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ABSTRACT 

 

The wekiu bug (Nysius wekiuicola Ashlock and Gagné 1983) is a flightless carnivore 

endemic to the dormant Mauna Kea volcano, on the Big Island of Hawaii. Wekiu bugs only 

occur between 3,350m (11,500ft) and the summit at 4,205m (13,796ft) in an environment 

described as high alpine desert. Remarkably, the main nutrient input to the summit comes 

from aeolian deposition of arthropods blown in from lower elevations.  The wekiu bug‟s 

habitat is subject to dramatic temperature extremes, with daily fluctuations in their 

microhabitat caused by solar daytime heating and rapid evening cooling. The wekiu bug was, 

until fall 2011, a candidate for listing under the Endangered Species Act.  Detailed ecological 

data of the wekiu bug are necessary for informed management decisions.   

I briefly present an overview of insect conservation research and the field‟s current 

status in Hawaii as a primer to the research conducted for this dissertation.  I investigated 

unknown aspects of the wekiu bug‟s life history using life table experiments and degree day 

modeling, showing how the wekiu bug can develop in its harsh natural environment.  They 

have a low reproductive output in captivity, develop most quickly at 30-32°C, exhibit an 

intrinsic rate of increase (r) of 0.045 in field simulations, and require 622 degree days for one 

generation.  This developmental requirement is only achieved for a maximum of 8.5 hours of 

solar heating on Mauna Kea.  This lab-based study helped explain field observations and 

trapping patterns.  Also, using population genetic analyses of mtDNA haplotype diversity, I 

describe the potential impacts of habitat disturbance and ecosystem alteration in two distinct 

populations.  Finally, I investigated the evolution of the wekiu bug within the Nysius lineage 

using DNA sequence from 29 Nysius species. Its closest relatives are seed feeding Nysius, on 

Maui and Hawaii islands, and there is considerable taxonomic revision needed in the genus.  
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In the appendices of this dissertation, I present a pictorial key of the Hawaiian Nysius 

for identifying the Nysius in Hawaii, and I provide a summary of the technical reports of 

wekiu bug monitoring from 2005-2011, with maps for resource managers‟ use.   
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PREFACE. GENERAL INTRODUCTION AND DISSERTATION STRUCTURE 

 

A case for insect conservation is plainly needed throughout the world, as insects are a 

widely accepted yet mostly ignored integral part of all naturally functioning ecosystems of 

the world.  Often, as is the case for the focal species in the dissertation, a species centric view 

of conservation predominates.  As insects are the most numerous group of organisms on 

earth, with 8-10 million species currently estimated, it is an extremely daunting task to 

attempt comprehensive research into how a species should best be conservaed by human 

action, and how that action would serve to benefit an otherwise naturally functioning 

ecosystem.  There are many aspects to conducting species specific conservation research, and 

the necessary first step is of the most basic kind of life history information.  How does a 

given species survive and reproduce within its habitat?  The wekiu bug has been singled out 

as a single species worthy of a dedicated effort for its continued existence and protection in 

Hawaii, the most isolated set of islands on earth. 

 The following research and opinions presented in ths dissertation are an attempt to fill 

as many gaps into the basic life history and genetics of one species and some of its closest 

relatives to have a holistic view of the how and why this species could be protected from 

adverse human impacts.  Only by assessing the entire conservation landscape can effective 

management strategies be implemented.  My research presented here is not a complete 

reckoning of all the information needed to protect this species, that is likely an impossible 

task, but I hope that by showing a diverse cross section of research involving the life history, 

genetics, and current management of this rare species, Nysius wekiuicola, a more holistic 

view of species management can be affected. 
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CHAPTER 1. INSECT CONSERVATION STRATEGIES AND THEIR 

APPLICATION TO THE HAWAIIAN ARCHIPELAGO 

 

Introduction: 

Insect conservation has not been a priority of conservation biology. Until very 

recently, preserving and conserving rare insects has largely been viewed as an occasional 

byproduct of other foci of conservation, even though the essential role of insect biodiversity 

in functioning global ecosystems has been acknowledged (Stork 2007).  The following 

chapter reviews the major underpinnings of insect conservation theory in worldwide use and 

argues for insect conservation to be more broadly used to protect the natural resources and 

ecosystems in Hawaii.  Additionally, many insect biodiversity conservation assessment and 

monitoring tools are available for use in Hawaii, yet they have not been tested or applied.  

The basic suggestions for preserving diversity and associated ecological functioning using 

insect conservation theory are sound, but the scale and types of insect diversity seen in 

Hawaiian Island reserves and ecosystems does need a special focus to apply these 

conservation goals effectively.  Finally, a specific example of how insect conservation can 

and could be applied to an already protected series of Hawaiian Islands, Papahanaumokuakea 

Marine National Monument (PMNM), is detailed. 

Insect Conservation Theory: 

The threats human pose to plants and animals can be direct and easily observed, as is 

the case when humans indiscriminately slaughter wildlife for food, plow under intact forests, 

or collect as trophies.  These types of actions, when publicized, lead to vocal outcries and 

nearly instantaneous efforts to conserve species affected.  Public outcry often provides the 

momentum for initiating a conservation program for a particular species, and it has been used 

extensively to protect the relatively few species on the Endangered Species List.  However, it 

is much more likely that the impacts leading to declines in species numbers and diversity are 

more subtle and considerably more complex than direct mortality resulting from human 

actions.  There are innumerable human mediated causes of the global loss of biodiversity 

(Perrow and Davy 2002).  These indirect or inconspicuous anthropogenic effects are 

deleterious to the charismatic and gregarious animals and large showy plants previously 
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mentions, but, equally important, the indirect effects influence the nearly unseen masses of 

insect biodiversity of which most people do not take notice. 

Another way that conservation advocates gain public support is by trumpeting the 

ecosystem services of species, yet insects are rarely included in that campaign.  While there 

is more acceptance among scientists that insects as the majority of biodiversity in most 

terrestrial ecosystems merit protection in and of themselves, the public still widely considers 

insects are non-players and/or pests in the environment (Samways 2007, Perrow and Davy 

2002).  This disconnect between perceived and actual ecological importance is predominately 

caused by the acceptance and encouragement of killing insects in the home and in most 

environments frequented by the general public (New 1984).  If there needs to be a perception 

shift toward a more accepting view of insects as part of the natural world that deserves 

conservation attention for their survival, how can that be attained? 

Conservation of specific species is the most visible way that general conservation 

biology has been implemented. To that end, there has been a great importance placed on the 

species level as the conservation unit, and on the initial assessments of species and species 

assemblages found in any given location so their conservation priority can be judged.  

Assuming that scientists and naturalists are doing these assessments, so the „insect is always 

a pest‟ dynamic should not enter into decision making, why are insects not coming to the 

forefront of species centered lists?  They are certainly being encountered and are just as 

threatened.  The problem with adding insects to individual species focused lists to enhance 

their protection lies in their incredible diversity (Samways 2007).  New (1999) points out that 

if conservation efforts focused on individual insect species assessments, even under the most 

stringent of protection guidelines, there would be too many species worthy of special 

protection.  This would essentially paralyze the species-centric conservation system by 

rendering it impossible to allocate resources to protect and evaluate each individual species.  

Paradoxically, the immense diversity of insects is the very reason they are underrepresented 

in every conservation measure.  When only 10% ~5-10 million insect species have scientific 

names, and at least 500,000 species of insects estimated to go extinct in the next 300 years 

worldwide (McKinney 1999), it is impossible for anyone working in conservation biology to 

protect them individually (Samways 2007).  Protections endowed by the Endangered Species 

Act in the United States, IUCN Red List, and similar programs would become unmanageable 
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if the true numbers of species in need of conservation and preservation were accounted for 

(IUCN 2002, Samways 2007).  Not only are insects the most numerically threatened and 

underrepresented group in conservation, they are central to innumerable ecosystem functions 

(Eisenhauer et al. 2011).  This highlights the need for conservation but not the mechanism to 

evaluate insects and protect them.   

Because of the linkages between insects and the rest of the natural landscape, there is 

now a more concerted effort to bring insects to the forefront of conservation by avoiding the 

relegation of insect conservation only to brightly colored butterflies or to groups championed 

by a particularly strong willed entomologist.  This inclusive push is found in large scale 

insect and invertebrate conservation plans like the recently created European Strategy for the 

Conservation of Invertebrates (Haslett 2007). 

There is growing evidence that instead of strictly evaluating the species level 

diversity of all insects and then assessing the threats to each one, as is done with most 

vertebrates and plants listed under the ESA, proxy insects or groups can be used to assess the 

conservation status of an area (Basset et al. 2007, Samways 2007).  These proxy groups are 

not only used as „stand-ins‟ for other insect groups, but as a metric for overall biodiversity, 

and hence, conservation.  Insect alpha diversity in an area is always more diverse than plants 

or vertebrates, and because of the many trophic level and guild connections to plant and 

vertebrates insects have in an environment, they are a great metric for total ecosystem 

conservation.  As and example, butterflies have become a group of insects that have been 

often used in these biodiversity estimates for other insects, and for good reasons (Brown 

1997).  Butterfly adults are often readily observable during the day, they garner the public‟s 

sympathy and attention, they are diverse in many ecosystems, and their larvae are generalist 

and specialist plant and wood feeders, thus affording them a multitude of functional roles in 

their environment, thus indicative of total ecosystem diversity and function (New 1984, 

Pullin 1995, Thomas 2005).  By using relevant proxies and surrogates for insect diversity, of 

which butterflies are a visible and proven example, not only are insect numbers, diversity, 

and endemism estimated, so are the rest of the ecosystem components (Lewis and Senior 

2011).  Other insect proxy groups can demonstrate the same index of the ecosystem status, 

and may better than butterflies in some regards. 
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The Convention on Biological Diversity (Secretariat of the Convention on Biological 

Diversity 2003) has created a push toward general biodiversity conservation, by urging „a 

significant reduction of the current rate of biodiversity loss at the global, regional and 

national levels‟ with an attempt at creating measurable goals of biodiversity loss by 2010.  

General insect biodiversity conservation rather than species specific conservation is proposed 

as a manageable way to ensure the survival of rare insects, even without specifically looking 

for them, as individual rare species assessments are an entirely unmanageable task (Lewis 

and Senior 2011, New 1999).  The goal of slowing the current rate of biodiversity loss is not 

to preserve individual rare species, but to conserve the innumerable unique aspects of 

landscapes throughout the world.  To that end, there are many types of protocols for rapid 

biodiversity assessments available, and software to analyze species accumulation curves 

using surrogates and general diversity (Colwell 2005).  Insect diversity assessments are 

extremely slow, and even impossible, when absolute species lists are proposed as the metric 

of diversity and the measure of conservation management actions to preserve or restore 

diversity.  Instead of exhaustive insects species lists, it was initially proposed, and supported 

in a number of cases, that certain proxy species or umbrella species of vertebrates or plants 

could be used instead of attempting the nearly impossible task of a full insect species level 

analysis of any given region (Samways 2007, Samways 2005).  Plant and vertebrate proxies 

appear to be a weaker way to conserve a functioning ecosystem than to use insects as that 

proxy, as insect species richness and ecological guilds of insects are not always scaled to or 

dependent on plants or vertebrates found in the same area (Thomas 2005).  The reasons are 

tied to insect diversity itself, and the evolutionary mechanisms that led to speciation.  Insects 

have an incredible propensity for specialist behavior which leads to accessory guilds of 

insects also becoming specialists in a given region or on a specific resource, and this leads to 

co-extinctions that exacerbate and magnify biodiversity decreases at plant and vertebrate 

levels (Dunn 2005).  In this way, it is acknowledged that insect diversity is related to plant 

diversity, as some biodiversity proxies have shown, but there is often a disconnect between 

plant diversity metrics and insect diversity metrics at the species level.  Perhaps the problem 

lies with the metrics themselves as Thomas (2005) showed.  It is still not completely 

understood what level of plant diversity insect diversity requires for vastly more 

interconnected insect guilds to evolve.  So, plant specialist insects and their co-evolved insect 
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predators, parasitoids, and hyper-parasitoids will certainly be connected to metrics of plant 

diversity, but the accessory guilds of generalists may not be immediately resolved in plant 

diversity proxies.  Generalist plant feeding insects and generalist predators play a role in 

regulating all the interactions between insects and their environments, and this may be 

another reason why plant or vertebrate diversity metrics are not necessarily good predictors 

of insect diversity (Thomas 2005).  As little as a 5-10% change in the insect species making 

up an ecosystem the ecosystem will completely alter the ecosystem itself (Samways 2007).  

Therefore, diversity in insects reflects and demonstrates the diversity and function of an 

entire natural ecosystem (Samways 2005, Thomas 2005). 

Habitat protection is a practical component of insect conservation that most obviously 

departs from a specific species level of conservation.  Insect biodiversity conservation is 

monitored, by necessity and design, at a connected (in time and space) landscape scale 

(Samways 2007).  Many insects have very rapid population growth, and very high extinction 

rates in fragmented habitats (Hanski 1999).  The best way to conserve insect species and 

populations, individually, is to protect as many intact and connected undisturbed habitats.  

Yet, oddly enough, many rare and elusive insects are protected quite well in very small 

ranges that are already protected by other means, most often due to remoteness and 

inaccessibility (New 2009).  Many insects have evolved at a very small scale, and a majority 

of insect species may not have ranges any larger than 2 hectares (Thomas 2005).  Because 

many rare insects do have small total ranges already protected in larger reserves, habitat 

fragmentation effects may be rarer and thus have less realized impact on their extinction 

risks.  But again, protecting individual rare insects is not a good model for insect 

conservation as it would overwhelm metrics and plans focused on them.  General insect 

diversity conservation is well served by larger landscape scale protection, by both protecting 

rare insects with small ranges, and allowing for the migration and establishment of more 

broadly distributed species.  Since rare insects are often minimally distributed, using 

individual insect rarity does not afford broader insect diversity protection.  

The real problem in general insect conservation, is ensuring the connected ranges for 

migrating and rapidly expanding and contracting species remains intact, otherwise regional 

extinctions will be accelerated (Hanski 1999).  Land reserves designed for conserving plants 

or vertebrates without addressing the needs of insects exhibit one typical problem.  In these 
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types of reserves, conservation biology focuses too much on eliminating natural disturbances, 

and even managing insect outbreaks in land reserves.  Human intervention into natural 

processes, like fire, grazing, flooding, and insect caused plant defoliation outbreaks in 

defined reserves may drastically affect insect diversity and thus landscape structure.  The 

scale of disturbance events from a human perspective for insects can be small (a bird 

carcass), medium (a tree fall in a closed forest canopy), or large (regular patchy fires in plains 

ecosystems).  What is known and must not be ignored for insect conservation is that the 

creation or restoration of habitat for vertebrates or plants rarely allows the full component of 

insect diversity to return, and the lack of disturbance events may be one component (Perrow 

and Davy 2002, Samways 2005, 2007).  Protecting quality habitat patches and connectivity 

between protected areas passively and actively is of foremost importance in insect 

conservation (Hanski et al. 2010).  In plant and vertebrate conservation, restoration and 

relocation is seen as a viable option and goal in itself, but it is much less important in insects.  

Ultimately, insect diversity rarely returns to restored habitats focused on vertebrate or plant 

conservation, and the long-term sustainability of these managed systems may be at stake. 

The major underpinnings of the modern consensus in insect conservation are different 

from what is commonly viewed as conservation by the general public, and even some 

workers in plants and vertebrate conservation.  As previously mentioned, the most striking 

difference is a directive to not focus on assessing the conservation needs of individual insect 

species.  Insect conservation is better served with biodiversity assessments and protection, 

not using scant conservation resources to assess the threats to every potentially imperiled 

insect.  The next major tenet of insect conservation involves assessing insect diversity as it 

relates to all biodiversity.  When conservation programs require biodiversity metrics to prove 

conservation need or effectiveness of conservation action, insects are often ignored because 

their incredible diversity is difficult to assess.  But, more effort applied to properly measuring 

insect diversity (by proxies, higher level to lower level taxa correlations, etc.), may actually 

lead to a more robust method for overall biodiversity assessment.  Insects are major 

ecosystem process mediators and ecosystem engineers, and these are tied to diversity.  The 

designation of land reserves for insect conservation should follow general conservation 

guidelines of maintaining and creating migration corridors for insect population growth and 

movement, and these corridors may not necessarily be the same types needed for vertebrate 
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migration or plant establishment and pollination.  Also, if occasional individual rare insects 

become a conservation concern, very small areas of intact habitat may be effective to 

preserve the species.  When creating reserves or restoring habitat, it is more likely that high 

insect biodiversity will not re-establish in restored areas coinciding with plant restoration 

efforts.  Therefore, it is more important in insect conservation to protect existing insect 

habitat, and insect conservation programs should not prioritize restoration as it may not be 

effective.  In sum, existing high insect biodiversity in a landscape is the best way to ensure 

continued high insect diversity and ecosystem function.  Since insect diversity is correlated to 

and plays important roles creating and maintaining plant, vertebrate, and habitat diversity in a 

given area, this diversity should have ways to be comparatively assessed for conservation 

needs and outcomes.  The roles insects play in an ecosystem may need to be publicized more 

in the conservation community, and the general insect diversity assessment tools and 

methodologies may need to be specifically refined for efficient use in specific areas. 

Insect Conservation in Hawaii: 

In Hawaii, where rates of plant and animal endemism is among the highest in the 

world, conservation biology has focused very little on the threats to insects, the roles insects 

can play in protecting the habitat of non-insect species by proxy or directly, or the cascading 

ecosystem degradation effects that are suffered when insects are overlooked.  There are many 

reserves in the Main Hawaiian Islands that may be affording insects a variety of protections, 

yet insects are not the focus of any of these reserves. Monitoring and protecting the terrestrial 

island fauna has been focused on the preservation of birds and plants through reserves and 

restoration projects, while conservation efforts directed at the diverse insects endemic to the 

Hawaiian islands has received scant attention, except for a few notable rare and unique 

species such as the endangered picture-wing Drosophila flies, Megalagrion damselflies, 

Manduca sphinx moth, and the wekiu bug, Nysius wekiuicola (Eiben and Rubinoff 2010).  

Invertebrates need to be included in the conservation plans for Hawaii for their own merits as 

unique species worthy of protection, but also as a more reliable and holistic way to protect 

the long term viability of the more visible denizens of these islands.   

Hawaii is unique due to its distance from all other land masses, its recent, complex 

geology and its climate.  The diversity of ecosystems in such a small area created by the 

topography of the high islands has led to unprecedented evolutionary radiations in many 
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groups (Price and Clague 2002, Cowie and Holland 2008).  The diversity of endemic insect 

species on the Hawaiian Islands was estimated at around 6,000-8,000 species (Stone and 

Scott 1984) and a more recent count said 5,246 endemic insects are currently described 

(Eldredge and Miller 1996).  These species evolved from only ~300-400 initial colonizing 

lineages and are not divided equally among insect groups.  There are entire families and even 

orders of insects that are not represented in the native fauna that are well represented in most 

regions of the world, such as ants (Formicidae) and leaf footed bugs (Coreidae).  Also, the 

species composition within groups that have successfully colonized Hawaii is often highly 

disharmonic compared to the world‟s insect fauna. For instance, there are only two endemic 

butterflies, but 800 species of pomace flies (Kay 1994).    

The pattern of insect species diversity found in Hawaii creates unique problems for 

conservation biology in these islands.  As stated previously, there is now a consensus that 

surrogate insect species can be used to model general insect diversity; however the group of 

insects most often used in other regions is butterflies (Thomas 2005).  In Hawaii, the use of 

butterflies as a biodiversity metric is far from ideal, since Hawaii is a notable exception of 

butterflies being a diverse and easily observable group, with only two endemic species.  

Different families of insects have been described as relevant proxies in many guilds, groups, 

and places (Thomas 2005), but relevant proxy groups in Hawaii has not yet been tested.  The 

theoretical underpinnings of species accumulation curves that assume diversity ratios across 

species, genera, and families may not hold true in these isolated islands with relatively few 

founding lineages.  In native ecosystems in Hawaii a general species diversity inventory at 

the family level may not be easily extrapolated to an overall species accumulation curve as 

found typically in tropical climates (Samways 2005).   

There is another key difference between insect conservation in Hawaii and 

recommendations for continental biodiversity protection and this may be more directly 

beneficial to preserving endemic biodiversity.  The scale and connected habitat schemes 

called for in Samways‟ synthesis of insect conservation (2007) may actually hinder 

conservation in Hawaii in many cases.  Samways (2007) calls for increased human-mediated 

linkages between conserved lands.  Because of the reduced physical scale and topographical 

complexity in Hawaii, one valley may have a completely different component of fauna than 

the next valley, so increasing linkages between protected systems may not necessarily be 
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beneficial to Hawaii.  Insect endemism by valley is apparent in many insect groups 

(Zimmerman 1948) and the barriers giving rise to this endemism may need to be protected.  

The practical side to limiting connectedness between protected habitats is another pressing 

issue in Hawaii that is not as problematic in other regions of the world.  Invasive species 

progression and encroachment in native intact Hawaiian ecosystems must be halted if the 

current ecosystems are to be preserved (Krushelnycky and Gillespie 2008).  The 

consequences of climate change in Hawaii may also require the reserves established already 

to be planned for increased movement of plant and insect species to higher elevations to 

maintain mesic and cloud forest ecosystems.  Current insect diversity will be more likely to 

move with continuous migration routes connected to existing habitat, so establishing new 

forests far above current cloud or mesic forests may not succeed in bringing the currently 

associated insects at some future time when climate alters their current distribution.  Having 

the avenue available for insect movement is more likely to work than physically attempting 

to translocate the diversity of insects found.  Human created linkages between protected areas 

will allow invasive species to spread more rapidly, hence degrading the intact systems insects 

require more quickly (Stone and Scott 1984).  These invasive species often displace native 

plant species, change microhabitats, and make additional invasive species more likely to 

establish.  Another boon for Hawaiian insect conservation is that the minimum sizes of 

reserves in continental systems need not be emulated.  Natural species distributions are likely 

smaller, and consequently less land need be set aside.  Essentially the scale of reserves 

should be modeled after Hawaiian ecosystems, themselves being more diverse and stratified 

in smaller acreages than continental systems. 

Insect Conservation on the Northwestern Hawaiian Islands: 

The creation of a National Monument in the Northwestern Hawaiian Islands in 2006 

(Papahanaumokuakea Marine National Monument, PMNM) assured that this resource will be 

preserved indefinitely in its current state.  This protection means that no disturbance for any 

material gain is allowed on the land or seas within the Monument.  There are many 

components for tracking and assessing the conservation actions and implications of these 

remote islands, yet insects as both a metric and purpose of the protected status is not a 

highlighted priority.  Just like in all terrestrial ecosystems, insects comprise the bulk of the 

biodiversity of these islands (Kay 1994, Evenhuis and Eldredge 2004).  The insect 
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components of these island ecosystems have been scantily explored in a few collection 

events (Beardsley 1966, Conant 1983, Eiben 2007 pers. data), and there is no insect 

conservation strategy for the Monument. These island reserves are extremely special cases, 

where the recommendations of general insect conservation may be unnecessary or harmful.   

Protecting existing habitat is the most important step to conserving insects.  Since that 

important step is already in place in this case, is there any need to give any more attention to 

insect conservation on these islands?  Even though land protection is guaranteed insect 

conservation has still not been adequately addressed.  These islands are extremely small land 

masses, and linking these remote atolls and rocky islands for insect migration can certainly 

lead to vast changes in the faunal components unique to each island.  The unique 

entomological aspects of the all the NWHI can be illustrated with an example focusing on a 

subset of three islands (Nihoa, Necker, and Laysan).   

Protecting habitat with high insect diversity is the best practical approach primarily 

because the taxonomic diversity of insects generally impedes species-specific insect 

conservation research and practice (Samways 2005).  The PMNM is one case where it is 

possible that insect diversity might be completely catalogued, as the islands are small, 

isolated, and relatively species depauperate when compared to insect diversity in the Main 

Hawaiian Islands, and continental systems.  The total number of species occurring on the 

NWHI was tallied at 451 in 1994, with that number going up every time the entomological 

fauna was surveyed and identified.  Currently on Nihoa island only, there are 95 native 

insects and 87 introduced insect species, with ~40% more insect species being found during 

the only major sampling events that were nearly 40 years apart (Beardsley 1966, Conant 

1983, Evenhuis and Eldredge 2004).  This increasing number is due to new endemic 

discoveries and descriptions, as well as new records of invasive species.  Also, any potential 

species turnover or replacement has not been addressed, as species lists are by and large, 

cumulative.  A few hundred to a thousand species is a manageable number of insects to 

inventory, especially compared to the many tens of thousands that can be found in tropical 

continental systems.  

A species inventory can be used for insect conservation in many ways.  Of primary 

importance to the conservation of endemic insects on the NWHI is the prevention of 

introduction of new insects that may predate on, displace, out compete, or simply alter the 
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ecosystem enough to destroy the native fauna component.  A record of the instances of 

introduction, and the relative increases, decreases, and potential introduced species 

replacement and turnover can create a view of the true threats and invasiveness of new 

species introductions.  This can prompt better quarantine methods, or track from where 

invasions originated from to even prosecute trespassers.  New insect arrivals can spell 

disaster for the other plants and animals on the island, most of which are endangered.  The 

grasshopper, Schistocerca nitens, was detected on Nihoa in 1977 and had a population 

explosion in 2004 and 2006.  This led to an alarm that the endangered insectivorous 

Millerbird (Acrocephalus familiaris kingi), the many species of endangered plants, and 

insects that depend on these plants would suffer from a changed ecosystem caused by 

extreme defoliation of plants by the grasshopper (Lockwood and Latchininsky 2008).  

Regular monitoring of the total insect fauna in the PMNM will create the baseline framework 

through which changes in the ecosystem can be filtered, but this has not yet been initiated 

systematically.   

Another instance in which insect conservation theory can lend credence to the 

management of a non-insect species is the current effort to relocate the Millerbird to Laysan 

Island (MacDonald 2009 pers com).  There was a subspecies of Millerbird on Laysan Island 

which is now extinct, and as an insectivore it is assumed that the Nihoa Millerbird could be 

translocated to Laysan again, if the insect prey is still there. The innate value of rare endemic 

insects was taken into account when Necker was considered as a relocation site for the 

Millerbird (Conant 1983), but may not be a priority in the current plan for Laysan Island.  

The consumption of endemic insects was certainly part of the original ecosystem, but with 

the new batch of introduced insect fauna, there is no way to predict how these original insects 

will survive the re-introduction of this subspecies of Millerbird with the possible added 

pressure of a different insect fauna component.  The ecosystem has undoubtedly been altered, 

and the re-introduction of an insect predator bird could have unknown effects on the current 

insect faunal components, and how they regulate plant growth, reproduction, and phenology.   

The ecosystems of the NWHI are depauperate in species when compared to large land 

masses, and the endemic plants, vertebrates and invertebrates that still exist are adapted to the 

conditions through millions of years of evolution and dispersal (Evenhuis and Eldridge 

2004).  The endemic insect fauna is adapted to the seasonal cycles of rain and plant growth, 
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maintaining their populations through aeons of time.  Introduced insects may thrive 

momentarily in outbreaks, however, and these introduced insects may be less likely to be 

adapted to long term population duration in the conditions specific to the NWHI.  They may 

be not specifically adapted to coexisting with the current complement of endemic insects.  As 

Samways stated in 2007, as little as 5-10% change in insect fauna can lead to drastic 

ecosystem changes.  This needs to be considered in the NWHI when the available habitat is 

so small, and any changes in the ecosystem will be rapid and permanent, as there is no 

backup reserve for each island.   

This previous example of how using insect specific knowledge to refine and address 

conservation goals again illustrates how general insects should be a part of conservation 

efforts that should be addressed, and even the general guidelines do not apply to all locations 

and situations equally well.  The strength of any research or management actions applying 

general theory to guide conservation programs can be lost if the guideline‟s assumptions are 

not understood.  In this case, it is readily apparent that general insect conservation theory is a 

practical trade-off necessitated by an unmanageable level of diversity.  When the insect 

diversity can be catalogued, then the practical considerations recommended for general insect 

conservation and ecosystem monitoring using insects as metrics can be critically assessed 

and discarded if they no longer apply.  

