, the following 

formula, derived from the logistic regression model by solving for number of females 

trapped, was used:  

FJBT = {Log [p/ (1-p)] + a - b1 (month) + b2 (elevation)} / b3     [eq. 2] 

where FJBT is the number of black twig borer females captured and associated with 

damage levels as specified. The odds ratio is the nominal threshold value; “a” is the 

intercept; “b1”,” b2” and “b3” are the parameter estimates for their respective independent 

variables (month, elevation and number of females in traps). 

 

4.3.6 Statistical analysis  

The average monthly beetle capture over each year was calculated for each site 

using data from all ten traps. Analysis of variance (ANOVA) was conducting using 

PROC GLM in SAS 9.2 (SAS 9.2, Cary, North Carolina, USA) to analyze the number of 

black twig borer captured with year, month and farm as main effects. Tukey pair-wise 

comparisons were used to compare average number of beetles for each month and for 

each plantation. All tests were run with a significance level of α = 0.05. 
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For the regression logistic model, the significance of each variable in the model was 

determined by using the Likelihood Ratio Test. The analysis was run using SAS PROC 

LOGISTIC (SAS 9.1 2002).  

The prediction of number of black twig borer females at different thresholds of 

infestation (15%, 25 % and 50 %) and elevations was estimated using linear least squares 

regression (PROC REG, SAS Institute 2002).  

The total number of all black twig borer stages collected from infested branches at each 

farm was calculated for every month and year.  

 

4.4 Results 

4.4.1 Abundance and seasonal fluctuations of black twig borers  

Black twig borer populations were present all year round (Fig. 4.2). There were 

significant differences in the number of black twig borers captured in the traps in 2007 

versus 2008 (F= 7.15; df = 1,172; P = 0.0082). A total of 4,768 females were caught in 

2007 and 8,565 in 2008. There were also significant differences among months (F = 6.24; 

df=11,172; P < 0.0001), with highest numbers of females captured in June, July and 

August. In 2007, the black twig borer population began increasing in June and declined in 

September. An initial peak in flight activity was observed in June and a second, higher 

peak occurred in August.  After the second peak, the number of females caught in traps 

decreased drastically and remained low until the next spring. In 2008, black twig borers 

showed similar population fluctuations as in 2007 but with higher numbers of beetles. 

The number of females increased earlier in 2008 than in 2007. Populations started 

increasing in April 2008, and declined in September. There were also two population 
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peaks. The first peak occurred in June, as it had done in 2007, but the number of beetles 

was higher compared to 2007. The second peak was smaller than in 2007 and occurred 

between August and September.  

 

4.4.2 Elevation effect on seasonal fluctuation 

There were significant differences in the number of black twig borers captured at 

different farms (ANOVA: F = 6.35; df = 7, 172; P < 0.0001). Black twig borer captures 

did not follow a clear elevation pattern, but farms located at 150 and 500 m had more 

females than farms located at 700 m and 300 m in both years of study (Fig. 4.2.A and 

4.2.B). Black twig borer populations for the farm at 700 m elevation were low throughout 

the trapping study. 

 

4.4.3 Logistic regression analysis 

The logistic regression analysis showed a significant relationship between the 

independent variables (month, elevation and number of females from traps) and the 

proportion of trees infested (Table 4.1). This significant relationship can be used to 

predict the percentage of trees that will show symptoms of infestation (flagged branches) 

as a function of elevation and the number of beetles caught in traps. Thus, the estimate 

values from the analysis of maximum likelihood were used to predict the number of black 

twig borer females captured in Japanese beetle traps at different damage levels, as 

described above         [eq. 2]. 

FJBT = {Log [p/ (1-p)] + a - b1 (month) + b2 (elevation)} / b3   
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where FJBT was the predictive number of black twig borer captured in Japanese beetle 

traps; Log [p/ (1-p)] were the threshold values (15, 25 and 50 %) modeled as odd ratios 

(0.18, 0.33 and 1) respectively; a value was -1.36.  

Figure 5 shows the number of black twig borers that would predict 15, 25 and 50 % of 

infestation thresholds at eight different elevations (140, 246, 344, 368, 504, 535, 674 and 

756 m. For example, to predict a threshold level of 15%, captures of black twig borer 

females would be between 46 and 62.  

Black twig borer populations recorded from dissected, infested branches was used to 

determine the monthly population development and to determine the relationship between 

levels of branch infestation and number of black twig borer females collected in Japanese 

beetle traps. A total of 1,474 and 1,439 lateral infested branches were collected and 

dissected in 2007 and 2008, respectively. Black twig borers were present in branches all 

year round (Table 4.2 and 4.3). In 2007, there was a trend toward higher number of 

females, larvae and pupae in spring (May) and fall (August and November) (Table 4.2). 

In 2007, higher number of larvae, pupae and females were collected during spring (Table 

3). The range of adult females in examined brood galleries ranged from 0 to 41 (average 

= 2.01, SD = 4.2). Several stages of black twig borer were found simultaneously inside 

the branches, and distinct generations could not be distinguished.  

Black twig borer females were found inside vertical branches, lateral branches, and 

coffee berries. However, lateral branches were usually the preferred targets of females. 

Therefore, the infested branches that I sampled in this study were lateral branches. Two 

types of tunnel holes, or galleries, were observed. One type was superficial and was 

limited to the phloem of the branch, where females started boring but did not complete 



73 

 

the tunnel. These unsuccessful holes presented damage symptoms which caused leaves to 

wilt even though they yielded no beetle progeny. 

Successful tunnels were deeper and were characterized by successful galleries, wherein 

the females inoculated the fungus and laid eggs. The number of successful galleries per 

branch varied from 1 to 8 (average = 3.4) (N = 3,686), and the diameter of attacked 

branches ranged from 0.48 to 6.47 mm (average = 3.09 mm) (N = 2,913). Vertical coffee 

branches had black twig borer tunnels, but branch wilting was rarely observed so damage 

was apparently rare in these branches, probably because vertical branches are larger in 

diameter than vertical branches.  

Various other insect species were found inside black twig borer galleries, including the 

tropical nut borer, Hypothenemus obscurus Fabricius (Coleoptera: Curculionidae: 

Scolytinae) a pest of macadamia nuts, Chryptamorpha desjardinsi Guerin-Meneville, and 

thrips Nesothrips lativentris Karny (Thysanoptera: Phlaeothripidae: Idolothripinae). 

Voucher specimens of these insects were placed in the University of Hawaii Insect 

Museum (UHIM). 

 

4.5 Discussion 

This study confirms that the black twig borer is present in coffee all year round in 

Kona coffee plantations. Seasonal population fluctuations and abundance of Scolytinae, 

including black twig borer, may be influenced by biotic and abiotic factors such as 

temperature, alternate hosts, coffee plant phenology and cultural practices (Weber and 

McPherson 1991, Desmond and Mclean 1992, Peck et al. 1997). Temperature is a key 

factor in flight pattern of several ambrosia beetles (Peck et al. 1997, Henin and Versteirt 
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2004). Flight patterns of many species have strong seasonal trends and flight is initiated 

during the first warm days of spring (Desmond and Mclean 1992, Peck et al. 1997, 

Weber and McPherson 1991). In this study, black twig borer trap captures showed 

seasonal fluctuations, with female flights increasing in May, followed by two peaks in 

June and August and then declining in October. The highest numbers of females occurred 

from June to September. The lowest temperatures in Kona are registered from December 

to February (average = 19°C) and the warmest months are from May to September 

(average = 21°C) (Bittenbender and Smith 1999). Trap captures of black twig borer from 

November to April, the coolest months, were practically zero, which might indicate a 

dormancy of the beetle during this period of the year. These data show that black twig 

borer flight activity seems to occur when temperatures in the spring are above 19°C.  

Flight of some ambrosia beetle species is stimulated by high temperatures after winter 

diapause (Desmond and MClean 1992). Once temperatures increase in spring, females 

find and attack a suitable host and pioneer beetles release an aggregation pheromone to 

attract other beetles to the site (Desmond and MClean 1992). It has been reported that 

populations of the ambrosia beetle Trypodendron lineatum (Olivier) were correlated with 

temperature fluctuations and higher catches were recorded at temperatures above 15°C. 

Black twig borer populations collected from infested branches showed a similar 

seasonal pattern of fluctuation as the number of females collected in Japanese beetle 

traps. The higher number of females collected in traps and branches were recorded during 

spring and summer (April to August). From September to December there was a slight 

reduction in numbers of larvae and pupae.  
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Black twig borer is a polyphagous pest, with abundant alternate hosts in native Hawaiian 

forest stands surrounding the coffee plantations; these alternate hosts such as Acacia koa 

(Daehler and Dudley 2002 ohia, eucalyptus and others are often within or surrounding the 

coffee plantations in Kona. Black twig borer might use these plants as overwintering sites 

and then migrate to coffee plants when temperature increases at the beginning of spring. 

Similar results were reported in flowering dogwood twigs at Gainesville, Florida. X. 

compactus overwintered as adults in twigs, began to emerge during late February and 

began to produce brood in April, with the highest populations occurring from June 

through September (Ngoan et al. 1976).  

Ambrosia beetles are attracted to ethanol released from plants that are under stress 

conditions (Phillips et al. 1988). Coffee plants go through four phenological stages during 

the year: flowering, vegetative growth, seed development, and harvest (Bittenbender and 

Smith 1999). Before spring (January to March), coffee plantations in Kona are pruned. 

