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INTRODUCTION

1.1 Caltech Submillimeter Observatory Decommissioning

tio
n

The Caltech Submillimeter Observatory (CSO) on Maunakea is in the process of
decommissioning. A biological setting analysis is needed for use in the CSO decommissioning
process as conducted under the Decommissioning Plan for the Maunakea Observatories (SRGII
2010). This analysis will present information on the existing abiotic and biotic features of the site,
and analyze how changes resulting from decommissioning activities (deconstruction and
restoration) will affect habitat form and function, and biologic assemblage and diversity. For
example, if native insects are found in significant numbers at the CSO site, then restoration efforts
could potentially have negative impacts on their populations.

1.2 Physical Setting
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The CSO is located on Maunakea, Hāmākua District, Hawaiʻi Island, in a portion of Tax Map Key
4-4-15:9, and is part of the larger Maunakea Science Reserve. The CSO plot is a 32,670 sq. ft.
rectangle 198 ft. long by 165 ft. wide (Figure 1). The base of the telescope is at approximately
13,370 ft. elevation. The substrate is mostly graded gravel and larger rocks that have been
artificially leveled to provide a parking area and base of the telescope with several small adjacent
buildings. The west side of the plot is topographically steeper, with piles of rock eventually
meeting the previously existing substrate at approximately 13,360 ft. elevation (Figure 1).
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Photograph 1. View from the northwest of the CSO plot, facing southeast. The entire 0.75 acre footprint of the plot
is visible here. The large rocks in the foreground on the right side of the photograph correspond to the steep
artificial topography viewable on the map (Figure 1).
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Figure 1. Survey Area
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Survey area as depicted by dlb & Associates, December 2015 (Berg 2015). Note existing contours (solid) vs. pre-construction contours (dotted).
Subsequent maps in this report are taken from the center section of this map.

Biological Inventory and Assessment Report, Fall 2018
Caltech Submillimeter Observatory, Maunakea, Hawaiʻi

April 2019
2

2

METHODS

2.1 Permit and Personnel

Ac
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The Hawaiʻi Department of Land and Natural Resources (DLNR) issued a permit for this survey
(Endorsement Number I1219) to Matthew Medeiros, with Jesse Eiben listed as a field assistant.
The Office of Maunakea Management (OMKM) approved of, and oversaw, all field methods.
Matthew Medeiros (Ph.D., UC Berkeley) is a biologist and high school teacher based at the
University of Nevada Las Vegas and the Urban School of San Francisco, and has worked on-andoff in high elevation habitats in Hawaiʻi since 1995. Medeiros has published several studies of
insects in these areas, including descriptions of new endemic moth species and their biology
(mostly in the genera Thyrocopa and Agrotis). Jesse Eiben (Ph.D., University of Hawaiʻi (UH)
Mānoa), is a professor at UH Hilo and has extensive experience working near the summit of
Maunakea, in particular investigating the biology and conservation status of the wēkiu bug (Nysius
wekiuicola).

2.2 Schedule

2.3 Nomenclature

rd

Field and lab work took place from 28 November 2018 until 2 December 2018. Field work was
done on-site at the CSO. Lab work, including most specimen identification, was completed at the
Teaching and Research Arthropod Collection (TRAC), UH Hilo, and the Bishop Museum,
Honolulu, Hawai‘i.
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The nomenclature used in this report follows the Hawaiian Terrestrial Arthropod Checklist, Fourth
Edition (Nishida 2002). Hawaiian and scientific names are italicized. The following terms describe
the status of various taxa:

rB

Endemic – A species native to, or restricted to Hawaiʻi.
Indigenous – A species native to Hawaiʻi but that naturally occurs outside of Hawaiʻi as well.
Non-native – An introduced species living outside of its native distributional range. The
introduction could be purposeful or accidental.
Unknown – Used in this report when a genus contains species that are both native and non-native,
and the specimen could not be confidently identified to species level. For example, Bradysia
flies.
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2.4 Methodology for Inventorying Plants, Lichens, Non-arthropod Animals, and
Abiotic Features