Conclusion: 

Insect conservation strategy, theory, and application is still an overlooked aspect of 

conservation and management of natural systems, and should not be an isolated discipline 

grasping for traction in conservation biology.  It has much to offer and can specifically 

increase the long term sustainability of all natural resources when it is included in resource 

planning. Arguably, insects are the taxonomic unit by which the success of many 

conservation plans should be judged, because ecosystem function and other species 

persistence are so tied to and reliant on them.  There are essential links from specialists and 

generalists between plants, animals, and ecosystems, yet insects as a defining mediator 

between these systems are often overlooked.  Ecosystem stability suffers with the alteration 

of insect species components, and there are now many new examples of a synthesis of 

knowledge catered to insect conservation brought on by workers such as New (1999, 2009), 

Thomas (2005), and Samways (2005, 2007), to name a few.  This knowledge may need 
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refining and more testing in certain places like the Main and Northwest Hawaiian Islands, but 

to ignore insects in conservation will lead to many failures in conservation goals.  When 

insects are protected at their full diversity in a region, they allow for redundancy of trophic 

processes and foster continuing ecosystem function at the smallest level, which is necessary 

to preserve the global ecosystem into the future in a form that can be recognized and 

predicted.  
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CHAPTER 2. LIFE HISTORY AND CAPTIVE REARING OF THE WEKIU BUG 

(NYSIUS WEKIUICOLA, LYGAEIDAE), AN ALPINE CARNIVORE ENDEMIC TO 

THE MAUNA KEA VOLCANO OF HAWAII 

Published: Eiben, J. and Rubinoff, D. (2010) Life history and captive rearing of the wekiu 

bug (Nysius wekiuicola, Lygaeidae), an alpine carnivore endemic to the Mauna Kea volcano 

of Hawaii. Journal of Insect Conservation, 14(6): 701-709(9) 

 

Abstract: 

The hemipteran family Lygaeidae contains species that are overwhelmingly plant and 

seed feeders. The wekiu bug, Nysius wekiuicola, a candidate endangered species endemic to 

the summit of the 4,205m volcano, Mauna Kea, and the closely related A‟A bug, Nysius aa, 

are the only obligate carnivore scavengers of the family. Despite its unique diet, remarkable 

ecology, and high profile due to conservation concerns, there is still little known about the 

wekiu bug. I present the first detailed observations and descriptions of the wekiu bug, 

including a complete life history. The wekiu bug lays eggs singly or in small loose clutches, 

matures after five nymphal instars, and can survive and reproduce at constant temperatures 

never found in its natural habitat. My results clearly demonstrate the importance of 

behaviour, rather than pure physiological adaption, in an insect‟s persistence in a harsh 

environment. The wekiu bug‟s shift to carnivory from a suite of herbivorous congeners is a 

remarkable adaptive shift in an aoelian system bereft of vascular plants. Finally, I relate the 

specialized life history of the wekiu bug to its conservation on the arid, frigid summit of the 

Mauna Kea volcano. This unique habitat is increasingly impacted by tourism and telescope 

facilities. 
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Introduction: 

The wekiu bug, Nysius wekiuicola Ashlock and Gagné 1983 (Hemiptera: Lygaeidae), 

is a tiny (4.5-5.5mm) flightless predator/scavenger endemic to the summit area (3,500-

4,205m) of the Mauna Kea volcano on the island of Hawaii.  On sunny days it basks and 

hunts for dead and dying insects along the edges of snowfields and in rock crevices where its 

prey has been immobilized by the cold. The wekiu bug has been the subject of conservation 

attention and debate due to its very restricted range and peculiar life history as an alpine 

desert predator marooned on a volcano in a tropical archipelago.  As such, the wekiu bug has 

been a curiosity to scientists, conservationists, and the public in Hawaii. Despite this interest, 

there is a great deal of mystery and misinformation surrounding the wekiu bug since its 

formal description by Ashlock and Gagné (1983).  A similar sister species was described 

from the neighboring volcano, Mauna Loa by Polhemus in 1998.  How did the presumably 

tropical, herbivorous ancestor, in a relatively short time period (Hawaii Island is only 

500,000 years old, with the volcano summit habitat being younger still (Price and Clague 

2002) evolve into a species that can survive extremes of heat and cold, intense solar 

radiation, desiccation and scarce resources?  The wekiu bug depends wholly on wind blown, 

gravity deposited insect prey from much lower elevations, since the Mauna Kea summit is an 

aeolian driven ecosystem (Howarth 1980, 1987).  Due to its limited range, specific habitat 

requirements, isolated populations, and habitat destruction, the wekiu bug is currently a 

candidate for listing, priority 8, under the U.S. Endangered Species Act (Federal Register 

2005).  The high elevation, low air and light pollution, and dry climate make it perhaps the 

best location in the world for land based telescopes (TMT 2009).  There are currently 13 

multinational telescope facilities on Mauna Kea, most of which were built directly on prime 

historic wekiu bug habitat.  In addition to the footprints of buildings, facilities, and roads, 

human activity has other detrimental impacts.  Tourism and access has greatly increased 

since the wekiu bug‟s discovery, and the threats of invasive insects and plants as habitat 

modifiers, predators, and competitors are closely tied to increased human traffic.  How 

changes to the summit of Mauna Kea will impact wekiu bug populations is unclear, but basic 

life history information is the essential first step in any conservation effort.  While recent 

surveys of the summit area (Englund et al. 2002, Porter and Englund 2006, Brenner 2006) 

have greatly enhanced knowledge of the range and habitat of the wekiu bug, there is scant 
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information on its life history, behaviour and seasonal changes in habitat use.  Even basic 

information on ecological tolerances and life history is lacking and the eggs have never been 

seen.  This data is essential for conserving a species, yet as observed by Maschinski (2006), 

“Even basic data for estimating birth rates, death rates, rates of population increase, and 

habitat occupation is often lacking, yet is essential for developing effective, reliable recovery 

and restoration plans.”   

Studying the life history of the wekiu bug is challenging given the extreme nature of 

their natural environment. The summit regions where wekiu bugs are found are classified as 

a high alpine rock desert and include daily temperatures that approach or fall below freezing 

for most of the year, humidity that frequently hovers around 5% RH, a possibility of snow for 

at least nine months of the year, extremely high winds, high solar radiation, low oxygen 

levels, and loose steep slopes of volcanic tephra (Ashlock and Gagné 1983, Porter and 

Englund 2006, Duman and Montgomery 1991).  It is readily apparent from the trapping 

records of over a decade of surveys by researchers at the Bishop Museum (Honolulu, HI) that 

wekiu bugs are rarely found on Mauna Kea in areas that were glaciated 20,000-16,500 years 

ago (Porter and Englund 2006).  wekiu bugs are only found on loose cinder cones comprised 

of volcanic “lava spatter” with large amounts of interstitial spaces.  The bugs are not found in 

the vast expanses between cinder cones that are comprised of glacier induced “ice-scoured 

bedrock” and glacial rock deposits of a fine rock powder and large basalt erratics (Porter and 

Englund 2006). The harsh and unpredictable environment has thwarted past efforts to study 

the insect in-situ, which has been part of the motivation for the inductive experiments I 

present here, combining laboratory and field observations.  These environmental factors and 

the elusiveness of the wekiu bug create many problems for in-situ observation of life history 

parameters.  I overcame some of these challenges by establishing the first captive colony, and 

carrying them through multiple generations, allowing me to record all aspects of 

reproduction and growth under different temperature regimes.  This knowledge will inform 

conservation management for the insect, which until now, was based only on 

presence/absence data and dubious rumors regarding its natural history.  These 

misconceptions were only loosely based on scientific knowledge (Duman and Montgomery 

1991), yet found their way into popular lore and books (Kay 1994). I address them here 

because fallacies spread in the absence of accurate data and can become entrenched and used 
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in management decisions, particularly because of the high profile of a candidate endangered 

species.  These rumors include; 1) the wekiu bug has antifreeze in its blood, and it cannot 

survive the heat from being held in a human hand (Ziegler 2002), 2) it will die at low 

elevations due to higher atmospheric pressure, and 3) it is a long lived (multi-year) k-selected 

species as an adaptation to the low air temperatures (0°C to 10°C) and scarce food of the 

alpine desert environment.  If these rumors and others were true, they obviously would have 

significant implications for conservation efforts. 

Research leading to a detailed understanding of the life history of the wekiu bug is 

essential for establishing conservation parameters. Data are needed on factors such as 

realized microhabitat range, temperature tolerances and preferences, reproductive potential 

and other general behaviours and habits. In the absence of these data, management decisions 

and resource allocation based on speculation may waste scarce conservation funds. Further, 

such life history data is fundamental to understanding the unique evolutionary pathway that 

has generated a flightless alpine carnivore frequenting snowfields from a strictly herbivorous, 

flighted, tropical ancestor in less than half a million years.  Here I report on the first 

laboratory colony of the wekiu bug, and detail all basic life history parameters.  I have also 

recorded microhabitat conditions on Mauna Kea in the presence of a population of wekiu 

bugs that were recorded at every sampling interval near the summit for three consecutive 

years in the same location, thus creating a picture of the conditions they are exposed to and 

survive in their natural habitat.  Because of the wekiu bug‟s inconsistent trap record through 

the past eight years, finding a predictable location was essential for identifying and 

evaluating microhabitat. 

Materials and Methods: 

 Building on the work of others (Brenner 2002, Howarth et al. 1999, Porter and 

Englund 2006), I collected wekiu bugs near the summit of Mauna Kea to establish the first 

captive breeding program.  Wekiu bugs inhabit areas composed of loosely packed rocks 

ranging in size from compacted volcanic ash composed of microscopic particles at its base to 

large volcanic rocks over 10cm in size.  The depth of this substrate ranges from 10-30cm 

below which the compressed volcanic ash forms a dense layer through which wekiu bugs 

cannot pass.  Sampling and observations of the wekiu bug occurred at elevations from 
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3,658m to 4,205m during March-June 2007, March-October 2008, and April-August 2009 

(Figure 2.1). 

Trapping Methods: 

A live pitfall trap design similar to that described by Howarth et al. (1999) and 

Brenner (2002) was used to attract wekiu bugs. Two 10oz clear plastic cups were used for 

each trap. The upper cup was punctured with one small hole in the bottom center through 

which a small absorbent wick made of tissue (Kimtech Science) was inserted.  I poured a 

small amount of water into the bottom of the lower reservoir cup, to offer moisture to 

captured animals.   A foul smelling shrimp paste was used as bait (Lee Kum Kee and 

Dagupan) in the upper cup on the wick, on a few small pieces of rock in the cup, smeared on 

the side of the cup, and on a cap rock.  I dug shallow pits in the available ground substrate 

attempting to achieve a depth where the lip of the cup trap was in contact with the 

surrounding substrate.  The lip of the cup was not necessarily placed flush with ash layer of 

the soil, and there was no wire mesh surround to provide structure surrounding the cups.  

Sites selected for sampling had either two or three traps within 5m of each other in different 

microhabitat types (ex. deep rock jumble vs. ash layer near the surface) to enhance the 

likelihood of trapping the sparsely distributed wekiu bugs (Figure 2.1).  I placed the trapping 

sites for this study at the base of cinder cones, as opposed to the crest of cinder cones, as was 

common in other studies (Brenner 2002 and Englund et al. 2002), because observational data 

suggested that the bugs were also consistently found at the base.  Traps were checked every 

one to three days and captured bugs were held for the duration of the sampling period to 

prevent recaptures.  Bugs that were not brought to the laboratory colony were held for up to 

three days in captivity with food and water.  The laboratory colony was started with 30 live 

wekiu bugs in 2007, and it was supplemented with 20-30 wild caught bugs four times from 

2007-2009. 

Mauna Kea Field Observations: 

I recorded the temperatures encountered by wekiu bugs on Mauna Kea using two 

different types of HOBO (Onset) data sensors and loggers (U23-002 and U12-008), by 

manually recording the temperatures (air and substrate) when emplacing the cup traps, and 

by recording the temperature of the rocks where any active wekiu bugs were observed 

outside the traps.  During each field trip, I installed data loggers near the base of the 
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southeast slope of the cinder cone at the center of Mauna Kea (Figure 2.1).  Three sensors 

simultaneously recorded the microhabitat conditions at the surface of the rock tephra, 5-8cm 

below the surface, and at the ash layer/cinder tephra interface 20-30cm below the surface.  I 

took special care to observe wekiu bug behaviour whenever I encountered bugs while hiking, 

placing traps and during trap monitoring.  

Laboratory Colony Conditions: 

Wekiu bugs were reared in the laboratory in a VWR cold temperature environmental 

chamber (model 2015) with 14 hours of simulated daylight (55watt 48in GE Growlight) and 

10 hours of darkness at different temperature regimes including 8°C, 22ºC, 24ºC, 26ºC, 28ºC, 

30ºC, 32ºC and split day/night conditions of 24ºC/11ºC, 32ºC/12ºC, and 30ºC/26ºC (data not 

shown).  A constant temperature of 28ºC was used to create the baseline life table for this 

study.  In this way I was able to establish whether the wekiu bug requires a cold temperature 

regime, in no-choice exposure trials.  I chose this temperature because it is between the two 

common rearing temperatures of 30ºC and 25ºC seen in other Nysius rearing experiments (He 

et al. 2004; Kehat and Whyndam 1972; Usinger 1942).  The initial colony was established 

from 9 female and 7 male adult wekiu bugs and 14 nymphs in April of 2007.  I housed the 

colony in 10x10x5cm plastic containers ventilated by a 3cm hole covered in fine mesh, with 

a substrate of 2cm of fine autoclave sterilized volcanic ash and small rock cinders.  A paper 

wick in a 1.5ml microcentrifuge tube served as a constant water source in addition to daily 

misting.  All wekiu bugs in the colony were fed daily with pre-frozen Drosophila 

melanogaster, which I reared for this purpose.   

Wekiu Bug Development: 

I reared a cohort of 20 wekiu bugs in individual 2 fl oz plastic cups furnished with a 

2x4cm strip of tissue (Kimtech Science) offering both moisture and shelter; I recorded the 

growth, development, and any deaths daily.  Adult males and females were paired within the 

trial at maturity, and I added 1cm of volcanic ash and rocks to simulate the conditions I 

observed in nature.  All newly hatched nymphs were counted and removed daily from the 

breeding adults‟ containers.  At the end of the trial, I inspected all the ash and wipes under a 

microscope to count hatched and unhatched eggs, which were readily discernable. 

I measured a sample of wekiu bug head widths (Table 2.1) that died during known 

stadia preserved in 95% ethanol to determine mean head widths of wekiu bugs throughout 
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their development.  I digitally photographed each bug with an Olympus Qcolor3 mounted on 

an Olympus SZX10 with a millimeter scale photographed simultaneously with each 

specimen for consistency. 

The intrinsic rate of increase (rm), net reproductive rate (Ro), mean generation time 

(Tc) and doubling time (Td) were calculated using standard methodology (Birch 1948)  

Results: 

Mauna Kea Field Observations: 

The wekiu bug is diurnal and readily basks on the volcanic cinder in the full sun from 

March through October (I did not have sampling events from November through February).  

Rock surface temperatures recorded in areas where wekiu bugs are seen foraging can be as 

high as 46ºC during the day and as low as-15ºC at night (Figure 2.2).  Temperatures where 

wekiu bugs are found are extremely variable both by time of day and by cinder depth during 

the same time intervals (Table 2.3).  The ash layer experiences much less fluctuation in 

temperature than the surface.  The highest temperature on cinder exposed to sun was over 

46ºC, and at the same time, the ash layer 8 inches below was 5ºC.  During the night, the 

coldest temperature record at the surface of the cinder was-15ºC, but in the ash layer in the 

same area the temperature was 2ºC.  The relative humidity was also highly variable, 

oscillating between 80-100% at the ash layer 20cm below the surface and 6-100%, depending 

on solar insulation and precipitation, at the surface during the daylight hours.  Wekiu bugs 

collected from the rocks and in traps under low temperatures (~0ºC to 12ºC) show typical 

signs of torpor and move very slowly, if at all.  Under warmer conditions (25ºC+), wekiu 

bugs are highly mobile in traps and on their natural substrates.  They will readily drop from 

rocks to evade capture, and run and hide in small rock crevices.  Wekiu bugs observed in 

torpor or while active showed both physogastric (swollen) and dehydrated conditions as 

described by Ashlock and Gagné (1983).  

Wekiu Bug Trap Counts: 

Nine field collections conducted from 2007 to 2009 yielded a total of 715 wekiu bugs 

in cinder cone sites throughout their range on Mauna Kea.  Wekiu bugs were found in higher 

densities in the late spring and early summer months than during the colder early spring, and 

drier late summer (Tables 2 and 3).  Numbers of bugs captured varied with season and year, 

as did the ratio of nymphs to adults.  More adults than nymphs are found early in the season 
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from March to April, after which the ratio of adults to nymphs changes to nearly 50%.  The 

spread of nymph ages (as determined roughly in the field through comparison with size 

classes from laboratory reared nymphs of known ages and nymphal head measurements) 

changed from predominately early instars (1
st
-3

rd
) in late April to a mix of early and late 

instar nymphs in July and August.  When few nymphs were found in March 2008 and April 

2009, they were 4
th

 and 5
th

 instars. The March 2007 sampling event showed warmer ash 

temperatures (Figure 2.2) than the other spring sampling dates, and the nymphs were 

predominately 1
st
 instars.  

Temperature and Relative Humidity Data: 

The temperature profile in the rock substrate in wekiu bug activity zones is highly 

variable in time and space (Figure 2.2, Table 2.3).  For example, the surface can be as hot as 

44.5ºC and 30%RH on sunny days (even when the air temperature 10cm above the rock 

surface is only 4ºC to 12ºC), and can drop to-14.5ºC and 5%RH on cold nights (Table 2.3).  

The ash layer ~20cm below the surface shows minimal variation across both daily and 

seasonal cycles, and has much less variable temperatures and relative humidity (80-

100%RH) than the surface. The ash layer below the cinder is well insulated and often avoids 

dropping to freezing even when surface air temperatures are far below freezing at night.  

Overall, the fine-scale temperatures across depths in the substrate are much different during 

the daylight and nighttime hours than the air temperature would indicate due to the solar 

induced heating and insulating properties of the cinder substrate.   

Wekiu Bug Captive Breeding and Life History Data: 

The wekiu bugs held in captivity successfully completed a full generation during the 

trial under a constant temperature of 28ºC, a temperature regime that is, obviously, never 

encountered in their natural environment.  Wekiu bugs did not reproduce at 22ºC, 30ºC, and 

32ºC, but did fully develop into adults, albeit with high mortality (data not shown). wekiu 

bugs survived and reproduced at all other temperature conditions (24ºC, 26ºC, 28ºC, 

24ºC/11ºC, 32ºC/12ºC, and 30ºC/26ºC).  Wekiu bugs did not develop from nymph to adult at 

8ºC.  Eggs of the wekiu bug were observed for the first time, and are long, narrow, and oval-

cylindrical (~1mm long and 0.3mm wide) with a yellow-cream color, becoming red-orange 

as the embryo matures.  The chorion is wrinkled and iridescent yellow-gold in color.  In the 

laboratory, the eggs are laid singly or in groups of up to ten, typically in the ash where the 



 40 

fine particles adhere to the eggs, but occasionally on larger rocks.  Head widths for each 

nymphal instar are recorded in Table 2.1.  At 28ºC  eggs averaged 17.4 days to hatch, and the 

mean instar durations are as follows: the 1
st
 instar stage lasted 7.45 days, 2

nd
 instar 5.44 days, 

3
rd

 instar 5.2 days, 4
th

 instar 5.79 days, 5
th

 instar 8.2 days.  Therefore, time for maturity of the 

wekiu bug at 28ºC was 31.9 days after hatching.  Nymphs had a survival rate of 75%, and the 

mean egg mortality was 48.5% (Table 2.4). The sex ratio of the colony was 7Female:9Male.  

However, 1:1 ratio was assumed for analyses as in Kehat and Wyndham (1972).  The mean 

number of eggs laid per female was 75.7, with a rate of 3.3 eggs laid per day.  Using the 

preceding information of generation time, fecundity and survivorship, I tallied life table 

parameters (Table 2.5).  The net reproductive rate was 15.4, the gross reproductive rate was 

38.15, the mean generation time was 39.7 days, intrinsic rate of increase (r) was 0.069, and 

finally, the doubling time of the population assuming overlapping generations was 10.1 days.  

Therefore, in captivity there was a weak positive growth rate.  

Discussion: 

My results demonstrate that most of the lore regarding the ecology of the wekiu bug 

was unfounded. Taken at face value, the wekiu bug‟s physiological requirements are more 

similar to the rest of the genus than is at first evident. The wekiu bug does not require cold 

temperatures or low barometric pressure to thrive, it tolerates them. The insects reproduce at 

rates very similar to warmer climate congeners, and the wekiu bug adjusted easily to standard 

laboratory conditions in captivity.  For example, in Hawaii, Nysius coenosulus, is 

multivoltine with eight to nine generation per year (Usinger 1942); the wekiu bug could 

theoretically accomplish that growth rate given the ~49 days per generation at 28°C that I 

found.  The time for development is surprisingly similar to other Nysius not enduring alpine 

desert ecosystems (Table 2.5). At comparable experimental temperatures, Nysius huttoni 

develops from egg to adult in 50 days at 25°C, and 35 days at 30°C (He et al. 2004), and 

Nysius vinitor develops in 32 days at 30°C (Kehat and Wyndham 1972).  The reproductive 

rate of the wekiu bug, 75 eggs per female, is not abnormal in the genus and is supported by 

life table data of other Nysius on preferred and novel host plants (45 to 124 eggs) (Kehat and 

Wyndham 1972).  However, these more standard developmental requirements and rates 

make the wekiu bug‟s existence in an alpine desert perhaps even more remarkable. How, 

with the developmental temperatures of a typical tropical lygaeid, did this particular lineage 
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adapt to thrive under such harsh conditions? My data suggest that many of the adaptations 

the wekiu bug has made may be largely behavioural.  Basking during the day and hiding near 

the insulated ash layer at night, the insects actively thermoregulate, essentially managing 

their presence in the microhabitat rather than evolving physiologically to endure its extremes. 

The wekiu bug may be able to survive sub-freezing temperatures by supercooling (Duman 

and Montgomery 1991), however, supercooling is not necessarily a daily occurrence, since 

there is quite often a microhabitat available to avoid the sub-freezing air temperatures 

recorded daily.  A common misconception is that the wekiu bug has antifreeze in its 

hemolymph (Ziegler 2002), yet this was disproved in experimentation: “Also, the 

hemolymph of both the spiders and Agrostis lacked thermal hysteresis activity, and therefore 

they do not produce antifreeze proteins.  Likewise, an extract from the homogenized wekiu 

bugs failed to show thermal hysteresis activity” (Duman and Montgomery 1991). This result 

combined with my data suggests an under-appreciated importance of behaviour and 

microhabitat rather than pure physiological change in insects enduring harsh conditions.  The 

wekiu bug is only found in areas where it can thermoregulate, namely, on cinder with a deep 

substrate and abundant interstitial spaces.  The bugs are essentially absent and apparently 

cannot survive in areas where they would freeze and thaw daily, such as the broad expanses 

between cinder cones that do not offer refuge from the heat and cold due to the powder-like 

soil that was ground and compressed by glaciers 16,500 years ago.  Conversely, the shift to 

carnivory in the wekiu bug is a remarkable physiological adaptation, unparalleled in the 

genus. While behavioural modification can explain the presence of the species in a thermally 

challenging environment, shifting from seeds to hunting dead and dying insects represents a 

significant change in feeding strategy and resource use.  

The distinctive morphology and physiology of the wekiu bug make sense in light of 

behaviour observed in the field. The wekiu bug has the longest legs of any Nysius (Ashlock 

and Gagné 1983), dark brown-red coloration, and an extremely distended abdomen after 

feeding, which collapses when the insect is dehydrated.  These are excellent adaptations to 

the specialized resources and conditions on Mauna Kea.  Long legs are a trait seen in desert 

insects that allows effective thermoregulation at high substrate temperatures (Crawford 

1981).  I recorded basking surface temperatures as high as 46ºC, and bugs seen on these 

surfaces did stand with legs extended, creating the typical air buffer useful to avoid 
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overheating. Dark coloration increases solar heating, but in this case, also matches the typical 

color of the volcanic rock substrate found in wekiu bug habitat.  The elastic abdominal 

exoskeleton expands rapidly from a completely collapsed and dehydrated state to fully 

swollen when a bug feeds on a recently dead insect or drinks from a water droplet.  This 

ability was recorded on occasion, most notably when I recorded the feeding time of lethargic 

and desiccated bugs.  It can take less than one hour for a presumably starving and dehydrated 

bug to completely inflate.  In the field, the number of wekiu bugs trapped varies with the 

seasons due to some apparent synchrony with the initial warming trend in the spring.  More 

wekiu bugs are captured in April-May than during other times of the year, and most of these 

bugs are nymphs.  There are nymphs found throughout my other sampling times, however 

the ratio of adult-nymph changes.  The field captures show that the wekiu bug is not likely to 

be univoltine, since nymph hatching and hence, reproduction is always occurring at some 

level.   

Conservation: 

The behavioural flexibility demonstrated by these insects may be relevant to other 

species persisting in harsh environments.  However, the microhabitat shifts that are key to the 

wekiu bug‟s success mean that it requires daily access to a specific set of habitat features for 

thermoregulation and shelter. Thus, if the insect is to be conserved effectively, habitat 

management must account for the full daily and yearly microhabitat needs of the insect, 

without which the wekiu bugs would perish.  Wekiu bugs are entirely reliant on a food 

source (aeolian insect deposits) that cannot survive the same conditions in which they exist.  I 

have shown that the wekiu bug does not require low temperatures and high elevation 

physiologically, but they absolutely do require them ecologically.  The extreme environment 

in which the wekiu bug exists may be essential to their persistence because they avoid 

increased predation and competition that occur at lower elevations, in less harsh conditions.  

Destruction of specific and subtle features of the tephra that would alter the depth and 

composition of the substrate which allow the wekiu bug to endure extremes of heat and cold 

would quickly exterminate populations of the insect.  For instance, human foot traffic, off-

road vehicles, building roads, and flattening areas for construction, will all seriously impact 

the integrity of the cinder structure thereby eliminating essential habitat for the wekiu bug.  

Another way the habitat can suffer is through the possible establishment of other insect 
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predators and competitors in this specialized habitat.  Ants, if established, could decimate 

wekiu bug populations due to direct predation and competition of the aeolian debris resource.  

On Haleakala summit, on the neighboring island of Maui, Argentine ants have nearly reached 

the 3,200m summit, and drastically alter the insect fauna with their presence (Krushelnycky 

and Gillespie 2008). 

There are many practical conservation issues directly addressed by this life history 

data.  I have shown that the wekiu bug can be held for at least multiple generations and years 

in captivity with relatively few augmentations from field collected individuals.  If 

disturbance to specific areas of wekiu bug habitat on Mauna Kea is unavoidable, there are 

opportunities to mitigate the loss of individual bugs with captive releases.  Additionally, 

wekiu bugs from an impacted area could be proactively captured in live traps, held for a 

period of days or weeks with very low mortality and relocated.  Any relocation mortality has 

not been investigated, and should be assessed.  Wekiu bugs in captivity reproduce under a 

range of conditions (food, light, humidity, temperature, atmospheric pressure, etc) that are 

not seen in their natural environment, so ex-situ propagation need not exactly simulate the 

natural environment to be effective, at least in the short term.  It is unknown if a long term 

ex-situ colony would be viable if released into the wild, and that option should be approached 

cautiously.   
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Tables 

Table 2.1. Head width in mm measured with an eyepiece micrometer of nymphal wekiu bugs 

with confirmed developmental stages.  All nymphs are the captive F1 generation fed 

with unlimited D. melanogaster. 

Instar 
Sample 

Size 

Mean 

(mm) 
SE Min Max 

1 70 0.353 0.0047 0.289 0.484 

2 47 0.432 0.0064 0.357 0.597 

3 38 0.553 0.0132 0.479 0.901 

4 30 0.639 0.0048 0.596 0.693 

5 20 0.748 0.0099 0.692 0.842 

Female 24 0.843 0.0092 0.720 0.917 

Male 26 0.767 0.0063 0.693 0.829 
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Table 2.2. Wekiu bug field trap capture rates. 

 

Sampling Date 

Total Wekiu bugs 

captured (Adult: 

Nymph) 

Total number of 

traps 

Total number 

of trap-days 

Capture rate: 

number of 

bugs per trap-

day 

March 28, 2007 66 (36:30) 14 44 1.5 

July 31, 2007 170 (N/A) 13 45 3.78 

March 27, 2008 84 (77:7) 12 48 1.75 

August 12, 2008 49 (30:19) 25 52 0.94 

Sept 25, 2008 3 (1:2) 12 28 0.11 

April 20, 2009 146 (141:5) 10 30 4.87 

June 2, 2009 181(82:99) 24 66 2.74 

August 14, 2009 9 (3:6) 21 54 0.17 

August 27, 2009 7 (2:5) 6 12 0.58 

Totals: 715 137 379 2.06 
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Table 2.3. Temperature variability at trapping sites (ºC). 

