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ABSTRACT 

 

Queensland longhorn beetle (QLB; Acalolepta aesthetica Olliff) is an invasive polyphagous plant-

boring insect of Hawai'i County, Hawai'i, native to Australia (including Queensland). QLB 

presence in Hawai'i County was first reported circa July 2009 in a Hawaiian Acres residential 

property in Puna district. Current distribution range of QLB in Hawai'i County is believed to be 

expanding at a slow rate across Puna and into neighboring districts. Effective management of QLB 

constitutes region-specific studies including biology, ecology, life history, and reproductive 

behavior that are largely undescribed at present. Without effective management, unabated 

expansion to QLB population range and density in Hawai'i County may lead to disruptive 

environmental, economic, and cultural impacts, as well as heightened risk of QLB introduction to 

surrounding counties and United States mainland. A total of 1,087 trees – consisting of kukui 

(Aleurites moluccanus), breadfruit (Artocarpus altilis), trumpet tree (Cecropia obtusifolia), citrus 

(Citrus spp.), and cacao (Theobroma cacao) – were surveyed and analyzed to assess: (1) current 

distribution from October 2020 to March 2021; (2) host selection preferences; and (3) infestation-

environmental correlations associated with the local QLB population. Analyzed plant taxa were 

situated among 20 private properties in Puna district (East Puna – Hawaiian Beaches, Keaau, 

Kurtistown, Mountain View, Pāhoa); were sampled a minimum of 15 times; and were represented 

by at least five individuals infested with QLB larvae. Host range of QLB in Queensland, Australia 

is not known. Access to host species density data pertinent to Puna district were not available. 

Survey data was analyzed using R software (version 4.0.3) via mixed effects logistic regression 

modeling, multiple comparisons of means post-hoc analysis (Tukey contrasts), and DHARMa (R 

package model diagnostic tool). Mapping of active QLB infestations did not indicate presence of 

significant distribution, irrespective of host species. QLB distribution could be influenced by a 
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combination of opportunistic infestation; host condition and stress; and aggregation pheromone 

synergism. Kukui was significantly preferred by QLB over trumpet tree, citrus, and breadfruit. 

Cacao was also significantly preferred by QLB over trumpet tree, citrus, and breadfruit. Preferred 

host selections could be driven by reception to specific and complex phytochemical motifs, many 

of which contain phenolic and terpenoid compounds. QLB infestation among cacao and breadfruit 

trees correlated strongly and positively with annual precipitation (mm), with breadfruit infestation 

also correlating strongly and positively with elevation (m). Attraction to breadfruit and cacao trees 

may be attributed to host physiological stress from excess precipitation exposure. Relationship of 

precipitation in influencing QLB infestation is possibly variable. Influence of elevation in 

influencing breadfruit infestation is unclear. Overall, observations from this study are preliminary 

but hope to help further ongoing efforts between addressing biological and ecological knowledge 

gaps surrounding QLB and devising invasive species management plans. 

 

Keywords: Acalolepta aesthetica, Hawai'i, Distribution, Host Preference, Environmental 

Correlation 

 

 

 

 

 

 

 

  



 viii 

LIST OF TABLES 

 

Table 1 Multiple comparisons of Means: Tukey Contrasts (simultaneous tests for general 

linear hypotheses) between sampled infested kukui (A. moluccanus; n = 22), 

breadfruit (A. altilis; n = 8), trumpet tree (C. obtusifolia; n = 14), citrus (Citrus spp.; 

n = 19), and cacao (T. cacao; n = 152) in Puna District (Hawai'i Island, Hawai'i), 

from October 2020 to March 2021. 

Table 2.1 Pearson’s product-moment correlation between QLB infestation in sampled host 

trees – summation of infested kukui (A. moluccanus; n = 22), breadfruit (A. altilis; n 

= 8), trumpet tree (C. obtusifolia; n = 14), citrus (Citrus spp.; n = 19), cacao (T. 

cacao; n = 152) – and environmental factors (mean annual temperature; mean 

elevation; mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from 

October 2020 to March 2021. 

Table 2.2  Pearson’s product-moment correlation between QLB infestation in sampled kukui 

(A. moluccanus; n = 22) hosts and environmental factors (mean annual temperature; 

mean elevation; mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), 

from October 2020 to March 2021. 

Table 2.3  Pearson’s product-moment correlation between QLB infestation in sampled 

breadfruit (A. altilis; n = 8) hosts and environmental factors (mean annual 

temperature; mean elevation; mean annual rainfall) in Puna District (Hawai'i Island, 

Hawai'i), from October 2020 to March 2021. 

Table 2.4 Pearson’s product-moment correlation between QLB infestation in sampled trumpet 

tree (C. obtusifolia; n = 14) hosts and environmental factors (mean annual 

temperature; mean elevation; mean annual rainfall) in Puna District (Hawai'i Island, 

Hawai'i), from October 2020 to March 2021. 

Table 2.5 Pearson’s product-moment correlation between QLB infestation in sampled citrus 

(Citrus spp.; n = 19) hosts and environmental factors (mean annual temperature; 

mean elevation; mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), 

from October 2020 to March 2021. 

Table 2.6 Pearson’s product-moment correlation between QLB infestation in sampled cacao 

(T. cacao; n = 152) hosts and environmental factors (mean annual temperature; mean 

elevation; mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from 

October 2020 to March 2021. 

 

  



 ix 

Appendix A Number of tree species surveyed for QLB infestation in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) 

survey areas in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. 

Appendix B Number of QLB survey sites featuring sampled tree species in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) 

survey areas in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. Data filtered to exclude survey sites without recorded QLB infestations. 

 

  



 x 

LIST OF FIGURES 

Figure 1.1 Distribution of sampled kukui (A. moluccanus), breadfruit (A. altilis), trumpet tree 

(C. obtusifolia), citrus (Citrus spp.), and cacao (T. cacao): a summation of all 

infested (n = 215) and non-infested (n = 872) trees in Puna District (Hawai'i Island, 

Hawai'i), from October 2020 to March 2021. 

  

Figure 1.2  Distribution of sampled infested (n = 22) and non-infested (n = 12) kukui (A. 

moluccanus) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to 

March 2021. 

  

Figure 1.3 Distribution of sampled infested (n = 8) and non-infested (n = 27) breadfruit (A. 

altilis) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. 

  

Figure 1.4 Distribution of sampled infested (n = 14) and non-infested (n = 71) trumpet trees 

(C. obtusifolia) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to 

March 2021. 

  

Figure 1.5 Distribution of sampled infested (n = 19) and non-infested (n = 142) citrus (Citrus 

spp.) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. 

  

Figure 1.6  Distribution of sampled infested (n = 152) and non-infested (n = 620) cacao (T. 

cacao) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. 

 

  



 xi 

LIST OF ABBREVIATIONS 

QLB Queensland longhorn beetle 

ALB Asian longhorn beetle 

EAB Emerald ash borer 

HDOA Hawai'i Department of Agriculture 

USDA United States Department of Agriculture 

ARS Agriculture Research Service 

PBARC Pacific Basin Agricultural Research Center 

IPIF Institute of Pacific Islands Forestry 

USFS United States Forest Service 

APHIS Animal and Plant Health Inspection Service 

NPS National Park Service 

FWS Fish and Wildlife Service 

IPP Isopentenyl diphosphate 

MEP Methylerythritophosphate 

MVA Mevalonic acid 

–OH Hydroxyl group 

  





 1 

CHAPTER 1. INTRODUCTION 

 

Knowledge gaps that pertain to an invasive herbivorous insect’s capacity to impact the 

surrounding environment can at times be addressed through characterizing host seeking behavior 

and preferences. Among ambrosia beetles (Curculionidae: Scolytinae), for example, many species 

are ecologically adjusted to infest dying and dead wood for life cycle development and supportive 

media for symbiotic fungi; these do not pose significant risks to exotic environments. Other 

ambrosia beetle species are adapted to targeting living host trees and can incur potentially great 

and destructive impacts when introduced into foreign environments (Hulcr et al 2017). 

