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EXECUTIVE SUMMARY 

As part of a continuing long-term study, the Hawaii Biological Survey of the Bishop Museum was contracted by 

the Office of Mauna Kea Management (OMKM) to monitor for alien arthropod species and to continue 

monitoring populations of the wēkiu bug (Nysius wekiuicola Ashlock & Gagné), which is endemic to the 

Mauna Kea summit area. Ten day field trips were conducted in June 2007 and July 2008 to provide a baseline of 

introduced arthropod species found at the Mauna Kea summit, and to continue monitoring wēkiu bug 

populations within critical core habitats. Forty-seven data loggers that were placed at the summit in 2006 to 

monitor soil temperatures and relative humidities were removed in July 2008. Data were successfully 

downloaded from 24 operating loggers that provided new information related to wēkiu bug soil temperature 

preferences.  

 

The objective of the alien arthropod baseline and monitoring surveys was to provide information to managers on 

any potential threats to endemic Mauna Kea arthropod species such as the wēkiu bug. Intensive surveys for ants 

were conducted to assess if any populations are currently found within any areas in close proximity to wēkiu 

bugs. Ants are already well-established at the summit regions of Haleakalā National Park, and this elevational 

range is well-within that of lowest elevation that wēkiu bugs have been found. Because of the predatory and 

social nature of ants, and because ants have caused the extinction and decline of native arthropods throughout 

Hawai‘i, it was imperative to search high risk areas around the Mauna Kea summit region. This included public 

roadways, picnic areas, and around buildings. During the course of this study we did not see or collect any ants 

at the summit region, and in fact obtained the highest wēkiu bug captures since the 1997–1998 field season 

during trapping in the 2007 field season. Of concern was the finding of several predatory species of alien beetles, 

with the major new finding of a predatory carabid beetle that so far appears to be restricted to just around the 

Lake Waiau shoreline area. 

 

Data downloaded from temperature loggers was analyzed using the GIS ArcMap Inverse Distance Weighted 

model that predicted mean yearly soil surface temperatures. The upper regions of all slopes on Pu‘u Hau Oki and 

the north slope of Pu‘u Hau Kea were predicted to have the coldest annual temperatures of less than 5° C, and 

these two areas also generally have the highest wēkiu bug captures at the summit. The warmest region was 

found to be the Lake Waiau area, were wēkiu bugs have not been captured during the past ten years of study. 
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INTRODUCTION 

As part of a continuing long-term study, the Hawaii Biological Survey of the Bishop Museum was contracted for 

the 2007–2008 field seasons by the Office of Mauna Kea Management (OMKM) to assess and document alien 

arthropod species found at the Mauna Kea summit area. The purpose of these field studies was to establish a 

baseline for possible alien arthropod species currently inhabiting the Mauna Kea summit area having the 

potential to negatively affect wēkiu bugs (Nysius wekiuicoloa Ashlock & Gagné) or other native arthropod 

species. Additionally, to provide long-term capture data in areas of known critical wēkiu bug habitat, wēkiu bug 

population monitoring also occurred during the 2007–2008 field seasons at the Mauna Kea summit area.  

 

This study continues Bishop Museum’s wēkiu bug research that originated in the early 1980s (Howarth and 

Stone 1982), and resumed again in the late 1990s to the present (Howarth et al. 1999, Englund et al. 2002, 

2005, 2007, Porter and Englund 2006). OMKM was interested in obtaining baseline data for alien arthropod 

species having the potential to threaten wēkiu bugs and other native arthropods. The objectives for the 2007–

2008 field seasons were to 1) conduct surveys for alien arthropod species in areas of known wēkiu bug core 

habitat at the Mauna Kea summit area, and adjacent but less favored habitats, 2) assess alien arthropod species 

composition at the summit areas on Mauna Kea with high tourist and worker activities, including observatory 

areas, the Hale Pohaku visitor center, and roadways, 3) conduct a baseline survey for alien arthropod species in 

areas around the proposed Thirty Meter Telescope (TMT), and the batch plant staging area that will be used if 

the TMT is built, and 4) monitor wēkiu bug populations in selected known high quality habitats to provide 

comparisons to previous Bishop Museum surveys. 

 

STUDY AREA 

The overall study area for the 2007–2008 field season has been thoroughly described in previous Bishop 

Museum reports and this can be found in Howarth et al. (1982), Howarth et al. (1999), Englund et al. (2002, 

2005, 2007) and Porter and Englund (2006). The study area started at the Hale Pohaku visitor center and staff 

quarters at 2,850 m (9,300 ft) elevation, and encompassed portions of the alpine zone of the Mauna Kea volcano 

(Figure 1), including both the Mauna Kea Science Reserve (MKSR) and the Mauna Kea Ice Age Natural Area 

Reserve (NAR). For the purposes of this study, we defined cinder cones as non-vegetated, dormant volcanic 

cones in the alpine zone above 2,925 m, (9,600 ft). Elevations sampled for alien arthropods during 2007–2008 

fieldwork ranged from a maximum of 4,205 m (13,796 ft) at the summit of Pu‘u Wēkiu to a low of 2,850 m 

(9,300 ft) around Hale Pohaku. Visual observations were also made throughout the study area while hiking 

between sampling points. Tables 1–4 contain GPS coordinates, elevations, and date traps were set for all sample 

points within the study area. Because the present study was for both wēkiu bugs and alien arthropod species, all 

species (except wēkiu bugs) collected in traps during these studies were kept for further analysis. This is also 

why some of the sample locations are duplicated for the alien species and wēkiu bug data tables (i.e., Tables 1 

and 2). Sample locations were duplicated in Tables 1-4 when non-wēkiu bug taxa were collected in wēkiu bug 

pitfall traps. 
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Unless otherwise stated, pu‘u names were derived from USGS topographic quad maps. WGS 84 datum was 

used for recording GPS locations. Many pu‘u have not yet been given official names, and when possible these 

cinder cones are identified by their altitude as stated on USGS topo maps. However, when no altitudes are given 

names of nearby landmarks or distinctive features were used. These names should not be viewed as official, but 

rather allow us to more easily identify specific areas of the vast summit region of Mauna Kea. Altitudes were 

determined using a combination of USGS 7.5 minute topographic quad maps, a handheld altimeter, and a 

barometric altimeter on the GPS unit, calibrated daily at Hale Pohaku and at the elevation markers on the road 

up to the observatories. 

 

METHODS 

Alien Arthropod Species 

The objectives for the 2007–2008 fieldwork season changed from previous years, and sampling emphasized 

documenting alien species found within the Mauna Kea summit area. An analysis of all arthropod species 

collected during the 2007–2008 field trips was conducted for the present study. Species were identified to the 

lowest possible taxonomic unit possible, which was dependent upon expertise available for each taxonomic 

group.  

 

The main purpose of fieldwork of the present study was to establish the current baseline for alien species and 

identify species on Mauna Kea having the potential to negatively affect wēkiu bugs and other native arthropods. 

In this regard we sampled a broad range of habitats at the summit, focusing on various pathways whereby alien 

arthropods might first become introduced. We also sampled a wide variety of undisturbed habitat types where 

wēkiu bugs are known to have high concentrations, and nearby disturbed habitats that are always in conjunction 

with past or present human activities.  

 

A broad array of traps was used to collect alien arthropod species. Yellow pan traps and yellow sticky traps were 

used to collect flying insect species while glycol pitfall traps were used to collect non-flying arthropods. Yellow 

pan traps were ballasted with rocks to ensure they did not blow away in the windy summit area, and a small 

amount of ethylene glycol (antifreeze) was added to the water in each pan trap to prevent the water from freezing 

and reduce evaporation during the daytime. Yellow sticky traps were tied to large rocks that allowed both 

ground dwelling and flying arthropods access to these traps. Glycol pitfall traps were constructed similar to 

previous years wēkiu bug traps (Englund et al. 2002), baited with shrimp paste around the caprock, and filled 

with a mixture of water and gycol. Glycol pitfall traps were not placed in habitats likely to contain wēkiu bugs. 

 

Because alien ant species are believed to rank as one of the highest threats to wēkiu bugs, particular effort was 

focused on determining the presence or absence of ant species within the Mauna Kea summit area. We heavily 

sampled for ants at visitor center picnic and garbage can areas, around Hale Pohaku staff areas, the summit lunch 

room building, and around several of the larger telescope facilities such as the Gemini and Keck observatories. 
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Ant traps consisted of wooden tongue depressor sticks dipped in generous amounts of peanut butter. All ant bait 

peanut butter traps were checked at regular intervals of at least every 2-3 days during the duration of the 

fieldwork. Numerous baited (with shrimp paste) glycol pitfall traps throughout the study area also served as 

potential ant traps. 

 

In summary, the alien arthropod trapping at each collection locality had four different trap types: 1) peanut butter 

sticks for ants, 2) yellow sticky traps, 3) yellow pan traps, and 4) one ethylene glycol pitfall trap. These four 

different traps were all placed within about 4-5 m of each other, and a gps point was taken for that locality. These 

four traps in proximity ran for at least 3 days, and if needed were checked on a more regular basis to ensure 

liquid levels were adequate to capture arthropods. Tables 1 and 3 contain the collection localities for the alien 

arthropod traps set in 2007–2008. 

 

Wēkiu Bug Sampling 

In contrast to previous years sampling (Englund et al. 2002, 2005, 2007) no glycol pitfall traps were used in 

areas known or suspected to contain wēkiu bugs. During the 2007–2008 fieldwork, wēkiu bug sampling 

consisted of using baited shrimp pitfall traps (which generally do not harm the insects) in areas of known high 

wēkiu bug concentration. Limited visual surveys for wēkiu bugs were also conducted, but this met with limited 

success because there was no snowpack (in both 2007 and 2008) which tends to concentrate the bugs along the 

edges of the snow. A detailed explanation of techniques used for shrimp pitfall traps in this study can be found in 

Englund et al. (2002). Individual pitfall trap locations were recorded with GPS (WGS 84 datum), as were 

locations where wēkiu bugs were visually observed while hiking. Locations, elevations, cinder cone area, and 

length of time sampled can be found in Table 2 for the 2007 sampling and Table 4 for the 2008 sampling.  

 

Temperature/Relative Humidity Probes 

To obtain wēkiu bug microhabitat data in a wide variety of favorable and nearby suboptimal habitats (e.g., 

glaciated regions between cinder cones) 47 HOBO© Pro RH/Temp (Model H08-032-08) temperature probes were 

first placed near the surface and buried 10 in (25 cm) into the substrate in 2006, and removed in July 2008 

(Table 10). Loggers were placed in a wide variety of other locations, in areas known to support high wēkiu bug 

densities, as well as areas where the bugs have not normally been captured (Figure 3). 

 

The loggers recorded and stored relative humidity and temperature data for the duration of the study. It was 

necessary to provide a housing for the loggers to protect against contracting, expanding, and shifting substrates 

in the harsh environment of the Mauna Kea summit area. Following tests of various protective cases during the 

preceding study, PVC pipe caps with ventilation holes drilled in them were deemed to have the best protective 

qualities (Englund et al. 2005). The PVC cap fit snugly around the loggers, and was connected with stainless 

steel wire to protect the humidity sensor and prevent direct ground contact. Holes drilled in the cap also allowed 

drainage of any rainwater or snowmelt and provided air circulation. In areas of known wēkiu bug habitat (such as 

the summit of Pu‘u Hau Kea or Pu‘u Lilinoe) the loggers were placed in the exact locality where individual 

wēkiu bugs had been observed or collected. 
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The first major logger installation was in December 2004, with paired loggers were placed just below the surface 

and covered with local substrate, and also buried approximately 10 in (25 cm) below the surface. Loggers were 

connected by approximately 1 m of stainless steel wire (also with flagging tape attached) to make future retrieval 

easier, as finding loggers was quite difficult because of their small size and shifting substrates on steep, high 

elevation slopes. 