 

Sampling Date 

Capture rate: 

Number of bugs 

per trap-day 

(within 10m of 

datalogger) 

Temperatures at ash 

layer (20cm) 

Max, Min (Mean 

±SE) 

 

Temperatures at 

subsurface layer (7cm) 

Max, Min (Mean ±SE) 

 

Temperatures at 

surface 

Max, Min (Mean ±SE) 

 

March 28, 2007 1.5 (6.7) 7.4, 3.6 (5.4 ±0.09) 17.3,-1.0 (4.5±0.46) 31.8,-6.4 (3.7±0.95) 

July 31, 2007 3.78 (10) 10.6, 4.8 (7.9±0.10) 17.8, 0.9 (7.3±0.29) 38.3,-7.2 (6.4±0.79) 

March 27, 2008 1.75 (5.6) 8.2,-2.7 (0.7±0.08) 22.7,-6.7 (1.8±0.29) 33.4,-10.1 (2.4±0.49 ) 

August 12, 2008 0.94 (5.5) N/A N/A N/A 

Sept 25, 2008 0.11 (0.3) 21.8, 1.0 (7.9 ±0.39) 36.8,-3.5 (6.7±0.67) 33.9,-4.7 (5.7±0.66) 

April 20, 2009 4.87 (7.5) 7.3,-5.8 (-1.5 ±0.21) 22.3,-6.5 (0.92±0.53) 20.2,-7.1 (-0.01±0.5) 

June 2, 2009 2.74 (1.25) 23.9,-0.8 (7.0 ±0.61) 32.1,-4.6 (6.9±0.96) 30.1,-5.8 (4.9±0.88) 

August 14, 2009 0.17 N/A N/A N/A 

August 27, 2009 0.58 (0.7) 17.5,-0.9 (7.1±0.41) 42.3,-11.7 (6.9±1.21) 44.5,-14.5 (4.7±1.22) 

Mean: 2.06 (4.00)    
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Table 2.4. Survivorship of wekiu bugs in captivity at 28ºC. 

 

Developmental 

stage 
Number alive Mortality factor Number dying 

Percent 

survivorship 

Nymph 1st 20 ? 3 85 

Nymph 2nd 17 ? 2 80 

Nymph 3rd 16 ? 1 75 

Nymph 4th 16 ? 0 75 

Nymph 5th 16 ? 0 75 

Adult 16 (7 female) ?   

Eggs 530 

Desiccation / 

Fungus / 

Infertile 

273 48.5 
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Table 2.5. Life Table Statistics.*The data provided from other sources was calculated and/or taken directly from referenced 

studies, not all comparable data was available. 

Parameters (units) 
Nysius wekiuicola 

28°C 

Nysius vinitor 

(Kehat and Wyndham 1972) 

30°C 

Sunflower (preferred) 

Nysius vinitor 

(Kehat and Wyndham 1972) 

30°C 

Pepper (non-preferred) 

Nysius huttoni 

(He et al. 2003) 

30°C 

Sunflower (non-preferred) 

Gross reproductive rate (GRR) 

(female eggs) 
38.15 N/A 22.65 6.46 

Net reproductive rate (Rо) 

(female eggs) 
15.4 271 N/A N/A 

Generation time (T) (days) 39.7 31.9 N/A ~46 

Doubling time (DT) (days) 10.1 N/A N/A N/A 

Intrinsic rate of increase (rm) 

(females / female / day) 
0.069 1.23 N/A N/A 
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Figures 

 

Figure 2.1. Map of wekiu bug trap sites on the summit of Mauna Kea, Hawaii Island, HI 

USA.Shaded areas indicate cinder cones where wekiu bugs have been captured, the white 

area bounded by the lower elevation limit for wekiu bugs is largely glacial till (unsuitable 

wekiu bug habitat), the triangle shows the temperature datalogger location, and the „+‟ 

symbols indicate trapping locations for this study. 
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Figure 2.2. Boxplot graph showing mean, interquartile range, and 95% CI, and outliers in 

range of temperatures in 20cm of wekiu bug rock habitat during 3-4 day sampling periods 

(wekiu bugs were always present within 1m of temperature probe). 
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CHAPTER 3. DEMOGRAPHIC ANALYSIS OF THE WEKIU BUG (NYSIUS 

WEKIUICOLA, LYGAEIDAE); AN ALPINE CARNIVORE ENDEMIC TO THE 

MAUNA KEA VOLCANO OF HAWAII, INCLUDING DEGREE DAY 

REQUIREMENTS AND LIFE TABLE ANALYSIS 

 

Introduction: 

Degree day accumulation calculations are a common tool for modeling population 

growth in insect pests (Cesaraccio et al. 2001, Allen 1976).  There has long been evidence 

that climate is a major factor in moderating insect population growth rate, especially density 

independent growth, in temperate ecosystems (Andrewartha and Birch 1954).  In fact, 

weather events and temperature may be the most important factors in insect population 

growth and decline. However, insects that actively thermoregulate are able to manipulate 

their exposure to environmental conditions and survive in climates where empirical 

temperatures would be otherwise fatal. I collected wekiu bugs near the summit of Mauna Kea 

to establish the first captive breeding program for the insect and inform many unknown 

aspects of their ecology and life history.  Ideas, such as the wekiu bugs are long-lived, slow 

growing insects that require cold temperatures and may die from the heat of a human hand 

(Ziegler 2002) were publicized, but were not based on scientific evidence (Eiben and 

Rubinoff 2010). 

 The wekiu bug, Nysius wekiuicola, Ashlock and Gagné 1983 is a flightless 

carnivorous scavenger endemic to the upper reaches of the dormant Mauna Kea volcano, on 

the Big Island of Hawaii. All other species in the genus, except Nysius hardyi from the island 

of Kauai, Hawaii, are flighted seed feeders. Wekiu bugs only occur between 3,415m and the 

mountain summit at 4,205m, in an environment described as high alpine stone desert. 

Remarkably, the main nutrient input to the summit comes from aeolian deposition of 

arthropods and debris blown up from lower elevations (Howarth 1987, Ashlock and Gagné 

1983).  The wekiu bug‟s habitat is subject to dramatic temperature extremes, with daily 

fluctuations in their microhabitat caused by solar heating and intense solar radiation typical 

of high elevation, tropical latitudes.  Additionally, portions of the wekiu bug‟s volcanic 

cinder rock habitat are regularly covered with snow from December through May.  The depth 

and frequency of snowfall is highly variable from year to year, and this snowfall has been 
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implicated in the wekiu bug‟s ability to survive in this alpine stone desert due to its role as a 

steady water source and a frozen storage reservoir for their arthropod prey items (Ashlock 

and Gagné 1983).  

The wekiu bug was a candidate endangered species (Federal Register 1999, Federal 

Register 2011), and is threatened by development, tourism, and climate change in its limited 

range.  Detailed ecological data about the survival strategies and reproductive parameters of 

the wekiu bug are necessary for informed management decisions.  Wekiu bugs have been 

shown to super-cool below the freezing temperature of water (Duman and Montgomery 

1991), but the exact mechanisms or cues for this ability in the field are unknown.  For most 

insects, there is a dearth of detailed life history analyses, even those that are formally 

recognized as endangered or candidate endangered species by the US government.  A degree 

day model describing the wekiu bug‟s growth and development can be used to model 

population increases in the field more realistically than field observations and effect 

conservation management decisions and outcomes.  This secretive species is difficult to 

observe, so a degree day model will aid in creating efficient population assessments to 

simplify field logistics and survey efficiency.  Population monitoring can be scheduled to 

coincide with breeding seasons and can help inform and explain observed periods of 

maximum and minimum abundance.  

There are very few examples of the application of degree day models of insect 

development to anything other than agricultural pests and forensic entomology. Trudgill et al. 

(2005) espouse the utility of thermal time (degree days as a thermal constant) in ecological 

research but list the very few examples of its application to natural systems.  For example, 

when searching the database Biological Abstracts 1969-present through ISI Web of 

Knowledge (Thomson Reuters 2010, accessed August 10, 2011) with search terms 

specifically looking for degree day modeling in insects there are many thousands of 

examples for agriculture and human, but there are comparatively few results for degree day 

modeling being used for conservation of insects or non-pest species.  Upon more detailed 

review, approximately 20 of these hundreds of studies of non-pest insects relate to rare insect 

development or conservation.   

Themes from agricultural entomology have direct, but underappreciated relevance to 

conservation biology since the understanding of developmental thresholds in insects applies 
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as directly to their conservation as it does to their suppression.  Thus these disciplines can 

readily inform each other, with the theoretical underpinnings demonstrated repeatedly in 

agricultural settings as model systems (Cesaraccio et al. 2001).  Degree day modeling of 

insect growth and phenology, developed over decades in agriculture, has more recently been 

applied to and refined on very small scales in the following examples: for forensic 

entomology (VanLaehoven 2008, Catts and Goff 1992), as a predictive degree day 

phenology study of firefly emergence for research and tourism (Faust and Weston 2009), and 

on a Japanese endangered butterfly, Shijimiaeoides divinus barine (Koda and Nakamura 

2010). In this paper I describe one of the first applications of degree day modeling for habitat 

identification in an insect of conservation concern.  Only specific wekiu bug habitat types 

allow for the full range of developmental temperatures required for population growth, 

allowing the habitat that can support full generation growth to be quantified and mapped by 

the temperatures available for wekiu bug development in space and time.    

Here, I present a robust degree day model for the wekiu bug, a remarkable insect of 

conservation concern, and address the following specific questions related to its ecology and 

conservation in the perceived harsh alpine desert at the summit of the Mauna Kea volcano:  

1) what are the temperature dependent developmental thresholds and how does temperature 

affect reproductive parameters in the wekiu bug 2) what is the wekiu bug‟s generation time 

in its habitat 3) what is a reasonable timeframe to optimize sampling for wekiu bug 

population growth or decline? The answers to these questions may directly affect the 

conservation of the insect in light of intensive land use for land-based astronomy and tourism 

on some of the cinder cone habitats to which the wekiu bug is restricted. Effective 

monitoring programs will help identify and manage critical habitat, and appropriate methods 

and periods for population sampling to assess and mitigate the impacts of current and future 

development will be used to efficiently use scarce conservation resources. 

Materials and Methods: 

Trapping Methods: 

I adapted published trapping methods and selected survey locations near known 

continuous high relative density wekiu bug habitat areas (Brenner 2002; Howarth et al. 1999; 

Porter and Englund 2006).  My trap design consisted of two 10oz clear plastic cups modified 

and combined as follows to create one trap. The upper cup was punctured with one small 
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hole in the bottom center through which a small absorbent wick made of tissue (Kimtech 

Science) was inserted.  I poured a small amount of water into the bottom of the lower 

reservoir cup, to offer moisture to captured animals.   A shrimp paste attractant was used as 

bait (Lee Kum Kee and Dagupan) in the upper cup on the wick, on a few small pieces of rock 

in the cup, smeared on the side of the cup, and on a cap rock placed over the top of the cups.  

I dug shallow pits in the available ground substrate attempting to achieve a depth where the 

lip of the trap was in contact with the surrounding substrate.  The lip of the trap was not 

necessarily placed flush with the ash layer of the soil, and there was no wire mesh 

surrounding the cups. 

Sites selected for sampling had either two or three traps within 5m of each other in 

different microhabitat types (ex. deep rock jumble vs. ash layer near the surface) to enhance 

the likelihood of trapping the sparsely distributed wekiu bugs.  Traps were checked every one 

to three days and captured bugs were held for the duration of the sampling period to prevent 

recaptures.  Bugs that were not brought to the laboratory colony were held for up to three 

days in captivity with food items and available water and released where collected at the end 

of the trapping period.  The laboratory colony was started with 30 live wekiu bugs in 2007, 

and was supplemented with 20-30 wild caught bugs four times between 2007-2009. 

Field Data Collection: 

I recorded the temperatures encountered by wekiu bugs on Mauna Kea using two 

different types of HOBO (Onset) data sensors and loggers (U23-002 and U12-008), manually 

recording the temperatures (air and different depths of substrate) when embedding the cup 

traps to capture insects, and by recording the temperature on the rocks where any wekiu bugs 

were observed. During 8 field trips, I installed three temperature data loggers near the base of 

the southeast slope of the cinder cone at the center of Mauna Kea, Pu‟u Hau Oki, where an 

observed consistently high density population of wekiu bugs was believed to occur informed 

by substrate type and some previous surveys. I could not predict this location‟s persistent 

wekiu bug captures to coincide with the temperature dataloggers, but I did, in fact, collect 

wekiu bugs in this location every time traps and dataloggers were set.  The three sensors 

simultaneously recorded the microhabitat conditions at the surface of the rock tephra, 5-8cm 

below the surface, and at the ash layer/cinder tephra interface 20-30cm below the surface for 
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the duration of every trapping event, and were then removed. Opportunistic but detailed 

observations of wekiu bug behavior were made during field work activities. 

Laboratory Rearing and Experimental Design: 

Wekiu bugs were reared in the laboratory in a series of three VWR cold temperature 

environmental chambers (model 2015) with 14h of simulated daylight (55watt 48in GE 

Growlight) and 10h of darkness at different temperature regimes including 8ºC, 22ºC, 24ºC, 

26ºC, 28ºC, 30ºC, 32ºC and split day/night conditions of 24ºC/11ºC, 30ºC/11ºC, 32ºC/11ºC, 

and 30ºC/26ºC.  These split temperatures were developed and studied after the single 

temperature condition experiments were completed and were used to assess development at 

minimum thresholds (24ºC/11ºC), maximum thresholds observed in captivity and attained in 

the field in their substrate (30ºC/11ºC, 32ºC/11ºC), and at a range around the maximum 

growth and reproduction observed in captivity (30ºC/26ºC).  I also created a paired 

experiment comparing D. melanogaster as a food source with a variety of wild caught insects 

assess any influence of diet on life table parameters (30ºC/11ºC). Chamber temperatures 

were calibrated at the beginning of each trial.  The ambient relative humidity in the chambers 

was ~15-25%, but the relative humidity in the rearing containers changed over the course of 

the day increasing after watering, and eventually drying by the next day (100% to 15-25% 

daily change). 

The initial colony was established from 9 female and 7 male adult wekiu bugs and 14 

nymphs in April 2007. This lab colony was infused with 20-25 wild caught individuals from 

the same capture location one or two times a year between 2007-2009 to decrease the 

chances of inbreeding depression and increase external validity by making the lab genotypes 

representative of those on the mountain.  The colony was housed in three 10 x 10 x 5cm 

plastic containers, each ventilated by a 3cm hole covered in fine mesh, with a substrate of 

2cm of fine autoclave sterilized volcanic ash and small rock cinders. The substrate was 

sterilized because it was re-used after each experiment, and there were potential fungal 

contaminants from prey item decomposition at the end of each trial.  A paper wick in a 1.5ml 

microcentrifuge tube served as a constant water source in addition to daily misting in each 

container. All wekiu bugs in the colony were fed daily with pre-frozen Drosophila 

melanogaster.   
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I reared multiple cohorts of 14 to 60 wekiu bugs in individual 60cc plastic cups 

furnished with a 2 x 4cm strip of tissue (Kimtech Science) offering both moisture and shelter; 

each day I recorded the growth by noting day of stadia molts and noted any deaths. After 

reaching maturity, adult males and females were paired in a cup for each trial, and I added 1 

cm of volcanic ash and rocks to simulate the conditions I observed in nature and to provide 

an oviposition substrate. All newly hatched nymphs were counted and removed daily from 

the breeding adults‟ containers. At the end of the trial, I inspected all the ash and paper strips 

microscopically to quantify hatched and unhatched eggs, which were readily discernable.  

Statistical Analyses and Equations: 

The data from the various experimental conditions were analyzed using ANOVA 

(Minitab 14 2004) with Tukey pairwise comparisons.  Adult longevity of males and females 

in different temperatures was compared using a general linear model (GLM, Minitab 14 

2004) looking at differences between males and females. A two-sample t-test (Minitab 14 

2004) was used to compare the differences in development and longevity of bugs at a 

30D/11N temperature regime using two types of diet (laboratory reared D. melanogaster and 

a diversity of wild food).  

Minimum developmental thresholds and the rate of development were calculated 

using a simple linear regression, bxay  , where y is the reciprocal of mean number of 

days for development in a stage and x is temperature (ºC).  The minimum threshold was 

estimated as the x intercept of each stage developmental rate. 

The degree day accumulation required for each stage (C) was estimated as 

 C = D(T- K), where K is the theoretical minimum temperature (ºC) threshold for 

development, T is the experimental temperature (ºC), and D is the mean days to develop in a 

given stage.   

To determine the average daily temperature under day and night alternating 

temperature regimes in the temperature chambers (day/night: 24ºC/11ºC, 32ºC/11ºC, 

30ºC/26ºC), a weighted average was used with 14 hours at the high temperature, and 10 

hours at the minimum temperature or at the calculated minimum developmental threshold per 

stage, whichever was higher. This was to ensure accurate thermal unit accumulation 

estimation and have no negative (T- K).  In other words, any temperature lower than the 

minimum developmental threshold would not make the insect develop more slowly since 
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development has already stopped, so I was calculating only how much of each day the insect 

was above its minimum threshold.  

The intrinsic rate of increase (rm), net reproductive rate (Ro) (1:1 sex ratio), mean 

generation time (Tc) and population doubling time (Td) were calculated using standard 

methodology (Birch 1948). 

A model of field-based degree day accumulation was created using a continuous 

microhabitat temperature dataset collected on Mauna Kea from April to July 2007.  These 

months are typically the months of highest recorded wekiu bug relative density and activity 

(Eiben and Rubinoff 2010).  The temperature for every hour interval was recorded at three 

substrate depths in the microhabitat.  

The accumulated degree days were calculated using the maximum hourly temperature 

found at any substrate depth, then limited to the wekiu bug‟s upper developmental 

temperature, as I was calculating the theoretical fastest development time assuming the 

wekiu bug is seeking optimal temperature for development.  In this way, I assumed wekiu 

bugs were seeking the most favorable temperatures for rapid development at any given time, 

since if they were not, they could be exposing themselves to suboptimal, perhaps fatal, 

extremes of hot and cold.  This hour interval was used to calculate the daily degree day 

accumulation of each month as per the previously stated equation, [C = D(T- K)]. 

The maximum accumulated degree days were also compared to four degree day 

accumulation models.  The commonly applied degree day models used in population growth 

estimation and pesticide application timing for agricultural pests are based on upper and 

lower developmental thresholds and two basic ways for estimating daily temperatures given a 

maximum and minimum daily temperature.  Estimating total daily temperature profiles and 

degree days accumulated using sine, double sine, triangle, and double triangle methods were 

applied to the wekiu bug‟s minimum and maximum temperature thresholds (Baskerville and 

Emin 1969, Allen 1976, Lindsey and Newman 1956, Sevacheriann et al. 1977).  The online 

degree day calculator provided by the “Calculate Degree Days” web interface created by the 

University of California Statewide IPM Program 

(http://www.ipm.ucdavis.edu/WEATHER/ddretrieve.html, accessed August 28, 2011) was 

used to create the four model type outputs from my temperature data from April 1 through 

July 31, 2007. 
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Finally, the linear and power regressions of the substrate temperature as a function of 

the ambient air temperature (using the simultaneously recorded air temperature) and the 

microhabitat substrate temperatures were used to determine if ambient temperature data 

commonly used in degree day modeling calculations for insects could be used to model 

wekiu bug growth as a proxy for the microhabitat temperatures for which there is a much 

more limited dataset.  Also, data from a pyrometer recording solar radiation on the Mauna 

Kea summit (Schöck et al. 2009) was used to demonstrate the effect of solar radiation on 

heating of the microhabitat. 

Results: 

Life Table Parameters: 

The minimum developmental threshold was calculated using linear regression for 

each developmental stage (egg and each instar) and are as follows (Figures 3.1-3.7): egg 

stage = 13.62
o
C, 1

st
 instar = 11.34ºC , 2

nd
 instar = 12.58

o
C, 3

rd
 instar = 15.40

o
C, 4

th
 instar = 

15.88
o
C, and 5

th
 instar = 16.71

o
C.  The overall minimum threshold for 1

st
-5

th
 instar 

development when total nymph development was tallied was 15.35
o
C (Figure 3.7).  

Increasing temperatures generally decreased development time with a few exceptions 

at pairs of temperature increase steps (Table 3.1).  For example, 26ºC and 28ºC showed 

statistically non-significant differences in development time.   

There were no significant differences found in the development rate of wekiu bugs at 

30D:11N ºC when fed a diet of laboratory cultured flies or a diversity of wild caught insects 

(t =-1.35, df = 14, P > 0.05). 

When comparing the longevity of males and females, a minimum survivorship of 

50% for the trial was used at a given temperature.  Within those parameters, ANOVA 

showed there were significant differences between male and female longevity (F1,1 = 4.66, P 

< 0.05), with greater male longevity .  

 The sex ratio for wekiu bugs in all experimental temperature conditions was 51.53% 

male and 48.47% female (n = 196). A chi-square test showed no difference from a 1:1 sex 

ratio (df =1, χ
2
=0.184, p>0.05), thus a sex ratio of 50% was used for population increase 

metrics.   

The intrinsic rate of increase for wekiu bug across the range of temperatures 

examined, varied from no successful reproduction at 22ºC, 30ºC and 32ºC, to a slightly 
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negative growth rate at 24/11ºC (rm =-0.0003), with the rest of the temperature conditions 

having positive growth rates from (rm = 0.009 to 0.069).  The measurable fecundity of wekiu 

bugs was lowest at their laboratory developmental temperature extreme of 24ºC.  Wekiu bugs 

did not survive long enough to reproduce at 22ºC, 30ºC and 32ºC.  Fecundity was highest at 

26ºC, 28ºC, and the high dual temperature conditions of 30D/26NºC (Table 3.8).   

At the lowest laboratory temperature of 8ºC, field caught adult wekiu bugs survived 

for an average of 46 days (n=11), and the two field caught nymphs kept at this temperature 

survived for 25 days and 91 days without molting.  Three of the eleven adults were females, 

and no eggs were laid during this trial.  All females were observed mating at least once, with 

one pair observed mating every day for 20 consecutive days during colony maintenance. 

The degree days required to complete each life stage are shown in Table 3.3.  

Generally the 1
st
 and 5

th
 instars demonstrated greater degree day accumulation for transition 

to the next life stage than the intermediate stages. The egg stage showed ~200 degree days to 

hatch, which the most for any life stage.  Approximately 622 degree days are required for 

wekiu bugs to complete a generation. 

To relate my laboratory growth trials to conditions observed on Mauna Kea in wekiu 

bug habitat, I measured the temperatures of the substrate during wekiu bug sampling events 

(Eiben and Rubinoff 2010) (Table 3.4).  Additionally I recorded the substrate temperatures 

for four continuous months and present the mean air temperatures for each of those months 

to examine the temperature differences between the air and ground substrate (Table 3.5).  

Also, I show the number of hours each month for the four months (April, May, June, and 

July, 2007, Table 3.5) that the temperature at three microhabitat depths was above the 

minimum threshold, and above the maximum threshold for growth.  These results 

demonstrate the extreme variability in temperatures found in one part near the summit of 

Mauna Kea in the wekiu bug‟s range (Table 3.5).   

The theoretical field maximum monthly degree day accumulation is shown in Table 

3.6, derived from the number of hours between the minimum and maximum thresholds, 

shown in Table 3.5.  Additionally, I present four common degree day accumulation models 

used in pest population modeling in agricultural systems (Table 3.6).  This shows, under the 

observed conditions in the spring and summer on Mauna Kea, a generation of wekiu bugs 

could mature within three and a half months (using 621.9 degree days as the generation 
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time), and the more generalized models used in agriculture may underestimate the degree 

days that wekiu bugs can accumulate in the field (Table 3.6).   

Finally, my linear and power regressions showing the relationships between air 

temperatures, wekiu bug microhabitat temperatures, and solar irradiance (Figures 3.8-3.10) 

indicate that solar irradiance has a strong relationship with the wekiu bug‟s microhabitat.  

The degree day accumulation calculated using actual microhabitat temperatures has a weaker 

relationship with air temperature (Figure 3.8).  The air temperature can be vastly different 

from the microhabitat temperature, and the slight (~4°C) daytime daily changes will add 

error to calculating field degree days using air temperature to predict the substrate 

temperature profile.  The solar irradiance measured hourly on Mauna Kea during March 28-

30, 2007 when there was concurrent data between all three data measurement devices 

(pyromometer, air temperature above 10m, and microhabitat substrate temperatures) has a 

strong relationship with microhabitat substrate temperature and degree day accumulation 

(Figures 3.9 and 3.10). 

Discussion:  

Wekiu bugs have a narrow range of developmental temperatures that are not well 

matched to the measured air temperatures encountered in their environment. This is not 

surprising, as insects are known to thermoregulate, yet, this aspect of insect behavior and 

development needed to be specifically addressed  due to misinformation, such as dying in the 

heat of the human hand, (Ziegler 2002) and rumors surrounding the necessity of cold 

temperatures and slow development in the wekiu bug  (Eiben and Rubinoff 2010).  

Wekiu bugs develop optimally at temperatures typical of low elevation members of 

the genus (Kehat and Wyndham 1972, Usinger 1942).  A Palearctic relative, Nysius 

groenlandicus (Zetterstedt), is a high latitude arctic-alpine species that has been 

demonstrated to prefer relatively higher temperatures (30°C) and is found in higher densities 

on south-facing dry slopes.  This thermoregulatory behavior maximizes development in this 

univoltine species during the cold and short summer (Bocher and Nachman 2001).  This 

suggests that suitable microhabitat availability is similarly very important to wekiu bug 

growth and development, and lends credence to the thermoregulation requirements observed 

in this laboratory study and observed temperatures in their habitat.   
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The degree day model example for growth in 2007 (Tables 3.5 and 3.6) shows that 

only one full generation could have occurred during the period for which continuous 

microhabitat temperature records are available (April-July 2007).  In late March of that year, 

I was already recording a nymph to adult ratio of ~50%.   The eggs that these nymphs 

hatched from must have been laid much earlier than the start of my temperature records in 

April 2007.  Since eggs require ~200 degree days (Table 3.3) and even in the warmest 

months I recorded less than 200 accumulated degree days, then the nymphs observed in late 

March hatched from eggs laid in February of 2007 at the very latest.  

Young wekiu bugs (1
st
 and 2

nd
 instars) can grow at lower temperatures than older 

bugs, which may be adaptive for early spring population growth when newly hatched bugs 

are found in great numbers soon after snow begins rapidly melting.  There is a possibility of 

egg diapause from the winter or fall, yet no eggs were laid or hatched in captivity when 

cooled below 22°C (22°C and 8°C).  During the winter months, it is likely that on sunny days 

there are temperatures warmer than 22°C, so eggs could conceivably be laid.  There are 

examples of both reproductive (adult) and egg diapause in temperate and arctic Nysius 

species (Wei 2008, Bocher and Nachman 2001). So it is possible in wekiu bugs, and my data 

does not directly support or refute this.  

Wekiu bugs are found in much lower trapping rates in the late summer and it is 

assumed this apparent rarity continues through the fall and early winter (Eiben and Rubinoff 

2010, Englund et al. 2002). It is unknown if this is due to ineffective traps, or an actual 

decline in numbers of wekiu bugs.  Nymph and adult wekiu bugs can be found throughout 

the year, but in very low relative densities in the fall and winter (Eiben and Rubinoff 2010).  

Also, since males live longer than females in all conditions examined, increased male 

longevity can have effects on the population dynamics of the insect.  In spring, during years 

when surveys showed a great number (~50% of all wekiu bugs) of early instar wekiu bugs, 

the majority of adult bugs captured were male.  This is evidence for a long-lived cohort of 

winter adults and occasional late instar nymphs that survive until the spring, with males 

greatly out-living the females in the cohort.   

A compelling finding of this study was that fluctuating temperature conditions 

resulted in higher survivorship and growth rates than would be expected under a simple 

linear model (Tables 3.1 and 3.2).  Specifically, the split temperature condition of 32/26°C 
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had the highest intrinsic rate of increase, and was higher than both of the stable temperatures 

of 32°C or 26°C.  Also, the split 30/11°C condition has a higher intrinsic rate of increase than 

the 30°C for 14 hours a day, and 10 hours below their minimal threshold, would show on the 

simple linear model.  This same phenomenon has been shown in many agricultural pests (Liu 

and Meng 2000, Reji and Chander 2008), and its cause is still unclear.  Wekiu bugs are likely 

adapted to grow optimally in their fluctuating environmental temperatures in the field.  The 

ability to predict the population growth of this unique species for management decisions and 

actions hinges on the availability of this relevant growth model and the accuracy and 

availability of temperature data on Mauna Kea in the wekiu bug‟s range. 

The largest temperature dataset available for the summit of Mauna Kea in wekiu bug 

habitat areas is limited to two dataloggers mounted on telescopes, many meters above the 

ground, and these are under a different thermal regime than the tephra layers where the wekiu 

bug occurs (Tables 3.4 and 3.5).  These temperature data were summarized in Couto da Silva 

(2006) showing very little average temperature variation within and between months.  The 

average air temperatures were always below the wekiu bug‟s minimum developmental 

threshold.  Because of this, and an ongoing study involving the climate and wind circulation 

at the summit of Mauna Kea, a set of four weather stations were deployed around the summit 

cinder cones (Businger 2010).  Comparing the daily temperature averages of air temperature 

and ground temperatures at the three wekiu bug microhabitats in July and August of 2007 

showed a relationship with regression analyses (Figure 3.8).  There was a weak correlation 

between the average hourly air temperature and substrate surface temperature (Figure 3.8).  

Finally, I found strong relationships with degree day accumulation, surface and subsurface 

substrate temperatures and solar radiation from a pyrometer (Figure 3.9) (Schöck et al. 2009).  