There are two types of pruning, the Kona style, in which one or two vertical branches is 

pruned in each successive year, or the Beaumont-Fukunaga style in which all the verticals 

on the tree are pruned in the same year, once every three to five years (Bittenbender and 

Smith 1999). Coffee plants might suffer considerable stress during pruning season and 

release some chemicals that would attract the black twig borer (Jones and Johnson 1996), 

or pruned branches may release ethanol formed through fermentation of fluids within the 

excised branches. Additionally, the coffee farms that had the higher number of females 

caught in traps were at 535 and 140 m and were located in an un-shaded area with 

extremely dry soil, die-back of coffee plants, and abundant alternate black twig borer 

hosts bordering the farms. Many coffee farms in Kona are not irrigated (Bittenbender and 
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Smith 1999) which might cause stress to the plants. Stressed breeding substrate may 

increase ethanol releases (Schroeder 1988) which may be a potential attractant and 

effective bait for monitoring of some ambrosia beetles including the black twig borer 

(Schroeder and Lindelow 1989) (Chapter 3). It has been reported that increasing cell 

turgor pressure by maintaining soil moisture during the peak flight periods of the 

ambrosia beetle, Xyleborus dispar F. has resulted in increased oleoresin production, an 

exudation that repels this beetle in conifers (Rudinsky 1966). It was during the summer 

season that coffee farms presented higher numbers of black twig borer, and it is possible 

that during this season the beetles are more abundant in the surrounding vegetation and 

consequently spill over into the coffee plants. 

Alternate hosts are intrinsically related with seasonal fluctuations of several ambrosia 

beetle species. Weber and McPherson (1991) reported that ambrosia beetles Xylosandrus 

germanus Blandford, a pest of walnut trees (Juglans nigra L.), were higher in areas 

where the walnut trees were near larger stands of trees containing a wide variety of 

alternate hosts. The largest number of beetles was collected in walnut plantations with 

open canopy, allowing many scolytids to fly across the area in search of other hosts 

(Weber and McPherson 1991). The plant community such as Acacia koa, ohia, 

eucalyptus that are inside or bordering the coffee plantation might serves as a refuge or 

reservoir sustaining the population that subsequently infest coffee when climatic 

conditions are favorable for flight and reproduction. Further studies need to be conducted 

to determine the populations of black twig borer in these alternate hosts. 

Most of the coffee plantations in Kona are grown as monocultures, which provide 

abundant and concentrated host material for black twig borer to survive. This type of 



77 

 

host-plant landscape may increase the crop‟s susceptibility to pests (Coyle et al. 2005). 

Therefore, the high incidence of black twig borer in Kona may be related to the increment 

in coffee plantations as monocultures.  

Another factor that may be related to increased incidence of black twig borer in coffee 

plantations is the diameter of branches and plant height. It has been reported that black 

twig borer damage is significantly higher in koa saplings less than 1 m in height and 

branches less than 0.4 cm in diameter (Hara and Beardsley 1979, Daehler and Dudley 

2002). On larger koa trees (1.5 to 4 m in height), black twig borer kills some small 

branches but does not affect the koa growth (Daehler and Dudley 2002). The presence of 

increasingly large acreages of coffee in monoculture, together with the inherent 

suitability of coffee branches as a resource for black twig borer, may be the basic cause 

of increases in BTB incidence.  

Different types of arthropods were found inside black twig borer holes including the 

thrips Nesothrips lativentris, which are saprophagous and are not known to feed on plants 

feeders invertebrate prey. They were probably feeding on fungal spores, hyphae or 

breakdown products of hyphae. Adults of the tropical nut borer, Hypothenemus obscurus 

were found inside coffee beans and coffee branches, it is possible that they use coffee 

berries or branches to breed. Constantino et al. (submitted) reported that H. obscurus can 

survive on coffee beans, feed on the pulp and reproduce within the endosperm. 

Apparently this beetle is also capable of breeding in twigs of some hosts although such 

records have not been confirmed (Beardsley 1990). Another insect species found inside 

coffee branches was the predator Chryptamorpha desjardinsi. This facultatively 

predacious beetle has been reported inside macadamia nuts feeding on H. obscurus 
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(Jones et al. 1992, Jones 2002). During this study, this predator was collected in Japanese 

beetle traps, walking on coffee trees, inside galleries in coffee branches and in coffee 

berries. This predator can be considered a potentially useful natural enemy to control 

black twig borer, especially if it is possible to augment populations through cultural 

manipulations or mass rearing. 

Black twig borer damage symptoms are noticeable a few hours after females start 

boring inside the coffee branches, and even unsuccessful boring attempts (partial holes) 

have been observed to cause leaves to wilt (Hara 1977, Ngoan et al. 1976). In this study, 

5% of 3684 infested branches collected presented unsuccessful tunneling attempts, all of 

which caused damage to the branch. Damage symptoms included wilting of leaves on the 

attacked branch and discoloration of the leaves (from green to light green-yellow) (Hara 

1977, Ngoan et al. 1976). It is difficult to detect very early symptoms, and damage is 

most easily detected when the first leaves wilt and turn brown (Nelson and Davis 1972), 

and thus simply monitoring damage might not be an adequate means of predicting 

damage levels. Outbreaks of black twig borer could be predicted by monitoring the adult 

population using trapping. The analysis of infestation level relative to trap captures and 

environmental variables presented in this paper provides a means of predicting damage 

levels based on trap captures at a range of elevations. This study provides data that 

characterize the phenology of black twig borer in Hawaiian coffee plantations; this 

information will facilitate the accurate timing of control measures such as crop sanitation, 

use of insecticides, deployment of semiochemicals, or releases of natural enemies. 

Japanese beetle traps were useful for monitoring black twig borer populations. Further 
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field trials should be carried out to assess the potential of these traps as a mass trapping 

tool to reduce infestation in coffee plants.  
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Fig. 4.1. Location of eight coffee plantations at different elevations in the Kona District.  

Farms were characterized by a wide diversity of plant species, including both endemic 

and naturalized plants. 
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Fig. 4.2. Seasonal fluctuation of Xylosandrus compactus. Beetles were captured in 

Japanese beetle traps in eight coffee plantations in the Kona District, Island of Hawaii. 

2007- 2008. Temperature and rainfall data were obtained from Kona research station in 

Kainaliu at an elevation 500 m.
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Fig. 4. 3. Seasonal beetle captures (mean  SE) of Xylosandrus compactus collected in 

Japanese beetle traps, 2007 (A) and 2008 (B).  
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 Fig. 4.4. Black twig borer captures as a measure to predict beetle population. 

Relationship between the number of black twig borer females captured in Japanese beetle 

traps, elevation, and the predicted percentage of trees showing damage symptoms for 

three nominal infestation thresholds (15%, 25% and 50% infested trees). 
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Table 4.1. Logistic regression estimates of the parameters included the logistic regression 

model of X. compactus on proportion of coffee stems damaged. 

Parameter Estimate Wald 
2
 P 

Intercept -1.36 277.42 0.0001 

Month 0.019 5.82 0.0158 

Elevation -0.00004 11.80 0.0006 

Female (traps) 0.014 66.27 0.0001 
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Table 4.2. Mean numbers ± SD of X. compactus in dissected coffee branches from Kona, Island of Hawaii. 2007.  

Stage 

 Egg Larvae Pupa Female Male Total 

branches 

Total holes 

Month 

January 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.16 ± 0.92 0.01 ± 0.10 90 90 

February 0.13 ± 1.10 0.82 ± 2.58 0.30 ± 1.30 1.88 ± 5.81 0.09 ± 0.34 89 120 

March 0.10 ± 0.55 0.36 ± 1.47 0.26 ± 1.69 1.56 ± 4.40 0.06 ± 0.30 123 168 

April 0.13 ± 0.82 0.67 ± 2.28 0.43 ± 2.67 1.36 ± 4.86 0.12 ± 0.53 96 174 

May 0.19 ± 0.19 1.75 ± 1.75 0.86 ± 0.86 2.07 ± 2.07 0.18 ± 0.18 148 210 

June 0.02 ± 0.28 0.69 ± 2.49 0.40 ± 1.54 1.82 ± 4.51 0.13 ± 0.47 152 211 

July 0.01 ± 0.10 0.84 ± 1.68 1.08 ± 2.80 2.08 ± 4.66 0.09 ± 0.35 85 106 

August 0.08 ± 0.52 1.09 ± 2.19 1.16 ± 2.40 1.15 ± 2.44 0.16 ± 0.62 159 177 

September 0.25 ± 1.52 0.74 ± 2.32 0.34 ± 1.72 0.65 ± 1.67 0.03 ± 0.18 87 92 

October 0.14 ± 0.70 0.43 ± 1.52 0.25 ± 1.18 1.31 ± 3.48 0.07 ± 0.33 97 108 

November 0.36 ± 1.94 1.81 ± 3.88 0.94 ± 2.81 1.38 ± 3.18 0.08 ± 0.31 176 213 

December 0.06 ± 0.52 1.01 ± 3.49 0.54 ± 2.27 1.82 ± 4.00 0.09 ± 0.36 172 213 
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Table 4.3. Mean numbers ± SD of X. compactus in dissected coffee branches from Kona, Island of Hawaii. 2008. 