 

In 2006, A total of 9 pairs of loggers (18 total) were placed in a transect at Pu‘u Hau Kea running through the 

summit cone area (see Englund et al. 2007 for a detailed map), starting at the bottom of the northwest rim and 

extending in a southeasterly direction into the cinder cone and down the slope to the bottom of the Pu‘u Hau 

Kea cinder cone. These loggers recorded conditions within the Pu‘u Hau Kea crater and outermost slopes, an 

area with some of the highest known wēkiu bug densities on Mauna Kea. Each logger pair consisted of one 

placed on the surface and one buried in the surface substrate to approximately 10-12 in (25-30 cm). All 47 

loggers were recovered in July 2008. 

 

High Incidence of Logger Failure 

The HOBO© Pro RH/Temp (Model H08-032-08) temperature probes have been problematic throughout the 

course of the study and exhibited a high failure rate. Of the original 47 loggers installed in 2006, data were 

recovered from only 24 of all loggers, with the subsurface loggers having a much higher failure rate with data 

recovered from only 4 loggers. Although data collected from the loggers appears accurate and sound, these 

particular data logger models are apparently failure–prone and have since been discontinued by the manufacturer.  

Enough data were recovered to allow us to run the statistical temperature models (see below) for the surface 

temperatures at the Mauna Kea summit in both the favored and suboptimal wēkiu bug habitats. However, not 

enough data were available from the subsurface loggers to adequately run the computer model for the subsurface 

temperatures.  

 

Statistical Analysis for Temperature/Relative Humidity Data 

After temperature data were downloaded from the loggers to an excel spreadsheet, data were summarized and 

graphs and statistics were done with Sigma Plot version 10. Two years of data from the loggers were then 

summarized and combined by using Inverse Distance Weighted (IDW) models in ArcMap 9.2 (ESRI 1992-

2006). These models used a simple predictive multivariate interpolation method to estimate values at 

unmeasured locations using known information.  Multiple measured locations with variables of interest are used 

to predict those same variables in unmeasured locations with use of a smoothing operation.  The method 

assumes that with distance the influence of a measured location decreases. User modification inputs are minimal 

and include the minimum and maximum number of known measured locations used to predict unmeasured areas 

(thus fixing the radius at which the surface is interpolated) and the power at which each point can influence the 

others.  The power of each point influences the smoothness of the prediction area and can be optimized within 

analysis using the power optimization utility.  The IDW output interprets a predictive surface using all available 

points (Yang 2007; Darsow 2009). The IDW output for temperature and relative humidity for all working 
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loggers with data downloaded in July 2008 is shown in Figures 5 (soil surface temperature predictions) and 

Figure 6 (soil surface relative humidity predictions) for the Mauna Kea summit area. An insufficient logger 

sample size precluded the use of the IDW model for subsurface soil temperatures. 

 

For all IDW models at least 15 locations were used to predict and interpret the surface output and fix the radius 

of the calculation.  The power of each point was optimized within ArcView (9.2) using the "optimize power 

output" function in the Geostatistical Analyst Extension in ArcMap (9.2) (ESRI 1992-2006) (Yang 2007).  

 

The surface temperature (°C) and relative humidity (%) graphs (Figures 9–32) are indicative of slight but 

potentially important microclimate structure between areas. While thousands of data points were collected by the 

operating loggers throughout the two–year data collection period, we summarized the data by providing yearly 

and monthly averages for each data logger. Figures 11–32 provide a summary of the monthly average of 

temperature and relative humidity for each logger that was operating when they were removed in July 2008. 

Figures 9 and 10 display the entire two–year temperature average for each operating subsurface (Figure 9) and 

surface logger (Figure 10).   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hobo data loggers used to measure temperature and relative humidities at the Mauna Kea summit. 
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RESULTS AND DISCUSSION 

The study period at the Mauna Kea summit for alien arthropod and wēkiu bug sampling ran from May 31– June 

10, 2007, and in 2008 from July 19–27. Tables 1–4 summarize trap locations by cinder cone, elevation, date 

set, trap type, and GPS coordinates. Overall 2007 wēkiu bug sample effort was a total of 42 shrimp pitfall and 

45 alien arthropod species traps. In 2008, 30 wēkiu bug traps and 225 separate alien species traps were set. 

Sample effort for wēkiu bugs was defined by total trap days, which are the number of nights each baited shrimp 

pitfall trap was operating. Shrimp pitfall trap effort for wēkiu bugs during the 2007 field season was 252 trap 

days, and 120 trap days in 2008 (see Tables 7 and 8).  

 

Wēkiu Bug Trap Placements in Study Area 

A total of 73 shrimp pitfall traps, were set in various cinder cone areas at selected elevations during fieldwork in 

2007–2008 field season (Tables 2, 4, 7, 8). Sampled areas from 2007–2008 included the main summit region, 

with permanent monitoring stations at Pu‘u Hau Kea, Pu‘u Wēkiu, Pu‘u Hau Oki, and the Pu‘u’s north and 

south of the VLBA (Figures 1 and 2). No wēkiu bugs were collected in any of the 225 alien arthropod traps set 

out during the 2007–2008 field season.  

 

Wēkiu Bug Collections 
A record 537 wēkiu bugs were collected in early June 2007 (Table 7) during a total of 252 trap days. Sampling 

occurred slightly later in the summer of 2008, and 70 bugs were captured with an effort of 120 trap days in late 

July, during a time of year that appears to have somewhat lower wēkiu bug activity. Wēkiu bug collection data 

from the Pu‘u Hau Kea since 2001 was summarized in Table 9.  

 

The Inverse Weighted Distance (IDW) model for wēkiu bug populations was conducted by using the 2007 

Bishop Museum data only (with the 2008 Bishop Museum wēkiu data inputted as a correction factor) is shown 

in Figure 4. This model interpolates wēkiu bug densities using the ArcMap data inputted into a GIS map, and 

we used the 2007 data for the model because it was the peak year for wēkiu bug captures over the past 10 years of 

monitoring. The darkest areas on the map in Figure 4 indicated where the highest predicted populations of 

wēkiu bugs would be found, and the highest predicted core populations according to the model were found 

around Pu‘u Wēkiu to Pu‘u Kea and ranging to  the north slopes of Pu‘u Hau Kea. 

 

Temperature RH/Loggers 

Cinder cone areas where data loggers were installed and downloaded are found in Table 10. Data were 

downloaded from the loggers in July 2008, and data were recovered from only 51% of the loggers (24 of 47). 

The location of surface and subsurface loggers with recoverable data are shown in Figure 3. Twenty of the 

operating loggers were placed at the surface and covered by only a thin layer of rocks, while only four of the 

loggers buried 0.3 m in the substrate had recoverable data. Downloaded data provided a unique wēkiu bug level 

representation of mainly surface temperatures and ground humidities over a broad range of optimal and sub 

optimal habitats.  
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To construct the ArcMap IDW model, data were inputted from the 2006–2008 surface loggers for temperatures 

and relative humidities throughout the Mauna Kea summit area. The predicted mean yearly soil surface 

temperatures are shown in Figure 5, with the darker shading indicating warmer temperatures. The Lake Waiau 

region was the warmest, with average predicted temperatures ranging between 7.45–7.75 °C, while Pu‘u Hau 

Oki and the north slope of Pu‘u Hau Kea were predicted to have the coldest annual temperatures of less than 5° 

C (Figure 5). It is of great interest that the two coldest predicted areas in Figure 5 also generally have the highest 

wēkiu bug captures at the summit as well. During the course of the Bishop Museum studies from 1998 to the 

present, wēkiu bugs have never been captured in the Lake Waiau region, or on the outer slopes of Pu‘u Waiau, 

which was modeled as the warmest region in the upper summit area. The modeling for relative humidity data 

shown in Figure 6 require further examination, but show the Lake Waiau region also had the highest humidities 

along with the highest modeled temperatures. The Pu‘u Waiau region was formed by a subglacially erupted 

hawaiite flow, implying this area has a much different geology than nearby cinder cones such as Pu‘u Hau Kea 

that stood as nunataks during Pleistocene glacial periods (Porter and Englund 2006). 

 

Data were downloaded in July 2008 for each operating surface and subsurface logger and then graphically 

summarized into yearly and monthly averages (Figures 7–30). These logger data indicated a wide variation in 

soil surface temperatures throughout the summit, but that in some areas average monthly temperatures at or 

below freezing existed from December through April such as Figure 18 (Lake Waiau), Figures 17 and 23 (Poi 

Bowl), Figure 30 (Pu‘u Hau Oki), with little variance during these months. The low temperature variance 

during these months likely reflects the loggers being completely buried by snow. 
 

Alien Arthropod Species Surveys 

A wide range of native and non-native arthropod species were collected during the 2007–2008 field seasons, and 

a list of these species and sampling sites they were collected from is found in Appendix C. Sampling sites in 

Tables 1 and 3 correspond to the sites listed in Appendix A. Although many of the same taxa were found 

repeatedly at a large number of sample sites, we have also listed taxa found by collection area, as shown in the 

next section of the report. 

 

Many of the arthropod species collected were classified as aeolian, or taxa that were carried with the wind or flew 

up from lower elevations. Because night-time temperatures go below freezing throughout most of the year, 

virtually all of the aeolian species have a short life span at the summit and are not considered residents. Resident 

species are either native species adapted to the harsh life conditions at the summit, or are non-native species from 

temperate regions that are able to withstand the daily freeze–thaw cycle and live and reproduce within the 

summit region. In general there should be less concern about aeolian, non-resident arthropod species that get 

blown up to the summit because they soon die and become a potential food source for wēkiu bugs. 
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For the alien arthropod species, the majority of the aeolian drift was represented by the species that were the 

stronger fliers, for example muscid and calliphorid flies, and lady beetles (Hippodamia convergens and 

Coccinella septempunctata). Although this was a presence/absence survey for alien arthropods, it was obvious 

from looking at the snowpack drift and our trap results that Diptera (primarily muscids) and lady beetles 

constituted the primary biomass of aeolian drift. Although diet preference studies for wēkiu bugs have not yet 

been published, we have made field observations of wēkiu bugs adjacent to snowpacks feeding on freshly thawed 

Diptera.  

 

Hymenoptera were represented mostly by weaker flying taxa, with the exception of Apanteles spp. (a parasitoid) 

that were present in large numbers at the summit and common at all sites. The abundance of Apanteles spp. may 

be due to them being found at higher elevations (1500–2700 m). The European earwig (Forficula forficularia) 

was found in high numbers only around the Onizuka Visitor Center at Hale Pohaku, and is a pest and predatory, 

but has not become established above the visitor center. Psyliids were also extremely abundant (100 or more in 

most samples) in all areas up to the summit, but are aeolian drift from lower elevations. In a qualitative sense, 

aeolian drift species composition around the higher summit areas appears to be fairly consistent since the late 

1990s. 
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Summary of Alieu Arthropod Species Collected iu 2007 

The following is a summary of arthropods collected in discrete sampling areas during the 2007 field season, 

including a brief description of sample location along with any arthropod by-catch found during wekiu bug 

collections. Detailed gps locations and further information for these sampling sites can be found in Tables 1-4 in 

the appendices section. Aeolian species found during these surveys are likely not a major threat to native species 

at this time, and it is likely that resident alien arthropod species have greater potential impacts. 

To allow more information to be displayed, we have abbreviated standard entomological terms in the tables. 

Often it was difficult to determine the status of a particular species, that is why many have question marks next 

to their habitat and their endJadv (native/introduced) status. The following abbreviations in the 2007 species 

tables are based upon Nishida (2002): 

end endemic: native to the Hawaiian islands, and found only in Hawai'i 

adv == adventive: introduced into Hawai'i, most likely accidentally introduced 

ill!! == purposeful introduction: introduced into Hawai'i usually for biological control of ins.ect pests 

Aeolian species is not a resident ofthe area where it was collected, but blown up from lower elevations 

Resident lives and reproduces in the area where the species was collected 

Below is a list of species found at specific sampling sites for the 2007 sampling field season, and a brief 

description of the sample area. Areas or sample sites with no insect collections are not included in the list below. 

Hale Pohaku parking lot area: Located near the Hale Pohaku living quarters and cafeteria, this area was located 

at an elevation of approximately 2850 m. In 2007, there were no alien species of concern found around this area, 

although the parking lot and adjacent living area around Hale Pohaku has greater potential for new alien 

invertebrates than any other area with the exception ofthe Onizuka Visitor center. Native species of note were a 

healthy population of native Hyaleus sp. bees, along with a native seed bug (Lygaeidae). Alien ant species were 

not collected in this area (or anywhere at the Mauna Kea summit area at or above Hale Pohaku) in 2007. 