Host preferences among invasive herbivorous insects may also vary between different 

geographical ranges, latitudes, and climate. Populations of Asian longhorn beetle (ALB; 

Anoplophora glabripennis; Cerambycidae: Lamiinae) in North America are reportedly attracted 

to green ash trees (Fraxinus pennsylvanica), whereas ALB populations in Europe do not infest 

Fraxinus spp. in any capacity (Faccoli & Favaro 2016). Availability of suitable hosts can 

significantly influence yearly generational reproduction (voltinism), breeding success, and 

phenology in ALB. Without access to sufficient region-specific studies, designing infestation 

management and eradication protocols for biologically unpredictable species like ALB can be 

difficult (Faccoli & Favaro 2016). 

Queensland longhorn beetle (QLB; Acalolepta aesthetica Olliff; Cerambycidae: Lamiinae) 

is a recent invasive species to Hawai'i County, Hawai'i. QLB is not considered ecologically or 

economically significant among its native distribution in Australia, including Queensland 

(Matsunaga & Chun 2018). Presence of QLB in Hawai'i County was first reported in July 2009 

via sighting of an adult beetle within a private property in Hawaiian Acres, Puna district. 

Additional adult QLB sightings were reported in Puna district Orchidland and Hawaiian Acres 
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subdivisions in 2013. First-time confirmation of a QLB-host association was made in 2014 with 

identification of a QLB larva boring inside a weakened breadfruit (Artocarpus altilis) tree 

(Matsunaga & Chun 2018). As of January 2020, QLB larval infestations have been reported 

present across locations in Puna district, which include the following communities: Kurtistown, 

Pahoa, Keaau, Hawaiian Acres, Orchidland, Ainaloa. Minimum and maximum elevation, 

temperature, and host density conditions viable for supporting QLB establishment and 

reproduction in presently infested locations are not known (Matsunaga & Chun 2018). The current 

invasive QLB population in Hawai'i does not exhibit genetic haplotype diversity; it is potentially 

founded upon by a single female progenitor, via importation of egg-contaminated wood material 

into the State (Curbelo 2020). 

QLB is a polyphagous wood boring insect that may attack and infest a broad range of 

agricultural, ornamental, and culturally significant plant species in Hawai'i County. Host plant 

species confirmed to support QLB egg laying and life cycle development represent 10 to 13 non-

sister genera among 9 to 10 families, across 8 orders (Cole et al 2019; Cole 2021a,  2021b; Cole 

& Gardner 2021; Hawai'i Department of Agriculture 2020). Confirmed Fabid-clade species 

include: breadfruit – A. altilis (Rosales: Moraceae);  mulberry – Morus alba (Rosales: Moraceae); 

trumpet tree – Cecropia obtusifolia (Rosales: Urticaceae); and kukui – Aleurites moluccanus 

(Malpighiales: Euphorbiaceae). Confirmed Malvid-clade species include: cacao – Theobroma 

cacao (Malvales: Malvaceae); citrus – Citrus spp. (Sapindales: Rutaceae); and 

kalamungay – Moringa oleifera (Brassicales: Moringaceae). Confirmed Magnolid-clade species 

consist of avocado – Persea americana (Laurales: Lauraceae). Confirmed gymnosperm species 

include: queen sago palm – Cycas circinalis (Cycadales: Cycadaceae); and Norfolk pine (cut logs) 

– Araucaria heterophylla (Pinales: Auaucariaceae; Hawai'i Department of Agriculture 2020). 
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Plant species speculated to support QLB infestation include: hibiscus – Hibiscus spp. (Malvids: 

Malvales: Malvaceae); croton (naturalized) – Codiaeum varigatum (Fabids: Malpighiales: 

Euphoribaceae); and gunpowder tree – Trema orientalis (Fabids: Rosales: Cannabaceae; Hawai'i 

Department of Agriculture 2020). Live, healthy trees are susceptible to QLB attack (Collignon et 

al 2019a). 

Adult QLB exhibit dark brown, plain coloration and may attain body length measurements 

between 2.0 cm to 4.5 cm (head to elytral tip), with antennal length measurements between 2.5 cm 

to 4.5 cm. Dietary preferences of adult QLB are not known, but could consist of host tree bark, 

leaves, and or petioles; these should not be significantly damaging to hosts (Matsunaga & Chun 

2018). 

Larval QLB are wormlike, legless, large headed, cream colored, and may attain 

measurement lengths exceeding 5.75 cm (Hawai'i Department of Agriculture 2020). Larvae 

acquire nutrition from boring into host plant tissues, creating winding tunnels or ‘galleries   ’in the 

process. Signs of larval infestation in host plants may include (1) oozing sap around egg laying 

sites; (2) trunk girdling; (3) sawdust-like frass accumulation around trunk, pushed from gallery 

holes; (4) and exit holes, created by emerging adults, measuring approximately 1.25 cm in 

diameter. Boring activity from QLB larvae may compromise host health, through which can 

promote secondary pathogenic infection and attraction to other tree-boring species. Branch 

dieback, branch dropping, and death may occur in weakened trees that sustain heavy QLB 

infestations (Matsunaga & Chun 20218). 

With exception to response behavior to cerambycid aggregation-sex pheromones 

(Collignon et al 2019a), QLB biology, ecology, life history and behavior is poorly understood at 

present (Matsunaga & Chun 2018). Host preference of QLB in its native range is also not known.  
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Due to these knowledge gaps, specific management or control techniques have neither yet been 

developed, nor are there yet effective insecticides to control larval infestations (Matsunaga & Chun 

2018). 

QLB populations in Hawai'i County, if continue unchecked, may become a threat to 

Hawai'i’s developing cacao industry and culturally important kukui and breadfruit trees. QLB 

may also incur losses for the nation’s $3.85 billion-annual citrus industry if allowed to establish 

in mainland Florida, United States. United States Senator Brian Schatz (D-Hawai'i) urged in 

October 2019 for collaboration between private, county, and state landowners and United States 

federal departments (USDA ARS of the PBARC; IPIF, USFP PIERC, USGS, APHIS, NPS, 

FWS) to expand scientific knowledge of QLB and develop protocols to manage, contain, and 

eradicate the species (United States Senate 2019). 

Until sufficient progress is made toward expanding knowledge of QLB, comparative 

referencing to taxonomically close relatives such as ALB may serve a promising starting point 

for testing preliminary hypotheses and management protocols. Aspects of ALB host polyphagy 

(Faccoli & Favaro 2016; Hu et al 2009), host attraction, colonization, breeding behavior (Faccoli 

& Favaro 2016), and olfactory-visual motifs (Yv et al 2015) may share traits with QLB 

behaviors. Chemical control methods applied to ALB management (e.g. pyrethroid cypermethrin 

as canopy applicant; systemic insecticides via trunk injection; Hu et al 2009) could have efficacy 

overlap with QLB. A successful management scenario implementing push-and-pull protocols 

(via repelling chemical agent) could simultaneously deflect QLB away from preferred tree 

species and direct attraction toward traps (Cook et al 2007). 

As part of a larger research project collaboration between USGS PIERC and University 

of Hawai'i at Hilo (UHH), this study aimed to address the following knowledge gaps associated 
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with the QLB population in Puna district, Hawai'i County, Hawai'i: (1) distribution of local QLB 

populations during October 2020 to March 2021 (H01 – no significant distribution; HA1 – 

significant distribution); (2) host selection preferences of QLB (H02 – no significant host 

selection preference; HA2 – significant host selection preference); and (3) environmental 

correlations with QLB infestation (H03 – no significant environmental correlation; HA3 – 

significant environmental correlation). QLB host preference may encompass a combination of 

cultivated, Hawai'i-native and -endemic plants. 
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CHAPTER 2. MATERIALS AND METHODS 

2.1 Study materials and data collection 

QLB sighting records were obtained through United States Department of Agriculture 

(USDA), Big Island Invasive Species Committee (BIISC), and Hawai'i Department of Agriculture 

(Hawai'i Department of Agriculture 2020). Spatial distribution of QLB sighting records led to 

confinement of the study to Puna District (Hawai'i County, Hawai'i) across: East Puna (Hawaiian 

Beaches), Keaau, Kurtistown, Mountain View, and Pāhoa. Plants situated within private property 

areas across Puna district were visited and surveyed (with prior landowner consent) for QLB 

activity. 