The ability to determine the wekiu bug‟s degree day accumulation in the microhabitat or 

model the degree day accumulation from the air temperature will be much more error prone 

and more inaccurate than using solar irradiance or ground surface temperatures.   

The generalized models of degree day accumulation (single sine, double sine, single 

triangle, and double triangle, Table 3.6) underestimate the potential for energy accumulation 

using only the maximum and minimum substrate temperatures in the models. 

The significant role that sunlight has in providing the key energy input for wekiu bug 

at the microhabitat level is made apparent by the previous analyses.  The weaker relationship 
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between the air temperature and the substrate temperature than the solar irradiance and the 

substrate temperature reinforces the problem with using commonly applied air temperature 

data for creating degree day accumulation predictions of population growth in the wekiu bug.  

Because of this weaker relationship, being able to predict population increase under filed 

conditions from the currently collected air temperature at the summit will be unreliable.  

Also, because the vast temperature dataset available (1980s-present, Couto da Silva 2006) 

that could be used to correlate past wekiu bug trapping rates (1984-2011) with climate 

conditions on Mauna Kea may be too inaccurate to make further inferences into long-term 

wekiu bug population fluctuations.  These data deficiencies are surmountable, and if 

addressed, they will help understand and predict how the wekiu bug relative densities on 

Mauna Kea come to be. 

Wekiu bugs are found in great abundance in some cinder cone habitats, but are not 

found in the vast rocky and ash laden expanses between cinder cones (Porter and Englund 

2006, Eiben and Rubinoff 2010).  The cinder cone habitat is predominately comprised of 

loose rock tephra 6-25cm deep on top of fine ash and grit with interstitial spaces of varying 

sizes in the rock tephra, whereas the areas between cinder cones are not dominated by a deep 

layer of varying size rocks.  Instead, these expanses of glacial till and lava outcrops have ash 

at the surface or large dense rocks without vast areas of interstitial space below the surface.   

The apparent low density of wekiu bugs in these vast expanses between cinder cones 

can be addressed, in part, by a few reasons tied to the substrate composition.  First, wekiu 

bugs may be attacked and eaten by the resident high elevation wolf spider (Lycosa sp.) which 

occurs in high densities in these glacial till areas between cinder cones.  The prey items of 

wekiu bugs may not be suitable or accessible due to the differences in substrate allowing the 

prey arthropods to be more quickly desiccated, or otherwise difficult to forage upon.  Wekiu 

bugs can remain hidden from the sun and predators in the cinder cone substrates, but would 

be more exposed while feeding on the ash and grit or on and under smooth lava rocks.   

The reason why wekiu bugs are found in greater numbers in the cinder cone substrate 

that is directly addressed by the temperature dependent growth studied here, is that they are 

buffered from the extreme daily high and low temperature oscillations seen on exposed rock 

or ash.  Wekiu bugs could probably survive movement through some exposed areas between 

cinder cones, and some population growth may occur in isolated areas with suitable 
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substrates and microclimates.  However, there is likely a greater chance for individual 

mortality, and development would be hindered by extreme high and low daily temperatures.  

This would result in a negative growth trend. The more common and widespread scenario of 

the bugs having higher densities in loose rock tephra, simply involves a greater likelihood to 

thermoregulate and develop maximally.  Populations in this deep rock tephra could grow and 

expand to similarly suitable habitats within and between adjacent cinder cones. 

Conclusion: 

While not all developmental and reproductive data obtained under laboratory 

conditions are directly applicable in the field, this information can be used to predict field 

population growth because the insects are responding to temperature parameters in both 

laboratory and field cases.  It is widely agreed that temperature driven developmental rates 

do give a predictable range for development in a given species (Capinera 2008, Trudgill et al. 

2005).  Further, the often assumed linear nature of developmental rates at constant 

temperatures is acknowledged to be an artificial, simplified construct, as has been shown in 

this study comparing constant and fluctuating temperatures.  The linear growth rate most 

often used in degree day modeling is predictive and an accepted way to describe population 

growth outside of laboratory conditions (Cesaraccio 2001). The simplified linear rate of 

temperature driven insect development is evident in all but the extreme high and low 

temperature thresholds, where the relationship may become not simple linear (Liu and Meng 

2000, Trudgill et al. 2005).  The non-straight line fringes of development at the minimum and 

maximum temperatures of the developmental range are generally regarded as inconsequential 

as long as the majority of the insects‟ lifetime is occurring well within the minimum and 

maximum thresholds (Liu and Meng 2000).  

 My data for the wekiu bug‟s optimal developmental thresholds and the temperature 

range they experience on Mauna Kea suggest that the wekiu bug must actively 

thermoregulate to maintain body temperatures within its bounds, and a linear relationship is 

supported for field based growth modeling.   

The periods of time during which the wekiu bug would be subjected to the upper and 

lower developmental temperature extremes are very brief, in large part because the habitat is 

buffered by ~6cm to 25cm of insulating rocks.  Realistically, the minimum threshold may be 

more important than my field data suggests, as the amount of time wekiu bugs are exposed to 
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low temperatures throughout the year is much greater than the time when they are exposed to 

high temperatures. That daily low temperature exposure would slightly increase the speed at 

which the insect can develop in the field because there may be an extended period of time 

that the wekiu bug is able to thermoregulate at or slightly below its lower developmental 

threshold.  This lower threshold growth rate may not be the same rate (slope on the 

regression) as the linear rate found for the majority of developmental temperatures.  Liu and 

Meng (2000) detailed this issue specifically in aphids, and showed that the linear growth 

model is sufficient in the vast majority of cases in insects, but may not apply during the time 

of an insect‟s life when it must survive the greatest temperature extremes of its upper and 

lower thresholds.   

There is some evidence that wekiu bugs could be adapting to continued slow growth 

below the linear minimum threshold, because the stage specific minimum threshold 

decreases in the early instar stages of the insect (Figures 3.1-3.7).  This is especially 

important for the wekiu bug in the context of its habitat, since there is never a day on the 

volcano summit that has a constant temperature above the minimum developmental threshold 

for this insect, and I have evidence that reproduction and development occurs throughout the 

year at some level because early instar nymphs have been found during the fall and winter.  

These young nymphs may have arrested or slowed development during the fall and winter, 

and this needs to be researched further.  Making basic predictions about the generation time 

of the wekiu bug will not be greatly affected by slightly underestimating the lower 

developmental threshold.  I assert that my linear degree day model will slightly overestimate 

the degree days needed for wekiu bug growth since I can not fully account for the insects‟ 

thermoregulation at low temperatures.   

Finally, since the wekiu bug requires approximately 3.5 months per generation in the 

relatively warm months of April through July, I predict the wekiu bug can have 3 generations 

per year.  I do find spikes in numbers of juveniles in the spring, but throughout the summer 

and fall I find a diversity of ages.  The low numbers of wekiu bugs captured in the early 

spring are comprised of mostly males, less females and occasional late instar nymphs.   

These bugs are likely the long-lived over-wintered cohort that lay the eggs hatching during 

the spring.  Generations likely overlap in the spring and summer given differences in their 
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microhabitat temperatures due to snowmelt timing, hill aspect shading, and elevation 

differences throughout the habitat range of the species. 

The life table analysis at different temperatures (Tables 3.1 and 3.2) demonstrates 

how quickly the wekiu bug populations could increase in the field.  I demonstrated that 

wekiu bugs can have a positive intrinsic rate of increase when their upper and lower 

developmental thresholds are the only temperatures to which they are exposed in captivity.  

Although it is unclear exactly how the many modes of possible behavioral and biological 

processes are expressed by this cryptic insect in the wild, it is clear that at least the 

temperature thresholds required for growth are observed in the field.   

Temperature dependent growth and reproduction rate of an insect are far from the 

only means by which populations are assessed.  The life history traits of this insect that may 

also affect its population growth in the field include egg placement in the substrate, 

hibernation or aestivation behaviors and physiological processes, as well as sex ratio and 

mating behavior.  The latter may be quite important in the field based on the following 

observations. Breeding is a physiologically demanding process, and females in this case seem 

to sacrifice their longevity for fecundity (high parental energy investment), as males live 

longer than their female counterparts (Table 3.1). The operational sex ratio (Emlen and Oring 

1977) is the ratio of receptive males to receptive females at a given time in a population, and 

it can have profound effects on resource allocation, sexual selection, and population indices 

(Weir et al. 2010).  In captivity, paired males and females were often observed in nearly 

continuous copulation for up to 2 weeks at low temperatures (8°C, 24°C, 24/11°C) in a 

distinct display of mate guarding.  In laboratory cultures with many males and females 

present, there were many male attempts at copulation with already paired partners.  As 

females died over time, the cultures were left with skewed sex ratios with males 

predominating.  This, when considered relative to field observations (e.g. the sex ratio in 

April 2011 from 7 field sites was 74% male with 87 male, 23 female,of which 14 were pairs 

and only 2 early instar nymphs) may be why there are skewed sex ratios in the field.  A non-

equal sex ratio in times of low density could lead to increased male competition and could 

influence a potential Allee affect, especially if the sex ratios are not recorded in subsequent 

field surveys for this rare species 
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In the field, wekiu bug populations appear to have a positive intrinsic rate of increase 

only in the spring and early summer, since there is no known aestivation or hibernation stage.  

I assume that there is a population decline in winter when wekiu bug captures decrease, and 

also the first captures of wekiu bugs in the spring are quite low. 

As I mentioned previously, the commonly used air temperature derived degree day 

field accumulation models are not an appropriate model for population growth of the wekiu 

bug (Figures 3.8 and 3.9).  These air temperatures are nearly always below the 

developmental threshold of the wekiu bug (Tables 3.4 and 3.5), and the air temperature at the 

summit is not strongly correlated with the substrate microhabitat temperatures encountered 

by the wekiu bug on and below the tephra surface (Figures 3.8 and 3.10).  A more realistic 

microhabitat data gathering or modeling experiment is necessary.  The proof of concept of 

DD accumulation calculated from the field data presented here from one location and four 

months of continuous temperature data within the ~3,000 acres of wekiu bug habitat should 

be augmented and modeled to all cinder cones where wekiu bugs have been found (Porter 

and Englund 2006), as it appears that the lowest elevations in their range have slightly higher 

temperatures and less snowfall.  The minimum elevation range of the wekiu bug is 3,415m 

and lower relative population densities are observed in these low cinder cones (Porter and 

Englund, 2006).   

This minimum elevation threshold may be caused by wekiu bugs needing to feed on 

dead or dying prey, which is induced primarily by nightly freezing temperatures.  Also, the 

snow-pack may be a water source melting into the ash and slowly moving downslope, and it 

is more likely to dry out in these warmer low elevations.  These population density 

differences between 4205m and 3415m could be due to the subtle temperature differences at 

the substrate level.  Typically the northeast facing slopes are described as having more wekiu 

bugs (Porter and Englund 2006), presumably because of their cooler temperatures and longer 

duration of snowpack and moisture.   

These seemingly contradictory lines of evidence simply reinforce what is known 

about all insects, there is a complex interplay between population growth and development 

that is not solely based on one factor.  Prey items may remain a viable food source for longer 

times in cooler microclimates allowing for higher survivorship, even though the habitat may 

not be as favorable for quick development.  It is unknown if wekiu bug populations increase 
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or decrease in a specific area due to the thermal input found on any given slope, or if the 

wekiu bugs follow the warmest areas throughout all seasons maximizing their exposure to 

optimum development and hence population growth, irrespective of apparent moisture and 

food availability.  These questions can be investigated with the refining of the model 

presented here. 

There is still inadequate sampling for the rare wekiu bug throughout cinder cones in 

its range to determine if relative densities are determines strictly due to temperature 

dependent growth, or some other aspect of their natural history.  I advise using the population 

dynamics of this insect to manage conservation priorities, and for that, degree day modeling 

is a necessary component to predicting growth in potential habitat, but it is only part of the 

full conservation picture.  The wekiu bug‟s future is still uncertain, due to global climate 

change and increased human uses of its habitat, but there is a continuing commitment to 

monitor and protect the species.  The State of Hawaii and the University of Hawaii as the 

land manager will be able to use this new biological information in their management of this 

insect‟s essential habitat.  There are plans for mitigating damage to confirmed wekiu bug 

habitat areas if more development occurs on Mauna Kea, yet these plans are untested.  Using 

the degree day model for wekiu bug growth for efficiently monitoring population 

establishment and growth in any restored habitat would help the management of the species.  

Also, creating habitat that supports the full temperature profile found in existing inhabited 

substrate should be emulated. 
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Tables 

Table 3.1. Wekiu bug survival and developmental times at constant and varying temperatures (ºC), and with different food sources 

(Lab reared D. melanogaster (Fly) vs. diverse field collected insect prey (FP)).  

Temp ºC n 

Number died 

as nymphs 

(% mortality) 

Days as 

egg 

Days as 1st 

(±SE) 

Days as 2nd 

(±SE) 

Days as 3rd 

(±SE) 

Days as 4th 

(±SE) 

Days as 5th 

(±SE) 

Total time as 

immatures in 

days (±SE) 

Mean female 

longevity in 

days (±SE) 

Mean male 

longevity in days 

(±SE) 

22 20 16 (80%) N/A 11.5 (0.75) a 10 (0.80) a 11 (0.85) a 12.6 (0.43) a 
18.25 (0.95) 

a 

57.7* 

62 a (0.58)** 
N/A 

14 

(9) a 

24 20 9 (45%) 
20.75 

(0.95) a 
9.2 (0.28) b 7.6 (0.14) b 7.8 (0.22) b 7.6 (0.25) b 11.6 (0.15) b 

43.8* 

43.4 b (0.52)** 

37.9 

(4.89) ab 

56.3 

(9.81) ab 

26 60 15 (25%) 
14.15 

(0.47) ac 
6.9 (0.16) c 

6 

(0.11) c 
5.7 (0.12) c 6.1 (0.10) c 8.2 (0.08) c 

32.9* 

32.9 c (0.26)** 

33.6 

(2.21)b 

38.7 

(2.63) a 

28 20 5 (25%) 
14.6 (0.51) 

ac 
7.5 (0.24) c 5.4 (0.13) cd 5.2 (0.14) cd 5.8 (0.11) c 8.2 (0.17) c 

32.1* 

31.9 c (0.31)** 

23.3 

(2.79)b 

36.9 

(8.13) ab 

30 30 27 (90%) N/A 5.4 (0.16) d 4.8 (0.31) d 4.5 (0.26) d 4.4 (0.37) d 6.3 (0.33)d 
25.4* 

23.7 d (0.67)** 
N/A 

3 

(1) a 

32 30 26 (87%) N/A 5.7 (0.15) d 4.7 (0.16) d 4.2 (0.19) de 4.4 (0.15) d 5.75 (0.25) d 
24.75* 

24.5 d (1.04)** 

2 

(0)b 

3 

(0) ab 

24/11 14 4 (29%) 
28.2 (2.69) 

abc 
19.5 (0.86) e 15.1 (0.30) e 14.5 (0.39) g 14.5 (0.42) e 19.8 (0.42) e 

83.4* 

83.8 e (1.16)** 

54.9 

(9.32) ab 

72.7 

(15.95) ab 

30/26 40 12 (30%) 
13.33 

(0.67) ac 
5.2 (0.18) cd 4.6 (0.12) d 

4.5 (0.20) 

def 
4.6 (0.13) d 6.6 (0.13) d 

25.5* 

25.1 d (0.39)** 

17.9 

(3.71)b 

20.3 

(3.56) a 

32/11 15 5 (33%) 
22.75 

(4.85) a 
6.6 (0.29) d 6.7 (0.19) bc 

5.5 (0.34) 

cdf 
6 (0.27) c 8.5 (0.34) c 

33.3* 

33.2 c (0.97)** 

36 

(12.95) ab 

52 

(3.05) ab 

-Continued next page- 

Temp ºC n 

Number died 

as nymphs 

(% mortality) 

Days as 

egg 

Days as 1st 

(±SE) 

Days as 2nd 

(±SE) 

Days as 3rd 

(±SE) 

Days as 4th 

(±SE) 

Days as 5th 

(±SE) 

Total time as 

immatures in 

days (±SE) 

Mean female 

longevity in 

days (±SE) 

Mean male 

longevity in days 

(±SE) 
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Table 3.1. Continued. Wekiu bug survival and developmental times at constant and varying temperatures (ºC), and with different 

food sources (Lab reared D. melanogaster (Fly) vs. diverse field collected insect prey (FP)).  

 

* Means include data from nymphs not surviving to adults 

** Mean and SE of only the nymphs surviving to adulthood, this was used for ANOVA 

Diet comparison           

30/11 Fly 15 5 (33%) 
19.67 

(0.33) abc 
N/A N/A N/A N/A N/A 

37.2 

(0.87)  

30 

(10.80) 

23.4 (6.98)  

Combined 

26.7 (6.2) 

30/11 FP 15 7 (46%) 
19.33 (1.2) 

abc 
N/A N/A N/A N/A N/A 

39 

(1.02)  

33.5 

(13.31) 

44 (7.02)  

Combined 

38 (7.9) 
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Table 3.2. Life table statistics at constant and varying temperatures, and with different food sources (Lab reared D. melanogaster 

(Fly) vs. diverse field collected insect prey (frozen and thawed) (FP)). 

Temp 

ºC 
n 

Number died 

as nymphs 

(% mortality) 

Mating 

Pairs  

Mean Eggs 

laid 

(±SD) 

Mean Eggs 

hatch (±SD) 

Mean eggs 

per day 

(±SD) 

Mean 

hatched 

eggs per 

day 

(±SD) 

Gross 

reproductive 

rate (GRR) 

(female eggs) 

Net 

reproductive 

rate (Rо) 

(female eggs) 

Generation 

time (T) 

(days) 

Doubling 

time (DT) 

(days) 

Intrinsic rate of 

increase (rm) 

(females / female / 

day) 

22 20 16 (80%) 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

24 20 9 (45%) 6 49 (9.18) 7.67 (5.02) 1.78 (0.29) 0.33 (0.24) 24.5 2.11 82.12 76.29 0.009 

26 60 15 (25%) 21 
66.86 

(60.02) 

30.8 

(40.21) 
1.97 (1.49) 

0.88 

(1.04) 
33.43 11.01 50.09 14.47 0.048 

28 20 5 (25%) 7 
75.71 

(32.52) 

36.71 

(29.71) 
3.34 (1.21) 

1.5 

(1.24) 
37.85 13.77 48.16 12.73 0.054 

30 30 27 (90%) 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

32 30 26 (87%) 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

24/11 14 4 (29%) 17 
8.41 

(12.32) 

1.35 

(5.58) 
0.17 (0.26) 

0.02 

(0.08) 
4.25 0.48 226.53 N/A -0.003 

30/26 40 12 (30%) 10 
76.3 

(61.69) 

42.2 

(33.05) 
3.29 (1.88) 1.79 (1.37) 38.15 15.4 39.6 10.04 0.069 

32/11 15 5 (33%) 4 
85.83 

(15.24) 
25.67 (5.57) 2.17 0.77 42.92 8.6 60.14 19.37 0.036 

Diet comparison             

30/11 

Fly 
15 5 (33%) 4 

90 

(44.4) 
22.25 (15.8) 2.48 (0.19) 

0.83 

(0.58) 
45 7.45 60.90 21.02 0.033 

30/11 

FP 
15 7 (46%) 4 

77.5 

(29.0) 
32.5 (6.36) 1.53 (0.07) 

0.67 

(0.15) 
38.75 8.77 62.78 20.04 0.035 

 



76 

 

Table 3.3. Degree days (DD) required for the wekiu bug to complete each life stage. 

 

DD 

egg(±SE)* 

DD 1
st
 

(±SE) 

DD 2
nd

  

(±SE) 

DD 3
rd

 

(±SE) 

DD 4
th

 

(±SE) 

DD 5
th

 

(±SE) 

DD 

Nymph 

total 

Total DD 

one 

generation 

200.2 

(±12.6) 

113.95 

(±4.3) 

86.64 

(±2.14) 

66.87 

(±1.7) 

67.32 

(±2.63) 

86.92 

(±2.93) 
421.7 621.9 

*The egg stage includes lag time from initial adult pairing and mating initiation, as eggs were 

hidden in the substrate and unobservable, so the exact time of egg lay was unknown 
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Table 3.4. Temperatures encountered at the summit of Mauna Kea showing differences in air 

and ground microhabitats during wekiu bug trapping events (UKIRT and CFHT data from 

Couto da Silva 2006). 

 

 

UKIRT 

Monthly Air 

Max, Min 

(Mean) 

CFHT 

Monthly Air 

Max, Min 

(Mean) 

Temperatures 

at ash layer 

(20cm) 

Max, Min 

(Mean ±SE) 

Temperatures 

at subsurface 

layer (7cm) 

Max, Min 

(Mean ±SE) 

Temperatures 

at surface 

Max, Min 

(Mean ±SE) 

Mar 28-30, 2007 4.3,-3.4 (0.1) 
3.4,-3.2 (-

0.2) 

7.4, 3.6 

(5.4 ±0.09) 

17.3,-1.0 

(4.5±0.46) 

31.8,-6.4 

(3.7±0.95) 

Jul 31-Aug 3, 2007 9.3, 0.1 (4.1) 7.6, 0.7 (3.8) 
10.6, 4.8 

(7.9±0.10) 

17.8, 0.9 

(7.3±0.29) 

38.3,-7.2 

(6.4±0.79) 

Mar 27-Apr 1, 2008 N/A N/A 
8.2,-2.7 

(0.7±0.08) 

22.7,-6.7 

(1.8±0.29) 

33.4,-10.1 

(2.4±0.49 ) 

Sep 25-29, 2008 9.8, 1.0 (4.4) 8.3, 1.6 (4.5) 
21.8, 1.0 

(7.9 ±0.39) 

36.8,-3.5 

(6.7±0.67) 

33.9,-4.7 

(5.7±0.66) 

Apr 20-24, 2009 6.5,-2.2 (1.9) 5.3,-1.4 (1.4) 
7.3,-5.8 

(-1.5 ±0.21) 

22.3,-6.5 

(0.92±0.53) 

20.2,-7.1 

(-0.01±0.5) 

Jun 2-5, 2009 9.9, 0.3 (4.4) 7.8, 1.1 (4.0) 
23.9,-0.8 

(7.0 ±0.61) 

32.1,-4.6 

(6.9±0.96) 

30.1,-5.8 

(4.9±0.88) 

Aug 27-Sep 1, 2009 N/A N/A 
17.5,-0.9 

(7.1±0.41) 

42.3,-11.7 

(6.9±1.21) 

44.5,-14.5 

(4.7±1.22) 
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Table 3.5. Microhabitat temperatures relating to wekiu bug inhabited cinder cones. 

 

*Temperature stations are affixed to two separate telescopes at approx. 4200m. United Kingdom Infrared Telescope (UKIRT), 

Canada, France, Hawaii, Telescope (CFHT) (From Couto da Silva, 2006).  

Month Air °C Surface Subsurface Ash Hours 

 

Mean Daily 

Max 

UKIRT, 

CFHT 

(1991-

2006)* 

Mean Daily 

Min 

UKIRT, 

CFHT 

(1991-

2006)* 

Mean 

Daily 

Max 

(SE) 

(2007) 

Mean 

Daily 

Min 

(SE) 

(2007) 

Mean 

Daily 

Max 

(SE) 

(2007) 

Mean 

Daily Min 

(SE) 

(2007) 

Mean 

Daily 

Max 

(SE) 

(2007) 

Mean 

Daily Min 

(SE) 

(2007) 

Above Min 

threshold of 

11.34C 

(2007) 

Above 

Max 

threshold 

of 30C 

(2007) 

April 6.5, 5.3 -2.2,-1.4 
36.2 

(0.90) 

-7.4 

(0.49) 

17.1 

(0.35) 
-0.5 (0.27) 

8.4 

(0.23) 
3.8 (0.19) 283 115 

May 7.8, 6.2 -1.1,-0.5 
38.2 

(0.62) 

-5.9 

(0.51) 

19.5 

(0.32) 

0.95 

(0.26) 

10.1 

(0.18) 
5.3 (0.16) 323 139.5 

June 9.9, 7.8 0.3, 1.1 
38.5 

(0.91) 

-5.4 

(0.53) 

21.7 

(0.35) 
1.6 (0.24) 

11.3 

(0.15) 
6.6 (0.11) 347.75 150 

July 9.3, 7.6 0.1, 0.7 
34.5 

(1.0) 

-3.9 

(0.43) 

18.6 

(0.65) 
1.6 (0.22) 

9.8 

(0.23) 
5.5 (0.21) 327 123.75 
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Table 3.6. Example of the number of daily calculated degree days (DD) wekiu bugs could 

accumulate in their substrate assuming thermoregulation to maximize growth rate from April 

to July 2007.  Comparisons using four agricultural degree day models are shown using the 

daily maximum and minimum temperatures in wekiu bug habitat.  The daily maximum and 

minimum air temperatures were not used, as is typical in agriculture models, because these 

temperatures were always below the wekiu bug‟s calculated minimum developmental range. 

 

 April May June July 

Calculated DD accumulated 160.33 180.13 192.00 174.55 

Single Sine DD model* 146.63 161.52 150.76 153.63 

Double Sine DD model* 146.89 161.6 150.72 153.73 

Single Triangle DD 

model** 
128.31 151.39 144.39 134.08 

Double Triangle DD 

model*** 
128.70 151.52 144.35 134.30 

 

*Baskerville and Emin 1969, Allen 1976, **Lindsey and Newman 1956, ***Sevacheriann et 

al. 1977 
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Figure 3.1. Temperature dependent growth rate of the wekiu bug during the egg stage.  
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Figure 3.2. Temperature dependent growth rate of the wekiu bug during the 1st instar.  
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Figure 3.3. Temperature dependent growth rate of the wekiu bug during the 2nd instar. 
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Figure 3.4. Temperature dependent growth rate of the wekiu bug during the 3rd instar. 
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Figure 3.5. Temperature dependent growth rate of the wekiu bug during the 4th instar. 
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Figure 3.6. Temperature dependent growth rate of the wekiu bug during the 5th instar.
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Figure 3.7. Temperature dependent growth rate of immature wekiu bugs. 
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Figure 3.8. A) Relationship between wekiu bug degree day accumulation and air 

temperature. B) Relationship between daily maximum temperatures, air temperature vs 

substrate surface temperature.
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Linear regression comparing the Accumulated Degree Days per hour and total solar radiation from 

March 28-March 30 2008
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Linear regression comparing the surface temperature and total solar radiation from March 28-March 30 
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Figure 3.9. Comparison of Mauna Kea summit solar irradiance measured by pyrometer and 

wekiu bug microhabitat temperatures and accumulated degree days per hour. 
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Linear regression comparing the average hourly air temperature and average solar radiation from 

March 28-March 30 2008
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Figure 3.10. Linear regression showing the relationship between solar irradiance and air 

temperature on the Mauna Kea summit. 
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CHAPTER 4. CONSERVATION VALUE OF A POPULATION GENETICS 

ANALYSIS USING MITOCHONDRIAL DNA OF THE WEKIU BUG (NYSIUS 

WEKIUICOLA ASHLOCK AND GAGNÉ 1983) THROUGHOUT ITS RANGE 

 

Introduction: 

The conservation of any species has many interrelated components.  At its core, 

conservation must effectively provide a way for species to persist in a capacity that allows 

them to respond, adapt and survive human induced and subtle or extreme natural 

environmental changes (Williams 2002, Avise and Henrick 1996).  For insects, detailed 

knowledge of population dynamics, habitat specificity and utilization, genetic relationships, 

or even species level diagnoses is often lacking, in spite of the importance of these factors for  

effective species-specific conservation (Samways 2007).  In Hawaii, approximately 98% of 

the insects are endemic to the islands (Nishida 2002), and many are threatened due to 

pressure from human land development, invasive species, and global climate change 

(Gillespie and Roderick 2002, Eiben and Rubinoff 2010).  Although it may be an enormous 

undertaking, it is important to gather comprehensive data to facilitate effective conservation 

of threatened insect biota, as insect diversity is linked to ecosystem function (Samways 

2007).  Preserving ecosystem function is an underlying goal of conservation. 

The wekiu bug, Nysius wekiuicola Ashlock and Gagné 1983 (Hemiptera: Lygaeidae), 

is under intense public scrutiny, with multiple lawsuits concerning development on the 

summit of Mauna Kea, due to its long residence as a candidate for listing under the 

Endangered Species Act (Federal Register 1999, 2005, 2011), and its role in slowing or 

halting some land-based astronomy facility construction on the summit of the Mauna Kea 

volcano on Hawaii Island, HI (University of Hawaii 2009).  The wekiu bug is only found 

between ~3,475m (11,200ft) and the summit on the 4,205m (13,796ft) high mountain, and 

the species is apparently adapted to surviving the alpine stone desert conditions only on 

volcanic cinder cones (Porter and Englund 2006, Eiben and Rubinoff 2010). Nysius 

wekiuicola is a carnivorous scavenger and detritivor adapted to feed on insects blown up 

from lower elevations as wind deposited aeolian debris and subsequently killed or chilled 

into torpor in the alpine desert conditions found in its elevational range (Ashlock and Gagné 

1983, Duman and Montgomery 1991).  The wekiu bug is a unique Hawaiian endemic insect 



94 

 

and the only carnivore in the genus, except for its sister species, Nysius aa Polhemus (1998), 

described from the 30 kilometer distant summit of Mauna Loa in a similar alpine climate. 