HP Pa rking Lot (lower) (Sites 1 4 8 13 44, 45, 50) 
order family genus-species-author end/adv habitat 
Diptera CeratoPoQonidae Forcipomvia sP. end Aeolian 
Dlptera Drosophilidae Drosophila sp. adv Aeolian 
Diotera Eohydridae Hvdrellia triliei Coquillett adv Aeolian 
Diotera Ephydridae so. 1 adv? Aeolian 
Diptera Muscidae AtheriKona orientalls Schiner adv Aeolian 
Diptera Sciaridae ?Bradysia sp. I end? Aeolian 
Diptera Sepsidae Sepsis thoracica (Robineau-Devoidy) adv Aeolian 
Diptera Tachinidae Phasioormia nallida Townsend adv Aeolian 
Heteroptera Lygaeidae Geocoris pal/ens Sial adv Resident 
Heteroptera Lygaeidae Nysius sp. 2 = phytopha~s end Aeolian 
Homoptera Aphldidae Aphis sp. adv Aeolian 
Hymenoptera Aoidae Apis mellifera Linnaeus adv Aeolian 
Hymenoptera Braconidae Apante/es sp. 1 pur? Aeolian ? 
Hymenoptera Colletldae Hy/eaus sp. spp. end Aeolian 
Hymenootera Vespidae Polistes olivaeius adv Aeolian 
Hymenoptera Undetermined Undetermined micro·hymenoptera adv. Aeolian 
Lepidoptera Oecophoridae AKonopterix ulicetella nur Aeolian 
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Onizuka Visitor Center: 

Although intensively sampled in 2007 with four series of four different kinds of insect traps, only aeolian 

introduced insect species were collected here, and none deemed to be potentially threatening to native taxa. Of 

interest, the native Hyaleus sp. bees were also Common here in 2007. Sampling took place around the parking lot 

and around the trash cans at the visitor center, with ants not being found in 2007. 

Onizuk a Visitor Center (Sites 5. 10 47 49\ 
order familv I genus-species-a uthor end/adv habitat 
Diptera Calliphoridae Calliphora vomitoria (Linnaeus) adv Aeolian ? 
Diptera Ephydridae HydrelJja trjtjcj Goquillett adv Aeolian 
Diotera Muscidae AtheriJlona arientaUs Scbiner adv Aeolian 
Diptera SVI'J)hidae AllowaJ)la sp. pur Aeolian 
Diptera Sarcophaltidae several spp. adv Aeolian 
Diptera Sepsidae Sepsis thoradea (Robineau-Devoidy) adv Aeolian 
Heteroptera Lygaeidae Nysius sp. I ; phytophagus end Aeolian 
Hymenoptera Apidae Apis mellifera Linnaeus adv Aeolian 
Hymenoptera Braconidae Apanteles sp. I Dur? Aeolian ? 

Hymencmtera Colletidae Hvleaus sp. SOD. end Aeolian 
Hymenoptera IchDeumonidae Ichneumon CUllitus Cresson adv Aeolian 
Lepidoptera Oecophoridae kronoJ)lerix ulicetella pur Aeolian 

VLBA Parking Lot 

Only two species were found in the region around the VLBA parking lot (3725 m elevation) and none are 

resident species capable of causing harm to native arthropod species. 

VLBAP arkina Lot Area (Sites 28 36) 
lorder familv I genus-species-author end/adv habitat 
I Diptera Calliphoridae Callinhora vomiloria (Linnaeus) adv Aeolian ? 
I Homoptera Psyllidae Genus (?) species (1) adv? Aeolian 

Batch Plant Parking Lot (trailhead area to Lake Waiau): The batch plant parking lot is a large, flat, graded area 

at approximately 4040-4070 m elevation, adjacent to the base of Pu 'u Hau Kea. This area is also the parking lot 

for visitor day hikes to Lake Waiau. The only resident species found here was an endemic noctuid moth, and we 

did not find any potential harmful species here during the 2007 sampling. 

Batch Plant Parking Lot (Sites 16 19 30.38. 48) 
order familv I gen us-specIes-author end/adv habitat 
Diptera Calliphoridae Calliphora vomitoria (Linnaeus) adv Aeolian ? 
Diptera Ephydridae Hydrellia tritiei Coquillett adv Aeolian 
Diptera Muscidae AlheriJlona orientalis Scbiner adv Aeolian 
Diptera Muscidae indet adv? Aeolian 
Diptera Sarcophaltidae several spp. adv Aeolian 
Diptera Sepsldae Sepsis thoracica (Robineau-Devoidy) adv Aeolian 
Diptera Sphaerocerldae Levtocera (several species) adv? Aeolian 
Diptera Syrphidae Allowapra sp. pur Aeolian 
Dilotera Tachinidae Gonia iongipulvi/li Totbill adv Aeolian 
Homoptera Psyllidae Genus (?) species (?) adv? Aeolian 
Hymenoptera Undetermined Undetermined micro-hymenOlltera adv. Aeolian 
Hymenootera IchDeumonidae Diadegma blackburni (Cresson) adv Aeolian 
Hymeno~tera Braconidae Apanteles sp. 1 our? Aeolian ? 
Lepidoptera Noctuidae Awotls SP. end Resident 
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Pu'u Hau Kea: 

This cinder cone was part of the annual wekiu bug monitoring during the 2007 field season, and collections of 

alien arthropod species here were resulted from bycatch found in wekiu bug shrimp traps. No potential harmful 

arthropod species were collected here in 2007. 

Puu H au Kea {Sites 3 46 
order family genus-species-author end/adv habitat 
Diptera Tachinidae Gonia ionJ?Jpulvilii Tothill adv Aeolian 
Diotera Tachinidae 'IGenus ?species adv Aeolian 
HYmenootera lchneumonidae ?Genus ?soecies adv? Aeolian 
ThYsanootera Thripidae Thrips end? Aeolian 

Lower Hau Kea Parking Lot Area: This small parking lot is located near the 13,000 ft sign on the summit road. 

Two endemic species were collected here, and neither of the introduced insect species here pose a threat to 

natives. 
Lower Hau Kea Parking Lot by 13,000 ft sign (Site 37) 

order family genus-species-author end/adv habitat 
Araneae Lycosidae Lycosa so. end Resident 
Diptera Sarcophagidae several SOP. adv Aeolian 
Heterootera LYaaeldae NysiUS sp. I = phytophagus end Aeolian 
Homootera PsyIIidae Genus (?) species (?) adv? Aeolian 

Lake Waiau: This area included the shoreline, grassy areas, muddy areas near shore, the intermittent stream 

outflow of Lake Waiau, and the nearshore waters. The waters of Lake Waiau serve as a deadly attraction to 

aeolian insects as none of the alien (adv/pur) species shown below likely will withstand the near-daily freezing 

temperatures at the 4000 m elevation. In 2007 there were no potentially harmful resident alien species collected 

at Lake Waiau. 

LakeW aiau (Sites 2 6 7 9 12 14 15 17 18 24 26 31 35) 
order family I genus-species-author end/adv habitat 
Acari Undet Undet end? Resident? 
Araneae I.ycosidae Lycosa sp. end Resident 
Araneae Linypbiidae more than I species endladv? Resident 
Coleoptera Coccinellidae Coccinella seplempunctata L. pur Aeolian 
Coleoptera Dytiscidae Rhantus pacificus end Resident 
Coleoptera Hydrophilidae ?Genus ?species pur ? AeolilUl 
Coleoptera Staphylinidae several species end? Aeolian 
Collembola Entomobryidae more than one species end? Resident? 
Diptera Calliphoridae Calliphora vorni/oria (Linna.us) adv Aeolian ? 
Diptera Ceratooogonidae Forci]Jornvia sp. end Aeolian 
Dlptera Chironomidae undetennined end? Aeolian 
DJQ!:era Sepsidae SepsIs thoracica (Robineau-Devoidy) adv Aeolian 
Dlptera Syrphidae Allograpta sp. pur AeolilUl 
Dlptera Muscidae Atherilwna orlentalis Schiner adv Aeolian 
DlRtera Muscidae undetermined adv? Aeolian 
Dlptera Phoridae several spp. adv? Aeolian 
Dlptera Sarcophallidae several spp. adv Aeolian 
Diotera Sphaerocerldae Leptocera (several species) adv? Aeolian 
Diptera Sphaerocerldae Coptomyza lUIuina (Fallen) adv Aeolian 
Dlptera Syrphidae Allograpta sp. Pur Aeolian 
Heteroptera Lygaeidae Geocoris pallens Stal adv Resident 
Heteroptera Lygaeic:\ae Neacoryphus bicrucis Say adv Aeolian 
Homoptera CicadeIIidae ?Genus 7species adv? Aeolian 
Homootera Psvllidae Genus (?) species (7) adv? Aeolian 
H'Lmenoptera Apidae Apis melli/era Linnaeus adv Aeolian 
Hymenoptera Braconidae Bracon sp. I pur 'I Aeolian 7 
Hymenootera Braconldae Apanteies sp. I pur? Aeolian ? 
H'Lmenoptera Ichneumonidae Diadegma blackburni (Cresson) adv Aeolian 
Hymenoptera Ichneumonidae Ichneumon clJPitus Cresson adv Aeolian 
Hymenoptera Undetermined Undetermined micro-hvmenoptera adv. Aeolian 
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Pu'u Wekiu: Although we did not specifically set traps for alien arthropod species here and only used shrimp 

traps for wekiu bugs at Pu'u Wekiu, the bycatch in the traps was collected, with several likely introduced species 

of Leptocera flies found here in the cinder cone. 

Pu'u Hau Oki: The uppermost slopes of this cinder cone contain the Keck and Subaru Observatories, and the 

area sampled here includes insect traps around the Keck Observatory, and the list below also includes bycatch 

from wekiu bug traps placed throughout the cinder cone. The only resident arthropod species collected here 

(other than wekiu bugs) was the large lycosid spiders. All other arthropod taxa collected here in 2007 were 

aeolian species unlikely to survive overnight. 

Pu'u H au Oki (Sites 22, 27) 
order family I genus-species-author end/adv habitat 
Diptera Phoridae several spp. adv? Aeolian 
Diotera Sciaridae ?Bradysia SIl. 1 end? Aeolian 
Diptera Sepsidae Sepsis thoracica (Roblneau-DevoldvJ adv Aeolian 
Diptera Sphaeroceridae Leptoeera (several species) adv? Aeolian 
Diptera Sarcophagidae several spp. adv Aeolian 
Diotera Syrphidae Allograpia Sil. pur Aeolian 
Homootera PsvIlidae Genus (?) species (?) adv? Aeolian 
Araneae Lvcosidae Lvcosa SIl. end Resident 

Summit Lunchroom: The area sampled here included inside and around the summit lunchroom building at 4226 

m elevation. Insect traps were placed around the building, inside the building on trash cans, and in the long 

underground hallway area. Even though this area has food and high traffic, no alien arthropod species of 

concerns were found here, and the summit lunchroom building is apparently too cold for even cockroaches to 

survive. 

Summ it lunch room area Sites 21 41 42i 
order familv I aenus-sDecies-author end/adv habitat 
Diptera Calliphoridae CalIIohora varni/oria (Linnaeus) adv Aeolian ? 
Diiptera Tachinidae Gonia lonfliou/vilU TothiII adv Aeolian 
Diptera Tachinidae ?Genus ?species adv Aeolian 
Diiptera Tachinidae Gonia /onJ!ipu/vil/l TothiII adv Aeolian 
Homoptera PsyIlidae Genus (1) species (?) adv? Aeolian 
Hvmenoptera Unde!elDlined UndetelDlined micro-hymenoptera adv. Aeolian 

Gemini Telescope: The Gemini telescope observatory building area was sampled with a variety of insect traps 

within a 0-5 m distance of the observatory buildings. Arthropod species collected here in 2007 were entirely 
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aeolian and not considered residents or species that would reproduce in this area. Of interest was the collection 

of an endemic Hyleaus sp. bee that was blown up form lower elevations. 