Sampling protocols are adapted from methods in Chourasia et al (2020) as present research 

utilizes: (1) systematic, in-person surveying; (2) consultation of local persons within study area for 

tips; and (3) visiting multiple survey sites – by invitation from consenting property owners that 

submitted QLB sighting reports to USDA. Initial visited survey sites consisted of residental 

properties (n = 19), orchards (n = 3), and a farm (n = 1). Plot sizes and tree species densities among 

the survey sites were variable. Studies that examine taxa closely related to QLB (e.g. ALB; see 

Hulcr et al 2017) were ideal for method referencing, albeit not utilized due to: unnecessary 

protocols encompassing tree felling; sample collecting for laboratory processing; use of limited 

study sites; and or analytical tests incompatible for meeting current research objectives.  

Survey sheets were devised to record data throughout the study. Site-specific data was 

maintained for: (1) property names and types (e.g. house lot, orchard);  (2) survey dates (in 

international date format) and start-finish times (in military format); (3) global positioning system 

(GPS) coordinates (latitudinal, longitudinal) via Garmin GPSMAP® 64sx; (4) sky condition (i.e. 
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‘clear’, ‘partly cloudy’,  ‘overcast’, ‘mist or fog’, ‘light rain’, ‘heavy rain ’); and (7) name (first, 

last) of surveyor. 

The following data were recorded for each sampled woody plant species: (1) unique 

identification codes (e.g. lem1, fic2, ohi5); (2) genus-species taxonomy; (3) group count – number 

representation of individuals of (near-) equivalent size; (4) positive QLB infestation (i.e. ‘yes’, 

‘no’); (5) basal diameter (cm) of trunk / bole or main stem; (6) canopy width (m) of crown; and 

(7) ground-to-crown-apex height (m). Longitudinal-latitudinal GPS coordinates were recorded for 

plants confirmed infested with QLB (via Garmin GPSMAP® 64sx).  

 

2.2 Survey protocols 

Survey visits to properties located in Puna district were conducted from October 2020 to 

March 2021. Each site required only one survey visit, regardless of whether QLB infestations were 

confirmed present or absent. Signs of larval infestation damage should be visible year-round 

despite invasive range phenology of QLB not yet described. Vegetation sampling was restricted 

to immediate property areas; plants beyond site perimeters were not inspected. Because all infested 

and non-infested potential host trees were censused, random site point assignments were not 

necessary.  

All plant species that exhibit tree growth habit were sampled at each site, regardless of 

status as a known host. Shrubs, ferns, epiphytes, and small herbs were not sampled. Surveyors 

began each survey at site entrances and proceeded to work around property areas until completion. 

Property owners were instructed not to reveal locations of plants suspected of being infested with 

QLB. Completion time per survey averaged between 60 to 120 minutes. 
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2.3 Post-survey data collection 

GPS coordinate data of QLB-infested plants were used to derive additional topographical 

and climatological data, which in turn were applied toward creating basic distribution maps via 

Google Earth™. Figures were also prepared to examine potential correlations between climatic-

topographic factors and QLB infestations by plant species. 

 

a. Average Elevation (m) 

Elevation (m) data were obtained from individual site points (and averaged for each 

location) via The National Map (TNM) topographical visualizer, developed by USGS 

through the National Geospatial Program (NGP; United States Geological Survey 2021). 

Survey areas (represented by sites with QLB infestation: n = 20) exhibit average elevation 

in the following capacities: East Puna (Hawaiian Beaches; n = 1) – 109.81; Keaau (n = 11) 

– 95.18 m; Kurtistown (n = 3) – 266.43 m; Mountain View (n = 3)  – 282.65 m; Pāhoa (n 

= 2) – 170.86 m (United States Geological Survey 2021). 

 

b. Average annual air temperature (˚C) 

Annual air temperature (˚C) data were extracted for individual location points (and 

averaged for each location) via The Climate of Hawai'i interactive map, developed by the 

Geography Department of the University of Hawai'i at Manoa (Giambelluca et al 2014). A 

precise air temperature range could not be defined due to insufficient data available 

relevant for characterizing QLB invasive distribution from its natural distribution. Average 

air temperature between October to March months is received by survey areas (represented 

by sites with QLB infestation: n = 20) in the following quantities: East Puna (Hawaiian 
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Beaches; n = 1) – 21.40˚C; Keaau (n = 11) – 21.43˚C; Kurtistown (n = 3) – 20.19˚C; 

Mountain View (n = 3)  – 20.11˚C; Pāhoa (n = 2) – 20.93˚C (Giambelluca et al 2014). 

 

c. Average annual rainfall (mm) 

Annual rainfall (mm) data for the months of October to March were extracted for 

individual location points (and averaged for each location) via The Climate of Hawai'i 

interactive map, developed by the Geography Department of the University of Hawai'i at 

Manoa. Average rainfall between October to March months is received by survey areas 

(represented by sites with QLB infestation: n = 20) in the following quantities: East Puna 

(Hawaiian Beaches; n = 1) – 1756.20 mm; Keaau (n = 11) – 1865.93 mm; Kurtistown (n = 

3) – 2158.80 mm; Mountain View (n = 3)  – 2121.50 mm; Pāhoa (n = 2) – 1862.25 mm 

(Giambelluca et al 2014). 

 

2.4 Tree species sampled 

Statistical analyses were performed on data filtered to exclude plant species with less than 

15 individuals sampled; species with fewer than 5 sampled individuals infested with QLB; and 

sites lacking infested trees. The filtered data consist of kukui (A. moluccanus ; n = 34), breadfruit 

(A. altilis; n = 35), trumpet tree (C. obtusifolia; n = 85), citrus (Citrus spp.; n = 161), and cacao (T. 

cacao; n = 772 ; Appendices Table 3.1, 3.2). Plant species meeting filter criteria were designated 

as explanatory variables for QLB infestation analyses. 

 

  



 10 

a. Kukui (A. moluccanus) 

Kukui (also known as candlenut) is a Polynesian introduction from Malesia to 

Australia (approximate native range); it was established in variable densities as a core crop 

within lowland forests, across all main Hawaiian Islands excluding Kahoolawe (Wagner 

& Herbst 2005; Lincoln et al 2020). Kukui populations experienced state-wide declines 

(possibly beginning in 1820, a year of initial major restructuring of traditional Hawaiian 

society) that were attributed to a combination of competitive extirpation from mature 

forests and anthropogenic change to landscapes (Lincoln et al 2020). Kukui has been 

recognized as the official State tree of Hawai'i since 1959 (Hawai'i Department of 

Transportation 2011). Kukui is tolerant to drought and moderate salt spray and can grow 

under soil conditions with variable fertility. Traditional Hawaiian culture utilized kukui 

roots for making kapa dye and paint; wood for canoe crafting; fruit for consumption; and 

oil for candle illumination. Kukui is depicted as one of several plant avatars assumed by 

Hawaiian god Kamapua ’a (Hanapi 1996).  

Kukui is known to support infestations of invasive black twig borer (Xylosandrous 

compactus) in Hawai'i. Black twig borers tunnel into woody twigs but prefer to infest dead 

or dying trees (Hara & Niino-DuPonte 2015a). Kukui is also susceptible to magnolia white 

scale (Pseudaulacaspis cockerelli) which feed on leaf tissues (Hara & Niino-DuPonte 

2015b). 

Kukui is described as conforming to a spreading tree growth habit, capable of 

attaining a height measurement between 10 m to 20 m. Blade length typically ranges 

between 14 to 40 cm; petiole length typically between 10 to 16 cm. Blades exhibit pale 

green coloration (typical); variable shape (lanceolate, rhomboid, cordate, broadly ovate); 
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long acuminate apices and variably base shape (truncate, cordate, broadly cuneate). Fruits 

are subglobose and indehiscent, typically 50 to 60 mm in diameter. Seeds mildly toxic 

when raw; contain phorbol and saponin (Wagner & Herbst 2005). 