The two sister species are isolated by approximately 30 kilometers of alpine shrubland and 

high elevation montane rain forest where wekiu bugs have never been found and are unlikely 

to survive given their unique feeding and environmental requirements.  Both species are 

micropterous, carnivorous scavengers that feed on Aeolian deposited insect prey blown to 

their respective summits.  Polhemus (1998) described the morphological differences between 

the species, as males of N. aa having a pear-shaped abdomen with sides distinctly outwardly 

convex, the tips of the paramere with a narrow pointed tip, and females having a weak medial 

incision at the base of the ovipositor on ventrite IV, and finally, the female tergite VIII has 

two roughly quadrate plates with straight lateral margins (Polhemus 1998).   The wekiu bugs 

are morphologically distinct from all the other 26 Hawaiian Nysius, being micropterous and 

flightless with extremely long legs (Ashlock and Gagné 1983, Polhemus 1998) which may be 

an adaptation for basking and thermoregulation (Eiben and Rubinoff 2010).   

  The Mauna Kea cinder cones that Nysius wekiuicola inhabit are separated by up to 1 

kilometer of low quality habitat described as “ice-scoured bedrock” composed of glacial rock 

deposits with fine rock powder and large basalt erratics, as opposed to the loosely packed 

volcanic rock tephra found on cinder cones (Porter and Englund 2006).   

Defined conservation units (populations or regions of the species‟ habitat) for the 

wekiu bug may be important in the conservation of the species, as there are different threats 

throughout their range.  The summit area (above 3,900m) has the most human impact and 

activity due to tourism and astronomy facility development, and may require different 

management from areas less impacted by human development.  Because the wekiu bug 

cannot fly and is apparently absent or at extremely low densities in the previously glaciated 

areas of the summit of Mauna Kea, I wanted to employ a molecular approach to determine 

whether conservation units can be defined for the wekiu bug, and whether any genetic 

patterns might inform conservation recommendations across its limited but heterogenous 

range.  Mitochondrial DNA (mtDNA) has been shown to be a useful tool in population 

genetic analyses (Trewick 2001, Caterino and Chatzimanolis 2009), and has been used in 

many conservation studies (Williams 2002, Lopez et al. 2007, DeSalle and Amato 2004).  

There have been a few examples of population genetic analyses being applied to other 
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Hawaiian arthropods (Jordan et al. 2005, Goodman et al. 2008, Muir and Price 2008), but 

there is still a limited record of biogeographic and evolutionary history for Hawaiian insects 

given the small proportion of the thousands endemic insects that have not been studied.  A 

population genetics approach can produce fine-scale geographic resolution and define 

population structure in a way that can aid active species conservation management.  By 

defining isolated sub-populations, threats to individual populations can be differentially 

assessed and prioritized, as not to waste resources.  Conversely, apparent sub-population 

may, in fact, be interbreeding, leading to a closer assessment of migration ability and 

subsequent changes in conservation actions.  

One of the principle goals of conservation is to quantify and maintain the maximum 

amount of extant biodiversity. Intraspecies genetic diversity is a useful measure of natural 

variation that is used for natural resource management, because such data can provide 

quantitative, repeatable measures of biodiversity.  When genetic variation can be correlated 

with geographic distribution or management units, then evolutionarily significant units 

(ESUs) can be defined and used to prioritize conservation decisions (Moritz et al. 1994). 

Studies focusing on rare Hawaiian invertebrates have successfully used mtDNA markers to 

define ESUs (Holland and Hadfield 2002) for resource management applications.  Even 

though this type of information is still rarely used in conservation, it has been used in many 

Endangered Species recovery programs. 

Data generated by the current study will be used to make specific recommendations 

for the conservation of the species and to address the following questions: 1) Do multiple 

genetically discrete, evolutionarily isolated populations of Mauna Kea wekiu bugs exist, and 

2) Is there evidence of a recent genetic bottleneck in the species? 

Materials and Methods:  

I sampled N. wekiuicola, throughout its entire known range on Mauna Kea to assess 

the population structure of the species. Genetic data from every cinder cone where wekiu 

bugs have ever been found on Maun Kea were included in this study.  Additionally I used the 

sister species, Mauna Loa wekiu bug, or aa bug, Nysius aa (Polhemus 1998), from the 

volcano summit of Mauna Loa as an outgroup to determine larger scale genetic variability 

(see Figure 4.1).  

Sampling: 



96 

 

Adult and nymphal insects were field collected by Englund et al. (2002-2009) and 

myself from baited pitfall traps used to attract wekiu bugs (see Eiben and Rubinoff 2010, 

Howarth et al. 1999), by hand collection from the Mauna Kea cinder cone habitats (Figure 

4.1), and from the lava flows near the Mauna Loa crater by Englund (2006 and 2007).  Traps 

were placed along transects by Englund et al. (2002-2009) during total range delimiting 

studies, and traps were placed specifically on wekiu bug inhabited cinder cones to maximize 

sample numbers in all locations in all Mauna Kea cinder cones with a known wekiu bug 

population were surveyed.  mtDNA from at least one individual from every cinder cone was 

successfully sequenced (n = 116, Table 4.1). 

Amplification and Sequencing of Genetic Markers: 

Two or three legs were removed from one side of the body from each individual for 

DNA extraction, taking care to remove some muscle from the thorax by carefully excising 

the leg at the base of the coxa (three legs were used if muscle tissue was not apparently 

extracted from the thorax along with the coxa).  In some cases, full body extractions of 

nymph stages were used if the sampled location did not yield sufficient numbers of adults.  

Generally, full body extractions were not preferred, due to the potential for insect prey DNA 

contaminating the sample from gut contents.  Generally, the gut contents did not amplify 

non-wekiu bug mtDNA, but on a few occasions the mtDNA was re-amplified and re-

sequenced with specific wekiu bug designed primers (see below primer names, WEK528-

KIU1059, NYS1645 IUS2205) if the mtDNA sequence was vastly different from of wekiu 

bug samples.  DNA was extracted using the DNeasy animal blood and tissue extraction kit 

(Qiagen, Inc., Valencia, CA) following standard protocols. Tissue was digested with 

proteinase K at 55° C for 24 hours, and 150 ul of EB buffer was used to elute DNA. Extracts 

were stored at-20° C. Voucher specimens were labeled and either frozen at-80° C. 

I analyzed 1,942 basepairs of the mitochondrial gene cytochrome c oxidase subunit I 

(COI), tRNA
(Leu)

 UUR, and mitochondrial gene cytochrome c oxidase subunit II (COII).  I 

selected these genes, because they have been previously used for conservation related 

population genetic projects and general primer pairs have been developed (Muir and Price 

2008). Two to five primer pairs (Jerry; CAA CAT TTA TTT TGA TTT TTT GG paired with 

Pat; TCC AAT GCA CTA ATC TGC CAT ATT A, LCO-1490; GGT CAA CAA ATC ATA 

AAG ATA TTG G paired with HCO-2198; TAA ACT TCA GGG TGA TGA CCA AAA 
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AAT CA, NYS1645; TGA ATT ATT CGA RTT GAA YTR GG paired with IUS2205- GCY 

CCK GCT ART ACT GGT AAK G, WEK528- CCA TTA TTT GTA TGA TCA GTA GG 

paired with KIU1059-GCT AAA ATT ACC CCT GTT AAT CC, and Chewie- GGR-TCA-

ACY-ATA-TCT-ATA-ATT-AG paired with Barbara- CCA CAA ATT TCT GAA CAT 

TGA CCA were used to amplify COI, and COII by Polymerase Chain Reaction (PCR) in a 

PTC-100TM thermocycler (MJ Research, Inc.).  The PCR conditions were as follows: an 

initial denaturing cycle of a 2 minute at 94°C, followed by a 1 minute annealing step (Table 

4.2), then a 72°C extension.  34 additional cycles were repeated with previous steps, although 

denaturing was shortened to a minute at 94°C. The last PCR step was a final extension for 12 

minutes at 72°C. All PCR products were purified in QIAquick® spin columns (Qiagen, Inc., 

Valencia, CA) using the manufacturer‟s protocol. Both the sense- and anti-sense strand 

products from the PCR reactions were sequenced by the Advanced Studies in Genomics, 

Proteomics and Bioinformatics (http://asgpb.mhpcc.Hawaii.edu) and Greenwood Molecular 

Biology Core (http://core.biotech.Hawaii.edu) sequencing facilities.  The resultant sense- and 

anti-sense sequences for each sample were aligned by eye, trimmed to equal lengths, and 

concatenated using BioEdit 7.0.9 (Hall 1999). Samples with any missing data as incomplete 

sequences were excluded from analyses. All sequences were trimmed to only include data 

unambiguously shared between all samples. 

The total data set used in all analyses was aligned with Drosophila yakuba, and 

corresponds with the standard mtDNA genome nucleotide numbers 1619-2173 (COI 118-

672), and 2264-3035 (COI 763-1534), tRNA
(Leu)

 65bp (1 deletion from D. yakuba) 3036-

3103 (1-66), and COII 3103-653 (COII 1-549). 

Data Analysis: 

A haplotype network was created using TCS 1.2.1 (Clemet et al. 2000) for the 116 

samples of N. wekiuicola and N. aa.  I explored the genetic structure of the wekiu bugs for 

generalized regions on Mauna Kea using analysis of molecular variance (AMOVA) in 

Arlequin 3.5.1.2 (Excoffier et al. 2005), subjectively defining four population regions 

isolated by either expanses of glacial till larger than 0.5km distant (3 regions on Mauna Kea: 

Summit, Northeast, and Southeast), or different mountains for the outgroup (Mauna Kea or 

Mauna Loa).  Global, population-specific, and pairwise ΦST were also estimated using 

Arlequin.   
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Basic descriptions of the nucleotide diversity found in the mitochondrial DNA 

sequences were calculated in DNASP v. 5.10.01 (Librado and Rozas 2009), including the 

ratios of nucleotide composition, number of variable sites, and synonymous or replacement 

protein changes.  I also used DNASP to describe the haplotype diversity (h) and nucleotide 

diversity (π) at the population level. Fu and Li‟s (1993) D* and F*, Fu‟s (1997) F, and 

Tajima‟s (1989) D, were also included to describe genetic differentiation and population 

expansion parameters. 

Results: 

Only 9 variable sites were found within the 1,942 bp segment sequenced, and of 

those, only 2 were non-synonymous, resulting in amino acid changes.  There was only one 

haplotype that showed a 2-step change, all other haplotypes were each one step apart.  The 

nucleotide composition was 32.94% T, 37.53% A, 16.18% C, and 13.35 % G.  Table 4.2 

details the Haplotype diversity (h), and nucleotide diversity (π), Fu and Li‟s D* and F*, Fu‟s 

F, and Tajima‟s D statistics.  These all support a depauperate gene pool and suggest a single 

recent population expansion (Figure 4.2). A haplotype network created with all 116 samples 

of the two species shows two common haplotypes (designated as haplotype 1 and haplotype 

2), with all areas of Mauna Kea being dominated by haplotype 1, followed by the less 

common haplotype 2, and Mauna Loa (N. aa) being define by only haplotype 2 (Figure 4.3, 

Table 4.3).  The 8 other haplotypes are unique to N. wekiuicola. The Analysis of Molecular 

Variance (AMOVA) conducted using Arlequin showed a significant difference in the 

populations as defined by cinder cones with at least 0.5km of glacial till separating them. 

Distinct populations appeared to be present at: the summit above 3,900m (SUMMIT), 

northeast region of Mauna Kea below 3,900m (NE), southeast region below 3,900m (SE), 

and between the two species of wekiu bugs from Mauna Kea and Mauna Loa (ML) (Table 

4.4). Pairwise comparisons of haplotype ratios showed that there are statistically significant 

population differences in the ratios of observed haplotypes between all regions and species 

groups defined except between the northeast(NE) and southeast(SE) regions of Mauna Kea 

(Table 4.5). 

Discussion: 

The population genetic analysis for these flightless Nysius species showed a 

surprising lack of genetic variability. This extremely limited and shallow overall haplotype 
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diversity is striking considering the challenges that flightlessness and high microhabitat 

specificity pose to dispersal.  I found nine haplotypes across the entire known range of the 

two species surveyed.  Invasive populations of insects are known to exhibit a similar lack of 

diversity, where new founding populations may arise from a single source (Rubinoff et al. 

2011).  There is likely a recent founding event with the two species in this study, which leads 

me to conclude that the wekiu bugs (N. wekiuicola and N. aa) share a relatively recent 

common ancestor.  This hypothesis is also supported by the shallow haplotype diversity of a 

maximum of four step changes between haplotypes.  In fact, due to the presence of a shared 

haplotype, these two species are a single lineage with a recent common ancestor.  The 

haplotype differences observed were single basepair changes and the maximum number of 

steps between any haplotype was two (Figure 4.3), leading me to want to assess the age of 

these closely related haplotypes, i.e. how long ago these two flightless sister taxa shared a 

common ancestor. Additionally, the genetic data supports a recent population expansion from 

a single source (Figure 4.2), as more distantly related species would likely show two peaks in 

the mismatch distribution graph indicating two separate population expansion events.  The 

morphological differences were described using paramere shape, sternite and tergite angles 

around the ovipositor, and general size and ovoid shape of the abdomen on N. aa.  Polhemus 

(1998) also asserted that the two species of wekiu bugs were most likely intermingled during 

the last glaciation event in the Pleistocene era 20,000-14,000 years ago (Porter and Englund 

2006) when the summits of both Mauna Kea and Mauna Loa were too cold to support insect 

life, and the zone between these mountains could have been an alpine desert much like it is 

above 10,500ft on Mauna Kea and Mauna Loa, currently.   

The population genetic data generated in this study supports the existence of 

statistically significant population differences between these taxa as would be expected with 

a physical barrier to both migration and interbreeding.  Currently, these taxa are separated by 

at least 30km of unsuitable habitat and an elevation change of 1,200m between them, and I 

have sampled extensively at lower elevations (2,700m) on SW Mauna Kea with no wekiu 

bug captures.  The maximum total area that N. wekiuicola currently inhabits is ~4,850 

hectares, all above ~3,425m, and all of which has been surveyed in this study.  The range of 

N. aa, however, has not been delimited, and the extent of area above 3,425m on Mauna Loa 

is many times greater than exists on Mauna Kea.  There may be other shared haplotypes 
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between these 2 taxa, or conversely, new unique haplotypes may be restricted to N. aa.  

Regardless of the full range of N. aa, the known range of hundreds of hectares on the eastern 

summit from 13,425-14,100m has been surveyed and samples from this range in this study 

show them to be devoid of additional genetic diversity.  The shared haplotype between these 

species does not completely rule out the argument of an ESU, since there are also unique 

haplotypes not shared between the two taxa.  The total genetic diversity in COI is clearly 

lower than what is considered the benchmark for species level separation (i.e. Dawson and 

Jakobs 2001).  It is likely that a population bottleneck occurred during the last glacial event.  

An ancestral Nysius very similar to the current two species could have followed the receding 

glaciers, becoming allopatrically isolated on the two mountain summits.  

The genus Nysius comprises at least 106 species worldwide, and the 27 Hawaiian 

species (Nishida 2002) are known to be more morphologically diverse than the rest of the 

world‟s Nysius (Usinger 1942).  Each of the following sister taxa have low COI and COII 

diversity between the species (Eiben, 2011 Chapter 5 and Appendix II), coupled with 

previously documented striking morphological differences: N. terrestris and N. coenosulus 

vary by rostrum length, size and coloration, N. blackburni and N. lichenicola have easily 

definable differences in antennal segment length, size, coloration and pubescence, and N. 

kinbergi and N. communis show differences in rostrum length, coloration, and costal wing 

angles (Usinger 1942). Thus, the lack of genetic differentiation between N. wekiuicola and N. 

aa is typical of Hawaiian Nysius, where morphology appears to be a more useful character 

set in discerning closely related species (Eiben, 2011, Chapter 5, Usinger 1942). 

There are a few reasons why the observed shallow genetic diversity between N. 

wekiuicola and N. aa may exist.  First, there may be some selective pressure on the genes 

used in this analysis.  Both species are restricted to high elevations, with a low oxygen 

environment, where ~60% as much oxygen available as there is at sea level (average 

463mmHg pressure).  Mitochondria are the metabolic center of cells, requiring oxygen to 

function.  If these high elevation bugs did have more conserved COI and COII genes, then 

the rate of mutation would be much less than is typically seen in COI and COII, as these 

mutations may cause inefficient cellular respiration in an oxygen deprived environment.  The 

mtDNA of other high elevation insects has been used for population genetics analyses, and 

was found to be useful for species and clade designations, but only for more ancient 
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glaciation events (150,000+ years ago) with only one example of support for speciation in the 

past 25,000 years (Schoville and Roderick 2010).  

A second hypothesis for the low observed genetic diversity in mtDNA in the high 

elevation Nysius, is the unknown time of separation of populations or species and the 

possibility of very recent gene flow.  Recent gene flow is unlikely, since the wingless, 

habitat-specific nature of the bugs, and the long distance between alpine habitats of the 

species.  There are also the described morphological differences between the species lending 

support to the hypothesis of absence of recent gene flow. 

The third and arguably most reasonable explanation is a very recent allopatric 

speciation event from a very genetically depauperate founding lineage in which there has not 

been sufficient time for mutations to accumulate independently.  Yet, there has been 

sufficient time and separation to lead to different ratios of haplotypes found in disparate 

populations.   

The conservation implications of the observed dearth of genetic variability in COI 

and COII are ambiguous.  N. wekiuicola was a candidate for listing under the Endangered 

Species Act, yet N. aa is currently afforded no special consideration.  On Mauna Kea, N. 

wekiuicola only occurs on the cinder cones (Porter and Englund 2006, Eiben and Rubinoff 

2010).  The glacial till areas between the cinder cones is apparently a barrier to migration, 

since I found significant population differences between the summit cinder cones and the 

relatively distant and lower elevation cinder cones to the northeast and southeast (Figure 4.1, 

Table 4.5).  Also, since the haplotypes represented in the northeast and southeast are a very 

limited subset, comprised mostly of the most common summit haplotype, these populations 

are most likely recently founded from the more diverse summit populations.  The summit of 

Mauna Kea is the center of genetic diversity, so these bugs should be considered the most 

important population for the species.   

The summit of Mauna Kea is the site for some of the world‟s most advanced and 

important ground-based astronomical facilities (UH 2009), and there are plans for continued 

use and development of the Mauna Kea summit region.  Approximately 11% of the 325 

hectacres of cinder cone habitat at the center of N. wekiuicola‟s genetic diversity has already 

been altered through telescope facility development.  Additional alteration of the habitat 

should be very carefully assessed and possibly mitigated, as relatively short distances 
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between cinder cones (0.5km between the summit cinder cones and the nearest cinder cone to 

the southeast) appear to be barriers to migration of N. wekiuicola.  Protecting the current 

genetic diversity should be a priority when creating conservation plans for N. wekiuicola, and 

those plans should include ensuring the health of the summit population.  Also, since the low 

elevation cinder cone habitat does have one unique COI or COII haplotype, and is the most 

genetically depauperate, these populations should not be considered equally when the total 

population or total range of wekiu bugs is assessed numerically.  The lower elevation (lower-

value) cinder cones are under no threat from development, as opposed to the summit region. 

Finally, there is still very little known about N. aa, and this analysis adds only a little more 

support for its recent speciation and morphological divergence.  The total range of N. aa is 

unknown, and there may be more genetic diversity on Mauna Loa.  The genetic variability 

seen in N. wekiuicola is so low that conservation management actions specifically 

implemented to conserve functional genetic diversity may not be a high priority, since the 

genetic bottleneck has already occurred.  However, the population differences I have found 

contribute to helping to inform how the wekiu bug disperses throughout its range.  Glacial till 

areas appear to be a barrier to migration, and management actions should acknowledge the 

wekiu bugs at the summit of Mauna Kea as a separate population from low elevation wekiu 

bugs. 
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Tables 

Table 4.1. Trapping locations of the 116 wekiu bugs (Nysius wekiuicola and Nysius aa) 

analyzed and an overview of trap rates (bugs/trap/day). 

 

Cinder Cone Names Region Sample Size Trapping rate 

Puu Poliahu, Puu Hau Oki, 

Puu Kea, Puu Wekiu, Puu 

Hau Kea 

Summit of Mauna 

Kea above 13,000ft 

(Summit) 

52 2.64 

Puu Lilinoe, Unnamed Puu‟s 

North of VLBA, South of 

VLBA, East of VLBA 

Southeast Region of 

Mauna Kea below 

13,000ft 

(SE) 

26 0.83 

Puu Mahoe, Puu Ala, Puu 

Poepoe, Puu Makanaka 

Northeast Mauna 

Kea below 13,00ft 

(NE) 

18 0.46 

Mauna Loa  

Mauna Loa 

11,300-12,700ft 

(ML) 

20 N/A* 

*Collected by R. Englund et al. of the Bishop Museum 
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Table 4.2. Basic diversity descriptors of the genetic variability in COI, tRNA(Leu), and COII among the wekiu bugs. 

 

Nysius wekiuicola Nysius aa Both Wekiu Bug species 

COI 

1327bp 

tRNA
(Leu)

 

65bp 

COII 

550bp 

All mtDNA 

1942bp 

All 

1942bp 

COI 

1327bp 

tRNA
(Leu)

 

65bp 

COII 

550bp 

All 

1942bp 

Sample size 96 96 96 96 20 116 116 116 116 

Haplotype 

number (Nh) 
9 1 2 9 1 9 1 2 9 

Haplotype 

diversity (h) 
0.518 0 0.020 0.518 0 0.572 0 0.017 0.572 

Nucleotide 

diversity (π) 
0.00051 0 0.00004 0.00036 0 0.0053 0 0.00003 0.00037 

Tajima‟s D 
-1.35107 

p>0.1 
0 

-1.02675 

p>0.1 

-1.48402 

p>0.1 
0 

-1.26224 

p>0.1 
0 

-1.01134 

p>0.1 

-1.40139 

p>0.1 

Fu and Li‟s D* 
-2.78115 

p<0.05 
0 

-2.03371 

p<0.05 

-3.19441 

p<0.05 
0 

-2.87298 

p<0.05 
0 

-2.06895 

p>0.05 

-3.29996 

p<0.02 

Fu and Li‟s F* 
-2.71545 

p<0.05 
0 

-20176 

p<0.05 

-3.08726 

p<0.02 
0 

-2.74948 

p<0.05 
0 

-2.04140 

p<0.05 

-3.13283 

p<0.02 

Fu‟s F -4.869 0 -2.227 -4.716 0 -4.496 0 -2.344 -4.370 

 



105 

 

 

Table 4.3. Haplotype frequency by region within 1,942bp of mtDNA sequence data. 

Sampling 

Location 
H

ap
lo

ty
p

e 
1
 

H
ap
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2
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ap
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e 

3
 

H
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4
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p
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5
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p
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6
 

H
ap

lo
ty

p
e 

7
 

H
ap
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p
e 

8
 

H
ap

lo
ty

p
e 

9
 

Mauna Kea 

Summit 
26 15 1 5 1 2 0 1 1 

Mauna Kea 

NE region 
17 0 0 0 0 1 0 0 0 

Mauna Kea 

SE region 
24 1 0 0 0 0 1 0 0 

Mauna Loa 

(N.aa) 
0 20 0 0 0 0 0 0 0 
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Table 4.4. Analyses of molecular variance (AMOVA) of wekiu bugs subjectively allocated 

to four regions (Nysius wekiuicola-Mauna Kea- Summit, NE, SE: and Nysius aa on Mauna 

Loa). 

 

 d.f. SS 
Var 

Comp 
% Var ΦST Significance 

Regions 3 12.93 0.14880 36.05 0.36055 <0.0001 

Within 

samples 
113 29.82 0.26391 63.95   

Total 116 42.752 0.41272    
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Table 4.5. Pairwise comparisons in Arlequin 3.5.1.2 (Excoffier et al. 2005), of regions where 

the wekiu bugs are found.  AMOVA components indicate there are significant population 

differences between the observed haplotype ratios at the Summit and all other locations, the 

NE and SE regions are not separate populations, and Mauna Loa is a separate population 

from the NE and SE of Mauna Kea.* = P < 0.01; ** = P < 0.0001 NS 

 

 

ΦST 

Population 

Specific 

MK Summit 

Pairwise 

ΦST 

(significance) 

MK NE 

Pairwise 

ΦST 

(significance) 

MK SE 

Pairwise 

ΦST 

(significance) 

Mauna Loa 

Pairwise 

ΦST 

(significance) 

MK summit 0.34118 N/A    

MK NE 0.37438 
0.14719 

(*) 
N/A   

MK SE 0.37410 
0.15181 

(NS) 

-0.02517 

(NS) 
N/A  

Mauna Loa 0.37988 
0.29922 

(**) 

0.85275 

(**) 

0.83488 

(**) 
N/A 
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Figures 

 

 

Figure 4.1. Map of Mauna Kea indicating wekiu bug sampling locations. The summit of 

Mauna Kea is red and Mauna Loa is blue. Mauna Kea trapping areas are shown in detail. 

Summit area is a solid line, NE is a dotted line, and SE is a dashed line. 
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Figure 4.2. Mismatch distribution of both species of wekiu bugs (n=116, 1,942bp mtDNA). 

The curve based on observed numbers of pairwise differences follows the expected curve for 

a constant populations size or single population expansion event (R2 = 0.0446 raggedness 

index = 0.1157, tau = 0.720, theta i = 0.000, theta f = infinite).
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Figure 4.3.  Haplotype network generated using statistical parsimony in TCS 1.21 based on 

combined COI, tRNA(Leu), and COII. Numbers indicate haplotypes as described in Table 

4.3.  Note very low genetic diversity and no deep phylogeographic breaks were revealed. 

Only 9 haplotypes were observed among four populations, and most of the individuals 

sampled fell into two main haplotypes. The two main haplotypes were only separated by a 

single step, and each of the main haplotypes was shared by bugs from three sampling areas, 

making ESU designation based on haplotype distance data impractical even between the two 

summits (Summit-Mauna Kea above 3900m: NE-northeast Mauna Kea below 3900 m and at 

least 0.5km distant from other cinder cone groups: SE-southeast Mauna Kea below 3900m 

and at least 0.5km distant from other cinder cone groups: ML-Nysius aa from the east of the 

summit caldera from 3400-4000m). 
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CHAPTER 5. THE PHYLOGENETICS AND EVOLUTION OF HAWAIIAN 

ENDEMIC SEED BUGS (NYSIUS: LYGAEIDAE) 

 

Introduction: 

The true bug genus Nysius Dallas, 1852, in the family Lygaeidae contains at least 106 

species and has a worldwide distribution (Ashlock 1967, Usinger 1942, Malipatil 2005, 

Zimmerman 1948). Most species are innocuous herbivores (Usinger 1942), though there are 

a few serious economic pests (Kehat and Wyndham 1972). In Hawaii, this genus is relatively 

diverse with 27 species described as endemic in the Hawaiian Islands (Usinger 1942, 

Zimmerman 1948, Usinger and Ashlock 1966, Ashlock 1966, Beardsley 1977, Beardsley 

1979, Ashlock and Gagné 1983, Polhemus 1998). Thus, about one quarter of the world‟s 

Nysius species are restricted to Hawaii, which constitutes less than 0.1% of global land area.  

The Hawaiian Nysius have complex island distributions with most species occurring on 

multiple islands, and many species overlapping in distribution; for instance Hawaii Island 

supports 15 species.  In contrast to some Hawaiian radiations, which often exhibit high 

endemism (Cowie and Holland 2008, Rubinoff 2008, Polhemus 2002), there appear to be 

only a few high elevation single island endemic species.  In keeping with their relatively high 

species diversity, Hawaiian Nysius are also more morphologically diverse than the rest of the 

world‟s Nysius, leading to confusion about species identifications and early disagreements on 

the number of independent lineages comprising the Hawaiian Nysius fauna (Usinger 1942, 

Ashlock and Gagné 1983).  Ashlock and Gagné (1983) described the most morphologically 

and ecologically divergent species, the wekiu bug N. wekiuicola and its sister species, N. aa, 

which is the only carnivore in the genus, and flightless due to micropterous wings as an adult. 

N. wekiuicola, is a flightless species that feeds on dead or dying insects above 11,000ft on a 

single volcanic mountain summit, Mauna Kea on Hawaii Island, HI (Ashlock and Gagné 

1983, Eiben and Rubinoff 2010).  Also, Ashlock and Gagné (1983) suggested that Hawaiian 

Nysius are probably monophyletic due to a uniting spermathecal morphological character of 

the female genitalia.  The incredible morphological diversity of the Hawaiian Nysius, their 

complex host plant preferences, broad sympatry (Usinger and Ashlock 1966), unique 

derivation of carnivory (unique to the genus) and their overall wide distribution across the 
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entire Hawaiian archipelago, including the remote atolls of the Northwest Hawaiian Islands, 

provides a rich context for phylogenetic analysis.  