Gemini Telescope (Sites 25, 32, 34) 
order family genus~specles~author end/adv habitat 
Diptera Calliphoridae Callivhora vomitoria (Linnaeus) adv Aeolian ? 
Diptera Muscidae Alheril<ona orientalis Scbiner adv Aeolian 
Homoptera Psyllidae Genus (?) species (?) adv? Aeolian 
Hymenoptera Apidae Apis mellifera Linnaeus adv Aeolian 
Hvmenoptera Ichneurnonidae DiadeJl1lla blackburni (Cresson) adv Aeolian 
Diptera Calliphoridae Calliphora vomiloria (Linnaeus) adv Aeolian ? 
Dlptera Muscidae Atherll<ona orlen/alis Schiner adv Aeolian 
Diptera Muscidae inde! adv? Aeolian 
Diptera Phoridae several 81lO. adv? Aeolian 
Diptera Sarcophagidae several spp. adv Aeolian 
Diptera Syrpbidae Allowapta sp. UUl Aeolian 
Diptera Tacbinidae ?Genus ?species adv Aeolian 
HomoPtera Psyllidae Genus (?) suedes (?) adv'/ Aeolian 
Hymenoptera Apldae Apls mellifera Linnaeus adv Aeolian 
Hymenoptera Colletidae Hyleaus sp. spp. end Aeolian 
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Summary of Alien Arthropod Species Collected in 2008 

The following is a summary of arthropods collected in discrete sampling areas during the 2008 field season, 

including a brief description of sample location along with any arthropod by-catch found during welkiu bug 

collections. Detailed gps locations and further information for these sampling sites can be found in Tables 1-4. 

Aeolian species found during these surveys are likely not a major threat to native species at this time, and it is 

likely that resident alien arthropod species have far greater potential impacts. 

To allow more information to be displayed, we have abbreviated standard entomological terms in the tables. 

Often it was difficult to determine the status of a particular species, that is why many have question marks next 

to their habitat and their endJadv (native/introduced) status. The following abbreviations in the 2008 species 

tables are based upon Nishida (2002): 

end endemic: native to the Hawaiian islands, and found only in Hawai'i 

adv = adventive: introduced into Hawai'i, most likely accidentally introduced 

ill!!: = purposeful introduction: introduced into Hawai'i usually for biological control of insect pests 

Aeolian = species is not a resident of the area where it was collected, but blown up from lower elevations 

Resident lives and reproduces in the area where the species was collected 

Below is a list of species found at specific sampling sites for the 2008 sampling field season, and a brief 

description of the sample area. Areas or sample sites with no insect collections are not included in the list below. 

Hale Pohaku parking lot near old water tanks: This area is located at the old redwood water tanks adjacent to the 

original stone buildings for former state park, in the employees parking lot. 

HP Park ina lot near old water tanks (Sites 70-73) 
order family genus-species-author end/adv habitat 
Coleoptera Staphvlinldae Creophilus maxillosus (lJnnaeus) Resident 
Dermaptera Forflculidae For/ic;ulaforficularia adv Resident 
Dlptera Ephydrldae Genus (7) species (? ) adv? Aeolian 
Dlptera Sarcopha~idae several SIlP. adv Aeolian 
Dlptera Sclarldae undetermined adv? Aeolian 
Diptera Sepsidae SeJ)3is thoradca (Robineau-DevoidY) adv Aeolian 
Dlptera Tachinidae ?Genus ?species adv Aeolian 
Heteroptera Lygaeldae Geocoris pallens Stal adv Resident 
Homoptera Psyllidae Genus (7) species (7) adv? Aeolian 
H'Lmenoptera Apldae Apis mellifera Linnaeus adv Aeolian 
Hymenoptera Colletldae Hy/eaus sP. sPP. end Aeolian 
Hymenoptera Undetermined Undetennined micro-hvrnenoptera adY. Aeolian 
Hymenoptera Sphecldae Genus (7) species (7 ) adv7 Aeolian 
Thvsanoptera Thrlpidae several snecies end? Aeolian 

All but three species collected here appeared to be aeolian (wind-blown) species from lower elevations. The 

introduced European earwig (Forjiculajorjicu/aria) has the potential to be a pest species, but so far has not been 

collected above the Hale Pohaku region, and it is not known whether it can withstand the harsh conditions of the 
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summit. The hairy rove beetle (Creophilus maxillosus) was also found here, and is a likely introduction to 

Hawai'i and now widely found on many island areas and also throughout the northern Neotropical and Holarctic 

regions (Englund et al. 2005). The hairy rove beetle feeds on dead and decaying carcasses but also is a generalist 

predator, thus could be considered a potential threat to the wekiu bug. In 2005 this species was found at the 

summit of Pu'u Pohaku (4020 m), thus it range encompasses the entire elevational range of the Mauna Kea 

summit region. 

Hale Pohaku parking lot area: This area is located at the employees parking lot, on the opposite side of the old 

water tanks. 

HP Park ing lot (lower) {Sites 74-85} 
order family Igenus-specles-author end/adv habitat 
Araneae Gnaphosidae Urozeletes /'WIt/ews (i... K()(;h) adv Resident 
Araneae Clublonldae Genus (?) snecies (1) end? Resident? 
Collembola Entomobryldae more than I species end? Resident? 
ColeOPtera carabldae Laemostenus comolanatus (De' ean) adv Aeolian 
Dermaptera Forflculldae Forflcula forflcularia adv Resident 
Dlptera Aaromyzldae undetermined adv Aeolian 
Diptera Muscidae Stomoxvs calcitrans (Linnaeus) adv Aeolian 
Dlptera Phoridae several species adv? Aeolian 
Dlotera Seosldae Seosis thoraelca (Roblneau-Devoidvl adv Aeolian 
Dlptera Sphaerocerldae Genus (?) soecies (?) end? Resident? 
Dlotera Tachlnidae Gonia lonldpulvilli Tothill adv Aeolian 
Heterootera Lyaaeidae Nvslus sp. 1 = phytophaws end Aeolian 
Homoptera Aphidae Genus (?) soecies (?) adv Aeolian 
HYmenootera Colletidae Hyleaus so. spp. end Aeolian 
Hymenoptera BethYlidae Sierola sn. end Resident 
Hymenoptera Braconldae Apanteles so. pur? Aeolian ? 
Hymenootera Braconidae Bracon sp. I nur? Aeolian ? 
Hymenoptera Undetennined Undetermined micro.hvmenoptera adv. Aeolian 
Hymenootera Ichneumonidae Diadegma blackburni (Cressonl adv Aeolian 
Hymenoptera Ichneumonidae ?Genus ?soecies adv? Aeolian 
H'Lmenoptera Sphecidae Ectemnius sp. end Aeolian 
Lepldootera Oecophoridae AJ!onooterix ullcetella Dur Aeolian 
Lepidoptera PtefO!)horidae LantanophaJ!a pusiJlldact:v/a(DYar) pur Aeolian 
Psocoptera Psocidae ?Genus ?soecies adV? Resident? 
Thysanoptera Thripidae several species end? Aeolian 

Six possible or potential resident arthropod species were collected in the lower Hale Pohaku parking lot, 

including two spider (Araneae) species, one fly species, and another non-predatory psocid species. It is unknown 

what, if any, impacts the two introduced spider species could have. Similar to the nearby water tank sample area, 

earwigs were abundant here. 

Onizuka Visitor Center: Sampling took place here in the same localities as in 2007, with the same types of insect 

traps. Areas sampled were around the parking lot, next to trash cans, and near the restrooms. The resident non

indigenous arthropod taxa found here are not likely to threaten wekiu bugs at higher elevations, and in fact 

species such as earwigs (Forficula) are not found at the higher summit elevations. 
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Onizuka Visitor Center (Sites 86-101) 
order family I genus-species-author end/adv habitat 
Araneae nr. Clublonldae damaaed - undetermined adv Resident 1 
Collembola Entomobrvldae more than I Silccies end? Resident? 
Coleoptera Carabldae Laemostenus complanatus (Dejean) adv Aeolian 
Coleoptera Staphyllnldae several SPP. undetermined end? Aeolian 
Dermaotera Forflculldae For/icuJa for/icularia adv Resident 
Dlptera calliphoridae Callivhora vomitoria(Linnaeus) adv Aeolian ? 
Diptera Ceratopogonidae Forcivomyia Sil, end Aeolian 
Diptera Eohvdrldae Genus (?) species (?) adv? Aeolian 
Dlptera Muscidae Haematobia irritalls(Linnaeus) adv Aeolian 
Dlptera Muscoldea Wldetennined adv? Aeolian 
Dlptera Phorldae several suecies adv? Aeolian 
'Diotera Sepsldae Sepsis Ihoracica (Robineau-DevoiclY) adv Aeolian 
Dlptera Sphaerocerldae Lev/Ocera (several suecies) adv? Aeolian 
Dlotera Syrphidae Allo~ropta SIl. pUr Aeolian 
Dilptera Tachlnldae Gonia lonrnouivilli Tothill adv Aeolian 
Dilptera Tachlnldae ?Genus 1species adv Aeolian 
Dlptera Teohrltldae undetennined adv? Resident? 
Heteroptera LYOaeidae Nvsius SD. 1 = nhvtonhallUs end Aeolian 
Homootera Aphidae Genus (?) species (?) adv Aeolian 
Homoptera Cicadellidae ?Genus ?species adv? Aeolian 
Homoptera Psyllidae Genus (1) suecies ('?) adv? Aeolian 
HYmenoptera Braconldae Apanteies SIl. pur? Aeolian ? 
Hymenoptera Undetennined Undetennined micro-hvmenoDtera adv. Aeolian 

Batch Plant Parking Lot (trailhead area to Lake Waiau): The batch plant parking lot is a large, flat graded area at 

approximately 4040-4070 m elevation, adjacent to the base of Pu'u Hau Kea, and the area sampled here were 

the lower elevations of the graded batch plant area. This area is also the parking lot for visitor day hikes to Lake 

Waiau. The only resident alien species of concern to native insect taxa collected here was the hairy rove beetle 

(Creophillus maxillosus), which was also collected in the lower HP Parking lot [see earlier 2008 HP parking lot 

section for details]. The other aeolian arthropod species found here likely pose little threats to wekiu bugs and 

other native arthropods. 

Batch P lant (Sites 109·128 
order family I genus-species-author end/adv habitat 
Araneae LYcosldae Lvcosa sp. end Resident 
Coliembola Entomobrvldae more than 1 snecies end 1 Resident? 
Coleoptera Coccinelildae Coccinella septempunctala L. pur Aeolian 
Coleoptera Cocclnell/dae Hiooodamia convergens Goerin-Meneville pur Aeolian 
Coleoptera Staphyllnldae Creophilus maxillosus (Linnaeus) adv Resident 
Diptera Calliohorldae Calliohora vomitoria (Linnaeus) adv Aeolian ? 
Dlptera Ephydrldae Genus (1) species (?) adv? Aeolian 
Dlptera Muscidae Haematobia irritans(Linnaeus) adv Aeolian 
Dlptera Muscidae Stomoxys calcitrans (Linnaeus) adv Aeolian 
Dlptera Muscoldea Wldetennined adv? Aeolian 
Diptera Phorldae several snecies adv? Aeolian 
Dlotera Sarconhalridae several SIlP. adv Aeolian 
Diotera Sclarldae ?Bradvsia so. end 1 Aeolian 
Dlptera Sclarldae ?Genus ?snecies adv? Aeolian 
Dlptera Sepsldae Sepsis thoracica (Rohineau-DesvoidyJ adv Aeolian 
Diptera Sphaerocerldae Leptocera (several speciest adv? Aeolian 
Dlptera SYl"Ilhidae AlioWapta SD. pur Aeolian 
Dlptera Tachinidae Ormia ochracea(Bigot) adv Aeolian 
Dlptera undet. undetennined adv? Aeolian 
Heterootera Lygaeidae Nysius sp. I = phytophagus end Aeolian 
Heteroptera Lvaaeldae Nvsius sD. 2 = uhvloDhal!US end Aeolian 
Homoptera Aphldae Genns (?) species (?) adv Aeolian 
Hymenoptera Braconidae Aoameles sp. pur? Aeolian ? 
Hymenoptera Megachilidae MeJ!achile timberlakei Cockerell adv Aeolian 
Lepidoptera Occophoridae A~onopterix ulicetella pur Aeolian 
Thysanoptera Thripldae several species end? Aeolian 
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Dwer Batch Plant area (uwer Pu'u Hau Kea parking lot area): This area encompassed the upper elevation areas 

of the graded batch plant area adjacent to the trailhead to Lake Waiau. None of the resident alien arthropod 

species found here are considered a potential threat, and none of the native species would be considered threats 

to wekiu bugs either. More taxonomic work needs to be done on the staphylinid beetles and clubionid spiders to 

deteremine their native or adventive (i.e., introduced) status. 