Stage 

 Egg Larvae Pupa Female Male Total 

branches 

Total holes 

Month 

January 0.02 ± 0.16 1.08 ± 3.87 0.61 ± 2.31 1.42 ± 3.98 0.11 ± 0.39 149 195 

February 0.21 ± 1.59 0.76 ± 2.28 0.79 ± 2.68 1.87 ± 4.04 0.09 ± 0.29 126 149 

March 0.27 ± 2.05 1.49 ± 3.42 0.95 ± 3.62 2.05 ± 4.69 0.15 ± 0.45 142 165 

April 0.09 ± 0.84 1.72 ± 4.32 1.61 ± 5.09 2.88 ± 6.28 0.18 ± 0.55 125 179 

May 0.0 ± 0.0 0.77 ± 2.22 0.34 ± 1.42 2.45 ± 4.77 0.36 ±1.87 100 150 

June 0.01 ± 0.17 0.86 ± 2.23 0.99 ± 3.13 2.04 ± 2.93 0.12 ± 0.32 103 146 

July 0.07 ± 0.50 0.40 ± 2.07 0.28 ± 1.16 2.80 ± 3.06 0.05 ± 0.25 111 121 

August 0.25 ± 1.44 0.69 ± 1.96 0.19 ± 0.65 2.21 ± 3.85 0.18 ± 0.58 126 155 

September 0.03 ± 0.29 0.83 ± 2.39 0.59 ± 2.06 1.02 ± 1.92 0.06 ± 0.30 91 118 

October 0.10 ± 0.77 1.21 ± 3.01 0.89 ± 2.99 1.12 ± 5.22 0.17 ± 0.52 125 149 

November 0.17 ± 1.12 0.47 ± 1.80 0.82 ± 4.96 1.93 ± 3.72 0.19 ± 0.61 102 117 

December 0.09 ± 0.49 1.10 ± 2.91 0.81 ± 3.40 1.84 ± 3.97 0.21 ± 0.86 139 160 
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CHAPTER 5 

DISPERSION AND SEQUENTIAL SAMPLING PLAN FOR XYLOSANDRUS 

COMPACTUS (COLEOPTERA: CURCULIONIDAE: SCOLYTINAE) 

INFESTING HAWAI’I COFFE PLANTATIONS 

 

5.1 Abstract 

Until the recent introduction of coffee berry borer, Hypothenemus hampei 

(Ferrari), Xylosandrus compactus was considered to be the most important coffee insect 

pest in Hawaii. It has been reported as a serious problem especially in Kona, on the island 

of Hawaii, which is the center of the largest area of coffee production within the state of 

Hawaii. This chapter characterizes the spatial distribution of X. compactus in coffee 

plantations and presents a sequential sampling plan for monitoring X. compactus 

population densities. Taylor‟s Power Law and Iwao‟s mean crowding index showed that 

X. compactus infestations were highly aggregated within plantations, with b and ß values 

significantly larger than 1. The TPL linear regression of log variance against log mean 

(R
2
 = 0.92) provided a better fit to the data than the linear regression of mean crowding 

on the mean (R
2
 = 0.68). Subsequently, Taylor‟s law parameters were used to develop the 

Green‟s sequential plan to estimate densities of X. compactus at the 0.1 and 0.25 

precision levels.  

 

Key words: Taylor‟s power law, sampling plan, Xylosandrus compactus, coffee 
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5.2 Introduction 

In an integrated pest management program, pest density must be estimated during 

sampling so that treatment thresholds can be established and timely management actions 

may be implemented, including release of natural enemies, use of insecticides, and 

sanitation. The spatial distribution, as well as population density, of insect pest species is 

important in understanding the ecology of that species. In addition, the spatial distribution 

is the basis for the development of a sampling plan, which is the primary basis of 

integrated pest management, and is an indispensable tool for work on pest population 

ecology (Pedigo 2002). Sampling procedures can be optimized for accuracy and labor 

input through the development of sequential sampling plans. Binomial sequential 

sampling plans provide the optimal sampling solution for many pests. Estimating the 

infestation levels of black twig borer through a sequential sampling protocol will 

contribute to accurately quantifying infestation levels, monitoring beetle populations, and 

correct timing of treatments.  

It is therefore important to regularly monitor female black twig borer populations 

using ethanol-baited traps (Chapter 3) and assess infestation levels by counting wilted  

branches in coffee plantations. Implementation of accurate sampling requires a 

monitoring system that is practical and easy to implement for coffee growers. No 

previous sampling protocols for estimating the density of the black twig borer in coffee 

have been developed. An enumerative sequential sampling plan requires counting all the 

individuals present in each sample unit (Wilson 2000). The time and cost involved in 

sampling, if based on counting every insect in a defined population, is clearly impractical 

for pest management purposes or data collection for research (Pedigo 2000). An 
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enumerative sampling plan has been considered to be excessively time-consuming for 

practical decision making by growers. Binomial sequential sampling plans, on the other 

hand, offer a viable alternative to enumerative sampling in many situations (Wilson and 

Room 1983). With this method, a sampling unit is classified as either infested or 

uninfested. Information on the number of insects within each sampling unit is not needed 

for purposes of using scouting results. The advantage of using binomial sampling plans is 

that they are frequently much more time efficient when determining whether an action 

threshold has been reached, compared with direct counts of insects. Time savings are 

greatest when pest organisms are most abundant.  

Therefore, the objective of this study was to characterize the dispersal of black 

twig borers in coffee plantations and to develop sequential enumerative sampling and 

binomial sampling plans to classify density of damaged branches. Developing a sampling 

method for the black twig borer will provide a means to determine the number of sample 

units required before a set-precision estimate of damage density is made, which will 

facilitate pest management decisions.  

 

5.3 Material and Methods 

5.3.1 Study area 

This study was conducted in 2007 and 2008 in the Kona area of the Big Island of 

Hawaii. Eight commercial coffee farms were selected at different elevations (140, 246, 

344, 368, 504, 535, 674 and 756 m) (Chapter 4). Coffee plants (Coffea arabica, variety 

Kona typical), were spaced 2 m apart between rows and 2.5 m between plants within 

rows at these farms. The farms had a range of landscape characteristics. At some farms, 
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coffee was shaded with mango (Mangifera indica L), litchi (Litchi chinensis Sonn), 

avocado (Persea americana Mill), macadamia (Macadamia integrifolia F. Muell) and/or 

monkey pod (Samanea saman). Other farms had no shade overstory trees present but 

bordered uncultivated areas with ohia (Metrosideros polymorpha Gaud), Eucalyptus spp., 

Christmas berry (Schinus terebinthifolius Raddi), and coral trees (Erythrina spp.). Except 

for pruning systems, cultural practices were similar in all coffee plantations sampled. 

Coffee was hand-harvested, the farms were not irrigated and the pruning systems used 

were Beaumont-Fukunaga style and Kona style (Bittenbender and Smith 1999).   

 

5.3.2 Meteorological conditions 

The Kona coffee belt has an average temperature of 22°C and average annual 

rainfall of 1245 mm (Bittenbender and Smith 1999). However the weather conditions, 

primarily rainfall, have changed rather dramatically in the Kainaliu area during the past 

25 years. The sulpher dioxide “VOG” content of the air has significantly increased during 

the last 5 to 6 years due to increased volcanic emissions; the impact this increase has had 

on available sunlight is unknown at this time (coffee farmers, personal communication). 

Spring and summer are the rainy season in the Kona area (April to September). A low 

rainfall period occurs during the coldest months of the year which are December through 

February (Bittenbender and Smith 1999).  
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5.3.3 Data collection  

Farms were monitored for black twig borer infestation every month for 23 

months, using a random selection of fifty-five coffee trees in each farm by sampling over 

the entire area of management unit. Sample size (number of coffee trees examined for 

black twig borer infestation) was dictated by time available to sample the full 

complement of farms monthly (from January 2007 to December 2008). Based on the 

presence of at least one branch with at least one black twig borer attack, each tree was 

classified as infested or uninfested by black twig borer, and the number of infested 

branches and uninfested branches was recorded for each plant. 

 

5.3.4 Spatial distribution 

Dispersion was characterized by analyzing the mean to variance relationship 

(Taylor‟s Power Law (Taylor 1961) and Iwao‟s patchiness or mean crowding regression 

(Iwao 1968). These two regression techniques have been widely used to evaluate 

dispersion and develop sampling protocols (Davis 2002). Taylor‟s Power Law, relates 

variance to mean as  

s
2
 = am

b 
            [equ 1] 

where s
2
 is the sample variance, m is the population mean, a is the intercept, and b is the 

slope which provides an index of dispersion, measuring the rate of increase in the 

variance to mean ratio (Taylor 1961). The Taylor‟s Power Law model is typically 

expressed in linear form as log s
2
 = log a + b log (m), for simplified estimation of 

parameters. 
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 The index of aggregation (b) characterizes the dispersion of the species such that if b > 1, 

the distribution is aggregated, if b < 1, insects are distributed uniformly in the field and b 

=1, the distribution is random (Taylor 1984). 

Another regression technique for evaluating dispersion is the Iwao‟s patchiness or mean 

crowding regression (Davis 2000). The mean crowding regression or Lloyd‟s mean 

crowding index indicate the competition among individuals (Lloyd 1967). This technique 

has been used to examine the relationship between Lloyd‟s (1967) mean crowding index 

(m*) and mean density m. Mean crowding is estimated as: 

m* = m + [(s
2
/m) – 1]          [equ 2] 

Therefore, the linear relationship between mean crowding index (m*) on the mean 

density (m) was estimated as 

m* = α + ß m                     [equ 3] 

The parameter α indicates the tendency to crowding and ß indicates the dispersion pattern 

of the clumps of individuals of the species, in a similar manner as b is interpreted in 

Taylor‟s Power Law. 

 

5.3.5 Enumerative sampling plan 

After parameter estimation (see results section), values of a and b based on the 

variance: mean relationship described by Taylor‟s Power Law were used (see results 

section for fit of models) in Green‟s formula (Green 1970) to calculate stop lines for the 

sequential sampling plan. The parameters a and b were used directly from the TPL 

regression. The stop lines represent the relation between Tn (cumulative number of 

damaged branches) and n (number of trees sampled) required to achieve a desired 
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precision level estimate of damage density. The sequential sampling stop line (Tn) is 

calculated as: 

ln Tn = (ln(D
2
/a)/b-2) + b-1/b-2 ln n       

 [equ 4] 

where Tn is the cumulative number of infested branches, n is the total number of sample 

units, D is the desired level of precision, expressed in terms coefficient of variation, and a 

and b are Taylor‟s Power Law parameters. The anti ln Tn was plotted against n to 

generate the stop lines. The resulting sequential sampling plan may be used to estimate 

the population density of the pest sampled, by collecting a series of sample units and 

recording the number of individuals accumulated (damaged branches in this case). 