 

b. Breadfruit (A. altilis) 

Breadfruit (variety: ’Ulu) is a Polynesian introduction to Hawai'i from the Society 

Islands. Native distribution of breadfruit is situated among western Pacific regions, 

including Tahiti and Samoa (Elvitch et al 2014). Historically grown in vast groves and 

plantings throughout the Hawaiian Islands, breadfruit cultivation experienced declines 

during the 20th century due to societal shifts in food preference (Elvitch et al 2014). Utilized 

in traditional Hawaiian culture to various effect: as a source of nutrition; canoe caulk, 

topical medicine, and bird snare applicants from sap; canoe, surfboard, and temple drum 

crafts from trunk wood; and coarse bark cloth (kapa) derived from inner bark (Hanapi 

1996).   

Breadfruit grown in Hawai'i is susceptible to infestation by invasive xylem-feeding 

insects. Pest species include barnacle scale (Ceroplastes cirripediformis), coconut 

mealybug (Nipaecoccus nipae), coconut scale (Aspidiotus destructor), and spiraling 

whitefly (Aleurodicus disperses; Hara & Niino-DuPonte 2015b). 

Breadfruit is described as monoecious and conforming to a tree growth habit. 

Breadfruit grown in Hawai'i may attain heights up to 20 m. Canopies are dense and 

spreading, with branchlet thickness measuring between 5 to 15 mm. Blade length between 

30 to 90 cm, width between 20 to 40 cm; petiole length between 2.5 to 8 cm, width between 

3 to 7 cm. Blades are clustered at ends of branchlets; pinnatifid (usually) from half blade 
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width nearly to midrib; exhibit long acuminate apices and variably shaped bases (truncate, 

cordate, broadly cuminate. Fruits are slightly bumpy to spiny, broadly cylindrical to 

globose, and approximately 9 to 20 cm in diameter and 15 to 30 cm in length (Wagner & 

Herbst 2005). 

 

c. Trumpet tree (C. obtusifolia) 

Trumpet tree is a rapid-growing pioneer and weed tree, introduced to Panaewa 

Forest Reserve, Hawai'i as watershed cover. It is a post-Cook introduction from northern 

South America, Panama to Central America, and Belize to Mexico (Little & Skolmen 

2003). Forms mutual associations with ants among genus Azteca throughout native 

distribution (Marting et al 2018). In Costa Rica, introduced Xylosandrus morigerus (brown 

twig beetle; Curculionidae: Scolytinae) reportedly infests petioles of wild trumpet tree for 

breeding (Jordan & Kirkendall 1998). 

Trumpet tree is described as an evergreen plant that assumes a tree growth habit. 

Trumpet trees can grow up to 15 m tall, with trunks capable of attaining a growth diameter 

of 20 cm. Branches are few and hollow, with alternating large, long-stalked leaves that are 

umbrellalike. Blades rounded and between 25 to 51 cm in diameter, suspended by stalks 

reaching lengths of 15 to 40 cm. Fruits are dark brown achenes 1.5 mm in length (Little & 

Skolmen 2003). 

 

d. Citrus (Citrus spp.) 

Citrus is capable of growth in environments with compacted soil and frequent 

drought conditions. Utilized in commercial agriculture, as ornaments, and garden 
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landscaping. High sensitivity to pests and fungal, viral diseases. Represented by many 

species, such as grapefruit (C. paradisi), lemon (C. limon), and Mandarin oranges (C. 

reticulata; Gilman & Watson 1993). 

Hawai'i-grown citrus is susceptible to infestation by invasive black twig borer and citrus 

leaf miner (Phyllocnistis citrella; Hara & Niino-DuPonte 2015a), as well as invasive 

xylem-feeding citrus blackfly (Aleurocanthus woglumi; Heu & Nagamine 2001) and Asian 

citrus psyllid (Diaphorina citri; Conant et al 2009). 

Citrus is characterized as an evergreen plant that assumes a tree growth habit. Citrus 

height ranges between 4 m to 9 m tall; it may grow one or several trunks. Resistant to 

breakage; bark thin and prone to damage. Leaves are alternating and pinnate. Leaves are 

variable in type (simple or trifoliate), margins (crenate, serrulate), and shape (obovate, 

ovate). When trifolate, leaflets are 5 to 10 cm in length. Fruits are round with fleshy 

covering; ~7.6 to 15.2 cm in length, ~2.5 to 7.6 cm in length (Gilman & Watson 1993). 

 

d. Cacao (T. cacao) 

Cacao is an emerging commercial industry in Hawai'i that may help diversify the 

state’s agricultural market and promote job creation. Cacao was introduced to Hawai'i 

during the 1850s; it is native to the western and central Amazon basin. A lucrative, 

worldwide market exists for cacao that generates $75 million USD, annually. The raw 

material of cacao is harvested for consumption and manufacture of cosmetic and medicinal 

products (Hawai'i Twenty-Sixth Legislature 2012).  
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In Hawai'i, cacao is susceptible to leaf tissue consumption by Chinese rose beetle 

(Adoretus sinicus; Spafford et al 2016) and tissue infestation by black twig borer (Hara & 

Niino-DuPonte 2015a). 

Cacao is described as an evergreen plant that assumes tree growth habit. Cacao 

growth height ranges between 4 m to 9 m. It favors moist environments and tolerate shade. 

Wood tissues light and white in coloration, with brown and smooth bark. Leaves are simple 

and lanceolate with petioles; measure ~10 to 20 cm in length; and feature light to dark 

green coloration. Fruits are hard-shelled pods with variable firmness and coloration. Pods 

measure approximately 12 to 25 cm in length, 5 to 7.5 cm in width; contain 20 to 50 seeds 

that are coated in creamy pulp (Britz 2015). 

 

2.5 Data analyses 

a. Host tree species distribution 

Google Earth™ software was used to create spatial distribution maps for sampled 

infested kukui, breadfruit, trumpet tree, citrus, and cacao. Point markers were used to 

represent the latitudinal and longitudinal coordinates of sampled infested vegetation that 

were recorded for site surveying. 

 

b. Correlation assessment between host infestation and environmental factors 

Averages for elevation (m), annual air temperature (˚C), and annual rainfall (mm) 

data were calculated. These data were then applied to estimate their linear correlation with 

QLB infestation numbers in kukui, breadfruit, trumpet tree, citrus, and cacao. Surveyed 
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locations were grouped into neighborhoods for analysis (e.g. East Puna – Hawaiian 

Beaches, Keaau, Kurtistown, Mountain View, Pāhoa).  

 

c. Analysis of host preferences 

R version 4.0.3 was used to analyze survey data via a resource selection function 

design. Statistical design methods are adapted from Manley et al (2002), which is 

applicable to various ecological-biological field studies that require utilize measurement of 

food and habitat selection in animal populations. 

A mixed effects logistic regression model was applied to the filtered dataset to 

estimate host preferences. QLB infestation (0/1 for each surveyed tree) was the response 

variable (RV), and plant species (kukui, breadfruit, trumpet tree, citrus, or cacao) and two 

tree-specific measurement parameters (basal diameter, canopy width) were explanatory 

variables (EV). (Plant height, a third tree measurement variable, was not incorporated into 

the model due to significant correlation (r = 0.84) with canopy width.) Kukui was 

designated as a baseline intercept to compare preferences among plant host species. The 

mixed effects model included a site random effect for each sampled property to account 

for non-independence within a survey site. Post-hoc analysis was applied via multiple 

comparisons of means (Tukey contrasts) to test for significance of differences between 

each host species. The DHARMa (Residual Diagnostics for Hierarchical (Multi-Level / 

Mixed) Regression Models) package was utilized to generate model diagnostics. 
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CHAPTER 3. RESULTS 

3.1 Distribution of QLB infestations 

A total of 1,087 trees representing kukui (n = 34), breadfruit (n = 35), trumpet tree (n = 

85), citrus (n = 161), and cacao (n = 772) were sampled for QLB infestation across 20 sites between 

East Puna (Hawaiian Beaches; n = 1), Keaau (n = 11), Kurtistown (n = 3), Mountain View (n = 3), 

and Pāhoa (n = 2) survey areas in Puna District, Hawai'i Island, Hawai'i (Figure 1.1; Appendix – 

Table 3.1, 3.2), between the months of October 2020 to March 2021 (Google Earth 9.178.0.1 

2023). Among trees sampled were 216 individuals infested with QLB (mean: 2.91; minimum: 1; 

median: 1; maximum: 37); these hosts were observed in all visited sites and survey areas. QLB 

infestation rate among all sampled trees at site level was 19.8%. 