Upper P uu Hau Kea Parkinc lot (Sites 129-147) 
order family I Genus-species-author end/adv habitat 
Aranaeae Lynlphiidae more than 1 spedes endladv? Resident 
Araneae Lycosidae Lycosasp. end Resident 
Araneae Clubionldae Genus (?) species (?) end? Resident? 
Coleoptera Coccinellidae Coccinella septempunctata L. 1)ur Aeolian 
Coleootera Coccinellldae HiDDOdamia COnvel'J!'ens Guerln-MeneviIIe pur Aeolian 
Coleoptera Staohyllnidae several species end? Aeolian 
Dlpj:era Calliphoridae Calliphora vamitoria(Liuuaeus) adv Aeolian ? 
Dlotera DrosophllJdae Drosophila sp. adv Aeolian 
Dlptera Muscidae Stomoxys calcllrans (Liuuaeus) adv Aeolian 
Dlotera Muscoldea undeternrined adv? Aeolian 
Diptera Phorldae several SJ)CCies adv? Aeolian 
DiDtera Sarcoohallidae several soo. adv Aeolian 
Dlptera Sclarldae 'lBradysia sp. end? Aeolian 
D1Dtera Sepsldae Sepsis thorac/ca fRobineau-Desvoidv! adv Aeolian 
Dlotera Seosldae SeDsis so. adv Aeolian 
Dlptera Sphaerocerldae LeDtocera (several species) adv? Aeolian 
Dlptera Sphaeroceridae ?Genus ?species end? Resident? 
Dlotera Svmbidae A/lolZTGDta SP. Put Aeolian 
Dllptera Tachlnldae Gonia IOflll:ipu/villi TothiII adv Aeoliao 
Dllotera Tachlnidae ?Genus ?species adv Aeoliao 
Dlotera undet. undeternrined adv? Aeolian 
Heteroptera Lygaeldae Geocoris pallens Stal adV Resident 
Homoptera Aohldae Genus (?) soecies (?) adv Aeolian 
Homoptera Psyllidae Genus (?) species (?) adv? Aeolian 
Hvmenootera Braconidae ADanteles so. Pur ? Aeolian ? 
Hymenoptera Braconldae Bracon sP. 1 pur? Aeoliao ? 
Hymenootera Undeternrined Undeternrincd micro-hymeuoptera adv. Aeoliao 
Hvmenoptera Ichueumonidae DiadeJ!ma blackburni (Cresson) adv Aeolian 
Hymeno..Qtera lchuemoonidae Ichneumon cup/Ius Cressou adv Aeoliao 
Hymenoptera Ichuemoonidae ?Genus ?species adv? Aeolian 
Thysanoptera Thripldae several species end? Aeolian 

Lake Waiau: This area included the shoreline, grassy areas, muddy areas near shore, the intermittent stream 

outflow of Lake Waiau, and the nearshore waters. The waters of Lake Waiau serve as a deadly attraction to 

aeolian insects as none of the alien (adv/pur) species shown below likely will withstand the near-daily freezing 

temperatures at the 4000 ill elevation. In 2008 a potentially harmful resident alien carabid species, Agonum 

muelleri, was collected at Lake Waiau. Carabid beetles are predatory and thus have the potential to cause 

unforeseen long-term impacts to wekiu bugs and other native summit arthropods. 
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Lake Wa iau (Sites 148-151 
order family ,genus-species-author end[adv habitat 
Coleoptera carabldae Agonum cf. muelleri (Herbst) adv Resident? 
Coleoptera Coccineilidae Coccinella seotemounetata L. ~ur Aeolian 
Coleoptera Coccineilidae Hippodamia eonve71!:ens Guerin-Meneville pur Aeolian 
Dlptera Phoridae several species adv? Aeolian 
Dlptera Sciarldae ?Bradvsia SP. end? Aeolian 
Dlptera Sphaeroceridae Leptoeera (several species) adv? Aeolian 
Dlptera Syrphidae Alloflraota sp. pur Aeolian 
Dllptera Tachlnldae Gonia iongipulvilli Tothill adv Aeolian 
Heteroptera Lvaaeidae Nvsius SI). I = pbvtopballUS end Aeolian 
Heteroptera Lygaeldae Nysius sp. 2 = phytophagus end Aeolian 
Homoptera Aphldae Genus (?) species (?) adv Aeolian 
Homootera Psyllidae Genus (?) sl)ecies (?) adv? Aeolian 
Hymenoptera Undetermined Undetermined micro-hymenoptera ady. Aeolian 
Hymenoptera Ichneumouidae Diade= blaekburni (Cressollt adv Aeolian 

VLBA Parking Lot: The area sampled here was near the parking lot of the VLBA facility at 3725 m elevation. 

Although a full series of insect traps was placed here in 2008, it is unknown why no native or introduced were 

collected here. 

no specimens In traps 

Keck Observatory (back side): In 2008 sampling for alien arthropods occurred around the Keck building, mainly 

around the backside of the building (opposite of the parking lot). Because this area was very close to one of the 

major populations of wekiu bugs in Pu'u Hau Oki crater, care was taken to set traps in areas unlikely to attract 

wekiu bugs. Although we caught wekiu bugs in live shrimp pitfall traps only a few meters away in Pu'u Hau Oki 

crater, none were captured during sampling around the Keck facility. The only resident species collected here 

was a possible native Diptera (fly) species, all other species here were aeolian arthropod taxa. 

Keck Ob servatory - Back Side (Sites 155-157) 
order family I genus-species-author end/adv habitat 
Coleoptera Coccinellidae H/ooodamia eonve1'Jlens Guerin-Meneville pur Aeolian 
Dlptera calliphoridae Calliphora vomitoria(Linnaeus) adv Aeolian ? 
Dlptera Drosophllidae Drosoohila so. adv Aeolian 
Dlptera Muscoldea undetermined adv? Aeolian 
Diptera Phorldae several species adv? Aeolian 
Dlptera Sarcophalridae several soP. adv Aeolian 
Dlotera Sclarldae ?Bradysia S!!- end? Aeolian 
Diptera Sepsldae Sepsis thoraeiea (Robineau-Desvaldy) adv Aeolian 
D~tera Sphaeroceridae ?Genus ?species end? Resident? 
Dlptera Svmbidae Alloflraota SP. pur Aeolian 
Dlptera undet. undetennined adv? Aeolian 
Heteroptera Lvaaeldae l'/J'§/us sp. I =Pltytophaeus end Aeolian 
Homoptera Psyllidae Genus (1) species (1) adv? Aeolian 
Hvmenootera Braconldae AfJl!nteles sp. nur? Aeolian ? 

Hymenoptera Braconldae ?Genus ?species adv Aeolian 

Summit Lunchroom: The area sampled here included inside and around the summit lunchroom building at 4226 

m elevation. Insect traps were placed around the building, inside the building on trash cans, and in the long 

underground hallway area. Similar to 2007, this area had food and high traffic, yet no alien arthropod species of 
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concerns were found here, and the sunnnit lunchroom building is apparently too cold for even cockroaches to 

survive. 

Summit Lunchroom (Sites 158-161) 
order family genus-species-author end/adv habitat 
Coleoptera Coccinellidae Cocclnella seplempunetata L. pur Aeolian 
Coleootera Coccinellidae Hiooodamia convel'llens Guerin-Meneville pur Aeolian 
Dlptera Calliphoridae Calliphora vomiloria (Linnaeus) adv Aeolian ? 
Dlptera DrOsophilidae Drosophila sp. adv Aeolian 
Dlptera Eohydridae Genus (1) species (?) adv? Aeolian 
Dlptera Muscoldea Wldetennined adv? Aeolian 
DlQtera Phoridae several species adv? Aeoliau 
Dlptera Sarcopbal!idae several SPJ). adv Aeolian 
Dlptera Sclarldae ?Bradvsia so. eI1d? Aeolian 
Dlptera Sclarldae Sciara so. adv? Aeolian 
Dlptera Sclarldae ?Genus ?species adv1 Aeolian 
Dlotera Sohaerocerldae Lemocera (several soecies) adv? Aeolian 
Dlptera Sphaerocerldae Genus (1) sPecies (1) end? Resident? 
Dlptera Svrohidae AlloJ!f'aota SP. pur Aeolian 
Heteroptera Lygaeldae Geccoris pal/ens Stal adv Resident 
Heterootera Lyaaeldae Nvsius sp. 1 = DbvtoooallUs end Aeolian 
Homoptera Aphldae Genus (?) species (?) adv Aeolian 
HomQRtera Psyllidae Genus (?) soecies (?) adv? Aeoliau 
Hymenoptera Aoldae Apis mellifera Linnaeus adv Aeolian 
Hymenoptera Braconldae Apanteles sP. pur? Aeolian? 
HYmenoptera Undetennined Uodetennined micro.bvmenoDtera adv. Aeolian 
Lepidoptera undet. Wldetennined adv? Aeolian 
Thysanoptera Thrlpidae several species end? Aeolian 

Gemini Observatory: The Gemini telescope observatory building area was sampled with a variety of insect traps 

within a 0-5 m distance of the observatory buildings. All arthropod species collected here in 2008 were entirely 

aeolian and not considered residents or species that would reproduce in this area, and thus were likely to pose 

few future threats to native arthropods and wekiu bugs. 

Gemini Observatory (Sites 162-165) 
order family ,Qenus-species-author end/adv habitat 
Coleoptera Coccinellldae Coceinella sepfempunctata L. our Aeolian 
Coleoptera Coccinellidae Hippodamia eonvergens Guerin-Meneville our Aeolian 
Dlptera Ephydridae Hvdre/lia trifici COQuilJett adv Aeolian 
Diptera Muscoldea Wldetennined adv? Aeolian 
Diotera Phorldae several sDecies adv? Aeolian 
Dlptera Sarcopbal!idae several SDD. adv Aeolian 
Dlptera Sclarldae ?Bradvsia sp. eI1d? Aeoliau 
Diptera Seosidae Seosis thQraeiea (Robineau·Desvoidv) adv Aeolian 
Dlptera Sepsldae Seosls sn. adv Aeolian 
Dlptera Svrobidae Allo!!raota so. pur Aeoliau 
Dliptera Tachinidae ?Genus ?species adv Aeolian 
Heterootera LYaaeldae Nvsius so. 1 = PbvtoDballUS end Aeolian 
Homoptera Aphldae Genus (?) sPecies (7 adv Aeoliau 
HomQRtera Cicadellidae GeI1US (?) soecies (? adv? Aeolian 
Homoptera Psvllidae Genus (?) sPecies (1 adv? Aeolian 
Hymenoptera Braconidae Aoanteles so. our? Aeolian ? 
Hymenoptera lchneumonidae Ichneumon cuoitus Cresson adv Aeoliau 
Thysanoptera Thrlpldae several species eI1d? Aeolian 

Parking Lot by John Bums sign: This parking lot is located just of the paved portion of the sunnnit road at 3634 

m, and is near a large cinder cone that has been heavily sampled for wekiu bugs for many years (with never a 
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wekiu capture), and also been monitored with temperature and humidity loggers (see logger section, this report). 

All insects collected here aeolian drift, and ants were not observed or collected here. 