Sampling is halted when the cumulative number of individuals exceeds the stop line for 

that sample size; sampling is continued as long as the cumulative number sampled 

remains below the stop line. The mean population density (m) is then estimated as: 

m = Tn / n             [equ 

5] 

where n is the number of trees sampled and Tn is the cumulative number of infested 

branches.  

 

5.3.6 Binomial sampling plan 

Counting the number of infested branches is potentially time consuming, 

especially during summer seasons where higher black twig borer populations occur and 

damage levels increase. A binomial sampling plan is recommended by pest management 

specialists as an option for classifying damage levels based on pest or damage 
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presence/absence data. In this study, each coffee tree was scored as uninfested (0) or 

infested (1). The relationship between the proportion of infested trees and the mean 

number of infested branches was determined by using the parameters of the Taylor‟s 

Power Law function, which incorporates a clumping pattern as a function of population 

density, into the Wilson and Room binomial model (Wilson and Room 1983).  

P = 1 – exp (– m [ln (a m
 (b-1)

) / (a m
 (b-1)

 -1)] 

where P is the predicted proportion of infested trees and the other parameters are from 

Taylor‟s Power Law function.  

 

5.3.7 Statistical analysis 

In this study the mean and variance of infested coffee branches were calculated 

for each farm and sampling date. Values of the TPL coefficients a and b were estimated 

using linear least squares regression (PROC REG, SAS Institute 2002). After parameter 

estimation, values of a and b based on the variance: mean relationship described by 

Taylor‟s Power Law were used in Green‟s formula (Green 1970) to calculate the stop 

lines for the sequential sampling plan. The precision levels used were 90% (D = 0.10) 

and 75% (D = 0.25). These two levels of precision were suggested by Southwood (1984) 

as appropriate for research purposes and for monitoring programs in an integrated pest 

management, respectively. 

The Iwao‟s patchiness regression was calculated with the mean of infested branches and 

the mean crowding index (m*) using linear least squares regression (PROC REG, SAS 

Institute 2002). The stop lines for the sequential sampling plan were calculated only with 

Taylor‟s Power Law parameters (see results section for analyses of TPL and Iwao‟s 
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crowding). The Wilson and Room binomial model was calculated with the sample mean 

and the proportion of infested trees. 

 

5.4 Results 

5.4.1 Spatial distribution 

Taylor‟s Power Law showed a highly significant positive relationship between 

variance and mean (R
2
 = 0.92) (Fig. 5.1.A). The TPL slope was significantly greater than 

one (b = 1.31) (F = 170.75; df = 1, 188; P < 0.0001) indicating an aggregated dispersion 

of the black twig borer damage in coffee plantations. Iwao‟s regression showed a 

significant relationship between mean crowding and the density of X. compactus (Fig. 

5.1.B) (Table 5.1). The slope ß was significantly greater than one (ß = 2.87) (F = 407.76; 

df = 1,188; P < 0.0001), further confirming an aggregated dispersion of X. compactus. In 

contrast to Iwao‟s regression (m* = 2.8917x + 0.7814) which showed a relatively poor fit 

with a low R
2
 value (0.69) (Fig. 5.1.B), the Taylor‟s Power Law model provided a 

superior fit to the data, thus likely a better characterization of the relationship between 

mean and variance. As a result, the stop lines with precision level of D = 0.10 and 0.25 

were calculated with Green‟s formula using Taylor‟s Power Law parameters (Fig. 5.2.A 

and 5.2.B).  

 

5.4.2 Enumerative sampling plan 

The objective of this model was to develop a means to estimate the infestation 

density of X. compactus by accumulating the number of infested branches per unit 

sampled. The Green‟s sequential sampling method requires that trees be sampled 
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sequentially until the cumulative number of infested branches exceeds the stop line value 

for the number of trees sampled. The mean density can then be estimated by dividing the 

cumulative number of infested branches (Tn) with the number of trees sampled (n).  

For example, to estimate the mean density of infested branches with a precision level of 

D = 0.10, sampling stops when, after 30 trees have been sampled, the cumulative number 

of infested branches exceeds the value of 70, or if after 40 trees have been sampled, the 

cumulative number of infested branches exceeds the value of 62 (Fig. 5.2.A). The 

estimated mean infestation density in the first case is 2.33 branches per tree and in the 

second example the mean infestation density is 1.55 branches per tree. With a set 

precision level of D = 0.25, sampling is terminated when, after 20 trees have been 

sampled, the cumulative number of infested branches exceeds the value of 6, and in this 

case the mean density is 0.3 branches damaged per tree.  

 

5.4.3 Binomial sequential sampling plan 

The objective of this model was to estimate the infestation density of X. 

compactus by accumulating the number of infested coffee trees. As expected, there was a 

significant relationship between the proportion of infested trees and the mean number of 

infested branches (F = 1184.19, df = 1,190, P < 0.0001, R
2
 = 0.86) (Fig. 5.3). Initially, as 

mean number of infested branches increased, the proportion of infested trees increased 

rapidly up to approximately 0.3. The proportion of branches infested then became 

saturated, so that for further increases in the density of infested branches, there was only 

a small corresponding increase in infested trees.  
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5. 5 Discussion 

The aggregation parameters in Taylor‟s Power Law and mean crowding 

regression were greater than one, indicating that the spatial distribution of X. compactus 

damage in coffee is contagious. These results confirm field observations made during this 

study; the spatial distribution of the black twig borer can be explained by behavioral 

patterns of the beetles, environmental factors and phenology of the plant. 

Host odors (semiochemicals) play an important role in determining insect aggregation 

and their role has been well studied for the development of pest management practices 

(Dufour and Frérot 2008). Coffee plantations in Kona are usually characterized by the 

presence of alternate hosts for black twig borer either within or bordering the farms. The 

presence of these host plants might influence the aggregation pattern of black twig borer 

by the release of semiochemicals. The presence of alternate host plants is another factor 

that may be related to black twig borer abundance and infestation. Black twig borer has 

more than 200 host plants in Hawaii including mango, avocado, macadamia, eucalyptus 

(Hara and Beardsley 1979). Some of these hosts, such as Acacia koa and ohia, are 

endemic to Hawaii (Hara and Beardsley 1979). 

The presence of alternate hosts has been reported to enhance ambrosia beetle populations. 

Weber and McPherson (1991) reported that populations of the ambrosia beetle 

Xylosandrus germanus Blandford, a pest of walnut trees (Juglans nigra L.), were higher 

in areas where the walnut trees were near larger stands of trees containing a wide variety 

of alternate hosts. The largest number of beetles was collected in walnut plantations with 

open canopies, allowing them to fly across the area in search of other hosts (Weber and 

McPherson 1991).  
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The plant community surrounding a coffee plantation which includes alternate 

hosts for black twig borer could serve as a refuge or reservoir sustaining the population 

that subsequently infests coffee plantations when climatic conditions are favorable for 

flight and reproduction, producing large dispersing female populations. Black twig borer 

populations are more active during summer season or when temperatures become high. 

There are numerous alternate hosts for black twig borer in Kona. Some forest trees are 

alternate hosts for black twig borer and some of species of forest are surrounding the 

coffee plantation or inside the plantation. Some studies show that black twig borer attacks 

actively growing branches because they are easy to bore into, for construction of the 

oviposition gallery. Acacia koa is one of the alternate hosts of black twig borer, but the 

beetles do not affect tree health directly, as they attack only the young shoots and do not 

inflict significant structural damage to mature trees (Daehler and Dudley 2002). They are 

capable, however, of vectoring several species of Fusarium to Acacia koa, some of which 

can be pathogenic to the tree.  

Contagious dispersion has been observed in other borer beetles such as the coffee 

berry borer, Hypothenemus hampei (Coleoptera: Curculionidae: Scolytidae) (Ruiz et al. 

2001). The coffee berry borer has the capacity to fly for periods of up to three hours; 

dispersal is aided by wind and apparently influenced by semiochemicals released by 

damaged coffee berries (Baker 1984, Dufour and Frérot 2008). The infested berries 

increase the liberation of kairomones that attract females which release pheromones that 

elicit the attraction of more beetles (Baker 1984, Ruiz et al. 2001). In some beetle species 

it has been reported that suitable hosts alone do not produce adequate attraction for 

beetles, and host selection by later colonizers depends more on the attractiveness of the 
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first attacking beetles, also called pioneer beetles than on the attractiveness of the plant 

per se (Rudinsky 1962). In the case of black twig borer, the female disperses and causes 

the damage to plants, while the males do not fly (Jones and Johnson 1996). Aggregation 

in black twig borer is probably not only driven by semiochemicals released by host plants 

but also by pheromones released by first attacking females.  

The goal of scolytine beetles, indeed any gravid female insect, is to locate a 

suitable host tree of a preferred quality for oviposition (Rudinsky 1962). It may be 

possible to manipulate this primary behavior of the insects to reduce their impact as pests 

in crop systems. Cultural techniques such as manipulating the landscape surrounding a 

crop might contribute to determining spatial distribution of the black twig borer. Ruiz et 

al. (2001) reported that the aggregation pattern of the coffee berry borer may be 

influenced by differences in microclimate provided by shade. In the current study the 

presence of alternate hosts of the black twig borer provided shade that reduced 

temperatures in some areas of the farms (Elevitch 2009). For scolytines, moisture 

influences the effect of temperature upon the rate of larval development and mortality 

(Rudinsky 1962). As the ambrosia fungus is the only resource of food for black twig 

borer, local temperature and moisture content of the wood might be a limiting factor for 

development, survival and dispersal. Accordingly, it is possible that the aggregation 

pattern of black twig borer females is related to areas where temperatures are optimum 

for ambrosia fungus growth and larval development. 