Thirty-four kukui trees were sampled across 9 sites among Keaau, Kurtistown, Mountain 

View, and Pahoa survey areas (Figure 1.2; Appendix – Table 3.1, 3.2; Google Earth 9.178.0.1 

2023). Of those sampled, 23 were infested with QLB (mean: 1.10; minimum: 1; median: 1; 

maximum: 2) across 7 sites in the four survey areas. The majority of infested kukui (n = 13) were 

confined to 3 residential properties in Hawaiian Paradise Park, Keaau. QLB infestation rate among 

sampled kukui at site level was 64.7%. 

Thirty-five breadfruit trees were sampled across 12 sites among Keaau, Kurtistown, 

Mountain View, and Pahoa survey areas (Figure 1.3; Appendix – Table 3.1, 3.2; Google Earth 

9.178.0.1 2023). Of those sampled, 8 were infested with QLB (mean: 1.00; minimum: 1; median: 

1; maximum: 1) across 4 sites among the survey areas excluding Mountain View. Half of total 

infested breadfruit (n = 4) were located on a private property in Kurtistown. QLB infestation rate 

among sampled breadfruit at site level was 22.9%. 
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Eighty-five trumpet trees were sampled across 13 sites among East Puna (Hawaiian 

Beaches), Keaau, Kurtistown, Mountain View, and Pahoa survey areas (Figure 1.4; Appendix – 

Table 3.1, 3.2; Google Earth 9.178.0.1 2023). Of those sampled, 14 were infested with QLB (mean: 

1.08; minimum: 1; median: 1; maximum: 2) across 9 sites in all survey. The majority of infested 

trumpet tree (n = 9) were confined to Keaau among 6 residential properties in Hawaiian Paradise 

Park. QLB infestation rate among sampled trumpet tree at site level was 16.5%. 

One-hundred sixty-one citrus trees were sampled across 18 sites among East Puna 

(Hawaiian Beaches), Keaau, Kurtistown, Mountain View, and Pahoa areas (Figure 1.5; 

Appendix – Table 3.1, 3.2; Google Earth 9.178.0.1 2023). Of those sampled, 19 were infested with 

QLB (mean: 1.0; minimum: 1; median: 1; maximum: 1) across 11 sites in all areas excluding East 

Puna (Hawaiian Beaches). The majority of infested citrus (n = 13) is confined to Keaau in 6 

residential properties. QLB infestation rate among sampled citrus at site level was 11.8%. 

Seven-hundred seventy-two cacao trees were sampled across 3 sites among Keaau, 

Kurtistown, and Pahoa survey areas (Figure 1.6; Appendix – Table 3.1, 3.2; Google Earth 

9.178.0.1 2023). Of those sampled, 152 were infested with QLB (mean: 10.86; minimum: 1; 

median: 6; maximum: 37) across all sampled sites among all. The majority of infested cacao (n = 

77) were confined to two orchards in Kurtistown. QLB infestation rate among sampled cacao at 

site level was 19.7%. 

 

3.2 Host selection preference of QLB 

Differences in mean QLB infestation were significant (Table 1): kukui trees were more 

preferred for host infestation than trumpet trees (estimate = -4.0264; SE = 0.7304; PR(>|Z|) = 

<0.001), citrus (estimate = -3.4059; SE = 0.5845; PR(>|Z|) = <0.001) and breadfruit (estimate = -
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2.7313; SE = 0.6614; PR(>|Z|) = <0.001). Cacao were also significantly preferred for host 

infestation by QLB over trumpet tree (estimate = 2.8896; SE = 0.6211; PR(>|Z|) = <0.001), citrus 

(estimate = 2.2690; SE = 0.4461; PR(>|Z|) = <0.001), and breadfruit (estimate = 1.5950; SE = 

0.5235; PR(>|Z|) = 0.0188). 

Differences in mean QLB infestation were not significant between sampled: (1) kukui and 

cacao; (2) breadfruit and trumpet tree; (3) breadfruit and citrus; and (4) trumpet tree and citrus 

(Table 1). 

 

3.3 Environmental correlations and QLB infestation  

Correlation analysis of QLB infestation among a summation of sampled infested kukui (n 

= 22), breadfruit (n = 8), trumpet tree (n = 14), citrus (n = 19), and cacao (n = 152; Table 2.1) did 

not find significant correlations between infestation level and mean elevation (m), mean annual 

temperature (˚C), and mean annual rainfall (mm), respectively. 

Correlation analyses of QLB infestation among sampled infested kukui trees (Table 2.2), 

trumpet trees (Table 2.4), and citrus trees (Table 2.5) did not confirm significant correlations 

between infestation level and mean elevation, mean annual temperature, and mean annual rainfall, 

respectively. 

Correlation analysis of QLB infestation among sampled infested breadfruit trees (Table 

2.3) did not indicate a significant correlation with mean annual temperature. However, a strong, 

positive, and significant correlation was observed between QLB infestation in breadfruit and mean 

elevation (t = 3.73; df = 3; p = 0.03; r = 0.91) and mean annual rainfall (t = 5.63; df = 3; p = 0.01; 

r = 0.96).  
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Correlation analysis of QLB infestation among sampled cacao trees (Table 2.6) did not 

indicate significant correlations with mean annual temperature and mean elevation. However, a 

significantly positive, strong correlation was observed between QLB infestation in cacao and mean 

annual rainfall (t = 3.18; df = 3; p = 0.05; r = 0.88). 
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CHAPTER 4. DISCUSSION 

4.1 Distribution of QLB infestation 

In the current study, distribution mapping of QLB presence in Puna District (Hawai'i 

County, Hawai'i; Google Earth 9.178.0.1 2023) did not confirm significant infestation distribution 

among surveyed kukui, breadfruit, trumpet tree, citrus, and cacao plants (Figure 1.1 – 1.6). Studies 

pertaining to spatial ecology may utilize distribution mapping protocols to identify significant 

relationships and movement trends in organism populations. Population distributions can be 

influenced by (but are not limited to) a combination of meteorologic, climatic, geographic, 

biological, and anthropogenic factors. Tools such as Species Distribution Models (SDM) can 

provide predictions into the habitat suitability of an invasive organism, as well as assist policy-

based decisions on management and eradication efforts against the target (Shatz et al 2013). Spatial 

heterogeneity research by Huang et al (2020) into ALB confirms incident rate of ALB in China 

(Great Plains, northern regions) to be significantly influenced by annual meteorological factors – 

precipitation, average temperature, average wind speed – and local endemic habitats.  Contrary to 

mapping protocols maintained in prior research publications, distribution mapping undertaken in 

this study is simplified and does not utilize complex algorithms or mapping programs such as Arc 

GIS. For purpose of conducting baseline assessment of the spatial appearance of the localized QLB 

population, the mapping protocols outlined in our methods suffice.  

Non-significant QLB distribution could be attributed to opportunism: QLB infests suitable 

hosts within proximity of their natal development sites. Host growth condition can also influence 

attraction behavior in insects that develop at oviposition sites. Larger hosts are believed to provide 

greater supportive capacity for larval development and protection against natural enemies. Hosts 

with reduced crown coverage may be interpreted as less capable of resisting infestation. Mating 
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and ovipositing emerald ash borer (EAB; Agrilus planipennis; Buprestidae) beetles exhibit 

significant preference to host plants with advanced or intermediate crown cover diminishment but 

lack significant preference for host trees with large breast-height diameter measurements (Jennings 

& Taylor 2014). 