2.4.1 Transects: Floral and Abiotic Features
In order to determine the abundance and composition of the floral community, as well as observe
any notable features of the abiotic environment and signs of use of the site by non-arthropod
animals, transects were walked parallel to the boundary line running from the north corner to the
east corner of the plot. Transects were spaced out just less than 2 m apart (1.93 m); 26 of these
transects were walked to examine the entire plot. Transects were extended approximately 2-5 m
from the north-to-west and east-to-south boundaries of the plot, allowing for observations just
outside of the plot. Plants and lichens were observed, and their positions recorded on a topographic
map of the plot. These transects were walked on November 28 & 29, 2018.
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2.5 Methodology for Arthropod Sampling
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2.5.1 Trapping: Wēkiu Bugs, Ants, and Flying Insects
To trap for wēkiu bugs and other crawling insects, ants, and flying insects along the perimeter of
the plot, a compliment of three trap types were set up at each of six locations (numerals 1-6 in
Figure 2). All three trap types are standard types suggested for use by OMKM (Kirkpatrick &
Klasner 2015), with the exception of the ant traps, which were constructed using open vials rather
than chopsticks. All procedures were carried out under the advice and supervision of Jesse Eiben.
Wēkiu bugs and other crawling insects were trapped for using live pitfall traps constructed of two
clear plastic cups. Approximately 5 ml of water was placed in the bottom cup, to be absorbed by
a wick running through the bottom of the top cup. The cups were then buried until the lip of the
top cup was flush, or nearly so, with the substrate. Cups were weighted with rocks, baited with
protein (canned tuna), and had a caprock placed above the cup that was baited on the underside
with tuna.
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Ant surveys were conducted using small plastic specimen vials laid on their sides, and baited with
carbohydrates, fats, and proteins (guava jelly, peanut butter, and tuna). Ant traps were only left
open for approximately two hours per day, so as not to potentially feed any invasive species that
may have been present.
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Flying insects were captured using yellow pan traps. These traps are small yellow dishes filled
with water and one drop of “additive free” dish soap to break the surface tension of the water.
Traps were weighted with rocks.
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These six trap compliments were placed in a diversity of substrate types. Trap compliments 1 and
2 were placed in graded and relatively flat areas with small pieces of cinder. Trap compliments 3,
5, and 6 were placed in topographically steep areas with boulders that had been piled during
construction of the CSO and did not represent natural topography. Trap compliment 4 was placed
in an area that was geologically undisturbed. Trap compliments were placed out on November 28,
2018 and retrieved on December 2, 2018. Arthropod catch is vouchered in the UH Hilo TRAC.
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Figure 2. Trap Locations
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Locations depicted with numerals indicate three-trap compliment surveys.
Locations depicted by letters indicate two-trap compliment surveys.
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2.5.2 Trapping: Crawling Insects and Ants
To trap for crawling arthropods and ants near existing structures, compliments of two trap types
were set up at each of four locations (letters A-D in Figure 2). All procedures were carried out
under the supervision of Jesse Eiben.
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Crawling arthropods were trapped with Hoy-Hoy brand cockroach sticky traps, baited with
carbohydrates, fats, and proteins (guava jelly, peanut butter, and tuna). The traps were cut in half,
placed under a plastic Tupperware container, and weighted with rocks. Sufficient space was left
between the Tupperware container and parts of the substrate for arthropods to be able to access the
bait. Ants were surveyed using the method described above (Section 2.5.1).