John Bu rns parkina lot (Sites 178-181) 
order family genus-species-author end/adv habitat 
Coleoptera Coccineilidae Coccinella septempunclala L. pur Aeolian 
Coleoptera Coccinellidae Hippadamia convergens Guerin-Meneville Ilur Aeolian 
DjQj:era Calliphoridae CAlliohora vami/aria (Linnaeus) adv Aeolian ? 
Homoptera Psyllidae Genus (?) species (1) adv? Aeolian 

Proposed Thirty Meter Telescope area: This area is in the flats region where the Thirty Meter Telescope has been 

proposed to be built (exact trap locations can be found in Table 3). Wekiu bugs have never been collected in this 

region because it lies in a heavily glaciated region (Englund et al. 2007). In 2008 a comprehensive arthropod 

survey was conducted, including glycol pitfall and other various insect traps. Only three resident species were 

collected here, the large native Lycosa spider, a native springtail (Collembola), and a potentially native species of 

fly. Threats from nonindigenous species to native taxa were not observed at this site. 

Thirty M eter Telescope {Sites 170-177} 
order family genus-species-author end/adv habitat 
Araneae Lvcosldae Lvcosa sP. end Resident 
Collembola Entomobrvldae more than I species end? Resident? 
Cole~tera Coccineilidae CAccinella seotemounctata L. pur Aeolian 
Coleoptera Coccineilidae Hippadamia convergens Guerin-Meneville pur Aeolian 
Coleoptera Hydrophllldae ?Genus ?species Ilur? Aeolian 
Dlptera Calliphoridae CAlliphora vami/oria (Linnaeus) adv Aeolian ? 
Dlptera Drosophilldae Drosophila sp. adv Aeolian 
Dlptera Ephvdrldae Hvdrellia tritici COQuillett adv Aeolian 
Dlptera Muscidae Haematobia irritans(Linnaeus) adv Aeolian 
Dlptera Muscoldea IDldetermined adv? Aeolian 
Dlptera Phorldae several sPecies adv? Aeolian 
Dlptera Sarcopbagjdae several SIlP. adv Aeolian 
Dlptera Sclaridae ?Bradysia sP. end? Aeolian 
Dlptera Sclarldae Sciara sP. adv? Aeolian 
Dlptera Sepsldae Sepsis thorae/ca (Rob/neau-Desvoldy) adv Aeolian 
Dlptera Sepsldae Seosis sp. adv Aeolian 
Diptera Sphaerocerldae Le%cera (several species) adv? Aeolian 
Dlptera Sphaerocerldae Genus (1) SIlecies (1) end? Resident? 
Dlptera SYTllhidae Allograma sP. pur Aeolian 
Dlptera Syrphidae Eristalis tenax (Liona.us >- adv Aeolian 
Dlptera Tachinidae ?Genus ?sPecies adv Aeolian 
Heteroptera Lygaeldae Nyslus SIl. I = phytophagus end Aeolian 
Heteroptera Lvaaeldae Nysius §p. 2 = j!\tytt:>pbal!US end Aeolian 
Homoptera Aphldae Genus (?) sPecies (?) adv Aeolian 
Homoptera Psyllidae Genus (1) species (?) adv? Aeolian 
Hvmenoptera Braconldae Aoanteles sP. pur? Aeolian ? 
Hymenoptera Undetermined Undetermined micro-hymenoptera adv. Aeolian 
Hvmenoptera Ichneumonidae DiadeJ!ma blackburn; (Cresson) adv Aeolian 
Hymenoptera Ichneumonidae Genus (1) sPecies (?) adv? Aeolian 
Hymenoptera Sphecidae Genus (?) sPecies (?) adv? Aeolian 

NASA Infrared Telescope Facility: A wide variety of insect traps were placed around the building here, with 

only two resident species captured here, a native fly and a native moth species. The remaining species collected 

here were aeolian drift with little, if any, potential harmful potential to native taxa. 
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NASA 0 bservatory (Sites 182-185) 
order faml~ 1genus-species-author end/ady habitat 
Coleoptera Coccinellidae Caccinella ser;Jtemounctata L. our Aeolian 
ColeQQtera Coccinellidae Hiopodamia converge~s Guerin-Meneville our Aeolian 
Dlptera call1Qhorldae Calliphora vomitoria(Linnaeus) adv Aeolian ? 
Dlptera Ephydrldae Hydrellia trifici COQuiUett adv Aeolian 
Dlotera Muscoidea undetennined adv? Aeolian 
Dlptera Phorldae severnl snecies adv? Aeolian 
Diptera SarcOllhagidae several soP. adv Aeolian 
Dlptera Sciarldae ?Bradysia sp. end? Aeolian 
Dlptera Sphaerocerldae Genus (?) SPecies (?) end? Resident? 
Dlptera Syrphidae Allograpla so. pur Aeolian 
Homoptera Clcadellidae ?Genus ?soecies adv? Aeolian 
HYmenootera Braconidae Apante/es sp. our? Aeolian ? 
Hymenoptera Undetennined Undetermined micro-bymenOlltern adv. Aeolian 
Lepidoptera Noctuldae Agrotls sp. end Resident 

Arthropod By-Catch from Wekiu Traps: Arthropod by-catch (both native and introduced species) found in wekiu 

bug shrimp pitfall traps during fieldwork are shown below. 

Pu'u Hau Kea: Arthropod species were collected in wekiu bug traps around the Hau Kea summit area, one of the 

prime habitats, however, no resident species with the potential to impact wekiu bugs were found here. 

Puu Hau Kea (Sites 186-205) 
order famlh' (tenus-species-author end/ady habitat 
Coleoptera Coccinellidae Hippodamia convergens Guerin-Meneville pur Aeolian 
Coleoptera Staphyllnldae seyeral species end? Aeolian 
Dlptera Seosidae Seosis thoracica(Robineau-Desvoidy) adv Aeolian 
Hymenoptera Braconldae Apante/es &p. pur? Aeolian ? 
H~menoptera Icbneumonidae Ichneumon cupilus Cresson adv Aeolian 

VLBA Region: Bycatch in this area was found in traps in the pu'u immediately north of the VLBA facility. 

Resident nonindigenous were not found in shrimp pitfall traps at this site, but one endemic moth was collected. 

VLBA North Puu (Sites 211-215) 
lorder I family I (tenus-species-author lend/ady Ihabltat 
I Hymenoptera I Meaachilidae I Megachile timber/akei Cockerell I adv I Aeolian 
I Lepidoptera I Noctuldae I Agrotis sP. I end I Resident 

Pu'u Wekiu: This region included the wekiu traps in Pu'u Wekiu area. No positively identified resident 

nonindigneous arthropod species were found in the shrimp pitfall traps here. 

PuuWe kiu (Sites 216-220) 
order family Igenus-species-author end/ady habitat 
Aranaeae Lynlphlldae more than I species endladv? Resident 
Coleootera Coccineilidae Hiooodamia converuns Guerin-Meneville pur Aeolian 
Dlptera Sphaerocerldae Coprom)l'ta equina (Fallen) adv Aeolian 
Diotera Sohaerocerldae Leotocera !several species) adv? Aeolian 
Dlptera Sohaerocerldae Genus (1) snecies (?) end? Resident? 
Homoptera Psyllidae Genus (?) species (?) adv? Aeolian 
HYmenoptera Braconidae Aoanleies sp. pur? Aeolian ? 
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Pu'u Hau Oki: Only one extremely abundant species was found in traps here, the ubiquitous lady beetle 

(Coccinella septempunctata), a non-resident introduced aeolian species found everywhere at the summit in the 

summer months. 
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Introduced Species of Concern: Carabidae 

In 2008 a new state record for an introduced species of predatory carabid beetle (Agonum muelleri) was 

established around Lake Waiau. Although it appears this species has been established for some time around Lake 

Waiau, no published or unpublished records were available to determine how long it has been established there. 

While Agonum muelleri appears to currently have a restricted range in the Lake Waiau region, which is not 

particularly favorable for wēkiu bugs, this predatory insect could compete for food and potentially prey upon 

native insect species in the summit area. This important finding underscores the need for regular monitoring of 

the Mauna Kea alpine environment for alien predatory insects. Since 2005 several new alien predatory species 

that could adversely impact the wēkiu bug have been found, including other beetles such as dermestids (1 new 

Hawai‘i Island record) and staphylinids (2 new state records) (see Englund et al. 2005).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Sampling the Lake Waiau shoreline. 

 

 

Other Potential Threats to Wēkiu Bugs 

Alien ant species are the greatest potential threat to wēkiu bugs at the Mauna Kea summit area. Argentine ants 

(Linepithema humile) are currently found at Haleakalā National Park, Maui in elevational ranges close to 

overlapping with that of the lower distribution of wēkiu bugs (Krushelnycky et al. 2005). At Haleakalā National 

Park ant invasions have been documented to decrease native arthropod species diversity, with native predators 

such as the large endemic wolf spider (Lycosa sp.) rapidly declining in the face of ant invasions (Krushelnycky 

and Gillespie 2008). An endemic wolf spider (Lycosa sp.) is also found at Mauna Kea and is one of the top 

predators of the summit region, and along with the wēkiu bug would be expected to precipitously decline if ants 

ever become established. Because wēkiu bugs are much more restricted in their habitat choice than the wide 

ranging native wolf spiders (generally the bugs are found in the upper 20-30% of non-glaciated cinder cones), it 

is expected that wēkiu bugs would be even more vulnerable to ant invasions than the spiders. No new species of 

alien spiders were found during the 2007–2008 fieldwork that could potentially cause impacts to wēkiu bugs. 
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Regular monitoring and a rapid response to any ant introduction in the summit area, or along roadways going to 

the summit will be necessary to ensure the continued survival of the wēkiu bug. The European earwig 

mentioned above is predatory and a scavenger, and thus also has the potential to interact negatively with wēkiu 

bugs. Earwigs have never been found above the Hale Pohaku area and apparently are unable to handle the harsher 

summit conditions.  

 

 

 

 

 

 

 

 



Hawaii Biological Survey Report on the 2007–2008 Mauna Kea Alien Arthropod Sampling 

31 

ACKNOWLEDGMENTS 

We thank Clyde Imada, Heather Laederich, and Shelley James for assisting in the difficult task of high altitude 

alien arthropod species and wēkiu bug collection, data logger placement and retrieval during the 2007–2008 field 

seasons, and assisting in the field preparations. We also thank Stephanie Nagata of the Office of Mauna Kea 

Management for providing valuable logistics and fieldwork assistance. Mauna Kea Observatories assisted in 

funding this study, and was funded by a contract from the Office of Mauna Kea Management, University of 