In the case of species with an aggregated spatial distribution, a large number of 

samples are required to achieve a high level of precision in estimating population 

densities (Pedigo 2002). The higher precision level sampling plan (90%) developed 
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during this study requires very large sample sizes and is impractical for field 

implementation. Therefore, a lower level of precision (75%) will be more appropriate to 

produce a sampling plan practical for coffee growers to use. Regular sampling during 

summer when black twig borer populations are higher and most damaging (Chapter 4), 

using this sampling plan, should provide adequate estimates of infestation levels of black 

twig borer.  

Although an economic threshold for black twig borer in coffee has not been established, 

it is recommended to use a nominal threshold based on grower tolerance of damage 

(Pedigo 2002), e.g. 10% infestation, which might be based on personal observations and 

the individual farmer‟s acceptance of damage. The density of infested branches per 

sampled unit can be estimated using the sampling plan and compared with the action 

threshold level to make a management decision. The adoption of sequential sampling 

plans for use in decision-making can contribute to rational management of the pest. The 

application of sequential sampling plans should reduce the number of samples required to 

make a decision. This also allows the estimation of the abundance of X. compactus with 

specified precision, providing researchers with a valid tool for the study of the black twig 

borer in coffee. A sequential sampling can be applied to estimate the population density 

with a precision level previously chosen by the researcher, and can be compared with an 

economic threshold level to make a management decision.  

It takes less time to assess black twig borer infestation by using binomial sampling than 

sequential sampling because binomial sampling, it is necessary only to count the number 

of trees with damage, instead of the number of damaged stems on every sampled tree. 
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Therefore, binomial sampling would save coffee farmers considerable time and could 

increase adoption of sampling as a pest management tool by growers.  
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Fig. 5.1. Taylor‟s Power Law (A) and Iwao‟s mean crowding index (B) for X. compactus. 
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Fig. 5.2. Enumerative sequential sampling chart for X. compactus on coffee plants. 

Green stop lines were calculated at two different precision levels D = 90% (A) and D = 

75% (B).  
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Fig. 5.3. Relationship of proportion of branches infested to proportion of trees infested by 

X. compactus on coffee plants. 
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Table 5. 1. Estimates of dispersion parameters for Xylosandrus compactus in coffee 

 

                         Parameter estimates 

Model Intercept ± SE Slope ± SE R
2
 F value d.f P 

Taylor‟s Power Law 0.55 ± 0.01 1.33 ± 0.02 0.94 2818.32 1, 188 0.0001 

Iwao‟s Mean crowding 

Index 

0.80 ± 0.11 2.87 ± 0.14 0.68 407.76 1,188 0.0001 
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CHAPTER 6 

SCOLYTINAE (COLEOPTERA: CURCULIONIDAE) ATTACKING COFFE 

BERRIES IN HAWAI’I 

 

6.1 Abstract  

This paper describes the biology, damage, and control of three species of 

Scolytinae attacking coffee berries in Hawaii. The black twig borer, Xylosandrus 

compactus, is an ambrosia beetle that has been reported in Hawaii since 1960 and attacks 

branches of more than 200 plant species, including coffee. This beetle was found for the 

first time boring coffee berries. Beetles reached the endosperm and caused damage 

without making galleries or ovipositing. The tropical nut borer, Hypothenemus obscurus, 

is a pest of macadamia nuts that has been in Hawaii since 1988 and was found for the 

first time in Hawaii attacking coffee berries. Its entry hole was observed close to the 

blossom area or the side of the berry. Sometimes damage was near the endosperm but no 

galleries or eggs were found. The coffee berry borer, Hypothenemus hampei is the most 

aggressive coffee pest in the world and was first reported in Hawaii in August, 2010. 

Comparisons of the biology, behavior and management of these beetles are discussed in 

this paper. 

 

Key words: Coffea arabica, coffee berry, Xylosandrus compactus, Hypothenemus 

obscurus, H. hampei 
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6.2 Introduction 

The landscape of the Kona district of the Island of Hawaii is characterized by a 

wide diversity of plant species, including both endemic and naturalized introduced plants 

(Elevitch et al. 2009). Coffee (Coffea arabica L.), macadamia nut (Macadamia 

integrifolia Maiden & Betche) and avocado (Persea americana Mill.) are the main 

agricultural crops in Kona (Beardsley 1990, Jones et al. 1992, Bittenbender and Smith 

1999). 

Vegetation surrounding coffee plantations in Kona often includes plants that are 

hosts for several Scolytinae species (Coleoptera: Curculionidae) (Hara 1977, Hara and 

Beardsley 1979, Damon 2000). The black twig borer, Xylosandrus compactus Eichhoff, 

was reported in 1961 attacking pink tecoma, Tabebuia pentaphylla (L.) Hemsl. 

(Beardsley 1964) on Oahu, and it is now present on all major islands of the state (Hara 

and Beardsley 1979, Bittenbender and Smith 1999). 

X. compactus is an ambrosia beetle that attacks coffee branches (Hara 1977, Burbano et 

al. in preparation). The tropical nut borer Hypothenemus obscurus Fabricius was reported 

in Hawaii in 1988 attacking macadamia nuts (Beardsley 1990, Jones et al. 1992) and it 

has been reported attacking coffee berries in Colombia as well, but its damage is not 

significant compared with other pest species such as the coffee berry borer, 

Hypothenemus obscurus (Beardsley 1990, Constantino et al. submitted). The coffee berry 

borer, Hypothenemus hampei, was found attacking coffee berries in Kona in August 2010 

(Burbano et al. submitted) and was recorded from Kainaliu to Opihihale, on the south-

west coast of the Island of Hawaii  (Hawaii Department of Agriculture 2010a). 
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Hypothenemus hampei has not yet been reported from other Hawaiian islands (Hawaii 

Department of Agriculture 2010b). 

This paper compares the biology and ecology of X. compactus, Hypothenemus obscurus 

and H. hampei and describes their damage to coffee berries in Hawaii. 

 

6.3 General characteristics of the Scolytinae 

The family Curculionidae, subfamily Scolytinae comprises ambrosia beetles that 

live in wood or other plant tissue, and bark beetles or sub-cortical feeding beetles 

(Rudinsky 1962). All species of the tribe Xyleborini are ambrosia beetles, which have a 

symbiotic association with fungi (Wood 1982). Among the most economically important 

ambrosia beetles is the black twig borer, Xylosandrus compactus (Fig. 6.1.A). This beetle 

lives in symbiotic association with Fusarium solani cultivated on the walls of galleries in 

stems constructed by the female (Hara 1977, Beaver 1989, Daehler and Dudley 2002). 

Synonyms of Xylosandrus compactus include Xyleborus compactus and Xyleborus 

morstatti (Hagedorn) (Hara 1977). The main morphological difference between 

Xyleborus and Xylosandrus species is the separation of the anterior coxae; Xyleborus has 

contiguous anterior coxae while Xylosandrus has widely separated anterior coxae (Hara 

1977).  

Members of the tribe Cryphalini are primarily phloeophagous, feeders of phloem 

tissues of inner bark, or myelophagous, feeders within pits on small stems (Wood 1982). 

Among the members of this tribe are the tropical nut borer, H. obscurus (Fig. 6.1.B) a 

pest of macadamia nuts (Beardsley 1990, Jones 2002) and the coffee berry borer, 

Hypothenemus hampei (Fig. 6.1.C) which is the most destructive insect pest in coffee 
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worldwide (Le Pelley 1968) and both species have been reported attacking coffee berries 

in Colombia (Constantino et al. 2011, submitted), although H. obscurus is less important 

than H. hampei (da Costa Lima 1956, Le Pelley 1968, Beardsley 1990).  

The coffee berry borer is a pest of immature and mature coffee berries. The 

beetles feed and reproduce on the endosperm of the seed (Le Pelley 1968, Bustillo et al. 

1998, Baker 1999, Damon 2000, Barrera 2008, Vega et al. 2009) and they do not appear 

to have an obligate nutritional relationship with ambrosial fungi, as do many ambrosia 

beetles. However, a symbiotic relationship between Fusarium solani and H. hampei has 

been reported (Morales-Ramos et al. 2000), and the presence of this fungus significantly 

increases the survival and fecundity of the coffee berry borer. Females and larvae 

construct galleries in the kernel (Beardsley 1990) and they also have been reported 

feeding on and reproducing in coffee berries (Bustillo et al. 1998, Constantino et al. 

submitted).   

                                                

 

 

 

 

                                                         

Fig. 6.1 Adults of Xylosandrus compactus (A), Hypothenemus obscurus (B) and H. 

hampei (C). 

A. Black Twig Borer  

Xylosandrusc ompactus 

B. Tropical Nut Borer 

Hypothenemus obscurus 

C. Coffee Berry Borer 

Hypothenemus hampei 
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6.4 Origin and distribution 

Xylosandrus compactus is mainly distributed in the subtropical areas and adapted 

to a warm environment (Hayato 2007). This beetle attacks more than 200 host plant 

species, including macadamia nut, litchi, avocado, anthurium, mango, coffee, eucalyptus, 

koa (Hara 1977). The black twig borer is native to Asia and is widespread in Japan, 

Vietnam, Indonesia, Malaya, Sri Lanka, Madagascar, south India, Seychelles, Mauritius, 

West Africa, Fiji, Cuba and Brazil (Venkataramaiah and Sekhar 1964, Vasquez et al. 