2.5.3 Hand Searching
A visual search for flying arthropods was conducted while walking the transects to determine floral
abundance and composition (see Section 2.4.1). Additionally, a minimum of five randomly
selected rocks per transect were turned over, so that the substrate below the rock, as well as the

Biological Inventory and Assessment Report, Fall 2018
Caltech Submillimeter Observatory, Maunakea, Hawaiʻi

April 2019
5

underside of the rock, could be examined for arthropods. During this assessment over 125 rocks,
both large and small, were examined. Rocks were replaced immediately following examination.
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2.5.4 Ice Collection
Ice was present along the north side of the telescope building. Aeolian processes resulted in
deposition of an array of arthropods on the ice, which were then preserved on the surface. The
species composition of the arthropods on the ice were inspected, and at least one individual of each
morphospecies was collected.
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Photograph 2. Removing dead insects trapped in ice on the north side of the CSO.
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3

RESULTS

3.1 Plants and Lichens

tio
n

3.1.1 Plants
The most abundant plant, by far, in and near the survey site was the endemic grass pili uka
(Trisetum glomeratum). The locations of individual plants are marked in green circles in Figure 3.
Most were growing on topographically disturbed areas (i.e. areas where rocks were piled up postroad construction) and one individual was found growing in a crack in the pavement driveway.
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Several ‘iwa‘iwa (spleenwort, Asplenium adiantum-nigrum) individuals were found just outside
the east-to-south boundary of the plot, but not within the plot. This species is indigenous to Hawai‘i
(Palmer 2003). The area where these individuals were found growing is marked with a blue square
on Figure 3.

Photograph 4. Pili uka (Trisetum glomeratum)
growing in a crack on the asphalt, from the survey
site.
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Photograph 3. Pili uka (Trisetum glomeratum)
growing in artificially leveled substrate, from the
survey site.
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Photograph 5. ‘Iwa‘iwa spleenwort (Asplenium adiantum-nigrum) just outside the survey area.

rd

Figure 3. Flora and Abiotic Features Locations.
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Pili uka grass (Trisetum glomeratum) individuals are marked with green circles; ‘iwa‘iwa spleenwort (Asplenium
adiantum-nigrum) clump of several individuals with a blue square; lichens with purple circles; notable abiotic
features in blue text.
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3.1.2 Lichens
Many lichens present on Maunakea are either indigenous to Hawai‘i, or are of unknown origin
because the species cannot be determined to the species level (Gerrish 2013). Ten clumps of lichen
were observed at the site with one just outside the site. Lichens were difficult to identify to species
level. Lecanora polytropa appears to be present, with at least two or three other morphospecies.
Lichens are marked with purple circles in Figure 3 and most were present in areas of disturbed
topography (i.e. areas where rocks were piled up post-road construction).
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Photograph 6. Lichen from the survey site.

Photograph 7. Lichen from the survey site.
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3.2 Abiotic Features
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Two notable types of abiotic features were found during surveys. These are noted in blue text in
Figure 3. The first is stone stripes. Stone stripes are created from freeze-thaw cycles, and are an
unusual
habitat
type,
even
on
Maunakea
(OMKM
orientation
video;
http://www.malamamaunakea.org/about-us/maunakea-orientation). Great care was taken not to
disturb the stone stripes in any way. The stripes near the northern corner of the plot appear to have
formed in substrate that was leveled during construction of the CSO, whereas the stripes near the
western corner of the plot appear to occur in undisturbed substrate. The second feature was a pile
of rocks that appear to be of anthropogenic origin. The pile occurs on an area that was bulldozed
during the CSO’s construction, so likely does not predate 1983.

Photograph 9. Stacked rocks
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Photograph 8. Stone stripes from the
undisturbed west corner of the plot.
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3.3 Other Animals
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A total of three humans (Homo sapiens) were observed walking across the plot during the survey,
and one was observed sleeping for approximately two hours on the concrete slab next to the
observatory building. Feces of a large mammal, probably a dog (Canis lupus familiaris), was also
observed in a rocky area. The feces were not vouchered at TRAC and are therefore not available
for DNA analysis. No other animals, or signs of animals, were observed in or near the survey site.