Recent phylogenetic analyses of very diverse Hawaiian insect lineages (Shaw 1996, 

Liebherr and Zimmerman 1998, Roderick and Gillespie 1998, Shaw 2002, Cowie and 

Holland 2008, Rubinoff 2008, Medeiros et al. 2009, Rubinoff and Schmitz 2010, Medeiros 

and Gillespie 2011) usually focus on the relationship between the age of the Hawaiian 

Islands and the branching times of island-specific clades, following the Progression Rule in 

which lineages diverge as islands are formed (Funk and Wagner 1995).  The Hawaiian 

Nysius may originally have followed this model, but given their complex island distribution 

patterns, and lack of more than a few single-island endemics, it is now difficult to ascertain 

sequences of dispersal, colonization and speciation.  Nysius are generally seed feeders, and 

often occur in dry areas and disturbed habitats in Hawaii (Usinger 1942). Unlike the majority 

of endemic Hawaiian species previously studied which occur in wet forests, most Nysius are 

found in dry areas and high elevations.  This Hawaiian lineage may provide insight into how 

speciation has occurred in these dry environments because it is a species-rich genus that is 

unusually widespread and sympatric for an endemic radiation of this size. 

I constructed a molecular phylogeny for Hawaiian Nysius using parts of the 

mitochondrial DNA genes cytochrome oxidase subunit I (COI), and cytochrome oxidase 

subunit II (COII), and the nuclear gene elongation factor 1α (EF1α). This phylogeny can be 

used to investigate patterns of speciation, food source, biogeography and the conservation 

status of Hawaiian Nysius. The latter is of increasing concern since many species have not 

been recorded in decades and some, like the wekiu bug, are priority species in conservation 

plans (Eiben and Rubinoff 2010). 

Materials and Methods: 

Sampling: 

Samples of Nysius were collected from all the Main Hawaiian Islands, except 

Kahoolawe and Niihau, and also from several Northwest Hawaiian Islands: Nihoa, French 

Frigate Shoals, Laysan, and Midway.  A total of 16 identified and one apparently new species 

of Hawaiian Nysius were available for this study.  Any known host plants were targeted for 

collection, and general net sweeping was also an effective means of collecting samples from 

many habitats and environments. Ten non-Hawaiian Nysius species were included in the 
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analyses to serve as potential outgroups.  These species included non-Hawaiian Nysius from 

Polynesia and the United States Mainland, another Hawaiian Lygaeid genus, Neseis, and 

Geocoris pallens (Geocoridae) and Oncopeltus fasciatus (Lygaeidae).  These species were 

either collected for this study or available sequence was retrieved from Genbank (accession 

numbers on Figures 5.1 and 5.2). 

Amplification and Sequencing of Genetic Markers: 

Two or three legs were removed on one side of the body from each individual, taking 

care to remove some muscle from the thorax by carefully extracting the leg by the coxa.  

Generally, full body extractions were not preferred, so that specimen vouchers would be 

retained.  DNA was extracted using the DNeasy animal blood and tissue extraction kit 

(Qiagen, Inc., Valencia, CA) following standard protocols. Tissue was digested with 

proteinase K at 55°C for 24 hours, and 150ul of EB buffer was used to elute DNA. Extracts 

were stored at-20°C. Voucher specimens were labeled and either frozen at-80°C. 

I analyzed 1,486basepairs (bp) of the mitochondrial gene COI, 549bp of COII and 

321bp nDNA EF1α.  I selected these genes because they have been previously successful for 

genetic analyses on the interspecies level, and generalized primer pairs have been developed 

for Hemiptera (Djernæs and Damgaard 2006). Three to five primer pairs (Jerry-CAA CAT 

TTA TTT TGA TTT TTT GG paired with Pat-TCC AAT GCA CTA ATC TGC CAT ATT 

A, LCO-1490 GGT CAA CAA ATC ATA AAG ATA TTG G paired with HCO-2198- TAA 

ACT TCA GGG TGA TGA CCA AAA AAT CA, NYS1645- TGA ATT ATT CGA RTT 

GAA YTR GG paired with IUS2205- GCY CCK GCT ART ACT GGT AAK G, WEK528- 

CCA TTA TTT GTA TGA TCA GTA GG paired with KIU1059-GCT AAA ATT ACC CCT 

GTT AAT CC, Chewie- GGR-TCA-ACY-ATA-TCT-ATA-ATT-AG paired with Barbara- 

CCA CAA ATT TCT GAA CAT TGA CCA and Reduv521- CGC-CCT-GCT-CGC-CTT-

CAC-CC and rcReduv521long- CCT-GRA-GGG-GAA-GCC-TGA-GGG-C were used to 

amplify COI, COII, and EF1α by Polymerase Chain Reaction (PCR) in a PTC-100TM 

thermocycler (MJ Research, Inc.).  The PCR conditions were as follows: an initial denaturing 

cycle of a 2 minute at 94°C, followed by a 1 minute annealing step then a 72°C one minute 

extension.  An additional 34 cycles were repeated with previous steps, although denaturing 

was shortened to a minute at 94°C. The last PCR step was a final extension for 12 minutes at 

72°C. All PCR products were purified in QIAquick® spin columns (Qiagen, Inc., Valencia, 
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CA) using the manufacturer‟s protocol. Both the sense and anti-sense strand products from 

the PCR reactions were sequenced by the Advanced Studies in Genomics, Proteomics and 

Bioinformatics (http://asgpb.mhpcc.hawaii.edu) and Greenwood Molecular Biology Core 

(http://core.biotech.hawaii.edu) sequencing facilities.  The resultant sense and anti-sense 

sequences for each sample were aligned by eye, trimmed to equal lengths, and concatenated 

using BioEdit 7.0.9 (Hall 1999).  

Analyses: 

Basic genetic diversity statistics, including ratios of nucleotide composition, numbers 

of variable sites, genotypic diversity, and nucleotide diversity, were calculated in DNASP v. 

5.10.01 (Librado and Rozas 2009). Phylogenetic trees were reconstructed using GARLI 

(Zwickl 2006) with model parameters set to maximum likelihood (ML) with proportion of 

invariable sites and a gamma-shaped distribution of rates across sites (GTR + I + Γ model). 

GARLI was used through the GARLI web service 

(http://www.molecularevolution.org/software/ phylogenetics/garli/) to conduct an expedited 

bootstrap analysis with 500 bootstrap replicates to estimate branch support.  RaxML 

(Stamatikis 2008) was used to assess the same dataset to check for consistency across 

implementation on ML models across software.  The program MrBayes 3.1.2 (Ronquist and 

Huelsenbeck 2003) was used to conduct analyses under a Bayesian inference framework for 

comparison to the ML reconstructions. Two simultaneous runs were conducted with 4 chains, 

for 2,700,000 generations, sampling every 1000 generations, with the first 250,000 

generations discarded as burn-in.  Both GARLI and MrBayes analyses were partitioned by 

mtDNA (COI and COII) and nDNA (EF1α) and by codon position using settings that 

correspond to the GTR + I + Γ model.   

Results: 

A total of 2,356 bp was used to reconstruct a molecular phylogeny of the Hawaiian 

Nysius.  The dataset was comprised of 321 bp of EF1α, 549 bp of COII, and 1,486 bp of COI. 

There were many introns present in my EF1α sequence data, and I could only design internal 

primers for an exon region that was present between intron sections.  The observed high level 

of introns in EF1α is consistent with what Damgaard et al. (2000) found in water striders and 

other Heteroptera.  The tree topologies were consistent between GARLI and RaXML 

maximum likelihood analyses.  The ML phylogenetic trees differed from the Bayesian 

http://www.molecularevolution.org/software/phylogenetics/garli/
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probability topology only in showing the Main Hawaiian Island clade as basal to Nysius 

outgroups and the NWHI Nysius.  Bayesian analysis resolved the Main Hawaiian Island 

Nysius as a monophyletic group that is more recently derived.  Both analyses indicate the 

NWHI Nysius are not monophyletic with the Main Hawaiian Island Nysius. 

From a species diagnostic perspective, Main Hawaiian I sland species groups defined 

by morphology were also supported in the molecular phylogeny (Figure 5.1, 5.2, Appendix 

II).   These species groups are as follows: 1) N. kinbergi, N. communis, N. delectus, and N. 

beardlseyi are all fairly large species at least 5mm long as adults, and share an elongated 

body structure with large conspicuous hairs; 2) N. nemorivagus, N. aa, N. wekiuicola, N. 

blackburni, N. lichenicola and an undescribed species (Appendix II) are small (3-5mm) very 

darkly colored ground dwelling high elevation species with short pubescence; and  3) N. 

terrestris, N. coenosulus, and N. fucatus are midsize, mottled colored species.   

A detailed review of the phylogeny reveals some doubts about the existence of N. 

suffusus as a valid species.  The sole individual identified as this species and collected from 

Nihoa was genetically identical to at least three individuals of N. terrestris from Maui and 

Hawaii islands.  I could find no morphological differences referenced in Usinger‟s (1942) 

key that could distinguish N. suffusus in the NWHI from N. terrestris in the Main Islands.  

Thus, with weak morphological differences and no genetic differences, N. suffusus is of 

doubtful taxonomic status. 

The small, dark colored Nysius seem to be the most likely candidates to explore 

„classic progression rule‟ speciation via isolation on successively forming islands.  The 

phylogeny reveals at least one new species, and possibly a second cryptic species among the 

small and dark colored species found in high elevations on the Hawaiian Islands. This group 

of species seems to have high single-island endemism and high elevation isolation. The new 

species appears in the phylogeny as sister to N. nemorivagus, and is restricted to the highest 

parts of Oahu‟s Waianae mountains. Additionally, there is strong genetic divergence between 

N. blackburni populations from Hawaii and Maui, and one of these island populations may 

be a cryptic species. These three species are high elevation ground dwelling insects, and may 

not disperse regularly allowing genetic isolation and drift.  Also, due to their dark coloration 

and small size (<0.4mm), morphological differences are difficult to discern limiting 

identification.   



119 

 

Discussion: 

There is strong support for most species-level relationships in the Nysius phylogeny, 

but mid-level resolution was poorly supported (Figure 5.1, 5.2).  This suggests that, like 

many Hawaiian groups, there was likely a period of rapid speciation that is unresolved in the 

tree topology due to an insufficient accumulation of diagnostic mutations during the short 

time period in the genes used in this analysis.  The outgroups used in the analysis do resolve 

Nysius broadly, but phylogenetic relationships within deeper lineage of the entire Nysius 

clade are weak.  The two Hawaiian species that are most difficult to resolve in the phylogeny 

are N. terrestris and N. kinbergi (Figure 5.1 and 5.2).  These species are morphologically 

diverse within the species, but are distinguishable from their sister taxa (N. coenosulus from 

N. terrestris and N. communis and N. beardsleyi from N. kinbergi) even if not well supported 

in the phylogeny.  Adding to the confusion is that these species groups are broadly 

distributed across nearly all the Maina Hawaiian Islands with broad host plant ranges (Table 

5.1).  It will be greatly difficult to infer phylogenetic relationships within these broadly 

distributed and diverse clades without much more study. 

It appears that the Nysius endemic to the Northwestern Hawaiian Islands (NWHI) are 

distantly related to the Main Hawaiian Island species, and are likely an independent 

colonization and lineage.  Additionally, N. fullawayi, described as a Hawaiian endemic from 

Midway Atoll, shares the exact same COI sequence as that made available for the non-native 

N. plebeius (Genbank accession AB619226.1).  Ashlock (1963) did superficially describe the 

similarity that N. plebeius had to another species describes as endemic to NWHI Nysius 

(palor), but postulated that they were different species.  This similarity seems to hold true, 

but without specimens of N. plebeius to compare to my recent collections of N. fullawayi and 

the type specimens of N. fullawayi, I cannot definitively assess the species-status of N. 

fullawayi and plebeius, since more than just COI sequence would be needed for a robust 

species diagnosis. 

Continuing some investigation into the confusing taxonomy of N. palor (Ashlock 

1963) described from Kure Atoll, this species was thought to be an endemic restricted to the 

NWHI, but may have recently become broadly distributed throughout the Hawaiian Islands.  

I have collected and examined hundreds of specimens of this species across disturbed 

lowlands and relatively pristine high elevation habitats. Yet no specimens were collected in 



120 

 

the Main Hawaiian Islands before the 1950s. This led some to speculate that N. palor might 

have been introduced from outside of Hawaii, and its placement in the Northwest Island 

group in this study suggests it is not a truly ancient NWHI species. However, the genes used 

in this phylogeny do not present a robust picture of older lineages, so whether 

N.palor/frigatensis is an ancient (13-20 million years old if it is as old as some of the NWHI) 

is undetermined. 

Adding more confusion to the NWHI Nysius taxonomical issues is that, I have been 

unable to define N. palor as distinct from N. frigatensis morphologically, and there are 

specimens that are genetically identical in this study.  Therefore, it is likely that N. palor and 

N. frigatensis should be synonymized, as N. palor was likely described from N. frigatensis 

individuals in a new locality.  Finally, and the final chapter in the confusing taxonomic 

history of N. palor/frigatensis, Beardsley (1979) recorded a newly introduced Nysius sp. near 

vinitor, which may have in fact been the first records of N. palor/frigatensis colonizing the 

Main Hawaiian Islands.  N. vinitor is an agricultural pest Nysius species from Australia, and I 

did not have any available for this study.   

This species‟ movement may therefore represent the first case of a NWHI species 

„invading‟ the Main Hawaiian Islands.  N. palor is now one of the most common Nysius 

across at least eight islands, especially in open disturbed habitats.  Based on the timing of its 

invasion, it was likely facilitated by human activity due to wartime travel in the 1940s and 

use of the Hawaiian Islands as military bases of operation.  Regradless of N. 

palor/frigatensis’ ancient lineage or modern origins, this species is a strong example of 

species spreading across the entire Hawaiian Archipelago quickly. How it has moved into 

and apparently thrived in so many different ecozones is unclear, but warrants further study, 

with implications into invasive species prediction and control.  

The final major phylogenetic exploration in this study relates to the food source shift 

in the scavenger species (N. wekiuicola and N. aa).  The phylogeny suggests that the closest 

known relatives (N. lichenicola and N. blackburni) of the carnivorous wekiu bugs, N. aa and 

N. wekiuicola, are from Hawaii and Maui Islands, and are seed and plant feeders capable of 

flight (Figures 5.1 and 5.2).  This supports a very recent and rapid evolution of flightlessness 

on Maui or Hawaii Islands, as these island ages are only island is only ~1.5 million to 

500,000 years old.  It is interesting to speculate the possibility that carnivory in Nysius may 
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have evolved on the summit of Haleakala on Maui, as the sibling taxa are found on both 

Maui and Big Island. The ancestor to the wekiu bugs may have completely lost the ability to 

fly after dispersing to the Big Island, or there could have been a dispersal event of a flightless 

ancestor and subsequent extinction on Haleakala.  

Although highly speculative, the ground-dwelling behavior of the closest relatives of 

the carnivore scavengers may support a host shift mechanism tied to high elevation cold and 

xeric conditions.  These seed-feeding Nysius scavenge for fallen seeds below host plants 

year-round, while also being found on active flower heads.  It does not seem unreasonable to 

imagine the carnivorous scavenger species evolving from ground dwelling Nysius feeding on 

seeds and insects that were killed by the cold and dry conditions at high elavtion.  There 

could have been high selective pressure at these subalpine fringe habitats to forage on diverse 

food sources, as droughts and freezing events would be major mortality events for Nysius as 

well. 

The evolution of the Hawaiian Nysius is an example of how apparently broadly 

distributed, vagile, species can still rapidly speciate in the Hawaiian Islands.  The Nysius are 

found in low elevation dry environments, less commonly in mid elevation wet and mesic 

forests, and high elevation sub-alpine and alpine desert environments.  The species are 

largely not able to be classically defined from allopatric speciation events in isolated habitats 

or isolated by host plants.  There are a few examples of host specificity and high elevation 

isolation, but these seem to be the exception rather than the rule in the Hawaiian Nysius.  Iit 

is likely that the Main Hawaiian Island Nysius are an independent Hawaiian lineage, with the 

NWHI Nysius being a separate and potentially more recent introduction.  An initial dispersal 

and founding event of the dry, lowland systems of Kauai when it was a newly forming island, 

followed by high elevation alpine speciation when the island was tall enough, may explain 

early rapid speciation from an ancestor, as the worldwide Nysius are generally tolerant of or 

thrive in dry environments and tend to be polyphagous (Usinger 1942).  There is likely a very 

complex story of dispersal barriers and host plant specialization leading to dispersal from 

Kauai and with the formation of the rest of the current Main Hawaiian Islands.   

A possible mode of speciation in the Main Hawaiian Island Nysius is a series of high 

elevation allopatric speciation events.  Some of the high elevation species (e.g. N. 

blackburni) appear to have been described as one species across some islands, yet there is a 
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great deal of intraspecific genetic diversity.  There are several high elevation endemic 

species, including one not available for this phylogenetic study, N. hardyi, which is only 

found at high elevations on Kauai.  This flightless, small, dark colored species resembles 

other high elevation species, such as the new species (on Oahu), N. nemorivagus (on 

Molokai), and N. blackburni (on Maui and Hawaii), and N. lichenicola (also on Maui and 

Hawaii). The highly complex, and still incompletely understood species distributions and 

host-plant specificity of the Hawaiian Nysius provide a rich system for continued exploration 

of the extremely divergent species found in Hawaii.  Understanding this complexity will lead 

to more information about how endemism and speciation in all Hawaiian species has and 

continues to be an important component to these unique natural island evolutionary 

laboratories. 
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Tables 

Table 5.1: Hawaiian Nysius species list from total recorded island distributions and specific 

island localities included in this phylogenetic analysis 

 

Species Name Hawaiian Island records Localities included in analysis 

Nysius aa Hawaii Hawaii 

N. abnormis Maui, Molokai Maui 

N. beardsleyi Maui, Hawaii Maui 

N. blackburni Maui, Hawaii Maui, Hawaii 

N. caledoniae 

(introduced) 
Kauai, Oahu, Maui, Molokai, Lanai, Hawaii Oahu, Lanai, Hawaii 

N. chenopodii Necker NA 

N. coenosulus Kauai, Oahu, Maui, Molokai, Lanai, Hawaii Oahu, Maui, Lanai, Hawaii 

N. communis 
Niihau, Kauai, Oahu, Maui, Molokai, Lanai, 

Hawaii 
Oahu, Lanai, Hawaii 

N. dallasi Kauai, Oahu, Molokai, Hawaii NA 

N. delectulus Oahu, Maui, Hawaii NA 

N. delectus Necker, Oahu, Maui, Molokai, Lanai, Hawaii Oahu, Lanai 

N. frigatensis French Frigate Shoals Laysan 

N. fucatus Niihau, Kauai, Oahu, Maui Oahu 

N. fullawayi  

(3 subsp.) 

Lisianski, Midway, Kure, Laysan, Pearl & 

Hermes, Laysan 
Midway 

N. hardyi Kauai NA 

N. kinbergi 
Midway, Niihau, Kauai, Oahu, Maui, Molokai, 

Lanai, Hawaii 
Oahu, Maui, Hawaii 

N. lichenicola Maui, Hawaii Hawaii 

N. longicollis Nihoa, Niihau, Kauai, Oahu, Maui, Hawaii NA 

N. mixtus Kauai NA 

N. neckerensis Necker NA 

N. nemorivagus Kauai,  Molokai, Lanai, Maui, Hawaii Molokai 

N. nihoae Nihoa NA 

N. palor Kure, Midway, Pearl & Hermes Oahu, Hawaii, Maui, Lanai 

N. rubescens Maui, Hawaii NA 

N. sublittoralis Oahu, Maui, Hawaii NA 

N. suffusus Nihoa Nihoa 

N. terrestris 
Midway, Hiihau, Kauai, Oahu, Maui, Molokai, 

Kahoolawe, Hawaii 
Hawaii, Maui 

N. wekiuicola Hawaii Hawaii 
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Figure 5.1. Best score Maximum Likelihood Tree of Hawaiian Nysius.  Branch support 

indicated is the bootstrap value of 500 replicates. NWHI Nysius are orange colored and 

monophyletic. Main Hawaiian Island Nysius are blue. 
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Figure 5.2. Phylogenetic tree using Bayesian analysis with posterior probabilities above 

nodes.  NWHI Nysius are in orange. Main Hawaiian Island Nysius are blue. 
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APPENDIX I. SUMMARY OF WEKIU BUG TRAPPING EVENTS AND 

TECHNICAL REPORTS ON MAUNA KEA FROM 2007-2011 

 

Summary of wekiu bug trapping effort for from 2007 to 2011 

 

Purpose: 

Because of the many independent wekiu bug sampling events by The Bishop 

Museum (through the Hawaii Biological Survey, see References) and by this University of 

Hawaii department of Plant and Environmental Protection Sciences from 1999-2011, there is 

a need to integrate the information provided to the Office of Mauna Kea Management into 

one document.  The following summary of wekiu bug trapping events should serve as a 

reference of where wekiu bugs have been found over the past 12 years.  The maps associated 

with this document are schematics created in Google Earth (Google 2011), since this is 

meant as a reference collection that land managers can apply use without complex mapping 

and GIS software.  All .kml and .kmz file types created in Google Earth will be available for 

download upon request.  The specific location will not be publicly available since the wekiu 

bug is a species that has garnered much public scrutiny and was a candidate for listing under 

the Endangered Species Act.  Also, since wekiu bugs are apparently relegated to the substrate 

type found on cinder cones above 11,000ft, the color satellite views provided in the maps are 

more useful than contour maps that do not show the brown-red coloration that exemplifies 

this habitat. 

Summary: 

Following is a list of sites that the University of Hawaii wekiu bug researchers have 

searched and trapped since the spring of 2007.  In 2006, the University of Hawaii wekiu bug 

researchers worked in conjunction with the Bishop museum, and all sites visited were listed 

in the Bishop Museum reports.  The UH researchers selected the sites to be sampled to 

continue yearly monitoring for wekiu bugs in their presumed high density areas (summit) and 

at fringe habitats (near VLBA) as detailed in meetings with the Wekiu Bug Scientific 

Advisory Group.  Other sampling sites were selected to augment fresh collections of wekiu 

bugs suitable for DNA extraction for population level genetic studies.  Maps indicating the 

effort of sampling have also been attached for each of the major cinder cones in wekiu bug 
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habitat (above 11,000 ft).  These maps are based on data from all of the Bishop Museum 

trapping since 2004 and the UH study from 2006 to present.   

Also included are 3 reports of wekiu bug sampling events that were conducted under 

consultant contracts for proposed land use possibly within the habitat range of the wekiu bug. 

Study Area: 

The area of Mauna Kea being sampled for wekiu bugs consists of all its known range 

from about 11,500 feet in the SE and NE regions of Mauna Kea to the summit cones.  The 

UH study focused on areas of known wekiu bug activity on the east side of Puu Poliahu, the 

“Poi Bowl” area near the base of the east side of Puu Hau Oki, E Puu Kea, and the two 

unnamed cinder cones flanking the north and south of the Very Long Baseline Array 

(VLBA) facility.  Other areas sampled for wekiu bugs with less effort were Puu Pohaku, 

Area E, Puu Ala, Puu Poepoe, Puu Makanaka, two more unnamed cinder cones to the NNE 

of VLBA, the broad expanse of dense basalt-like rocks in the NW region of Mauna Kea 

known as Area E, and one unnamed cinder cone in the Mauna Kea Forest Reserve at 11,400ft 

to the west of the summit. 

Trapping Methods: 

A live pitfall trap design very similar to those described by Englund et al. (2002) and 

Pacific Analytics (2002) was used to attract wekiu bugs.  The modifications in design are as 

follows.  Two 10oz clear plastic cups were used for each trap.  The upper cup was punctured 

with one small hole in the bottom center through which a small absorbent wick made of 

tissue (Kimtech Science) was pushed.  A small amount of water was poured into the bottom 

of the lower reservoir cup.  The attractant shrimp paste was placed in the upper cup 

contacting the wick, on a few small pieces of rock in the cup, smeared on the side of the cup, 

and on a cap rock.  The traps were dug into the available ground substrate attempting to 

achieve a depth where moisture was present in the ash layer.  The lip of the cup was not 

necessarily placed flush with ash layer, and there was no wire mesh surround to provide 

structure surrounding the cups.  This cup design has been successful for attracting and 

capturing wekiu bugs (Eiben and Rubinoff 2010).  Most sites selected for sampling used a 

two or 3 traps within 10  meters of each other in different microhabitat types (ex. large rock 

jumble vs. ash layer near the surface) to attempt to sample the true diversity of the habitat.  In 

most cases, the traps were checked daily and bugs captured were removed for the duration of 
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the sampling period to prevent recounts.  Bugs were held for up to three days in captivity 

with food and water sources.   

Results: 

A total of 962 wekiu bugs were captured or observed in 792 trap days by the UH 

researchers since March 2007.  An average of 0.82 bugs were captured per trap day by the 

UH team.   

See Tables AI.1-AI.12 for wekiu bug trapping events. 

See Figures AI.1-AI.39 for maps detailing the traps set by the Bishop Museum and the 

University of Hawaii researchers between 2004 and 2011.   
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 SUMMARY 

 

A four day sampling regime with the use of 45 baited attractant live traps designed for 

monitoring the presence and absence of the wekiu bug (Nysius wekiuicola Ashlock  and 

Gagné) was used to create part of the biological assessment of a proposed site for the Thirty 

Meter Telescope on Mauna Kea, Hawaii.  Three wekiu bugs were captured and counted 

before being released at the end of the sampling period on September 28, 2008.  No wekiu 

bugs were found in the area purported to be directly physically impacted by any possible 

telescope construction activity.  The fall season is not the best time to look for the presence 

or absence of the wekiu bug anywhere in its range, so there can be only limited conclusions 

drawn from this sampling period.  However, there is broad accord among scientists that the 

type of rock substrate in the Northern Plateau is not known to regularly harbor large numbers 

of wekiu bugs. 
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INTRODUCTION 

 

As part of a project by Pacific Analytics, LLC for the Thirty Meter Telescope, I have been 

contracted to sample for the wekiu bug in areas selected as possible sites for telescope 

facility construction on the northern plateau of Mauna Kea, HI.  This project is different 

from, yet is informed by, scientific research I am conducting for my PhD in entomology at 

the University of Hawaii at Manoa involving the life history and population genetics of the 

wekiu bug.   

 

The wekiu bug, Nysius wekiuicola Ashlock and Gagné, on the island of Hawaii has been the 

focus of much attention in its native range on and near the summit of Hawaii‟s tallest 

mountain, Mauna Kea.  Since the bug‟s formal description in 1983 by Ashlock and Gagné, 

the bug‟s habitat and life history has been of great interest to scientists, conservationists, and 

the public as a whole.  The specialized life history allowing the wekiu bug to survive the 

extremes of temperature, solar radiation, and water and food availability make this insect a 

true marvel of adaptation.   Due to its limited range, specialized habitat requirements, 

isolated populations, and habitat destruction, the wekiu bug was is currently a candidate for 

listing priority 8 under the Endangered Species Act (Endangered, 2006).  Explorations of the 

summit area over the past 10 years by entomologists representing the Bishop Museum, 

Pacific Analytics, LLC, and the University of Hawaii at Manoa have greatly enhanced the 

knowledge of the types of areas wekiu bugs inhabit, their behaviors and life history (Pacific 

Analytics, 2006, Englund et al. 2007, Eiben, unpub.).   

 

The objectives for this study are to provide presence and absence data of the wekiu bug in a 

subset of its range on and near the summit of Mauna Kea, HI as part of the biological 

assessment of a potential site for a new telescope facility in the Astronomy precinct being 

prepared by Pacific Analytics, LLC.   
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MATERIALS AND METHODS 

 

Study Area: 

The area of Mauna Kea being sampled for wekiu bugs is known as “Area E” on the Northern 

Plateau of the mountain.   In practical terms, the area encompasses a part of the west and 

northwest zone of the astronomy precinct on the summit of Mauna Kea.  Specific locations 

for wekiu bug live-trap placements were haphazardly selected in “Area E”, along the access 

road to “Area E”, around the “Batch Plant”, and in two control locations not in the expected 

construction disturbance areas where wekiu bugs have been found multiple times in 2007 and 

2008 (Eiben, unpublished). 

Trapping Methods: 

A live pitfall trap design very similar to those described by Englund et al. (2002) and Pacific 

Analytics (2002) was used to attract wekiu bugs.  The modifications in design are as follows.  

Two 10oz clear plastic cups were used for each trap.  The upper cup was punctured with one 

small hole in the bottom center through which a small absorbent wick made of tissue 

(Kimtech Science) was pushed.  A small amount of water was poured into the bottom of the 

lower reservoir cup.  The attractant shrimp paste was placed in the upper cup contacting the 

wick, on a few small pieces of rock in the cup, smeared on the side of the cup, and on a cap 

rock.  The traps were dug into the available ground substrate attempting to achieve a depth 

where moisture was present in the ash layer.  The lip of the cup was not necessarily placed 

flush with ash layer, and there was no wire mesh surround to provide structure surrounding 

the cups.  This cup design has been successful for attracting and capturing wekiu bugs during 

2007 and 2008 (Eiben, unpublished).  Most sites selected for sampling used a pair of traps 

within 5 meters of each other in different microhabitat types (ex. large rock jumble vs. ash 

layer near the surface) to attempt to sample the true diversity of the habitat (see Table AI.5).  