1996, Oliveira et al. 2008). In the United States, black twig borer was reported in Fort 

Lauderdale, Florida in 1941 (Ngoan et al. 1976) and has been spread throughout the 

southeast US, along the coastal plain from Texas to North Carolina. In Hawaii, this beetle 

was first reported in 1961 attacking pink tecoma, Tabebuia pentaphylla (L.) Hemsl. 

(Beardsley 1964) on Oahu, and it is now present on all major islands of the state (Hara 

and Beardsley 1979, Bittenbender and Smith 1999). 

Hypothenemus obscurus has been reported in Florida, Puerto Rico, Mexico, 

Guatemala, Nicaragua, Costa Rica, Colombia, Panama, Dominican Republic, Trinidad, 

Guyana, Venezuela, Surinam, Brazil, South Africa, South East Asia, and Jamaica (Wood 

1982). This beetle was first reported in Hawaii attacking macadamia nuts in the Kona 

district of Hawaii Island Beardsley (1990) and it is now present on all major islands of 

the state (Jones et al. 1992) 

Hypothenemus hampei is endemic to Central Africa and is now distributed 

throughout all coffee-producing countries in the world, with the exception of Nepal and 

Papua New Guinea. It is the most economically important coffee pest worldwide (Le 

Pelley 1968, Bustillo et al. 1998, Barrera 2008, Vega et al. 2009). In August 2010, the 
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coffee berry borer was found in South Kona, Island of Hawaii (Burbano et al. submitted, 

Hawaii Department of Agriculture 2010a). Specimens were identified by Donald E. 

Bright (Colorado State University), Al Samuelson (Bishop Museum) and Natalia J. 

Vandenberg (Systematic Entomology Laboratory, USDA-ARS). The infestation in South 

Kona extends from South Kona to Manuka State Park (Hawaii Department of Agriculture 

2010b), which indicates the insect has been present on the island for some time.  The 

insect has not yet been reported from any other Hawaiian islands. 

 

6.5 Biology and ecology 

The black twig borer reproduces by arrhenotokous parthenogenesis. Females 

produce males from unfertilized eggs, while mated females lay eggs that hatch as 

females. Pupation and mating of brood adults occurs in the infested plant material. 

Damage to plants is caused only by adult females; the male is flightless, remains in the 

brood galleries and is rarely observed outside the plant. Female beetles excavate the 

tunnels into the host plant and inoculate the plant with an ambrosia fungus, which is the 

source of nutrients for larvae and adults (Ngoan et al. 1976, Hara and Beardsley 1979, 

Beaver 1989). Females initiate cutting the xylem after reaching the pith (cambium) and 

excavate it out along the twig on either side of the initial entrance tunnel to make a brood 

chamber where the eggs are laid. 

The tropical nut borer is considered to be partially parthenogenic (Wood 1982). 

The life stages are egg, two larval instars, pupa, and adult, and it takes 28 days at 26°C to 

develop from egg to adult (Constantino et al. submitted). Females bore a hole in the 

pericarp and construct galleries in the endosperm where eggs are deposited in the husk or 
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in the kernel, and larvae can be found in either location (Jones et al. 1992). Females lay 

between 10 and 30 eggs. Each Adults and larvae feed within the kernel. After mating, 

females bore several holes in the endocarp and emerge to colonize other fruits 

(Constantino et al. submitted, Jones et al. 1992). Males are smaller than the females, and 

are flightless.  

 The coffee berry borer female bores a hole in the coffee berry, burrowing through 

exocarp and mesocarp, and makes galleries in the endosperm where she lays the eggs 

(Damon 2002). The life stages consist of eggs, larva, pupa and adult, and they all occur 

inside the berry. The female lays two to three eggs per day for a period of 20 days. The 

colonizing female and larvae make galleries in the seed where they also feed. The 

founder female remains inside the fruit after oviposition until she dies, providing care for 

the offspring. There is sibling mating among the adult progeny with a 10:1 sex ratio 

favoring females; therefore, when the new adult females emerge, they are already 

inseminated and ready to locate another berry in which to continue the cycle. Male 

insects do not fly and remain inside the berry. The life cycle varies according to the 

temperature: 21 days at 27°C, 32 days at 22°C and 63 days at 19.2°C. Females can live 

157 days and males may live for 20 to 87 days at (24.5 °C) (Bustillo et al. 1998, Damon 

2002, Jaramillo et al. 2006, Barrera 2008, Vega 2008, Vega et al. 2009). 

 

6.6 Damage 

Beetles of the subfamily Scolytinae are among the most damaging insects in the 

world. Their cryptic life cycles inside the host plant make these insects difficult to control 

(Rudinsky 1962). Most ambrosia beetles attack unhealthy, stressed or dying trees by 
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boring into the wood (Kajimura and Hijii 1994, Jones and Johnson 1996). However, 

Xylosandrus compactus is one of the few ambrosia beetles that attacks healthy plants as 

well as plants that are under stressed conditions such as drought, pruning or recently 

transplanted hosts (Hara and Beardsley 1979, Jones and Johnson 1996, Hayato 2007).  

Xylosandrus compactus females bore a hole into the branch and construct galleries, 

where they then lay eggs (Fig. 6.2) (Hara 1977). There are two potential mechanisms 

through which the black twig borer can cause damage to, or the death of the host plant; 

mechanical damage and the introduction of the ambrosia fungus, which may be 

phytopathogenic (Hara and Beardsley 1979, Daehler and Dudley 2002). Damage is not 

caused by feeding subsequent to excavation of the gallery, since black twig borer larvae 

feed only on ambrosia fungus introduced by the female (Hara and Beardsley 1979).  

           

Fig. 6.2. Gallery of Xylosandrus compactus in coffee branches. 

Xylosandrus compactus female adults (left) and immature stages (right).  

 

Initially, leaves of infested branches turn light green (Fig. 6.3.A), and wilted 

leaves and bark beyond the affected area turn brown or black within a few days of beetle 

attack (Fig. 6.3.B) (Ngoan et al. 1976, Jones and Johnson 1996, Daehler and Dudley 

2002). The dieback of twigs is the result of the mechanical damage to water-conducting 
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vessels caused by beetle boring (Daehler and Dudley 2002). Subsequent necrosis in the 

bark and the desiccated zone in the xylem suggests the invasion of associated fungi into 

the twig tissue, which moves through the xylem of the tree, obstructing the flow of water 

and nutrients (Hayato 2007). 

      

Fig. 6.3. Damage symptoms of X. compactus in coffee branches.  

First leaves turn light green (A.left), then the wilted leaves and bark beyond the affected 

area turn brown or black (B. right). 

  

Xylosandrus compactus has previously been reported attacking branches only. 

However, in July 2007, females were observed attacking coffee berries in Hawaii in 

samples from Hilo (19.605556 N 155.045556 W) (Fig. 6.4.A). Females were observed 

burrowing a hole into the fruit around the blossom and on the side of the berry. Damage 

to the fruit was through the exocarp and mesocarp, and occasionally the tunnel reached 

the endocarp (Fig. 6.4.B). The damage was characterized by a single hole, and galleries 

or immature stages were not observed. This type of damage was observed in coffee farms 

with a high level of black twig borer infestation, trees under stress conditions and 

presence of a high density of coffee berries.  Xylosandrus compactus typically lives 
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inside branches and feeds on F. solani, and this is the first report of the coffee berry 

feeding habit for this species.   

  

Fig. 6.4. Xylosandrus compactus boring coffee berries around the blossom area. 

X. compactus boring a coffee berry (A. right), hole made by X. compactus on the 

endosperm (B, left); galleries or immature stages were not found. 

 

The shift to attack coffee berries as alternative host tissue might be explained as a 

response of high beetle populations and high temperatures during summer. Hot 

temperatures during summer might have affected the microclimatic conditions inside the 

branches and thus the development of F. solani, possibly causing coffee berries become a 

suitable host for survival of black twig borer. Berries with black twig borer attack 

become susceptible to microorganisms, such as bacteria or fungi, which caused the 

necrosis of the area around the hole.  

Hypothenemus obscurus damage occurs both in macadamia nuts that are on the tree and 

those that have dropped to the ground. During the first 7 to 10 days on the ground, 

females bore the husk and tunnel directly through the shell and into the kernel (Jones et 

al. 1992). A single entrance hole is observed on green husks on the trees, and multiple 

holes are observed in mature husks on the ground and on the trees (Beardsley 1990, Jones 
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et al. 1992). Hypothenemus obscurus is similar in size and appearance to H. seriatus 

(Eichoff), which has been in Hawaii for several years (Beardsley 1990). Hypothenemus 

seriatus infests branches and occasionally attacks seeds (Beardsley 1990). 

Hypothenemus obscurus was found inside tunneling inside coffee branches and boring 

into coffee berries around the blossom area (Fig. 6.5.A) or on the side of the berry, 

penetrating to the endosperm (Fig. 6.5.B). No H. obscurus immature stages or galleries 

were found inside the beans. Hypothenemus obscurus was observed attacking coffee 

berries when coffee plantations were located close to macadamia plantations. In 

Colombia, H. obscurus is a pest of macadamia nuts and occurs simpatrically with H. 

hampei attacking coffee berries (Constantino et al. submitted). H. obscurus can survive 

on coffee beans, feed on the pulp and reproduce within the endosperm, without making 

galleries (Constantino et al. submitted). Hypothenemus obscurus is restricted to areas 

between 1000 to 1400 m elevations in Colombia. In both Hawaii and Central America, H. 

seriatus and H. obscurus coexist as economically important pests of macadamia nuts 

(Beardsley 1990, Jones et al. 1992). 