3.4 Arthropod Sampling

rd

Photograph 10. Feces, probably from Canis lupus familiaris, at the survey site. Boot provided for scale.
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3.4.1 Trapping: Wēkiu Bugs, Ants, and Flying Insects
Below are the total number and type of arthropod found in each trap compliment at the conclusion
of the survey. No wēkiu bugs or ants were captured in any of the trap types.
Table 1. Arthropod Type by Trap Compliment (Wēkiu Bugs, Ants, and Flying Insects)
Order

Fo

rB

Trap Type Count
Trap Compliment 1
Live Pitfall
Ant
Pan
6
1
1
1
Trap Compliment 2
Live Pitfall
1
Ant
Pan
3
3
1
1
12

Family

Species

Nativity

None
None
Hemiptera
Heteroptera
Heteroptera
Heteroptera

None
None
Psyllidae
Lygaeidae
Miridae
Lygaeidae

None
None
Acizzia uncatoides
Neacoryphus bicrucis
Coridromius variegatus
Nysius palor

None
None
Non-native
Non-native
Non-native
Non-native

Coleoptera
None
Hemiptera
Diptera
Diptera
Diptera
Heteroptera

Coccinellidae
None
Psyllidae
Sciaridae
Phoridae
Ephydridae
Lygaeidae

Hippodamia convergens
None
Acizzia uncatoides
Bradysia flies
Diplonevra peregrine fly
Hydrellia fly*
Nysius palor

Non-native
None
Non-native
Unknown
Non-native
Non-native
Non-native
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Family

2
2
2
1

Nativity

None
None
Acizzia uncatoides
Apanteles wasps
Aphids
Biosteres (?) wasp
Bradysia fly
Diplonevra peregrine fly
Hydrellia fly*
Nysius palor
Phytomyza plantaginis
flies

None
None
Non-native
Non-native
Non-native
Non-native
Unknown
Non-native
Non-native
Non-native
Non-native

None
None
Hemiptera

None
None
Aphididae

None
None
Aphids

None
None
Non-native

None
None
Hemiptera
Hemiptera
Thysanoptera
Diptera
Heteroptera

None
None
Psyllidae
Aphididae
Thripidae
Ephydridae
Lygaeidae

None
None
Acizzia uncatoides
Aphids
Frankliniella thrips
Hydrellia fly*
Nysius palor

None
None
Hemiptera
Hymenoptera
Hemiptera
Diptera
Heteroptera

None
None
Psyllidae
Braconidae
Aphididae
Sciaridae
Miridae

Ac
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None
None
Psyllidae
Braconidae
Aphididae
Braconidae
Sciaridae
Phoridae
Ephydridae
Lygaeidae
Agromyzidae

None
None
Acizzia uncatoides
Apanteles wasps
Aphids
Bradysia fly
Coridromius variegatus
bug
Diptera
Calliphoridae
Eucalliphora latifrons (?)
fly
Thysanoptera Thripidae
Frankliniella thrips
Diptera
Ephydridae
Hydrellia fly*
Heteroptera
Lygaeidae
Nysius palor
Hymenoptera Ichneumonidae Pristomerus spinator wasp
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1

Species

None
None
Hemiptera
Hymenoptera
Hemiptera
Hymenoptera
Diptera
Diptera
Diptera
Heteroptera
Diptera

oa

Trap Compliment 4
Live Pitfall
Ant
Pan
1
Trap Compliment 5
Live Pitfall
Ant
Pan
95
5
5
1
1
Trap Compliment 6
Live Pitfall
Ant
Pan
26
3
2
2
1

Order

rd

Trap Type Count
Trap Compliment 3
Live Pitfall
Ant
Pan
47
3
5
1
1
1
3
3
2

None
None
Non-native
Non-native
Non-native
Non-native
Non-native
None
None
Non-native
Non-native
Non-native
Unknown
Non-native
Non-native
Non-native
Non-native
Non-native
Non-native