Hawaii at Hilo. Betsy Gagné was especially helpful in procuring the necessary collecting permits for working in 

the Mauna Kea Ice Age Natural Area Reserve, and her enthusiasm in protecting native arthropods is greatly 

inspiring. Frank Howarth provided helpful advice and assistance with his encyclopedic knowledge of Mauna Kea 

and wēkiu bug ecology. Tracie Mackenzie and Leslie Santos assisted greatly in budgetary and logistical 

assistance.  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alien species sampling, yellow pan, peanut butter, and sticky traps. 
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Figure 1. Overall study area for 2007–2008 fieldwork for the alien arthropod species and wēkiu bug sampling. 
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Figure 2. Overall study area for wēkiu bug sampling sites during the 2007 and 2008 field seasons. 
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Figure 3. Operating temperature/relative humidity data loggers from the summit of Mauna Kea pulled in July 2008. 
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Figure 4. Inverse Distance Weighted model of 2007 wēkiu bug distribution with 2008 wēkiu data incorporated for 
data validation. Darker areas predicted to have higher bug densities. 
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Figure 5. Inverse distance weighted temperature model including all operating surface loggers at the Mauna Kea 

summit, calculated from over two years of mean surface temperatures, with darker areas having warmer temperatures. 
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Figure 6. Inverse distance weighted relative humidity model including all operating surface loggers at the Mauna 
Kea summit, calculated from over two years of mean surface relative humidity data, with darker areas having higher 
relative humidities. 
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Figure 7. Mean temperatures and relative humidities for all operating SUBSURFACE TEMP/RH loggers at the 
Mauna Kea summit from Oct. 2006 to July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 8. Mean temperatures and relative humidities for all operating SURFACE TEMP/RH loggers at the Mauna 
Kea summit from Oct 2006 to July 2008. 
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Figure 9. Mean temperature and relative humidity from TEMP/RH Logger S/N#792697 Burns Cone (3702 m), 
SURFACE, Oct. 2006–July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Mean temperature and relative humidity from TEMP/RH Logger S/N#792702 Burns Cone (3700 m), 
SURFACE Oct. 2006–July 2008. 
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Figure 11. Mean temperature and relative humidity from TEMP/RH Logger S/N#789562 Hau Kea (4081 m), 
SUBSURFACE Oct. 2006–July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Mean temperature and relative humidity from TEMP/RH Logger S/N#789547 Hau Kea (4096 m), 
SURFACE Oct. 2006–July 2008. 
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Figure 13. Mean temperature and relative humidity from TEMP/RH Logger S/N#789552 Hau Kea (4058 m), 
SURFACE Oct. 2006–July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Mean temperature and relative humidity from TEMP/RH Logger S/N#789558 Hau Kea (4006 m), 
SURFACE Oct. 2006–July 2008. 
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Figure 15. Mean temperature and relative humidity from TEMP/RH Logger S/N#792701 Hau Kea (4096 m), 
SURFACE Oct 2006–July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 16. Mean temperature and relative humidity from TEMP/RH Logger S/N#792728 Hau Kea (4105 m), 
SURFACE Oct. 2006–July 2008. 
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Figure 17. Mean temperature and relative humidity from TEMP/RH Logger S/N#792735 Poi Bowl (4105 m), 
SURFACE Oct. 2006–July 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Mean temperature and relative humidity from TEMP/RH Logger S/N#792717 trail to Lake Waiau (3902 
m), SURFACE Oct. 2006–July 2008. 
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Figure 19. Mean temperature and relative humidity from TEMP/RH Logger S/N#789546 Horseshoe Crater (3914 
m) SURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. Mean temperature and relative humidity from TEMP/RH Logger 
S/N#792731 Horseshoe Crater (3914 m) SURFACE Oct. 2006–July 2008. 
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Figure 21. Mean temperature and relative humidity from TEMP/RH Logger S/N#789560 Pu‘u Lilinoe (3843 m) 
SURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22. Mean temperature and relative humidity from TEMP/RH Logger S/N#792720 Pu‘u Lilinoe (3843 m) 
SURFACE Oct. 2006–July 2008. 
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Figure 23. Mean temperature and relative humidity from TEMP/RH Logger S/N#792743 Poi Bowl (4097 m) 
SURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Mean temperature and relative humidity from TEMP/RH Logger S/N#792733 Pu‘u N. VLBA (3850 m) 
SURFACE Oct. 2006–July 2008. 
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Figure 25. Mean temperature and relative humidity from TEMP/RH Logger S/N#792688 Pu‘u Pohaku (4055 m) 
SUBSURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26. Mean temperature and relative humidity from TEMP/RH Logger S/N#792742 Pu‘u Pohaku (4009 m) 
SURFACE Oct. 2006–July 2008. 
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Figure 27. Mean temperature and relative humidity from TEMP/RH Logger S/N#792684 Pu‘u Pohaku (4055 m) 
SURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28. Mean temperature and relative humidity from TEMP/RH Logger S/N#754788 Pu‘u Poliahu (4154 m) 
SUBSURFACE Oct. 2006–July 2008. 
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Figure 29. Mean temperature and relative humidity from TEMP/RH Logger S/N#792715 Puu Hau Oki (4143 m) 
SURFACE Oct. 2006–July 2008. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30. Mean temperature and relative humidity from TEMP/RH Logger S/N#792706 Hau Oki (4,139 m) 
SURFACE Oct. 2006–July 2008. 
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Table 4. Shrimp pitfall trap GPS locations (WGS 84) for wēkiu bug surveys conducted in July 2008 (altitudes 
from taken from altimeter, some variation may occur). 
SAMPLE 
NUMBER 

Cinder Cone  

2008 Sample 
Date  

 
Trap #  Trap 

Elevation  

GPS Coordinates 
(WGS 84) 

Trap Type  
186   Pu‘u Hau Kea  July 23, 2008 Hau Kea 1A 4122 m 

 
19.81639°N 155.47580°W Shrimp  

187   Pu‘u Hau Kea  July 26, 2008 Hau Kea 1A 4122 m 
 

19.81639°N 155.47580°W Shrimp  

188   Pu‘u Hau Kea  July 23, 2008 Hau Kea 2A 4129 m 
 

19.81660°N 155.47606°W Shrimp  

189   Pu‘u Hau Kea  July 26, 2008 Hau Kea 2A 4129 m 
 

19.81660°N 155.47606°W Shrimp  

190   Pu‘u Hau Kea  July 23, 2008 Hau Kea 3A 4126 m 
 

19.81698°N 155.47617°W Shrimp  

191   Pu‘u Hau Kea  July 26, 2008 Hau Kea 3A 4126 m 
 

19.81698°N 155.47617°W Shrimp  

192   Pu‘u Hau Kea  July 23, 2008 Hau Kea 4A 4126 m 
 

19.81729°N 155.47620°W Shrimp  

193   Pu‘u Hau Kea  July 26, 2008 Hau Kea 4A 4126 m 
 

19.81729°N 155.47620°W Shrimp  

194   Pu‘u Hau Kea  July 23, 2008 Hau Kea 5A 4130 m 
 

19.81758°N 155.47606°W Shrimp  

195   Pu‘u Hau Kea  July 26, 2008 Hau Kea 5A 4130 m 
 

19.81758°N 155.47606°W Shrimp  

196   Pu‘u Hau Kea  July 23, 2008 1 Hau Kea E 4111 m 
 

19.81339°N 155.47299°W Shrimp  

197   Pu‘u Hau Kea  July 26, 2008 1 Hau Kea E 4111 m 
 

19.81339°N 155.47299°W Shrimp  

198   Pu‘u Hau Kea  July 23, 2008 2 Hau Kea E 4116 m 
 

19.81359°N 155.47319°W Shrimp  

199   Pu‘u Hau Kea  July 26, 2008 2 Hau Kea E 4116 m 
 

19.81359°N 155.47319°W Shrimp  

200   Pu‘u Hau Kea  July 23, 2008 3 Hau Kea E 4119 m 
 

19.81382°N 155.47328°W Shrimp  

201   Pu‘u Hau Kea  July 26, 2008 3 Hau Kea E 4119 m 
 

19.81382°N 155.47328°W Shrimp  

202   Pu‘u Hau Kea  July 23, 2008 4 Hau Kea E 4118 m 
 

19.81420°N 155.47327°W Shrimp  

203   Pu‘u Hau Kea  July 26, 2008 4 Hau Kea E 4118 m 
 

19.81420°N 155.47327°W Shrimp  

204   Pu‘u Hau Kea  July 23, 2008 5 Hau Kea E 4123 m 
 

19.81454°N 155.47311°W Shrimp  

205   Pu‘u Hau Kea  July 26, 2008 5 Hau Kea E 4123 m 
 

19.81454°N 155.47311°W Shrimp  

206   Pu‘u S. of VLBA July 21-24, 
2008 

S. VLBA 1 3775 m 
 

19.79980°N 155.45613°W Shrimp  

207   Pu‘u S. of VLBA  July 21-24, 
2008 

S. VLBA 2 3814 m 
 

19.79912°N 155.45572°W Shrimp  
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Table 4 (cont.). Shrimp pitfall trap GPS locations (WGS 84) for wēkiu bug surveys conducted in July 2008 
(altitudes from taken from altimeter, some variation may occur). 
SAMPLE 
NUMBER Cinder Cone  

2008 Capture 
Date  

 
Trap #  Elevation  

GPS Coordinates 
(WGS 84) Trap Type  

208   Pu‘u S. of VLBA July 21-24, 
2008 

S. VLBA 3 3814 m 
 

19.79909 N 155.45551°W Shrimp  

209   Pu‘u S. of VLBA  July 21-24, 
2008 

S.VLBA 4 3814 m 
 

19.79898 N 155.45517°W Shrimp  

210   Pu‘u S. of VLBA July 21-24, 
2008 

S.VLBA 5 3806 m 
 

19.79847 N 155.45506°W Shrimp  

211   Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 1 3807 m 
 

19.80592 N 155.46086°W Shrimp  

212   Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 2 3857 m 
 

19.80632°N 155.46164°W Shrimp  

213   Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 3 3859 m 
 

19.80647°N 155.46167°W Shrimp  

214   Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 4 3852 m 
 

19.80674°N 155.46182°W Shrimp  

215   Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 5 3862 m 
 

19.80680°N 155.46208°W Shrimp  

216   Pu‘u Wēkiu 
(Bottom of Pu‘u  
Wēkiu) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
1A 

4142 m 
 

19.82259°N 155.47234°W 
 

Shrimp  

217   Pu‘u Wēkiu  July 22-25, 
2008  

Pu‘u  Wēkiu 
2A 

4173 m 
 

19.82330°N 155.47229°W 
 

Shrimp  

218   Pu‘u Wēkiu (Top 
rim) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-1 

4169 m 
 

19.81855°N 155.46988°W 
 

Shrimp  

219   Pu‘u Wēkiu 
(Inside Pu‘u  
Wēkiu crater 
above weather 
station) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-2 

4167 m 
 

19.81874°N 155.46965°W 
 

Shrimp  

220   Pu‘u Wēkiu 
(Near weather 
station) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-3 

4157 m 
 

19.81910°N 155.46948°W 
 

Shrimp  

221   Pu‘u Hau Oki 
(Near Keck) 

July 21-24, 
2008 

Hau Oki 1 4173 m 
 

19.82582°N 155.47520°W 
 

Shrimp  

222   Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 2 4162 m 
 

19.82605°N 155.47525°W 
 

Shrimp  

223   Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 3 4159 m 
 

19.82629°N 155.47527°W 
 

Shrimp  

224   Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 4 4157 m  19.82645°N 155.47525°W 
 

Shrimp  

225   Pu‘u Hau Oki 
(Lower) 

July 21-24, 
2008 

Hau Oki 5 4150 m 
 

19.82661°N 155.47551°W 
 

Shrimp  
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Table 5. Wēkiu bug capture data from surveyed Mauna Kea cinder cones using visual collections, shrimp pitfall, 
and ethylene glycol pitfall traps in June 2007.  