The traps were checked daily and bugs captured were removed for the duration of the 

sampling period to prevent recounts.  Bugs were held for up to three days in captivity with 

food and water sources.  

 



137 

 

RESULTS 

No wekiu bugs were observed while hiking through the trapping areas, nor were any wekiu 

bugs observed while emplacing the traps.  Forty five traps were placed for three or four days 

from September 25-28.  Three wekiu bugs were captured in two locations over the sampling 

period (see Table AI.5 and Figure AI.30).  One adult female and one 5
th

 instar nymph wekiu 

bug were captured in the control area near the SE base of Puu Hau Oki on September 26, 

2008.  One 5
th

 instar nymph wekiu bug was found in the control area on the E base area of 

Puu Poliahu on September 28, 2008.  All three wekiu bugs found in the traps were alive and 

were released alive in good condition where they were captured on September 28, 2008. 
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DISCUSSION 

Though the sampling effort (number of traps) for wekiu bugs during this sampling period 

was quite intense given the area surveyed, there can be little information drawn from the lack 

of bugs found in “Area E”.  During the fall season, the number of wekiu bugs found on 

Mauna Kea throughout its range are much less than during other times of the year.  The 

reason for this is unknown. wekiu bugs are found in much higher numbers during the late 

spring and early summer, and these areas are correlated to lasting snow pack (Englund et al. 

2007).  The duration and availability of moisture sources may indeed be a limiting factor for 

the year-round distribution of the wekiu bug within its range.   The spring sampling period of 

“Area E” should be much more informative for determining the presence or absence of the 

wekiu bug in the possible construction zone for the Thirty Meter Telescope. 
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 SUMMARY 

 

A four day sampling regime with the use of 24 baited attractant live traps designed for 

monitoring the presence and absence of the wekiu bug (Nysius wekiuicola Ashlock  and 

Gagné) was used to create part of the biological assessment of a proposed site for the Thirty 

Meter Telescope on Mauna Kea, Hawaii.  A total of 146 wekiu bugs were observed and/or 

captured between April 20 and 23, 2009.  In the past, wekiu bugs have often been captured in 

greater numbers during late March, April and May than during the summer and fall (Eiben 

pers. obs.).  This cycle of wekiu bug activity was confirmed during the two sampling periods 

for the proposed TMT site.  Wekiu bugs were found in areas impacted previously by 

construction and in areas that are considered unaltered habitat.  No wekiu bugs were found in 

the area of the proposed construction footprint of the TMT telescope construction, however 

there were many wekiu bugs found along the currently closed unpaved access road north of 

the SMA array.  This road may be impacted by TMT construction, and wekiu bug habitat and 

populations will need to be taken into consideration in the event of the road reopening.  

There is still broad accord among scientists that the type of rock substrate in the Northern 

Plateau is not known to regularly harbor large numbers of wekiu bugs, and this was 

confirmed during the spring 2009 sampling session. 
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INTRODUCTION 

 

As part of a project by Pacific Analytics, LLC for the Thirty Meter Telescope, I have been 

contracted to sample for the wekiu bug in areas selected as possible sites for telescope 

facility construction on the northern plateau of Mauna Kea, HI.  This project is different 

from, yet is informed by, scientific research I am conducting for my PhD in entomology at 

the University of Hawaii at Manoa involving the life history and population genetics of the 

wekiu bug.   

 

The wekiu bug, Nysius wekiuicola Ashlock and Gagné, on the island of Hawaii has been the 

focus of much attention in its native range on and near the summit of Hawaii‟s tallest 

mountain, Mauna Kea.  Since the bug‟s formal description in 1983 by Ashlock and Gagné, 

the bug‟s habitat and life history has been of great interest to scientists, conservationists, and 

the public as a whole.  The specialized life history allowing the wekiu bug to survive the 

extremes of temperature, solar radiation, and water and food availability make this insect a 

true marvel of adaptation.   Due to its limited range, specialized habitat requirements, 

isolated populations, and habitat destruction, the wekiu bug was is currently a candidate for 

listing priority 8 under the Endangered Species Act (Endangered, 2006).  Explorations of the 

summit area over the past 10 years by entomologists representing the Bishop Museum, 

Pacific Analytics, LLC, and the University of Hawaii at Manoa have greatly enhanced the 

knowledge of the types of areas wekiu bugs inhabit, their behaviors and life history (Pacific 

Analytics, 2006, Englund et al. 2007, Eiben, unpub.).   

 

The objectives for this study are to provide presence and absence data of the wekiu bug in a 

subset of its range on and near the summit of Mauna Kea, HI as part of the biological 

assessment of a potential site for a new telescope facility in the Astronomy precinct being 

prepared by Pacific Analytics, LLC.   
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MATERIALS AND METHODS 

 

Study Area: 

The area of Mauna Kea being sampled for wekiu bugs is known as “Area E” on the Northern 

Plateau of the mountain.   In practical terms, the area encompasses a part of the west and 

northwest zone of the astronomy precinct on the summit of Mauna Kea.  Specific locations 

for wekiu bug live-trap placements were haphazardly selected in “Area E” in the proposed 

footprint sites of the TMT facility, along the access road to “Area E”, around the “Batch 

Plant”, and in two control locations not in the expected construction disturbance areas where 

wekiu bugs have been found multiple times in 2007 and 2008 (Eiben, unpublished). 

Trapping Methods: 

A live pitfall trap design very similar to those described by Englund et al. (2002) and Pacific 

Analytics (2002) was used to attract wekiu bugs.  The modifications in design are as follows.  

Two 10oz clear plastic cups were used for each trap.  The upper cup was punctured with one 

small hole in the bottom center through which a small absorbent wick made of tissue 

(Kimtech Science) was pushed.  A small amount of water was poured into the bottom of the 

lower reservoir cup.  The attractant shrimp paste was placed in the upper cup contacting the 

wick, on a few small pieces of rock in the cup, smeared on the side of the cup, and on a cap 

rock.  The traps were dug into the available ground substrate attempting to achieve a depth 

where moisture was present in the ash layer.  The lip of the cup was not necessarily placed 

flush with ash layer, and there was no wire mesh surround to provide structure surrounding 

the cups.  This cup design has been successful for attracting and capturing wekiu bugs during 

2007 and 2008 (Eiben, unpublished).  Most sites selected for sampling used a pair of traps 

within 5 meters of each other in different microhabitat types (ex. large rock jumble vs. ash 

layer near the surface) to attempt to sample the true diversity of the habitat (see Table AI.6).  

The traps were checked daily and bugs captured were removed for the duration of the 

sampling period to prevent recounts.  Bugs were held for up to three days in captivity with 

food and water sources.  
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RESULTS 

A total of 146 wekiu bugs were observed in the baited traps and in the immediate vicinity of 

the traps.  Twenty four traps were placed for three full days starting on April 20 and removed 

on April 23.  No wekiu bugs were captured or observed in the area known as “Area E” on the 

northern plateau (12 traps), nor near the „Batch Plant‟ area (2 traps), 41 wekiu bugs were 

found in 6 traps along the dirt road that is currently closed adjacent to the SMA array, and 

105 wekiu bugs were captured in four traps in two control locations not in areas with any 

planned direct impacts by construction activities of the TMT (see Table AI.6, and Figure 

AI.31).  Five nymph, 102 adult male, and 39 adult female wekiu bugs were captured in total.  

Twenty seven live wekiu bugs captured in the two “Poi Bowl, Pu‟u Hau „Oki” control trap 

sites were collected and moved to the University of Hawaii lab colony by myself, Jesse 

Eiben, as per my permit allowances for the life history study of the wekiu bug.  There was an 

85% survivorship rate of wekiu bugs trapped in this sampling period with eighteen wekiu 

bugs found dead in the traps, and four wekiu bugs dying in captivity. 
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DISCUSSION 

The sampling effort during the spring sampling session was less intense (24 traps vs. 45 

traps) than the fall sampling period because the spring is typically the active season for adult 

wekiu bugs.  As expected, I observed much higher trapping rates than in the fall of 2008 

when wekiu bugs are scarce and/or not attracted to traps.  The weather at the summit during 

the sampling period of April 20-23, 2009 was quite cold and windy with the daytime high air 

temperature hovering only slightly above freezing (1-5ºC), and wind gusts up to 94mph with 

~45mph constant wind speeds.  The lower trap catches on April 22 could be correlated to the 

overcast sky the previous day.  Wekiu bugs were less likely to be active during the time 

between the traps were checked because they were simply too cold to be attracted and move 

in high numbers toward the baited traps on April 21
st
.  Important to note is the complete lack 

of any recent wind deposited insect food sources for the wekiu bugs.  Virtually no by-catch 

of other insects was found in the traps, and the snow-covered areas of the mountain observed 

were bereft of insects.   

Wekiu bugs were captured in places characterized as having large areas with an assemblage 

of different sized rock cinder scoria in a depth of approximately 5-25cm (2-10in) before the 

ash layer was reached.  This mixed rock tephra is found on the slopes of cinder cones.  The 

areas where wekiu bugs are found show a constant state of flux, with the scoria slowly 

moving down slope by the force of gravity and undergoing frost-heaves that continually „sift‟ 

dust and ash down in depth thereby creating a natural and very slow sorting of rock scoria 

with larger rocks nearer the surface and smaller cinders being closer to the ash layer.  This 

habitat type is apparently highly suitable for supporting populations of wekiu bugs.  There 

are many interconnected reasons why wekiu bugs are associated with specific type of habitat.  

Wekiu bugs can use this depth of different sized cinder to thermoregulate by moving through 

the innumerable crevices that the assortment of rocks create.  These crevices also provide 

paths for escape from predators (most likely the endemic lycosid spider).  Temperature and 

humidity data show the incredible variation found in these few inches of rock, with humidity 

and temperature being oppositely correlated.  Near the ash layer, the temperature is cool with 

high humidity, and at the surface where wekiu bugs can bask in the sun, the temperature can 

be very high (up to 114º F) with extremely low humidity (10%) (Eiben unpublished).  These 

microhabitats are necessary for the wekiu bug physiologically, but can also create areas that 
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hold and preserve prey items on which wekiu bugs feed.  As insects drop from the wind 

column and sift through the scoria, they can become protected from the intense desiccating 

conditions found at the surface.  Of the traps that attracted wekiu bugs, some traps were 

placed in areas with very little depth of this type of cinder tephra, however, since the 

effective range of these traps is unknown, the bugs could be attracted from adjacent deep 

cinder zones.   

It has previously been shown that wekiu bugs are found in much higher numbers during the 

late spring and early summer, and these areas are correlated to lasting snow pack (Englund et 

al. 2007).  During this trapping session and others (Eiben, unpublished), it is apparent that 

wekiu bugs are often found in areas that have no current adjacent snow pack (along the dirt 

road north of SMA, and at the lower trap sites on Pu‟u Poliahu and Pu‟u Hau „Oki).  The 

duration and availability of moisture sources may indeed be a limiting factor for the year-

round distribution of the wekiu bug within its range.   When discussing insect populations 

and habitats, it essential to be cognizant that the individual organism does not seek out and 

use habitat on a very large scale.  Population growth in an area will be at the whim of the 

food and climate (microclimate) available.  This is especially true on Mauna Kea, where 

weather events can drastically change the time and duration of activity possible and 

availability of fresh prey items for wekiu bugs.   
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Results of the Proposed HAMET Site Evaluation for the Wekiu Bug (Nysius wekiuicola): 

March 2, 2011 

 

Jesse Eiben 

 

 

SUMMARY 

The wekiu bug (Nysius wekiuicola Ashlock  and Gagné) is a small, wingless, scavenger 

lygaeid bug found only in the summit region of Mauna Kea, Hawaii.  This insect is a 

candidate for listing under the Endangered Species Act.  A small survey was conducted to 

look for wekiu bug activity and broadly assess if the area is possibly habitable to the wekiu 

bug in the area proposed for HAMET Army helicopter training and landing zones.  No wekiu 

bugs were found during the 3-4 hour field survey.  The entire cinder cone habitats of the 

Landing Zones (LZ) are consistent with wekiu bug habitats at similar elevations on the 

northeast and east slopes of Mauna Kea.  The actual proposed locations of the helicopter 

touch down areas (subset of the cinder cones) are not consistent with high quality wekiu bugs 

habitat.  The trapping effort was minimal and is insufficient to assess the presence or absence 

of wekiu bugs at any of the cinder cones or near the LZs.  Additionally, the wekiu bug is 

quite rare during the winter months, and the populations do not appear to increase or become 

detectable until late March.  This small study should be used to gauge the likelihood of high 

quality habitat and inform direct effects on wekiu bugs by the proposed helicopter activity. 

 

METHODS: 

A 3-4 hour sampling regime on March 2, 2011 with the use of 20 baited attractant live traps 

designed for monitoring the presence and absence of the wekiu bug,  was used to inform part 

of the biological assessment of proposed sites for an Army high elevation helicopter landing 

site on Mauna Kea, Hawaii.  A total of 20 traps in 10 locations across an elevation and aspect 

gradient around the highest elevation cinder cone proposed as a landing site (LZ-6) were 

placed and inspected 3-4 hours after initial placement (Figure  32, 33).  A live pitfall trap 

design very similar to those described by Englund et al. (2002) and Pacific Analytics (2006) 

was used to attract wekiu bugs.  The modifications in design are as follows.  Two 10oz clear 
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plastic cups were used for each trap.  The upper cup was punctured with one small hole in the 

bottom center through which a small absorbent wick made of tissue (Kimtech Science) was 

pushed.  A small amount of water was poured into the bottom of the lower reservoir cup.  

The attractant shrimp paste was placed in the upper cup contacting the wick, on a few small 

pieces of rock in the cup, smeared on the side of the cup, and on a cap rock.  The traps were 

dug into the available ground substrate attempting to achieve a depth where moisture was 

present in the ash layer.  The lip of the cup was not necessarily placed flush with ash layer, 

and there was no wire mesh surround to provide structure surrounding the cups.  This cup 

design has been successful for attracting and capturing wekiu bugs from 2007-2010 (Eiben 

and Rubinoff 2010).  All 10 sites selected for sampling used a pair of traps within 5 meters of 

each other in different microhabitat types (ex. large rock jumble vs. ash layer near the 

surface) to attempt to sample the true diversity of the habitat.   

Additionally, a 20 minute baited site observation period was used to assess wekiu bug 

activity.  Shrimp paste was placed on the surface of approximately 20 rocks within one 

square meter.  This site was monitored visually for 20 minutes for wekiu bug activity.  

Finally, temperatures were recorded by data loggers (HOBO by Onset Cor., type U12-008) 

every 10 minutes in the substrate microhabitat (the substrate surface, below the surface 

(~7cm below), and at the top of the ash/dust layer (~30cm)) during the survey time period to 

compare to published accounts of wekiu bug thermal preferences in their confirmed habitat 

range (Figure AI.40).   

 

DISCUSSION AND CONCLUSION: 

The two cinder cones proposed as helicopter landing sites (LZ-5 and LZ-6) do appear 

structurally and ecologically similar to cinder cones that host confirmed wekiu bug 

populations (Photos 1, 2 and 3).  The slopes are steep, with many contiguous area of cinder 

rock tephra at least eight inches deep before the dust/ash layer of the substrate is reached.  

The cinder cones are also nearly devoid in plant life except for at least 3 species of lichen, 

one species of moss, and some grasses and ferns at the base of the cinder cones.  There were 

also live and dead prey items identical to what is found in confirmed wekiu bug habitats.  

The prey items that were easily identified during this survey without collection were, 

labybird beetles, scarab beetles, carabid beetles, large blow flies, other Nysius seed bugs 
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(Nysius palor), small fungus gnats, and braconid wasps (Photo 4).  The temperature 

variability recorded showed a microhabitat temperature change from the sun illuminated 

surface to the shaded deep ash layer, through which the wekiu bug can not dig deeper.  

Additionally, a temperature probe was used to observe the direct temperature of rock surface, 

and the maximum temperature obtained was 40.4 ºC (104.8 ºF).  The total available 

temperatures available for thermoregulation was consistent with the temperatures recorded in 

wekiu bug habited cinder cones during this 4 hour recording span (Eiben and Rubinoff 

2010).  Broadly, the cinder cones in this study were consistent with wekiu bug habitat.  The 

lowest recorded elevation of a wekiu bug is 11,400ft (Figure AI.34).  If the LZ cinder cones 

in this study are inhabited by wekiu bugs, I expect the densities to be low, and perhaps 

ephemeral, as has been shown at lower elevations in the east and northeast cinder cones on 

Mauna Kea. 

The sampling regime used in this study was insufficient to definitively assess the 

presence or absence of wekiu bugs.  Wekiu bugs have often been captured in greater numbers 

during late March, April and May than during the summer, fall and winter (Eiben and 

Rubinoff 2010).  The short sampling period (hours) in this study may have not been enough 

time for wekiu bugs to find the shrimp paste baited traps from any distance.  Also, because of 

the comparative rarity of wekiu bugs in the winter and at lower elevations than the summit 

proper, a much greater effort would be necessary to declare the wekiu bug absent from any 

location on Mauna Kea. 

The type of substrate found directly at the proposed landing zones at the summit of 

both cinder cones (LZ-5, LZ-6) does not appear to be prime wekiu bug habitat even if the 

bugs were to found on the cinder cones as a whole.  The rocks at the summits of the cinder 

cones are large and closely packed, resembling the type of dense and solid rock that emerged 

as magma underneath glaciers, with ash visible at the surface between these dense angular 

rocks.  That type of rock arrangement has been repeatedly demonstrated as not hosting wekiu 

bug populations (Photo 5).  The type of loose cinder 20-30cm deep that wekiu bugs prefer is 

found on the slopes and at the base of the cinder cones (Photo 5).  LZ-4 is found in a flat 

ash/dust region between cones, and it is not likely wekiu bug habitat.  Wekiu bugs have very 

rarely (only at extremely low numbers in the 1980s) been found in the glacial till areas 

between cinder cones on the east side of Mauna Kea.   



151 

 

The only arthropod positively identified as an endemic resident of Mauna Kea was 

the as yet undescribed wolf spider, Lycosa sp.  One living individual was observed near the 

summit of the east side of the LZ-6 cinder cone.  Multiple molted exoskeletons were found 

while placing wekiu bug traps (Photo 7). 
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Results of a Preliminary Wekiu Bug Survey Along HELCO Power Line Conduit Lines Near 

Mauna Kea Ice Age Natural Area Reserve (Mauna Kea, Hawaii): July 13-15, 2011 

 

Prepared for Office of Mauna Kea Management (OMKM) and Mauna Kea Observatories 

Support Services (MKSS) 

 

Prepared by: 

Jesse Eiben, M.S. 

 

 

SUMMARY 

 

The wekiu bug (Nysius wekiuicola Ashlock  and Gagné) is a small, wingless, scavenger 

lygaeid bug found only in the summit region of Mauna Kea, Hawaii.  This insect is a 

candidate for listing under the Endangered Species Act.  This report details a survey to look 

for wekiu bug activity and broadly assess if the area is possibly habitable to the wekiu bug in 

the area proposed for HELCO power line upgrades.  Wekiu bugs were found during this 

three day survey.  The cinder directly on top of the conduit line is inhabited by wekiu bugs 

on the lower North and Northeast slopes of the Puu Hau Kea, adjacent to Mauna Kea Ice Age 

Natural Area Reserve (NAR) land, and I am confident that wekiu bugs will be found near all 

conduit access points within the vicinity of Puu Hau Kea.  No wekiu bugs were found in the 

vicinity of the unnamed cinder cone near the first parking lot on the paved part of Mauna Kea 

Access Road above 11,000 ft.  Wekiu bugs were found at two control locations that have 

been surveyed extensively over the past six years, and are not in the direct path of any 

proposed HELCO activity (Poi Bowl at base of Puu Hau Oki, and the unnamed cinder cone 

to the south of VLBA facility).  Significant impact to wekiu bug populations is not expected 

if the disturbance to cinder habitat at HELCO pull-boxes is minimized.  Driving vehicles 

along the conduit line to each pull-box may affect wekiu bugs negatively in the area of Hau 

Kea, and may need further assessment.  Access to each HELCO pull-box from a location 

perpendicular to the box along the road is preferred over driving equipment on top of the 

conduit line in wekiu bug inhabited areas. 
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METHODS: 

A 2 full-day sampling regime from July 13-15, 2011 with the use of 14 baited 

attractant live traps designed for monitoring the presence and absence of the wekiu bug was 

conducted to determine if wekiu bugs are present within the vicinity of HELCO power line 

conduit access points between the Mauna Kea Access Rd. and the Mauna Kea Ice Age 

Natural Area Reserve.  A live pitfall trap design very similar to those described by Englund 

et al. (2002) and Pacific Analytics (2006) was used to attract wekiu bugs.  The modifications 

in design are as follows.  One 10oz clear plastic cup was used for each trap, as the traps were 

not in place long enough to necessitate a water source for any potential wekiu bug captures.  

The attractant shrimp paste was placed on a few small pieces of rock in the cup, smeared on 

the side of the cup, and on a cap rock.  The traps were dug into the available ground substrate 

attempting to achieve a depth where moisture was present in the ash layer and to stabilize the 

cup.  The lip of the cup was not necessarily placed flush with ash layer, and there was no 

wire mesh surround to provide structure surrounding the cups.  This cup design has been 

successful for attracting and capturing wekiu bugs from 2007-2011 (Eiben and Rubinoff 

2010).  All 14 sites selected for sampling were selected to include a loose assortment of 

different sized cinder tephra rocks as preferred by wekiu bugs where they are found in other 

areas of Mauna Kea.  In this way, the survey was a targeted wekiu bug sampling effort 

including two control locations (4 traps) away from HELCO use (Poi Bowl and Puu S. of 

VLBA), 5 traps within the possible disturbance zone for HELCO power conduit upgrades, 

and 5 traps adjacent to HELCO power conduit access near or within the upslope NARS land 

(Figures AI.35-AI.39). 

RESULTS AND CONCLUSIONS: 

69 wekiu bugs were captured and released during this study (Table AI.11).  All active life 

stages of wekiu bugs were found, indicating the areas surveyed and found to have bugs had 

active reproduction and population growth.  Wekiu bugs were found at both control sites 

outside of potential HELCO activity (Figures AI.35-AI.39).  Wekiu bugs were also found 

directly adjacent to HELCO power conduit access boxes on Puu Hau Kea near the Mauna 

Kea Ice Age NAR.  No wekiu bugs were found on the unnamed cinder cone at ~11,800ft 

near the beginning of the upper paved portion of the Mauna Kea Access Road near the 

Mauna Kea Ice Age NAR.  As with any rare animals, in areas with extremely low density it 
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may be impossible to definitively indicate its absence from a locality.  The type of substrate 

found directly on top of the HELCO power conduit when it boarders the base of cinder cones 

is consistent with known wekiu bug habitat.   

Of particular concern with this potential disturbance of wekiu bug habitat along the 

bases of two cinder cones, is their vicinity to the Mauna Kea Ice Age NAR.  Because it is 

unknown when and how wekiu bugs use the totality of their habitat throughout the year 

(Eiben and Rubinoff 2010, Englund et al. 2002), large disturbances at the base of cinder 

cones could have a significant impact on wekiu bug populations, especially when impacts 

with the NAR is taken into consideration.  The possible disturbance to the bases of these 

cinder cones is proposed to be limited to only the HELCO conduit pull-boxes, and therefore 

should not be a large disturbance.  Also, the continued presence of wekiu bugs outside and 

uplsope of potential habitat impact should be assessed prior to, during, and after any 

disturbance.  I do advise accessing the pull-boxes directly from the adjacent road.  Moving 

equipment along the path of the power conduit to access each pull-box should be avoided and 

may require a more detailed investigation of biological impacts, especially since wekiu bug 

populations in the adjacent NAR may be negatively affected.  It is unknown if, during certain 

times of the year, wekiu bugs begin population increase at the bases of cinder cones and 

spread from there.  Also, Englund et al. (2002) assert that wekiu bug populations on the NE 

slopes of cinder cones are higher density and may be important for the total population. 
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Tables 

Table AI.1. Wekiu Bug Monitoring Locations March 28-Apr 1, 2007 

 

 

 

Location Total 

Traps 

Wekiu 

bugs in 

traps 

Wekiu 

bugs 

observed 

Trap dates Total 

trap days 

Puu Poliahu 2 1 5 March 28- 31 6 

Puu Kea, E 2 19 0 March 29-Apr 1 6 

Puu Pohaku 2 0 0 March 29-Apr 1 6 

Poi Bowl 2 37 3 March 28-March 31 6 

Puu Hau Oki, W 4 0 0 March 28- March 31 12 

Puu S VLBA 2 1 0 March 28-Apr 1 8 



157 

 

Table AI.2. Wekiu Bug Monitoring Locations July 31-August 4, 2007 

 

Location Total Traps Wekiu bugs 

in traps 

Wekiu bugs 

observed 

Trap dates Total trap 

days 

Puu Poliahu 3 40 2 July 31-Aug 3 9 

Puu Kea, E 2 3 1 Aug 1- 4 6 

Puu Kea, S 2 1 0 Aug 1- 4 6 

Poi Bowl 3 117 3 July 31-Aug 4 12 

Puu S VLBA 3 3 0 July 31-Aug 4 12 
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Table AI.3. Wekiu Bug Monitoring Locations March 27-30, 2008 

Location Total Traps Wekiu bugs 

in traps 

Wekiu bugs 

observed 

Trap dates Total trap 

days 

NVLBA 2 0 0 March 27-30 8 

SVLBA 2 2 0 March 27-30 8 

Puu Poliahu 3 8 0 March 27-30 12 

Poi Bowl 3 63 4 March 27-30 12 

Puu Hau Oki 2 15 0 March 27-30 8 

TOTALS 12 88 4  48 
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Table AI.4. Wekiu Bug Monitoring Locations August 12-15, 2008 

Location Total Traps Wekiu bugs 

in traps 

Wekiu bugs 

observed 

Trap dates Total trap 

days 

Poi Bowl 2 20 2 Aug 12-14 4 

Puu NVLBA 2 0 2 Aug 12-15 6 

Puu SVLBA 2 0 0 Aug 12-14 4 

Puu SLilinoe 1 0 2 Aug 13-15 2 

Puu Poepoe 6 13 0 Aug 13-15 12 

Puu Ala 4 1 0 Aug 13-15 8 

Puu Makanaka 8 6 3 Aug 13-15 16 

TOTALS 25 40 9  52 
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Table A1.5. Wekiu bug monitoring locations during September, 2008 

Site 

Description 
Trap Name Paired  

  Wekiu Bug 

Captures 
 

  traps 
25-Sep-

08 

26-Sep-

08 

27-Sep-

08 

28-Sep-

08 

Site 1 footprint TMT1A Yes Install 0 0 0 

Site 1 footprint TMT1B Yes Install 0 0 0 

Site 1 footprint TMT2A Yes Install 0 0 0 

Site 1 footprint TMT2B Yes Install 0 0 0 

Site 1 footprint TMT3A Yes Install 0 0 0 

Site 1 footprint TMT3B Yes Install 0 0 0 

Site 1 footprint TMT4A Yes Install 0 0 0 

Site 1 footprint TMT4B Yes Install 0 0 0 

Site 1 footprint TMT5A Yes Install 0 0 0 

Site 1 footprint TMT5B Yes Install 0 0 0 

Road TMT6A Yes Install 0 0 0 

Road TMT6B Yes Install 0 0 0 

Road TMT7A Yes Install 0 0 0 

Road TMT7B Yes Install 0 0 0 

Site area TMT8A Yes Install 0 0 0 

Site area TMT8B Yes Install 0 0 0 

Site area TMT9A Yes Install 0 0 0 

Site area TMT9B Yes Install 0 0 0 

Site 2 footprint TMT10A Yes Install 0 0 0 

Site 2 footprint TMT10B Yes Install 0 0 0 

Site 2 footprint TMT11A Yes Install 0 0 0 

Site 2 footprint TMT11B Yes Install 0 0 0 

Site 2 footprint TMT12A Yes Install 0 0 0 

Site 2 footprint TMT12B Yes Install 0 0 0 



161 

 

Table AI.5. Continued.Wekiu bug monitoring locations during September, 2008 

 