Dispersal behavior among phytophagous boring beetles can be influenced by the 

physiological condition of their host plants. Host plants under biotic-abiotic stress metabolize and 

release chemical volatiles. Beetles searching for mating-oviposition sites are likely to travel in the 

direction of stress-induced kairomone emissions, as source medium may optimally support egg 

laying, in situ larval development, and adult foliar consumption. Species of Xylosandrus ambrosia 

beetles (Curculionidae: Scolytinae) tend to recruit larvae to host plants emitting phytochemical 

emissions, although visibly asymptomatic trees periodically can be attacked (Ranger et al 2021). 

Environmental factors including season and light availability can further modify quality of host 

kairomone composition, which may or may not impact host attraction. Chemoreception in ALB 

differentiates host volatiles from background scents through recognition of complex chemical 

blends specific to its corresponding host species (Xu & Teale 2021). 

Aggregation pheromones produced among boring beetles may also influence host 

searching behavior. Pheromones produced among longhorn beetle (Cerambycidae) subfamilies 

can be sexually selective and share chemical constituents. Known examples of Laminiiae and 

Cerambycinae pheromones attract both male and female sexes, are synthesized exclusively by the 

male sex, and contain fuscamol and fuscomol acetate. Pheromones associated with Lepturinae and 

Prioninae are female-produced, male-attractive, and contain 3-hydroxyhexan-2-ones and 2,3-

hexanediols. Pheromone attraction can synergize in the presence of host plant volatiles (observed 
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in Monochamus longhorn beetles; Laminiiae), although synergistic attraction to kairomone in the 

presence of pheromone may not always hold true (Collignon et al 2016). 

Chemical constituents responsible for QLB attraction in host volatiles are not known and 

warrant further chemical ecology research. If aggregation sex pheromone production mediates host 

finding behavior, Collignon et al (2019b) demonstrate that QLB are not attracted to blends of 

fuscamol, fuscamol acetate, monochamol, and geranyl acetone – compounds present in the male-

produced pheromones of related Laminiiae taxa. If QLB is similar to ALB (see Xu & Teale 2021), 

QLB host searching behavior may take time and involve a combination of indirect and complex 

flight or walk paths, reorientation stops, and trial-and-error host reorientation. Environments 

featuring high vegetation heterogeneity (as observed in private properties surveyed in this study) 

may further compound QLB travel and host searching. 

Much remains unknown and or unverified concerning QLB movement and host finding 

behavior. QLB is believed capable of infiltrating new areas via human-assisted introduction 

(larvae-infested materials) and hitchhiking (as adults; Matsunaga & Chun 2018).  Advancements 

in our understanding of QLB behaviors and life cycle will promote use of more sophisticated 

mapping protocols and tools in future studies. 

 

4.2 Host selection preferences of QLB 

Primary metabolic pathways utilized by plants can produce a variety of lipid and aromatic 

phytochemicals. Terpenoid compounds are a major group of lipids derived from isopentenyl 

diphosphate (IPP), a main terpene building block that is biosynthesized from the 

methylerythritophosphate (MEP) and mevalonic acid (MVA) pathways. Terpenes are categorized 

into groups based on the number of five-carbon units present, among those include monoterpenes 
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(10 carbons), diterpenes (20 carbons), and carotenoids (40 carbons). Of the approximately 30,000 

congeners presently described, certain terpenes attract, deter, or are toxic to insects (Cseke et al 

2006). Limonene, α- and β-pinene, β-caryophyllene, and camphene – examples of terpenoids – are 

host kairomone attractants of Asian longhorn beetle (Xu & Teale 2021). 

Phenols are a large classification of plant-derived aromatic compounds, all of which feature 

an aromatic ring with a bound hydroxyl (–OH) group. Simple phenols, flavonoids, and tannins are 

among several categories of phenolic compounds. Phenol metabolism may involve terpene 

conversion or biosynthesis pathways (e.g. shikimate, paolyketide). Some phenols (e.g. 

isoflavones) also exhibit insecticidal properties (Cseke et al 2006), although their effectiveness 

may vary. Emerald ash borer beetle adults are reported to detoxify and excrete phenolics in the 

frass of consumed ash (Fraxinus spp.; Oleaceae) leaves (Poland et al 2015). 

Terpenic and phenolic metabolite profiles and physiological accumulation in plants may 

vary between genera. Among known secondary metabolites produced in Kukui, megastigmanes 

and flavone derivatives are reported to accumulate in leaf tissues while diterpenes, triterpenes may 

occur in both leaves and branches or stem bark. Kukui heartwood is observed to contain coumarin 

and phorbol diester; stem chips accumulate moluccanin (Hakim et al 2022). In breadfruit, solvent 

extracts suggest phenolic anthaquinone to accumulate in leaves, while flavonoids, diterpenoids, 

and triterpenoids are stored in both bark and leaf tissues (Sivagnanasundaram & Karunanayake 

2015). In trumpet tree, analysis of leaf ethanol indicate accumulation of saponin, triterpenoid 

saponin, flavonoids, and miscellaneous phenolics in leaf tissues (Rivera-Mondragón et al 2019). 

Citrus species are known to accumulate saponins and phenolic acids in most tissues like roots, 

stems, and leaves, while fruit may demonstrate storage of courmarins, flavonoids, carotenoids, 

liminoids, and polyphenols (Ezeabara et al 2014; Chaudhari et al 2016; Mahato et al 2019). Cacao 
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bark and leaf tissues are reported to accumulate saponins and flavonoids, with bark additionally 

conferring tannin (Nwokonkwo & Okeke 2014; Parbuntari et al 2018). 

In the current study, QLB populations in Puna District (Hawai'i Island, Hawai'i) are 

reported to significantly prefer kukui and cacao, respectively, to trumpet tree, citrus, and breadfruit 

(Table 1). All analyzed host plant species exhibit a suite of phenols, terpenes, and other constituent 

chemical classes. QLB preference for kukui and cacao could be influenced by presence of 

phytochemical blend specific to those hosts that stand apart from less attractive or non-host 

emissions. Future research is needed to confirm whether pheromones may or may not significantly 

influence preferred host attraction in QLB. Feeding behavior in adult QLB remains unverified but 

may involve bark, petiole, or leaf consumption (Matsunaga & Chun 2018) – tissues which may 

express differently attractive chemical profiles.  

Micro- and macro-nutrient availability could also play a hand in variably influencing QLB 

host selection. Impaired to resistance to phloem-feeding hemipterans and chewing insects can 

result from deficiencies in nutrients such as Potassium (K; diminished starch, cellulose, protein 

synthesis). Excess Nitrogen (N) content may risk indirectly harming plant crops by promoting 

insect herbivore attraction, population density expansion, and reproductive success. Synthetic and 

or nitrogenous fertilizer treatments are known to incur significantly positive pest responses. 

Paradoxically, low levels of Nitrogen, amino acids, sucrose, etc. – i.e. general poor plant health – 

can in turn prove deleterious to insect herbivory. Other nutrient availability such as Phosphorous 

(P) may or may not significantly and positively influence pest proliferation (Shah 2017).  Soil or 

plant tissue analysis for nutrients could provide insights on the nutritional status of plants in 

surveyed areas. 
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One limitation on assessing QLB host species selection preference in the current study was 

the lack of available density data pertaining to relative plant species and cultivar abundances in 

Puna District, (Hawai'i Island, Hawai'i). 

 

4.3 Environmental correlations and QLB infestation 

Precipitation is a bioclimatic factor influential to tree physiology. During periods of ideal 

climate, trees utilize aerobic respiration in their roots and produce limited volatile phytochemicals. 