Cinder Cone  

 
2007 Capture 
Date  

 
Trap #  Elevation  

 
GPS Coordinates  

 
Wēkiu #’s  Trap Type  

Pu‘u Hau Kea  June 8, 2007  1-1  4014 m 19.81622°N 155.47388°W  2  Shrimp  

Pu‘u Hau Kea  June 8, 2007 2  4042 m 19.81572°N 155.47350°W  61  Shrimp  

Pu‘u Hau Kea  June 8, 2007  3  4087 m 19.81480°N 155.47304°W  9  Shrimp  

Pu‘u Hau Kea  June 5, 2007 4  4084 m 19.81489°N 155.47247°W  50  Shrimp  

Pu‘u Hau Kea  June 5, 2007  5  4090 m 19.81448°N 155.47321°W  18  Shrimp  

Pu‘u Hau Kea  June 8, 2007 6  4090 m 19.81407°N 155.47345°W  10  Shrimp  

Pu‘u Wēkiu  June 7, 2007  T1  4188 m 19.82273°N 155.46902°W  9  Shrimp  

Pu‘u Wēkiu  June 1- 7, 2007 T5B  4185 m 19.81862°N 155.46933°W  58  Shrimp  

Pu‘u Wēkiu  June 7, 2007 T6  4179 m 19.82238°N 155.46922°W  1 Shrimp  

Pu‘u Wēkiu  June 7, 2007  T6B  4211 m 19.8223564°N 155.46922°W  21  Shrimp  

Pu‘u Wēkiu  June 7, 2007  T7  4164 m 19.82192°N 155.46880°W  30  Shrimp  

Pu‘u Wēkiu  June 7, 2007 T8-1  4173 m 19.82142°N 155.46848°W  23  Shrimp  

Pu‘u Wēkiu  June 7, 2007 T9-1  4,133 m  19.82104°N 155.46840°W  1  Shrimp  

Pu‘u Wēkiu  June 7, 2007 T11-1  4,134 m 19.82069°N 155.47105°W  1  Shrimp  

Pu‘u Wēkiu  June 7, 2007 T20  4170 m 19.82273°N 155.46902°W 21 Shrimp  

Pu‘u Wēkiu  June 7, 2007 T 21 4185 m 19.82064°N 155.46878°W 27 Shrimp 

Pu‘u S. of VLBA June 9, 2007 S1  3746 m 19.80001°N 155.45598°W  2  Shrimp  

Pu‘u S. of VLBA  June 9, 2007 S2  3761 m 19.79964°N 155.45605°W  3  Shrimp  

Pu‘u S. of VLBA  June 9, 2007 S3  3780 m 19.79921°N 155.45590°W  2  Shrimp  

Pu‘u S of VLBA  June 9, 2007 S5  3786 m 19.79904°N 155.45512°W  4  Shrimp  

Pu‘u N. of VLBA June 9, 2007 N1  3752 m 19.80234°N 155.45738°W 1  Shrimp  

Pu‘u Hau Oki  June 1-7, 2007 T1 4168 m 19.82720°N 155.47475°W 35 Shrimp 

Pu‘u Hau Oki June 1-7, 2007 T2 4158 m 19.82722°N 155.47493°W 6 Shrimp 

Pu‘u Hau Oki June 1-7, 2007 T3 4147 m 19.82707°N 155.47507°W 15 Shrimp 

Pu‘u Hau Oki June 1-7, 2007 T4 4159 m 19.82693°N 155.47502°W 40 Shrimp 

Pu‘u Hau Oki June 1-7, 2007 T5 4149 m 19.82720°N 155.47523°W 8 Shrimp 

Pu‘u Hau Oki  June 1-7, 2007 T6B-1  4170 m 19.82590°N 155.47539°W  3  Shrimp  

Pu‘u Hau Oki  June 1-7, 2007 T7B  4174 m 19.82614°N 155.47519°W  38  Shrimp  

Pu‘u Hau Oki  June 1-7, 2007 T8B-1  4161 m 19.82628°N 155.47527°W  8  Shrimp  

Pu‘u Hau Oki  June 1-7, 2007 T9B  4158 m 19.82645°N 155.47527°W  30  Shrimp  

June 2007 Total      537  
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Table 6. Wēkiu bug capture data from surveyed Mauna Kea cinder cones using shrimp pitfall traps in July 2008. 
SAMPLE 
NUMBER 

Cinder Cone  

2008 Capture 
Date  

 
Trap #  

Elevation  

GPS Coordinates 
(WGS 84) 

Wēkiu 
#’s  Trap 

Type  
226  Pu‘u Hau Kea  July 23, 2008 Hau Kea 1A 4122 m 

 
19.81639°N 155.47580°W 4  Shrimp  

227  Pu‘u Hau Kea  July 26, 2008 Hau Kea 1A 4122 m 
 

19.81639°N 155.47580°W 1  Shrimp  

228  Pu‘u Hau Kea  July 23, 2008 Hau Kea 2A 4129 m 
 

19.81660°N 155.47606°W 1  Shrimp  

229  Pu‘u Hau Kea  July 26, 2008 Hau Kea 2A 4129 m 
 

19.81660°N 155.47606°W 1  Shrimp  

230  Pu‘u Hau Kea  July 23, 2008 Hau Kea 3A 4126 m 
 

19.81698°N 155.47617°W 0  Shrimp  

231  Pu‘u Hau Kea  July 26, 2008 Hau Kea 3A 4126 m 
 

19.81698°N 155.47617°W 2  Shrimp  

232  Pu‘u Hau Kea  July 23, 2008 Hau Kea 4A 4126 m 
 

19.81729°N 155.47620°W 0  Shrimp  

233  Pu‘u Hau Kea  July 26, 2008 Hau Kea 4A 4126 m 
 

19.81729°N 155.47620°W 1  Shrimp  

234  Pu‘u Hau Kea  July 23, 2008 Hau Kea 5A 4130 m 
 

19.81758°N 155.47606°W 0  Shrimp  

235  Pu‘u Hau Kea  July 26, 2008 Hau Kea 5A 4130 m 
 

19.81758°N 155.47606°W  1 Shrimp  

236  Pu‘u Hau Kea  July 23, 2008 1 Hau Kea E 4111 m 
 

19.81339°N 155.47299°W 7 Shrimp  

237  Pu‘u Hau Kea  July 26, 2008 1 Hau Kea E 4111 m 
 

19.81339°N 155.47299°W 3 Shrimp  

238  Pu‘u Hau Kea  July 23, 2008 2 Hau Kea E 4116 m 
 

19.81359°N 155.47319°W 1 Shrimp  

239  Pu‘u Hau Kea  July 26, 2008 2 Hau Kea E 4116 m 
 

19.81359°N 155.47319°W 2 Shrimp  

240  Pu‘u Hau Kea  July 23, 2008 3 Hau Kea E 4119 m 
 

19.81382°N 155.47328°W 5  Shrimp  

241  Pu‘u Hau Kea  July 26, 2008 3 Hau Kea E 4119 m 
 

19.81382°N 155.47328°W 1 Shrimp  

242  Pu‘u Hau Kea  July 23, 2008 4 Hau Kea E 4118 m 
 

19.81420°N 155.47327°W 8 Shrimp  

243  Pu‘u Hau Kea  July 26, 2008 4 Hau Kea E 4118 m 
 

19.81420°N 155.47327°W 5 Shrimp  

244  Pu‘u Hau Kea  July 23, 2008 5 Hau Kea E 4123 m 
 

19.81454°N 155.47311°W 0 Shrimp  

245  Pu‘u Hau Kea  July 26, 2008 5 Hau Kea E 4123 m 
 

19.81454°N 155.47311°W 0 Shrimp  

246  Pu‘u S. of VLBA July 21-24, 
2008 

S. VLBA 1 3775 m 
 

19.79980°N 155.45613°W 7 Shrimp  

247  Pu‘u S. of VLBA  July 21-24, 
2008 

S. VLBA 2 3814 m 
 

19.79912°N 155.45572°W 0  Shrimp  

248  Pu‘u S. of VLBA July 21-24, 
2008 

S. VLBA 3 3814 m 
 

19.79909°N 155.45551°W 2  Shrimp  

249  Pu‘u S. of VLBA  July 21-24, 
2008 

S.VLBA 4 3814 m 
 

19.79898°N 155.45517°W 0  Shrimp  
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Table 6 (cont.). Wēkiu bug capture data from surveyed Mauna Kea cinder cones using shrimp pitfall traps in 
July 2008. 

SAMPLE 
NUMBER Cinder Cone  

2008 Capture 
Date  

 
Trap #  Elevation  

GPS Coordinates 
(WGS 84) 

Wēkiu 
#’s  

Trap 
Type  

250  Pu‘u S. of VLBA July 21-24, 
2008 

S.VLBA 5 3806 m 
 

19.79847°N 155.45506°W 0  Shrimp  

251  Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 1 3807 m 
 

19.80592°N 155.46086°W 0 Shrimp  

252  Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 2 3857 m 
 

19.80632°N 155.46164°W 0  Shrimp  

253  Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 3 3859 m 
 

19.80647°N 155.46167 W 0  Shrimp  

254  Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 4 3852 m 
 

19.80674°N 155.46182 W 0 Shrimp  

255  Pu‘u N. of VLBA  July 21-24, 
2008 

N/VLBA 5 3862 m 
 

19.80680°N 155.46208 W 0  Shrimp  

256  Pu‘u Wēkiu 
(Bottom of Pu‘u  
Wēkiu) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
1A 

4142 m 
 

19.82259°N 155.47234 W 
 

 1 Shrimp  

257  Pu‘u Wēkiu  July 22-25, 
2008  

Pu‘u  Wēkiu 
2A 

4173 m 
 

19.82330°N 155.47229 W 
 

0 Shrimp  

258  Pu‘u Wēkiu (Top 
rim) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-1 

4169 m 
 

19.81855°N 155.46988 W 
 

0 Shrimp  

259  Pu‘u Wēkiu 
(Inside Pu‘u  
Wēkiu crater 
above weather 
station) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-2 

4167 m 
 

19.81874°N 155.46965 W 
 

0 Shrimp  

260  Pu‘u Wēkiu (Near 
weather station) 

July 22-25, 
2008  

Pu‘u  Wēkiu 
RS-3 

4157 m 
 

19.81910°N 155.46948 W 
 

3 Shrimp  

261  Pu‘u Hau Oki 
(Near Keck) 

July 21-24, 
2008 

Hau Oki 1 4173 m 
 

19.82582°N 155.47520 W 
 

0 Shrimp  

262  Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 2 4162 m 
 

19.82605°N 155.47525 W 
 

3 Shrimp  

263  Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 3 4159 m 
 

19.82629°N 155.47527 W 
 

0 Shrimp  

264  Pu‘u Hau Oki July 21-24, 
2008 

Hau Oki 4 4157 m  19.82645°N 155.47525 W 
 

2 Shrimp  

265  Pu‘u Hau Oki 
(Lower) 

July 21-24, 
2008 

Hau Oki 5 4150 m 
 

19.82661°N 155.47551 W 
 

9 Shrimp  

 Totals (2008)     70  
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Table 7. Summary of 2007 sample effort and wēkiu bug captures from surveyed Mauna Kea cinder cones using 
both shrimp pitfall and ethylene glycol pitfall (Lake Waiau only) traps in June 2007. 
 
Cinder Cone 

Highest 
Elevation 

Total 
Traps 

Wēkiu bugs 
in traps 

Wēkiu bugs visual 
observation only1 

Trap  
Dates 

Total Trap 
Days2 

Pu‘u Hau Kea 4,131 m 13 217 0 2–8 June 78 
Pu‘u Hau Oki 4,174 m 9 183 0 1–7 June 54 
Pu‘u Wēkiu 4,205 m 10 125 0 1–7 June 60 
Pu‘u N. VLBA 3,852 m 5 1 0 3–9 June 30 
Pu‘u S. VLBA 3,809 m 5 11 0 3–9 June 30 
Totals  42 537 0  252 
1Number of wēkiu bugs hand collected around snowbanks and near traps during 20-30 minute trials by 2-3 observers, 
but not collected in traps. 2Trap days = total nights x total traps per cinder cone.  
 

 

Table 8. Summary of 2008 sample effort and wēkiu bug captures from surveyed Mauna Kea cinder cones using 
both shrimp pitfall traps in July 2008. 
 
Cinder Cone 

Highest 
Elevation 

Total 
Traps 

Wēkiu bugs 
in traps 

Wēkiu bugs visual 
observation only1 

Trap  
Dates 

Total Trap 
Days2 

Pu‘u Hau Kea 4,131 m 10 43 0 20–26 July 60 
Pu‘u Hau Oki 4,174 m 5 14 0 21–24 July 15 
Pu‘u Wēkiu 4,205 m 5 4 0 22–25 July 15 
Pu‘u N. VLBA 3,852 m 5 0 0 21–25 July 15 
Pu‘u S. VLBA 3,809 m 5 9 0 21–25 July 15 
Totals  30 70 0  120 
1Number of wēkiu bugs hand collected around snowbanks and near traps during 20-30 minute trials by 2-3 observers, 
but not collected in traps. 2Trap days = total nights x total traps per cinder cone.  
 

 

Table 9. Summary of wēkiu bugs captured at the Pu‘u Hau Kea (within the Natural Area Reserve) cinder cone in 
Bishop Museum related studies since 2001. Data includes using a combination of glycol and shrimp pitfall data 
for all years except 2007 and 2008. 

 
Year and Month when  
Trapping Occurred 

 
Total Wēkiu 

bugs 

 
Trap Days 

 
Catch Corrected for Effort 

(Bugs/Trap Day) 
2001 (Polhemus 2001)1 473 40 11.8 
2002 (Sept) 13 48 0.27 
2004 (July) 0 90 0 
2005 (April/May) 20 144 0.14 
2006 (April/May) 56 80 0.7 
2007 (June) 217 78 2.8 
2008 (July) 43 60 0.7 
 822 540 Avg = 2.3 
1 Data from Polhemus (2001) was data from glycol traps only. 
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