                   

Fig. 6.5. Damage of Hypothenemus obscurus to coffee berries. Holes were observed 

aroung the blossom area or on the side of the berry (A. left) and sometimes holes were 

observed reaching the endosperm (B. right). 
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Hypothenemus hampei attack immature and mature coffee berries from about 

eight weeks after flowering up to harvest season (>32 weeks) (Baker 1999, Damon 2000, 

Jaramillo et al. 2006). Females bore a hole in the coffee berry (Fig. 6.6), and then 

construct galleries in the seed where the eggs (Fig. 6.7.A) are deposited, followed by 

larval feeding on the coffee seed (two larval instars for females and one larval instars for 

males) (Bustillo et al. 1998, Barrera 2008) (Fig. 6.7.B). Three types of damage have been 

reported, 1) premature fall of young berries, 2) fungus or bacterial infection in ripe 

berries as a result of infestation, 3) reduction in both yield and quality of coffee, reducing 

the income of coffee growers (Damon 2000, Jaramillo et al. 2006). The coffee berry 

borer can cause bean yield losses of 30-35% with 100% of perforated berries at harvest 

time. Damage can be greater if harvest is delayed (Barrera 2008). Hypothenemus hampei 

was reported for the first time in Hawaii in August 2010 (Burbano et al. submitted). 

 

Fig. 6.6. Coffee berry with tree holes made by the coffee berry borer. 
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Fig. 6.7. Damage of the coffee berry borer. Coffee berry borer galleries containing eggs 

(A. left), and eggs and larvae (B. right).  

 

6.7 Management 

The management of Xylosandrus compactus in Hawaii has focused on the use of 

cultural practices such as monitoring the level of infestations, removing and destroying 

the infested material from the field (Jones and Johnson 1996). Destruction of pruned 

branches using chippers or shredders results in approximately 90% mortality of the 

beetles in the stem (Jones and Johnson 1996). Promoting tree health and vigor has also 

been recommended to help in resisting infestation or recovering from attack (Jones and 

Johnson 1996). Several parasitoids were released by Hawaii Department of Agriculture in 

1961 for biological control of X. compactus, however, there were no follow-up studies of 

their establishment in Hawaii. Traps and semiochemicals were also used in coffee and 

Acacia koa plantations as another management technique (Chapter 3). Japanese beetle 

traps baited with 95% ethanol are an important tool for monitoring black twig borer 

populations, predicting outbreaks, and they might be effective as a physical control 

through mass trapping.  

The management of Hypothenemus obscurus has focused mainly on cultural 

practices (Jones et al. 1992). Tropical nut borer damage in macadamia nuts can be 
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reduced by harvesting every two to three weeks, and processing nuts immediately. 

However, because of high labor costs and lack of processing capacity, this management 

technique is not feasible in Hawaii (Jones et al. 1992). Damage can be aggravated by 

leaving the nuts in the field until the main harvesting season or by storing unhusked nuts. 

The use of varietal resistance has been another alternative to reduce tropical nut damage. 

The attack rate and level of damage of tropical nut borer to macadamia kernels is lower in 

cultivars such as 800 and 333 (Jones et al. 1992). Freezing temperatures (12 h at -12°C) 

have also shown an effect on the survival of tropical nut borer. However, this treatment is 

not possible without damaging the undried nuts (Jones et al. 1992). Therefore, the current 

management of the tropical nut borer is based on frequent harvesting, husking of  the nuts 

and drying them immediately or storing them in shells at temperatures that reduce beetle 

survival but do not affect nut quality. Although these control methods were developed for 

a different crop, they may be applicable to H. obscurus in coffee following the discovery 

of its feeding habit in coffee berries. 

The management of Hypothenemus hampei depends upon an Integrated Pest 

Management Program (IPM). Several techniques have been used to reduce coffee berry 

borer populations including use of insecticides, entomopathogenic fungus, parasitoids, 

predators, and cultural practices (Bustillo et al. 1998, Damon 2000, Jaramillo et al. 2006, 

Barrera 2008, Vega et al. 2009). Among the most effective techniques are the use of 

Beauveria bassiana and cultural practices in the field which include a) the harvesting of 

infested berries from the tree and dropped berries from the ground and b) sanitation in the 

mill area (Bustillo et al. 1998).  
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6.8 Presence of natural enemies for coffee borers in Hawai’i 

The predatory beetle Cryptamorpha desjardinsi (Coleoptera: Silvanidae), has 

been observed inside macadamia nuts feeding on the tropical nut borer (Jones et al. 1992, 

EGB personal observations). This facultatively predacious beetle was also found on 

coffee trees, inside coffee branches and inside coffee berries feeding on larvae of the 

black twig borer and on larvae of the Mediterranean fruit fly Ceratitis capitata (Diptera: 

Tephritidae) (EGB personal observations). This predator can be considered a potentially 

useful natural enemy for black twig borer, the tropical nut borer and the coffee berry 

borer. 

The Hawaii Department of Agriculture introduced and released three Braconidae 

species for Xylosandrus compactus control in 1961. They were: Dendrosoter enervatus 

Marsh, Dendrosoter protuberans Nees, and Ecphylus sp.  None became established 

(Bernarr Kumashiro, HDoA, personal communication). The Eulophidae subfamily 

Tetrastichinae contains two species, Phymastichus xyleborini and P. coffea, which attack 

adult stages of scolytines (Graham 1987, Chang 1993, LaSalle 1990). Phymastichus 

xyleborini was reported in Hawai‟i attacking adults of Xyleborus perforans Wollaston 

(Coleoptera: Curculionidae), a pest of macadamia nuts (LaSalle 1995). Phymastichus 

coffea is present in Africa and attacks the coffee berry borer there (LaSalle 1990). 

Although no host information exists for Phymastichus xyleborini from other areas, it is 

possible that these two species might be present in Hawai‟i. Therefore, these two species 

might be a good candidate for future studies in biological control program for the black 

twig borer, the tropical nut borer and the coffee berry borer. To the extent that these 

biological control agents may be useful in suppressing damage by these three ambrosia 
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beetles, it will be important to avoid disrupting their populations through indiscriminant 

use of insecticides. 
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CHAPTER 7 

GENERAL CONCLUSIONS 

The implementation of an integrated pest management program is based on 

biological knowledge of the agroecosystem involving the pest, host and environment 

from which management decisions can be made. In the current study, I combined several 

complementary projects that are focused on understanding the ecology, behavior and 

practical management procedures for X. compactus in coffee. Each project is related to 

others within the overall project.  

The overall goal of this research was to determine a monitoring tool that serves to 

improve and exploit the management techniques for Xylosandrus compactus such as a 

sequential sampling plan and the interaction with other scolytines in coffee in Hawaii 

The specific objectives were 1) to compare the effectiveness of different attractants, 

repellents and two trapping systems for the black twig borer, X. compactus, and other 

ambrosia beetles in coffee plantations and Acacia koa trees; 2) to determine the pest 

status and the seasonal fluctuations of black twig borer; 3) to characterize the dispersal of 

black twig borer in coffee and to develop a sampling plan to classify density of damaged 

branches; and 4) to report the presence of Xylosandrus compactus, Hypothenemus 

obscurus and Hypothenemus hampei attacking coffee berries.  

The first study has been the first attempt to test the most common traps used in 

scolytine management and evaluate the evaluated the effectiveness of attractants and 

repellents in X. compactus and other ambrosia beetles in Hawaii. The attractants tested in 

coffee plantations were eugenol, α-pinene, ethanol in sleeves, and in koa plantations we 

evaluated ethanol in vials and the combination of: ethanol with enhanced ginger oil, 
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ethanol with α-pinene, ethanol with phoebe oil and ethanol with manuka oil. Two trap 

designs were tested in this study, the Japanese beetle trap and the Lindgren multiple 

funnel trap. The repellents tested were verbenone and limonene.  

It has been reported that black twig borer is attracted both to healthy plants and to plants 

that are in stressed conditions such as after transplanting or drought. Ethanol is produced 

in stressed trees and it is the primary attractant of several ambrosia beetles. Results 

showed that X. compactus was significantly more attracted to 95% ethanol vials than 95% 

ethanol sleeves. Concentration and release rate are factors that might have affected black 

twig borer attraction. Ethanol sleeves were charged with 3 ml of 95% ethanol compared 

to vials filled with 95% ethanol and a 2.5 mm hole in the lid. It is possible that ethanol 

vial concentrations were constant throughout the study, while ethanol pouch release 

declined after several weeks of use, and reduced black twig borer captures. These results 

suggest that the amount and release method of ethanol is a key factor in the attraction of 

black twig borer females. Further studies should be conducted to increase the attraction of 

black twig borer by increasing the release rate of ethanol. Other ambrosia beetles were 

attracted to ethanol including X. crassiusculus and Xyleborinus saxeseni. Xylosandrus 

crassiusculus was significantly more attracted to ethanol vials than ethanol pouches and 

X. saxeseni was significantly attracted to both ethanol vials and pouches.  

Ethanol has been reported to act synergistically with other chemical attractants. In this 

study Japanese beetle traps baited with ethanol + α-pinene and ethanol + manuka oil 

showed a trend toward a higher number of black twig borer females compares to traps 

baited with ethanol alone. Several ambrosia beetle attractants are available on the market, 
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and the synergistic effect of these attractants with ethanol should be tested as potential 

mass-trapping tools for black twig borer.  

The green Japanese beetle trap baited with 95% ethanol attracted significantly 

more X. compactus and X. saxeseni than the Lindgren funnel trap, while the Lindgren 

funnel trap attracted more X. crassiusculus. The Japanese beetle traps are cheaper, 

smaller and easy to handle compared to the Lindgren multiple funnel trap. Further studies 

should be conducted to assess the potential of these traps as a) a monitoring tool of black 

twig borer females, b) mass trapping studies to assess the optimal number of baited 

Japanese beetle traps per acre during high populations of black twig borer (May to 

September), c) enhance the correct timing of control measures such as sanitation, use of 

insecticides, semiochemicals or releases of natural enemies, d) prevent outbreak 

populations that cause economic damage and d) estimate the number of beetles that 

would be associated with different threshold levels of infestation.  