Trees subjected to excess precipitation events (e.g. flooding) may become stressed and more 

appealing to boring beetles via heightened kairomone production. Physiological stress from 

waterlogging queues overriding of aerobic respiration with anaerobic respiration. Endogenous 

pyruvate is converted into ethanol through anaerobic respiration, followed by subsequent 

accumulation of ethanol into leaf-stem tissues and its conversion into secondary metabolites (e.g. 

acetate, acetone, acetaldehyde). Black timber bark beetle (Xylosandrus germanus; Curculionidae: 

Scolytinae) in the United States is reported to target ornamental nursery trees stressed from (but 

possibly not limited to) flood exposure (Ranger et al 2013).  

Insufficient precipitation (or lack thereof) can also induce stress in trees. Drought 

conditions can negatively impact photosynthesis by inducing stomata limitation, which can result 

excess absorption of light energy. Overwhelming photosynthetic carbon fixation capabilities can 

lead to formation of radical oxygen species (e.g. O2
•-, H2O2) that in turn may impair synthesis of 

core protein D1, derived from Photosystem II. Loss of D1 protein is believed to accelerate 

photosynthesis diminishment. Calvin cycle fixation of CO2 can also be impaired under drought 

conditions and lead to equivalent disruption of D1 protein synthesis (Wang et al 2018).   
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Trees exposed to drought may sustain changes to starch, nitrogen, water, and carbohydrate 

content levels in tissues, as well as changes in volatile emission production. Metabolism of 

defensive compounds use to deter infestations may also become variably impaired. Callus 

formation may also be hindered during periods of drought (Sallé et al 2014). 

In the present study, a significantly strong, positive correlation between mean annual 

precipitation and QLB infestation levels was detected among breadfruit and cacao trees surveyed 

in Puna district, Hawai'i Island, Hawai'i (Table 2.3, 2.6). Environments conducive for breadfruit 

cultivation receive annual mean precipitation levels between 1,500 mm and 3,000 mm (Ragone 

2006), whereas cacao growth fares optimally in climates receiving annual mean precipitation 

levels between 1,250 mm and 3,000 mm (Janani et al 2019) In comparison, mean precipitation 

levels in Kurtistown, Pahoa, and Keaau are reported between 3,000 mm and 4,000 mm, annually 

(Giambelluca et al 2014). While the degree of influence precipitation has on QLB host finding 

behavior within invasive range cannot be characterized at present, flood-induced stress is likely 

not an issue for attacked host species during periods of mild to moderate storm activity. Soil and 

volcanic rock hydrology intrinsic to the Hawaiian Islands exhibits very high of permeability and 

infiltration rates, especially among younger volcanic rocks. (Peterson 1972). Surveys site locations 

in Puna district are established upon at least six different Puna basaltic lava flow deposits 

originating from Kilauea Volcano (Geologic Resources Inventory Team 2009) – drainage rate 

uniformity between the locations is possibly more or less equivalent. Drought-induced stress is 

likely not attributing to QLB attraction to breadfruit and cacao within the survey sites. 

Separately from precipitation, temperature and elevation can be impactful to boring beetle 

development and abundance. Higher climatic temperatures may promote cohabitation of an 

environment by multiple generations for a given insect species (Chinellato et al 2014). Rate of 



 27 

development time (from egg to adult) among Asian longhorn beetle populations in the United 

States is reported to slow down with decreasing temperature (with increasing latitude and 

increasing elevation described as functions of lower temperature; Kappel et al 2017). However, 

not all wood- and bark-boring beetles respond to temperature and elevation, equivalently. While 

the abundance of several species of aggressive wood boring beetles (e.g. Ips typographus, Hylastes 

cunicularius; Curculionidae, Scolytinae) associated with Norway spruce (Picea abies) respond 

positively to increasing temperature and elevation, the abundance of one aggressive species 

(Xyloterus lineatus) responds negatively to increasing temperature (Chinellato et al 2014). Higher 

temperatures can also influence success of boring beetle development and reproduction by 

constraining physiological processes in host trees, such as photosynthesis and growth (Kolb et al 

2019). 

The present study did not observe a significant correlation between mean annual 

temperature and QLB infestation levels among both summation and individual analysis of infested 

kukui, breadfruit, citrus, trumpet tree, and cacao (Figure 2.2 – 2.6). Lack of supporting temperature 

correlation may partly reflect slow (albeit non-inhibitory) dispersion of QLB from initial point of 

introduction. However, a significant positive, strong correlation was observed between mean 

elevation and QLB infestation levels among sampled breadfruit trees (Table 2.3). It is possible that 

elevation differences between sampling sites did not exhibit significant temperature variability. 

How average elevation may directly influence QLB infestation of breadfruit trees is unclear. 

Elevation-induced stress among sampled breadfruit, however, may not be problematic as sampled 

infested hosts were observed at elevations between 100 m and 250 m; breadfruit cultivation is 

viable at elevations between sea level (0 m) and 1,550 m (Ragone 2006). Mean annual precipitation 

may variably influence QLB infestation of breadfruit and cacao hosts. With QLB infestation 
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activity correlating with rising mean annual precipitation, breadfruit and cacao trees located at 

higher elevations may be subject to greater stress from excess water exposure. Stress attributed to 

flooding is not likely due to Hawaiian soil and volcanic rock hydrology exhibiting extremely high 

permeability and infiltration rate properties (Peterson 1972). 
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CHAPTER 5. CONCLUSION 

 Results of this study are preliminary, but nonetheless should contribute to the resolution 

of knowledge gaps pertaining to the biology, life cycle development, and behaviors of the QLB 

population of Puna District, Hawai'i County, Hawai'i, as well as aid further progress toward 

development of management protocols against the species. Significant distribution observations 

were not observed among the Puna district QLB population from October 2020 to March 2021. 

Movement behaviors may or may not be mediated by a combination of biotic, abiotic, 

anthropogenic, and opportunistic factors. Host selection behavior of surveyed QLB is significantly 

biased towards infestation of: (1) kukui over trumpet tree, citrus, and breadfruit; and (2) cacao over 

trumpet tree, citrus, and breadfruit. Knowledge of QLB host selection behavior could benefit from 

identification of significant constituent chemical attractants in host phytochemical blends. In 

addition, QLB infestation levels among cacao and breadfruit trees exhibit a significant, positive, 

and strong correlation with mean annual precipitation (mm).  Host trees exposed to high mean 

annual precipitation are possibly stressed from excessive water exposure and thus more attractive 

for infestation. Host stress attributed to flooding should not be an issue, given high permeability 

and infiltration rate of Hawaiian soils and volcanic rocks. Breadfruit tree infestation levels also 

correlated significantly, positively, and strongly with mean elevation (m). It is unclear how mean 

elevation may directly influence QLB activity.  

Future studies are encouraged to conduct 12-month field surveys to ensure complete 

seasonal phenology assessment of the Puna district QLB population. Sophisticated mapping and 

modeling tools, in conjunction with Puna district-specific plant species density and cultivar 

abundance data, would benefit follow-up assessment of the regional QLB population’s distribution 

and density profiles. Collecting data on finer scales (e.g. nutritional value and status of different 
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host species) could reveal additional statistically significant relationships between QLB infestation 

and preferred host species and environmental factors, respectively. Studies conducting future field 

surveys should consider potential impacts of site-variable plant species density and heterogeneity 

upon QLB host searching behavior.  
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FIGURES AND TABLES 

 

 
 

Figure 1.1. Distribution of sampled kukui (A. moluccanus), breadfruit (A. altilis), trumpet tree (C. 

obtusifolia), citrus (Citrus spp.), and cacao (T. cacao): a summation of all infested (n = 215) and 

non-infested (n = 872) trees in Puna District, Hawai'i Island, Hawai'i. Survey period: October 2020 

to March 2021. Blue square points represent survey sites featuring sampled non-infested trees; red 

triangular points represent survey sites featuring sampled infested trees; purple circular points 

represent survey sites featuring sampled non-infested and infested trees. Yellow boundary lines 

represent distribution areas of surveyed sites. 
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Figure 1.2. Distribution of sampled infested (n = 22) and non-infested (n = 12) kukui (A. 