Site Description Trap Name Paired 

  traps 25-Sep-08 26-Sep-08 27-Sep-08 28-Sep-08 

Site 2 footprint TMT13A Yes Install 0 0 0 

Site 2 footprint TMT13B Yes Install 0 0 0 

Site 2 footprint TMT14A Yes Install 0 0 0 

Site 2 footprint TMT14B Yes Install 0 0 0 

Site Area TMT15A Yes Install 0 0 0 

Site Area TMT15B Yes Install 0 0 0 

Site Area TMT16A Yes Install 0 0 0 

Site Area TMT16B Yes Install 0 0 0 

Road TMTroad1 No N/A Install 0 0 

Road TMTroad2 No N/A Install 0 0 

Road TMTroad3 No N/A Install 0 0 

Road TMTroad4 No N/A Install 0 0 

Batch plant TMTbatch1A Yes N/A Install 0 0 

Batch plant TMTbatch1B Yes N/A Install 0 0 

Batch plant TMTbatch2A Yes N/A Install 0 0 

Batch plant TMTbatch2B Yes N/A Install 0 0 

Batch plant TMTbatch3 No N/A Install 0 0 

Non-construction TMTPol contA Yes N/A Install 0 1*  

Non-construction TMTPol contB Yes N/A Install 0 0 

Non-construction TMTOki contA Yes Install 2** 0 0 

Non-construction TMTOki contB Yes Install 0 0 0 

*one fifth instar nymph captured 

**one adult female and one fifth instar nymph captured 
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Table AI.6. Wekiu bug monitoring locations during April, 2009 

Site Description Trap Name Paired  
  Wekiu Bug 

Captures 

 
 

  traps 20-Apr-09 21-Apr 22-Apr 23-Apr TOTALS 

SMA Access Road STMTR1-A No Install 9 0 3 =    12 

SMA Access Road STMTR1-B No Install 3 0 7 =    10 

SMA Access Road STMTR2-A No Install 2 0 5 =      7 

SMA Access Road STMTR2-B No Install 1 1 2 =      4 

SMA Access Road STMTR3-A No Install 1 0 6 =      7 

SMA Access Road STMTR3-B No Install 0 0 1 =      1 

Site 1 Footprint STMTF1-A Yes Install 0 0 0 0 

Site 1 Footprint STMTF1-A  Install 0 0 0 0 

Site 1 Footprint STMTF1-B Yes Install 0 0 0 0 

Site 1 Footprint STMTF1-B  Install 0 0 0 0 

Site 1 Footprint STMTF1-C Yes Install 0 0 0 0 

Site 1 Footprint STMTF1-C  Install 0 0 0 0 

Site 2 Footprint STMTF2-A Yes Install 0 0 0 0 

Site 2 Footprint STMTF2-A  Install 0 0 0 0 

Site 2 Footprint STMTF2-B Yes Install 0 0 0 0 

Site 2 Footprint STMTF2-B  Install 0 0 0 0 

Site 2 Footprint STMTF2-C Yes Install 0 0 0 0 

Site 2 Footprint STMTF2-C  Install 0 0 0 0 

Batch Plant STMTbatch Yes Install 0 0 0 0 

Batch Plant STMTbatch  Install 0 0 0 0 

Non-Construction STMTPol-A Yes Install  14 6 21 =     42 

Non-Construction STMTPol-B  Install 2 0 1 =       3 

Non-Construction STMTPoi-A Yes Install 6 13 16 =     35 

Non-Construction STMTPoi-B  Install 3 5 17 =     25 
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Table AI.7. Wekiu bug monitoring locations from June, 2009 

Site Description  
  Wekiu Bug 

Captures 

 
 

 2-Jun-09 3-Jun-09 4-Jun-09 5-Jun-09 TOTALS 

SMA Access Road Install - 4 -- 4 

SMA Access Road Install - 1 -- 1 

SMA Access Road Install - 0 -- 0 

Puu Poliahu Install-1 - 8 -- 9 

Puu Poliahu Install-1 - 16 -- 17 

Puu Poliahu Install - 10 -- 10 

Poi Bowl Install - 7 -- 7 

Poi Bowl Install - 0 -- 0 

Poi Bowl Install - 8 -- 8 

Puu Wekiu Install - 10 -- 10 

Puu Kea Install - 0 -- 0 

Puu Kea Install - 0 -- 0 

Puu NVLBA Install 1 - 2 3 

Puu NVLBA Install 2 - 1 3 

Puu NVLBA Install 0 - 8 8 

Puu SVLBA Install-1obs 3 - 4 7 

Puu SVLBA Install 32 - 11 43 

Puu SVLBA Install-1obs 29 - 21 50 

Puu 1
st
 E VLBA  Install - 1 1 

Puu 1
st
 E VLBA  Install - 0 0 

Puu 1
st
 E VLBA  Install - 0 0 

Puu 2
nd

 E VLBA  Install - 0 0 

Puu 2
nd

 E VLBA  Install - 0 0 

Puu 2
nd

 E VLBA  Install - 0 0 
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Table AI.8. Detail of trap data from August 2009 

Site Description    Wekiu Bug Captures   

 14-Aug 15-Aug 16-Aug 17-Aug TOTALS 

E Puu Kea Install -- 1 -- 1 

E Puu Kea Install -- 0 -- 0 

E Puu Kea Install -- 0 -- 0 

Puu Poliahu Road Install -- 0 -- 0 

Puu Poliahu Road Install -- 0 -- 0 

Puu Poliahu Road Install -- 0 -- 0 

Puu S VLBA Install -- 0 -- 0 

Puu S VLBA Install- 

1 male obs. 
-- 2, 4

th
 instar -- 3 

Puu S VLBA 
Install -- 

2, 3
rd

 instar 

1, 4
th

 instar 
-- 3 

Puu N VLBA Install 0 0 0 0 

Puu N VLBA Install 0 0 0 0 

Puu N VLBA Install 0 1, 4
th

 instar 0 1 

Puu S Mahoe  

Install- 

1 fem. 

obs. 

-- 0 1 

Puu S Mahoe  Install -- 0 0 

Puu S Mahoe  Install -- 0 0 

Puu SE Mahoe  Install -- 0 0 

Puu SE Mahoe  Install -- 0 0 

Puu SE Mahoe  Install -- 0 0 

Puu S. Lilinoe  Install -- 0 0 

Puu S. Lilinoe  Install -- 0 0 

Puu S. Lilinoe  Install -- 0 0 
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Table AI.9. Detail of baited shrimp trap locations and wekiu bug captures during July, 2010 

Site Description Trap GPS  Coordinates (NAD83)                  Wekiu Bug Captures   

    30-Jun 1-Jul-10 2-Jul-10 3-Jul-10 TOTAL 

Puu S. VLBA SVLBA1 N 19.80014 W 155.45599 Install *1(5
th

) 
3(f),1(5

th
),1

(3
rd

) 
0 6 

Puu S. VLBA SVLBA2 N 19.80021 W 155.45625 Install 1(5
th

) 
2(5

th
), 

2(4
th

) 
2(4

th
) 7 

Puu S. VLBA SVLBA3 N 19.80002 W 155.45662 Install 1(m) 
8(m),6(4

th
-

5
th

) 
0 15 

Puu N. VLBA NVLBA1 N 19.80153 W 155.45708 Install 1(2
nd

),1(3
rd

) 1(4
th

) 0 3 

Puu N. VLBA NVLBA2 N 19.80172 W 155.45705 Install 0 0 0 0 

Puu N. VLBA NVLBA3 N 19.80170 W 155.45683 Install 0 2(pr) 0 2 

Poi Bowl Poi1 N 19.82376 W 155.47563 Install 6(m),1(4
th

) 
2(pr),7(m)1

(5
th

), 2(4
th

) 

2(pr),3(m)2(

4
th

) 
26 

Poi Bowl Poi2 N 19.82381 W 155.47549 Install 1(f),1(1
st
) 5(m), 1(5

th
) 

2(pr),5(m)2(

4
th

) 
17 

Poi Bowl Poi3 N 19.82381 W 155.47525 Install 2(pr),1(f), 3(4
th

) 6(m), 1(5
th

) 4(m), 1(4
th

) 18 

Poliahu base Pol1 N 19.82389 W 155.47977 Install 3(m),4(4
th

),2(3
rd

) 1(m) 2(f) 12 

Poliahu base Pol2 N 19.82394 W 155.47992 Install 2(m),3(f), 1(4
th

) 2(pr), 2(4
th

) 3(m) 13 

Poliahu base Pol3 N 19.82399 W 155.48004 Install 0 1(4
th

) 0 1 

Closed 4x4 Road Road1 N 19.82469 W 155.47754 Install 1(m) 1(m) 0 2 

Closed 4x4 Road Road2 N 19.82502 W 155.47752 Install 0 0 0 0 

Closed 4x4 Road Road3 N 19.82531 W 155.47771 Install 3(m) 1(f) 0 4 

Closed 4x4 Road Road4 N 19.82572 W 155.47792 Install 0 1(m) 0 1 

*pr = mating pair m = male f = female 1
st
etc. = instar    Grand total 127 
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Table AI.10. Detail of baited shrimp trap locations and wekiu bug captures during April, 2011 

Site Description Trap GPS  Coordinates                 Wekiu Bug Captures   

    April 25 April 26 April 27 TOTAL 

Puu S. VLBA SVLBA1 19°48'0.63"N 155°27'23.61"W Install 0 0 0 

Puu S. VLBA SVLBA2 within 10m within 10m Install 0 0 0 

Puu S. VLBA SVLBA3 within 10m within 10m Install 0 0 0 

Puu N. VLBA NVLBA1 19°48'6.55"N 155°27'26.01"W Install 0 0 0 

Puu N. VLBA NVLBA2 within 10m within 10m Install 0 0 0 

Puu N. VLBA NVLBA3 within 10m within 10m Install 0 0 0 

Poi Bowl Poi1 19°49'27.01"N 155°28'29.96"W Install 39(29m, 4f, 3pr) 
8(3m, 1f, 1pr, 1 1st, 1 

2nd) 
47 

Poi Bowl Poi2 within 10m within 10m Install 1(1m) 1(1m) 2 

Poi Bowl Poi3 within 10m within 10m Install 8(6m, 1pr) 2(2m) 10 

Poliahu base Pol1 19°49'26.15"N 155°28'48.80"W Install 0 4(1m, 1f, 1pr) 4 

Poliahu base Pol2 within 10m within 10m Install 11(6m, 1f, 2pr) 5(4m, 1f) 16 

Poliahu base Pol3 within 10m within 10m Install 11(3m, 4pr) 0 11 

Closed 4x4 Road Road1 19°49'32.37"N 155°28'41.46"W Install 0 0 0 

Closed 4x4 Road Road2 within 10m within 10m Install 0 0 0 

Closed 4x4 Road Road3 within 10m within 10m Install 1(1f) 0 1 

N. of Subaru and Keck Keck1 19°49'37.75"N 155°28'33.43"W Install 5(3m, 1pr) 0 5 

N. of Subaru and Keck Keck2 within 10m within 10m Install 11 (9m, 1pr) 0 11 

N. of Subaru and Keck Keck3 within 10m within 10m Install 1 (1m) 4(4m) 5 

N. of old Puu Wekiu Trail Wekiu1 19°49'22.09"N 155°28'10.17"W Install 0 0 0 

N. of old Puu Wekiu Trail Wekiu2 within 10m within 10m Install 0 0 0 

N. of old Puu Wekiu Trail Wekiu3 within 10m within 10m Install 0 0 0 

*pr = mating pair m = male f = female 1stetc. = instar   Grand total 112 
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Table AI.11. Numbers of wekiu bugs collected on July 15, 2011 (traps set July 13 and 

removed July 15) *See Figures 35-39 for trap locations* 

 

Sampling 

location 

Mating 

Pairs of 

Adults 

Females Males 
1

st
 

instar 

2
nd

 

instar 

3
rd

 

instar 

4
th

 

instar 

5
th

 

instar 
Total 

Poi Bowl 1 4 0 6 1 2 1 1 0 19 

Poi Bowl 2 1 1 0 1 1 1 1 0 7 

Puu Hau 

Kea 1A 
1 0 1 0 0 1 0 0 4 

Puu Hau 

Kea 1B 
0 0 1 1 0 0 0 0 2 

Puu Hau 

Kea 2A 
0 0 0 0 0 0 0 0 0 

Puu Hau 

Kea 2B 
1 0 1 0 0 0 1 0 4 

Puu Hau 

Kea 3A 
0 0 0 1 0 0 0 0 1 

Puu Hau 

Kea 3B 
1 0 3 0 1 11 6 4 27 

Puu S. 

VLBA 1 
0 0 0 0 1 1 0 0 2 

Puu S. 

VLBA 2 
0 0 0 1 1 1 0 0 3 

Burns Cone 

1A 
0 0 0 0 0 0 0 0 0 

Burns Cone 

1B 
0 0 0 0 0 0 0 0 0 

Burns Cone 

2A 
0 0 0 0 0 0 0 0 0 

Burns Cone 

2B 
0 0 0 0 0 0 0 0 0 

TOTALS: 
8 

(16M+F) 
1 12 5 6 16 9 4 69 
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Figures 

Figure AI.1. Total trapping effort for wekiu bugs on Mauna Kea (Bishop and UH) 1999-

June, 2009.  Shades of red indicate no wekiu bugs captured, shades of green indicate bugs 

captured, and size correlates with raw numbers of wekiu bugs captured (from 1 to 62) 
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Figure AI.2. Total trapping effort for „Horseshoe Crater‟ in the far NW of wekiu bug   

habitat 
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Figure AI.3. Total trapping effort for Puu Pohaku 
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Figure AI.4. Total trapping effort for „Area E‟ 
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Figure AI.5. Total trapping effort for the abandoned 4X4 road near SMA (1999-2009) 
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Figure AI.6.Total trapping effort the Puu Hau Oki area (1999-2009) 
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Figure AI.7. Total trapping effort for the „Poi Bowl‟ base at the SE of Puu Hau Oki (1999-

2009) 
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Figure AI.8.Total trapping effort for Puu Kea and Puu Wekiu (1999-2009) 
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Figure AI.9. Total trapping effort for the Upper NARS including Puu Hau Kea (1999-2009) 
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Figure AI.10. Total trapping effort for Puu Hau Kea and surrounding area (1999-2009) 
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Figure AI.11. Detail of trapping effort on Puu Hau Kea- * due to mapping inaccuracies, all 

points should be shifted West to align on the snow-rim of the cinder cone (1999-2009) 
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Figure AI.12. Total trapping effort for an unnamed cinder cone (Burns Cone) at the South 

end of wekiu bug habitat.  The „Burns Road‟ sign is found here. 

 



 180 

Figure AI.13. Total trapping effort at the lowest elevation sampled for wekiu bugs at the far 

south of their potential range.  The triangle indicates manual searching, no traps set in May 

2008 
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Figure AI.14. Total trapping effort for the general region to the NE of the summit (1999-

2009) 
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Figure AI.15. Total Trapping effort for Puu Mahoe, Puu Ala, and Puu Poepoe (1999-2009) 
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Figure AI.16. Total trapping effort for unnamed cinder cone to the North of Puu Mahoe 
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Figure AI.17. Total trapping effort for the cinder cone NE of Puu Ala 
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Figure AI.18. Total trapping effort for the first cinder cone NE of Puu Makanaka 
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Figure AI.19. Total trapping effort for the second cinder cone to the NE of Puu Makanaka 
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Figure AI.20. Trapping effort for Puu Makanaka (1999-2009) 
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Figure AI.21. Detail of the trapping effort on the SW slope of Puu Makanaka 
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Figure AI.22. Total trapping effort for the SE region of wekiu bug habitat on Mauna Kea 

including Puu Lilinoe, unnamed cinder cones near VLBA (1999-2009) 
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Figure AI.23-Total trapping effort near Puu Lilinoe (1999-2009) 
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Figure AI.24. Total trapping effort for the cinder to the North of VLBA (1999-2009) 
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Figure AI.25. Total trapping effort for the cinder cone South of VLBA (1999-2009) 
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Figure AI.26. Total trapping effort for the first unnamed cinder cone to the East of VLBA 
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Figure AI.27. Total trapping effort for the second cinder cone to the East of VLBA 
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Figure AI.28. Wekiu bug traps set August 14-17, 2009 
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Figure AI.29.  Wekiu bugs traps on Jeep Road of Puu Poliahu Aug 14-17, 2009 
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Figure AI.30. Overview map of study site sample locations within the astronomy precinct on 

Mauna Kea, Hawaii 

*Astronomy Precinct outlined in purple 

**Green dots indicate wekiu bug capture locations 
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Figure AI.31. Overview map of the Thirty Meter Telescope site in April, 2009*Astronomy 

Precinct outlined in purple 

**Green squares indicate wekiu bug capture locations, size correlated to trap captures 
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Figure AI.32. Overview map of all proposed Mauna Kea helicopter landing zones (Army 

HAMET project and wekiu bug sampling 
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Figure AI.33. Overview map of wekiu bug sampling locations on LZ-6 cinder cone 
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Figure AI.34. Overview of Mauna Kea summit showing proposed HAMET LZ (4-6) (green) 

and confirmed cinder cones with wekiu bugs (blue) 
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Figure AI.35. Overview of survey area in the Mauna Kea Science Reserve and Ice Age NAR 

 



 203 

Figure AI.36: High elevation wekiu bug survey sites (Poi Bowl and Puu Hau Kea) 
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Figure AI.37: Detail of Puu Hau Kea Sampling sites along HELCO power line conduit 

(Traps 1A and 3A are within 50cm of access / pullboxes) 
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Figure AI.38. Overview of low elevation sampling areas 
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Figure AI.39. Detail of cinder cone near Burns Rd. sign trapping sites (2A is within 50cm of 

an access / pull-box) 
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Figure AI.40. Temperatures recorded in 20cm deep cinder on the west slope of the LZ-6 

cinder cone near trap WB 1(A+B) 

Microhabitat Temperature Profile in Cinder Cone Substrate
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 Photo 1: West slope of cinder cone at LZ-6.  The substrate is very similar to wekiu bug 

habitat in its structure, depth and composition at a similar elevation on the east side of Mauna 

Kea (~11,400ft) 
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Photo 2: East slopes of cinder cone at LZ-5.  The substrate is very similar to wekiu bug 

habitat in its structure, depth and composition at a similar elevation on the east side of Mauna 

Kea (~11,400ft) 
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Photo 3: Low elevation wekiu bug habitat on the east slop of Mauna Kea (at VLBA dish 

telescope, ~11,400ft) 
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Photo 4: Dead or moribund potential wekiu bug prey items. Pictured- Left, ladybird beetle. 

Right, Nysius palor 
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Photo 5: Top- LZ-6 cinder cone summit rocks and visible ash. Bottom- LZ-6 cinder cone east 

slope rocks. 
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Photo 7: Endemic Mauna Kea wolf spider (Lycosa sp.) molted exoskeleton 
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APPENDIX II. NOTES ON IDENTIFYING NYSIUS IN THE MAIN HAWAIIAN 

ISLANDS, INCLUDING A NEW SPECIES DESCRIPTION FROM HIGH 

ELEVATIONS ON OAHU ISLAND. 

 

New Species: Nysius kaala 

This is a small (3.5mm long, 1.4mm wide) ground dwelling species, darkly colored, 

with patterned hemelytra and membrane and a short rostrum.  The host plant is unknown.   

The specimens available for this description were two males and one female personally 

collected along the roadside near Mount Kaala on Oahu, Hawaii.   

Head about as long as wide at the eyes (Head length 0.7mm, width 0.8mm); 

anteocular portion only a little longer than the width of an eye; eye half as long a anteocular 

space; the upper head surface rises to a point at the upper base of head; distinct lighter stripe 

along head median; covered in pubescence throughout; bucculae very small and indistinctly 

rising anteriorly; rostrum short ending between the mesocoxae; antennae are darkly colored 

with the 2
nd

 and fourth segments being equal in length. 

Pronotum almost half again as broad (1mm) as long; distinctly darker at two fifths the 

length anteriorly; entire pronotum punctuate and covered in pubescence. 

Hemelytra exceed the size of the abdomen on all sides (2mm length) and broadly 

cover the abdomen; coloration is lightly tan to dark brown to black and heavily mottled in the 

darker colors including the membrane; costal margin is distinctly arctuately expanded at one 

fifth from the base. 

Legs are tan with dark brown and black spots.  The overall color is brown with some 

suggestion of ferrugineous with lighter colors present near the posterior section of abdominal 

segments 6-8 and the posterior of the pronotum. 

See couplet 7‟ for pictures and placement in the Key to Main Hawaiian Island Nysius.
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Pictorial Key to the Hawaiian Nysius: 

Key to Main Hawaiian Island Nysius- compilation from various sources (Usinger 1942, 

Zimmerman 1948, Usinger and Ashlock 1966, Ashlock 1966, Beardsley 1977, Beardsley 

1979, Ashlock and Gagné 1983, Polhemus 1998) 

  

1! Buccula somewhat tapering posteriorly, but ending abruptly before base of 

head…caledoniae-invasive 

 

 

 Buccula tapering posteriorly, gradually disappearing into underside of head, not 

ending abruptly…1 
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1. Rostrum distinctly surpassing posterior coxae, reaching apex of second abdominal 

segment or attaining fourth or sixth ventrite (except in female communus, in which it 

may extend hardly beyond middle of second ventrite…2 

 

 

Rostrum shorter, not or scarcely passing posterior coxae, at most not passing middle 

of second ventrite…4‟ 

 

 

 

 

 



 217 

2(1). Head about as long as broad across eyes, rostrum reaching sixth abdominal segment; 

relatively small, 3.77mm., with considerable ferrugineous color above, 

Molokai….abnormis Usinger. 

 

 

 

  

 

 

 

Head broader than long; color fulvus or testaceous above…3‟ 

 

3‟ Clavus and corium with erect as well as appressed hairs, viens of membrane paler 

than disc… beardsleyi 
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Clavus and corium with only appressed hairs; veins of membrane concolorous with 

disc…3 
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3(2). Pale color largely fulvus; membrane distinctly fusco-fasciate along 

middle…communis Usinger. 

 

 

Pale color of pronotum and hemelytra either hyaline or testaceous; membrane 

immaculate or nearly so; Kauai…mixtus Usinger 
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4‟ Beetle-like and flightless; clavus deeply punctate along the claval suture nearly to 

apex, clavus and corium with long erect hairs; Kauai… hardyi 

 

 

 

 Never beetle-like, but may be flightless. Punctures along claval suture shallow, rarely 

extending nearly to apex of clavus, if so then clavus and corium with only appressed 

hairs…4 
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4(1) Anteocular part of head very long, about half again as long as an eye or almost twice 

as long as an eye (measure carefully with eye-piece micrometer); corium clothed with 

short, appressed, pale pubescence imparting a grayish cast to the insect; without 

conspicuous erect hairs…5 
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Anteocular part of head much shorter, about as long as an eye or at most one-fourth 

longer; corium often with conspicuous erect hairs as well as subappressed hairs…7 
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5‟ Micropterous, with hemelytra exposing all abdominal segments; female abdominal 

tergite VIII not constricted at midline, female ventrite IV curved anteriorly toward 

midline intersecting ovipositor anteriorly, male paramere ending sharply… (Hawaii-

summit Mauna Loa)… aa Polhemus 

 

 May be micropterous, but without above characters, and not a resident above 11,000ft 

on Mauna Kea, Hawaii… 5‟‟ 

 

5‟‟ Micropterous, with hemelytra exposing all abdominal segments; all appendages 

unusually long and thin, antennal segment IV much longer than width of head 

including eyes…(Hawaii-summit Mauna Kea)…wekiuicola Ashlock and Gagné 

 

  

 

 

Macropterous, not exposing any abdominal segments dorsally; appendages normal, 

not especially long and thin; antennal segment IV not longer than width of head 

including eyes…5 
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5(4) Femora usually dark brown to pitchy black except at apices; pronotal disc with 

irregularly spaced punctures interspersed with irregular smooth areas posteriorly; 

Maui and Hawaii…lichenicola Kirklady. 

 

  

 

Femora uniformly fulvous or distinctly brown-spotted; pronotal disc densely covered 

with small punctures…6 
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6(5) Eyes located posteriorly, very near level of posterior margin of head; pronotum 

subcylindrical, at least anteriorly; scutellum about as long as broad; claval suture 

bounded on either side by a row of distinct punctures and vein R of corium with a 

distinct row of punctures throughout its length, best seen in side view; costal margins 

strongly explanate; Oahu and Maui…sublittoralis Perkins. 

 

Eyes located a little farther forward, posterior margin of head rounded laterally to 

eyes; pronotum subflattened or at least feebly, roundly carinate laterally on anterior 

lobe; claval suture and corial vein R impunctate or at least without conspicuous 

punctures and costal margins less strongly expanded; Kauai, Oahu, Maui, Hawaii, 

Nihoa…longicollis Blackburn. 
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7‟(4) Labium short, ending between the middle coxae, costal margin of hemelytron 

distinctly divergent at a distance one-fifth from base, clavus and corium without 

conspicuous erect hairs, color largely dark, membrane darkly patterned, small species 

(3.7-4.2mm), Oahu, Mount Kaala… New Species-kaala (proposed) 

 

 

 

 

 

 Combination of characters not as above…7 
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7(7‟) Labium relatively short, ending between the middle coxae when extended flat on 

ventor, not reaching apex of flat part of metasternum; costal margin of hemelytron not 

expanded, curve of costal margin relatively smooth, only slightly divergent at about 

one-fifth distance from base; head relatively short (anteocular distance 1.0-1.2 times 

as long as eye), with narrow, usually interrupted, longitudinal fulvus stripe, legs 

generally fulvous with dark spots; membrane of hemelytron largely immaculate or 

only faintly infuscate…coenosulus 
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Labium usually conspicuously large, usually extending to posterior coxae or beyond, 

usually attaining or exceeding apex of flat part of metasternum; other characters not 

in above combination; if labium short (terrestris), then costal margin of hemelytron 

more strongly expanded, the curve conspicuously divergent at about one fifth distance 

from base, head with a broad uninterrupted fulvous stripe and membrane of 

hemelytron definitely, irregularly infuscate…8 
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8(7) Costal margins strongly dilated, body form comparatively short and broad 

posteriorly; pronotum subcylindrical anteriorly and relatively strongly convex; 

femora either entirely pale fulvus or paler with only an occasional brown spot or 

entirely brown with irregular darker brown spots or markings…9 

 

 

 

Sides of body more nearly subparallel; femora yellowish or testaceous with distinct 

spots or markings (sometimes entirely black except at apices in nemorivagus and 

blackburni, both of which have a broad, subflattened pronotum)…10 
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9(8) Color above rufescent marked with black; pronotum only moderately convex; claval 

suture corial vein R without visible punctures except near base; membrane almost 

entirely clear hyaline; femora pale fulvous or paler with only a few spots; 

Hawaii…rubescens White. 

 

 

 

 

 

 Color dark brown above with black markings and pale mainly along expanded costal 

margins and at middle of membrane basally; pronotum very strongly convex; claval 

suture and corial vein R with rows of punctures which are only distinct under high 

magnification; membrane broadly dark brown on either side near middle of apices of 

coria and continuing posteriorly to apex; femora generally dark brown with still 

darker spots or markings visible; Oahu…fucatus Usinger. 
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10(8) Fourth antennal segment very long, almost half again as long as third; small species 

(3 to 4 mm. long) with almost entirely black undersurfaces and appendages; upper 

surface variable, black to ferrugineous; Maui, Hawaii, Molokai (?)…blackburni 

White. 

  

  

 

 

 

 

 

Fourth antennal segment scarcely longer than the third…11 

 



 232 

11(10) Color in great part dark brown to black, with paler markings on head and pronotum; 

clavus and corium irregularly marked with paler spots; entire expanded costal area 

intruding to apical margin of corium at its junction with radial vein, pale, antennae 

black…nemorivagus White. 

 

 

Corium often marked with fuscous but with pale color always predominant; antennae 

at least partly paler…12 
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12(11) Smaller species, length 4.0 mm or less in males, 4.5 mm or less in females…13! 

 

Larger species, length greater than 4.2 mm in males, greater than 4.7 mm in 

females…13 

 

13! Costal margins of hemelytron relatively strongly expanded, conspicuously divergent 

at about one-fifth of the distance between base and apex; hemelytron, including 

membrane, fuscomaculate, markings not confined to veins…terrestris 

 

  

 

 Costal margin of hemelytron relatively weakly expanded, not conspicuously 

divergent at about one-fifth of the distance between base and apex, hemeytron largely 

pale, membrane without markings, dark markings confined to corial veins…nr. 

vinitor  ?introduced? (Also N. palor) 
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13(12) Color almost entirely pale above except for unusual black on head and callosities, 

with only occasional or ill-defined markings on scutellum, clavus, corium and 

membrane…dallasi White. 

 

 

 

Scutellum black except at tip and at least with fuscous on commissure of clavus and 

inner veins of corium…14 
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14(13) Hemelytra very pale, almost white, and characteristically marked; apical margin of 

corium entirely broadly black, or paler near inner and outer angles, and often with 

scattered fuscous marks posteriorly on vein R and on corial disc between R+M and 

Cu; vein Cu almost always immaculate; membrane clear…delectus White. 

 

 

 

Hemelytra clear or with faint fulvus tinge; apical margin of corium alternated with 

black and ochraceous, only black at joining of vein Cu, between arms of R+M, and 

subapically at joining of vein Sc; vein Cu irregularly spotted with fuscous; membrane 

with a more or less tinct fuscous median fascia on apical half…15 
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15(14). Size about 4.27 to 5.72 mm. long; anteocular part of head scarcely longer than an eye; 

pale areas of clavus and corium testaceous or clear hyaline…kinbergi. 
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