Another management strategy investigated was the use of repellents. Verbenone 

and limonene significantly reduced the number of X. compactus and X. crassiusculus 

responding to ethanol-baited traps, and the number of X. saxeseni was reduced by 

limonene but not by verbenone. The use of this anti-aggregation pheromone could be 

used as a chemical barrier inside a protected area. The use of these attractants and 

repellents combined with effective sanitation of infested trees could be used to reduce 

black twig borer populations. 

In the second study, pest status and phenology of X. compactus, eight coffee 

farms were selected at different elevations (140, 246, 344, 368, 504, 535, 674 and 756 m) 

and three sampling methods for X. compactus were used (Japanese beetle traps baited 
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with 95% ethanol, direct plant inspection and collection of infested branches). These data 

were used to determine the seasonal fluctuation of X. compactus, and were used in a 

logistic regression analysis to estimate the number of beetles associated with different 

damage levels and establish thresholds for initiation of management practices.  

Black twig borer populations recorded from dissected infested branches were used to 

determine the monthly population development and to determine the relationship between 

black twig borer females collected in traps. Black twig borer populations were present all 

year round. Females initiated flight at a temperature of 19°C in the field. The highest 

number of flying females was observed between May and August and the lowest number 

was recorded from September to April. There were three population peaks. An initial 

peak in flight activity was observed in May, with the highest number of females captured 

in June and August. The number of females caught decreased in October and remained 

low until the next spring. Peak flight activity does not always mean eminent infestations 

and correlated levels of host damage. However, higher infestations were observed in the 

warmest months. A logistic regression model was used to determine black twig borer 

infestation level as a function of biological and environmental variables. In this study, the 

response variable was binomial data from direct plant inspection for infested branches 

(infested = 1 and uninfested = 0) and the independent variables were month, elevation, 

and number of females captured in Japanese beetle traps. Subsequently, the logistic 

regression model was used to predict the number of beetles caught in traps at different 

elevations that would result in a range of nominal thresholds of plant infestations (15%, 

25% and 50%).  
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The logistic regression analysis showed a significant relationship between the 

independent variables and the proportion of trees infested. At a threshold of 15% of 

damaged trees, trap captures of black twig borer females ranged between 46 and 62 per 

month. Black twig borer was present in branches all year round and resident populations 

showed seasonal fluctuation patterns that were similar to female population levels from 

Japanese beetle trap captures. Black twig borer females were found inside vertical 

branches, lateral branches and coffee berries. However, lateral branches were usually the 

preferred targets of females.  

Two types of tunnel holes were observed: unsuccessful holes that were limited to the 

phloem, and successful holes, that were characterized by galleries where females 

inoculated the fungus and laid the eggs. Both types of damage caused leaves to wilt. 

Vertical coffee branches had black twig borer tunnels, but damage in the way of branch 

wilting was rarely observed in coffee. 

Various insect species were found inside black twig borer tunnels, including the 

tropical nut borer, Hypothenemus obscurus Fabricius (Coleoptera: Curculionidae: 

Scolytinae), Chryptamorpha desjardinsi Guerin-Meneville (Coleoptera: Cucujidae) and 

thrips Nesothrips lativentris Karny (Thysanoptera: Phlaeothripidae: Idolothripinae). This 

study showed that black twig borer damage can be predicted by monitoring beetle 

populations using Japanese beetle traps baited with ethanol. The analysis of infestation 

level relative to trap captures and environmental variables presented in this paper 

provides a means of predicting damage levels based on trap captures at a range of 

elevations. The phenology of black twig borer in coffee plantations can therefore 

facilitate the correct timing of management techniques.  
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The third study characterized the dispersal of black twig borer in coffee plants 

using the Taylor‟s Power Law and the Iwao‟s patchiness index and developed a 

sequential sampling plan for the black twig borer in coffee. Taylor‟s Power Law and 

Iwao‟s regression indicated an aggregated dispersal of black twig borer damage in coffee 

plantations. Estimating black twig borer infestations through a sampling plan contributes 

to monitoring the beetle populations so that management actions can be implemented in a 

timely fashion. The sampling plan developed for black twig borer will guide coffee 

farmers to obtain an accurate level of infestation data counting a minimal number of 

infested coffee trees. Two sampling plans were designed to estimate the levels of 

infestations of black twig borer, the enumerative sampling plan and the binomial 

sequential sampling plan.  

The enumerative sequential sampling plan estimated the infestation density of black twig 

borer by accumulating the number of infested branches per tree sampled. In this type of 

sampling plan, coffee trees have to be sampled sequentially until the cumulative number 

of infested branches exceeds the stop-line value for the number of trees sampled. 

Sampling is terminated when the cumulative number of infested coffee trees exceeds the 

stop-line for that sample size; sampling is continued as long as the cumulative number of 

infested trees remains below the stop-line. These lines represent the relation between the 

cumulative number of damaged branches and the number of coffee trees sampled 

required to achieve a desired precision level estimate of damage density. The binomial 

sampling plan was derived and as it was expected, there was a significant relationship 

between the proportion of infested trees and the mean number of infested branches. 

Initially, as the mean number of infested branches increased, the proportion of infested 
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trees increased rapidly. The proportion of branches infested then became saturated, so 

that for further increases in the density of infested branches, there was only a small 

corresponding increase in infested trees. The application of sequential sampling plans 

should reduce the number of samples required to make a management decision. The 

maximum number of branches damaged per tree was low therefore, enumerative 

sampling is probably as economical; and also allows estimation of the black twig borer 

abundance with specified precision, providing researchers with a valid tool for the study 

of this pest in coffee. 

The last study provides the first report of the attack of X. compactus, Hypothenemus 

obscurus and H. hampei on coffee berries in Hawaii. Xylosandrus compactus is well 

known to attack branches but, this is the first study that reports this ambrosia beetle 

attacking berries. Hypothenemus obscurus and H. hampei are pests of macadamia nuts 

and coffee berries respectively and both have been reported attacking coffee berries in 

other countries but this is the first report of these attacks in Hawaii. Landscapes where 

coffee is grown in Kona includes different plant communities, including endemic plants 

such as Acacia koa, ohia (Metrosideros polymorpha), Flueggea neowawraea 

(Mehamehame), and agricultural crops such as mango, avocado, and macadamia. Most of 

these plants are alternate hosts for black twig borer and other beetles that might use them 

as reservoirs of reproduction and disperse from these into coffee plantations when the 

plants are susceptible, or in certain seasons.  

Although Xylosandrus compactus and H. obscurus were found boring the coffee 

berries, they did not produce galleries or lay eggs inside the berries; however, superficial 

holes were found close to the endosperm. Management techniques for these species are 
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based on cultural control and sanitation. Results from this research should be 

implemented as a part of an integrated pest management program for all coffee pests in 

Hawaii.  

Management of black twig borer can be difficult because the life cycle occurs inside 

the galleries within branches, and they only migrate from that cryptic site to look for a 

suitable host plant. The monitoring combination of Japanese beetle trap and ethanol 

showed that integrated management tactics for X. compactus should be conducted 

immediately prior to and during peak flight activity during spring, or when an increment 

of infested branches is detected. These tactics might include monitoring and cultural 

practices, use of insecticides, semiochemicals, release of natural enemies or applications 

of entomopathogenic fungus. Coffee trees should be monitored throughout the warmest 

months since black twig borer females are significantly active during this time of the year 

and plants are in periods of stress. Currently, sanitation is the primary key to successful 

black twig borer control. After pruning the infested branches, it is recommended to shred, 

burn or pack the branches in plastic bags and remove them from the orchard. This will 

help prevent beetle populations from building up to the point where they might attack 

coffee trees.   

In this proposal I combined several complimentary projects that were focused on 

understanding the ecology, behavior and search for some practical economic 

management procedures for X. compactus. Each project was related others within the 

overall project, and the central idea was to combine all of the chapters and contribute to 

an overall scheme of integrated pest management. One of the main objectives of insect 

ecology is the study of population dynamics in time and space. The results of this 
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research elucidated the type of dispersion and seasonal pattern of X. compactus, this 

information can be used as control measures to prevent outbreak populations that cause 

economic damage. These control measures could be the use of chemical barriers like 

repellents placed inside the protected area. The practice of integrated pest management is 

based on biological information and management decisions, and built on management 

techniques.  Understanding all these factors (biology, dynamic population, interaction 

with the environment) studied in my research, will contribute to support the columns of 

integrated pest management for X. compactus in Hawaii.   

  

Recommendations and future studies: 

 

 The use of baited traps or twig inspection in both coffee plantations and 

surrounding habitats might help farmers in monitoring black twig borer 

populations and determining the time of arrival of females into the field, initiating 

tactics to prevent influx of females into the coffee field.  

 The highest populations were reported in June and August which are the warmest 

months in Kona. It is recommended that monitoring black twig borer populations 

in coffee plantations be conducted during this time of the year, using traps baited 

with ethanol. 

 Elevated infestations of black twig borer in the district of Kona are related to a 

combination of different factors such as a) continuous coffee production around 

the year, b) coffee monoculture practices, c) climatic conditions that favor the 
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dispersal of black twig borer female, d) presence of alternate hosts, and e) lack of 

sanitation practices such as pruning and elimination of infested branches.  

 Cultural practices, such as manipulating the landscape of coffee farms by moving 

from a monoculture to a polyculture with nonhost species, might reduce the black 

twig borer infestations.  

 Alternate hosts might be another reservoir for black twig borer and should be 

considered as a potential area for natural enemies as well.  

 These data will help elucidate the economic impact of black twig borer in Hawaii, 

and contribute to an estimation of the economic injury level and economic 

threshold, which are important data for farmers in making management decisions. 