moluccanus) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Blue 

square points represent survey sites featuring sampled non-infested trees; red triangular points 

represent survey sites featuring sampled infested trees; purple circular points represent survey sites 

featuring sampled non-infested and infested trees. Yellow boundary lines represent distribution 

areas of surveyed sites. 
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Figure 1.3. Distribution of sampled infested (n = 8) and non-infested (n = 27) breadfruit (A. altilis) 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Blue square points 

represent survey sites featuring sampled non-infested trees; red triangular points represent survey 

sites featuring sampled infested trees; purple circular points represent survey sites featuring 

sampled non-infested and infested trees. Yellow boundary lines represent distribution areas of 

surveyed sites. 
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Figure 1.4. Distribution of sampled infested (n = 14) and non-infested (n = 71) trumpet trees (C. 

obtusifolia) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Blue 

square points represent survey sites featuring sampled non-infested trees; red triangular points 

represent survey sites featuring sampled infested trees; purple circular points represent survey sites 

featuring sampled non-infested and infested trees. Yellow boundary lines represent distribution 

areas of surveyed sites. 
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Figure 1.5. Distribution of sampled infested (n = 19) and non-infested (n = 142) citrus (Citrus spp.) 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Blue square points 

represent survey sites featuring sampled non-infested trees; red triangular points represent survey 

sites featuring sampled infested trees; purple circular points represent survey sites featuring 

sampled non-infested and infested trees. Yellow boundary lines represent distribution areas of 

surveyed sites. 
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Figure 1.6. Distribution of sampled infested (n = 152) and non-infested (n = 620) cacao (T. cacao) 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Blue square points 

represent survey sites featuring sampled non-infested trees; red triangular points represent survey 

sites featuring sampled infested trees; purple circular points represent survey sites featuring 

sampled non-infested and infested trees. Yellow boundary lines represent distribution areas of 

surveyed sites. 
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Table 1. Multiple comparisons of Means: Tukey Contrasts (simultaneous tests for general linear 

hypotheses) between sampled infested kukui (A. moluccanus ; n = 22), breadfruit (A. altilis; n = 

8), trumpet tree (C. obtusifolia; n = 14), citrus (Citrus spp.; n = 19), and cacao (T. cacao; n = 152) 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Significance codes: 

0 ‘*** ’0.001 ‘** ’0.01  ‘* ’0.05 ‘. ’0.1  ’  ‘1. 

 

Coefficient Estimate 
Standard 

error 
Z value Pr(>|z|) Significance 

Breadfruit – kukui == 0 -2.7319 0.6614 -4.130 <0.001 *** 

trumpet tree – kukui == 0 -4.0264 0.7304 -5.513 <0.001 *** 

citrus – kukui == 0 -3.4059 0.5845 -5.827 <0.001 *** 

Cacao – Kukui == 0 -1.1368 0.5502 -2.066 0.2273  

trumpet tree – breadfruit == 0 -1.2946 0.6370 -2.032 0.2428  

citrus – Breadfruit == 0 -0.6740 0.5190 -1.299 0.6836  

Cacao – Breadfruit == 0 1.5950 0.5235 3.047 0.0188 * 

citrus – trumpet Tree == 0 0.6206 0.5460 1.137 0.7801  

cacao – Trumpet Tree == 0 2.8896 0.6211 4.652 <0.001 *** 

cacao – citrus == 0 2.2690 0.4461 5.087 <0.001 *** 
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Table 2.1. Pearson’s product-moment correlation between QLB infestation in sampled host trees 

– summation of infested kukui (A. moluccanus; n = 22), breadfruit (A. altilis; n = 8), trumpet tree 

(C. obtusifolia; n = 14), citrus (Citrus spp.; n = 19), cacao (T. cacao; n = 152) – and environmental 

factors (mean annual temperature; mean elevation; mean annual rainfall) in Puna District (Hawai'i 

Island, Hawai'i), from October 2020 to March 2021. Alternate hypothesis: true correlation is not 

equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 
Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 0.00 3 1.00 -0.88, 0.88 0.00 (weak) 

Mean elevation (m) -0.08 3 0.93 -0.89, 0.87 -0.05 (weak) 

Mean annual rainfall (mm) 0.50 3 0.65 -0.80, 0.93 0.28 (weak) 

 

 

Table 2.2. Pearson’s product-moment correlation between QLB infestation in sampled kukui (A. 

moluccanus; n = 22) hosts and environmental factors (mean annual temperature; mean elevation; 

mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021.  Alternate hypothesis: true correlation is not equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 
Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 1.06 3 0.37 -0.67, 0.96 0.52 (mid) 

Mean elevation (m) -0.17 3 0.88 -0.90, 0.86 -0.10 (weak) 

Mean annual rainfall (mm) 0.80 3 0.48 -0.73, 0.95 0.42 (mid) 

 

 

Table 2.3. Pearson’s product-moment correlation between QLB infestation in sampled breadfruit 

(A. altilis; n = 8) hosts and environmental factors (mean annual temperature; mean elevation; mean 

annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. 

Alternate hypothesis: true correlation is not equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 
Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 3.02 3 0.06 -0.06, 0.99 0.87 (strong) 

Mean elevation (m) 3.73 3 0.03 0.12, 0.99 0.91 (strong) 

Mean annual rainfall (mm) 5.63 3 0.01 0.47, 1.00 0.96 (strong) 
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Table 2.4. Pearson’s product-moment correlation between QLB infestation in sampled trumpet 

tree (C. obtusifolia; n = 14) hosts and environmental factors (mean annual temperature; mean 

elevation; mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to 

March 2021. Alternate hypothesis: true correlation is not equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 

Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 0.79 3 0.49 -0.74, 0.95 0.41 (mid) 

Mean elevation (m) 1.01 3 0.39 -0.68, 0.96 0.50 (mid) 

Mean annual rainfall (mm) 0.02 3 0.99 -0.88, 0.88 0.01 (weak) 

 

 

Table 2.5. Pearson’s product-moment correlation between QLB infestation in sampled citrus 

(Citrus spp.; n = 19) hosts and environmental factors (mean annual temperature; mean elevation; 

mean annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 

2021. Alternate hypothesis: true correlation is not equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 
Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 0.85 3 0.46 -0.72, 0.95 0.44 (mid) 

Mean elevation (m) -0.33 3 0.76 -0.92, 0.83 -0.19 (weak) 

Mean annual rainfall (mm) 0.63 3 0.57 -0.77, 0.94 0.34 (weak) 

 

 

Table 2.6. Pearson’s product-moment correlation between QLB infestation in sampled cacao (T. 

cacao; n = 152) hosts and environmental factors (mean annual temperature; mean elevation; mean 

annual rainfall) in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. 

Alternate hypothesis: true correlation is not equal to 0. 

 

 t df p-value 
95% Confidence 

Interval (%) 
Correlation 

Coefficient (r) 

Mean annual temperature (˚C) 2.44 3 0.09 -0.24, 0.99 0.82 (strong) 

Mean elevation (m) 2.64 3 0.08 -0.18, 0.99 0.84 (strong) 

Mean annual rainfall (mm) 3.18 3 0.05 -0.02, 0.99 0.88 (strong) 
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APPENDICES 

 

Appendix A. Number of tree species surveyed for QLB infestation in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) survey areas 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Data filtered to 

exclude survey sites without recorded QLB infestations. 
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Appendix A. Number of tree species surveyed for QLB infestation in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) survey areas 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Data filtered to 

exclude survey sites without recorded QLB infestations. 
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Appendix B. Number of QLB survey sites featuring sampled tree species in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) survey areas 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Data filtered to 

exclude survey sites without recorded QLB infestations. 
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Appendix B. Number of QLB survey sites featuring sampled tree species in East Puna (Hawaiian 

Beaches; EP), Keaau (KE), Kurtistown (KU), Mountain View (MV), and Pāhoa (PA) survey areas 

in Puna District (Hawai'i Island, Hawai'i), from October 2020 to March 2021. Data filtered to 

exclude survey sites without recorded QLB infestations. 
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