*Although Hydrellia also contains an endemic species, the specimens of this genus found were one of the two
difficult-to-separate non-native species (either H. tritici or H. williamsi).
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3.4.2 Trapping: Crawling Insects and Ants
Below are the total number and type of arthropod found in each trap compliment at the conclusion
of the survey. No wēkiu bugs or ants were captured in any of the trap types. Note that three of the
traps were missing, most likely taken by humans on December 1, 2018.
Table 2. Arthropod Type by Trap Compliment (Crawling Insects and Ants)
Family

Species

Nativity

tio
n

Order

None
Trap Missing

None
Trap Missing

None
Trap Missing

None
None

None
None

None
None

None
None

Trap Missing
Trap Missing

Trap Missing
Trap Missing

Trap Missing
Trap Missing

Trap Missing
Trap Missing

Hemiptera
Hemiptera
Heteroptera
None

Psyllidae
Aphididae
Lygaeidae
None

Acizzia uncatoides
Aphids
Nysius palor
None

Non-native
Non-native
Non-native
None

Ac

None
Trap Missing

rd

Trap Type Count
Trap Compliment A
Sticky
Ant
Trap Compliment B
Sticky
Ant
Trap Compliment C
Sticky
Ant
Trap Compliment D
Sticky
2
5
2
Ant

3.4.3 Hand Searching
While walking transects, the following arthropods were observed.
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Table 3. Arthropods Observed During Hand Searching
Order: Family
Lepidoptera: Noctuidae
Hemiptera: Aphididae
Diptera: Calliphoridae
Coleoptera: Coccinellidae

Status
Endemic
Non-native
Non-native
Non-native

Quantity
One live larva
One live individual
Four live individuals
One dead individual

Araneae: Lycosidae
Araneae: Trachelidae
Heteroptera: Lygaeidae

Endemic
Non-native
Non-native

Three dead individuals
One live individual
Approximately twenty
live individuals
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Species
Agrotis kuamauna
Aphid bug
Eucalliphora latifrons (?) flies
Hippodamia convergens
beetle
Lycosa spiders
Meriola arcifera spider
Nysius palor bugs
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3.4.4 Ice Collection
The following types of insects were seen dead on the ice, but only one or two vouchers of each
morphospecies were collected and vouchered in TRAC; below is a list of diversity but not
abundance. There was no way of knowing the exact timeframe that these insects took to become
accumulated on the sheet of ice.
Table 4. Insects Collected on Ice
Order: Family
Hemiptera: Psyllidae
Hymenoptera: Braconidae
Diptera: Syrphidae
Diptera: Sciaridae
Hymenoptera: Ichneumonidae
Dermaptera: Forficulidae
Diptera: Ephydridae
Orthoptera: Gryllidae
(Heteroptera: Nabidae
Heteroptera: Lygaeidae
Heteroptera: Lygaeidae
Coleoptera: Dytiscidae

Nativity
Non-native
Non-native
Non-native
Unknown
Non-native
Non-native
Non-native*
Non-native
Non-native
Non-native
Non-native
Non-native
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Species
Acizzia uncatoides bugs
Apanteles wasps
Allograpta exotica fly
Bradysia flies
Diadegma insularis wasp
Forficula auricularia earwig
Hydrellia flies
Metioche vittaticollis cricket
Nabis capsiformis bug
Neacoryphus bicrucis bug
Nysius palor bug
Rhantus gutticollis beetle
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*Although Hydrellia also contains an endemic species, the specimens of this genus we found were one of the two
hard-to-separate non-native species (either H. tritici or H. williamsi).

Biological Inventory and Assessment Report, Fall 2018
Caltech Submillimeter Observatory, Maunakea, Hawaiʻi

April 2019
14

4

RECOMMENDATIONS

4.1 Comparison of Results to Previous Nearby Surveys
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In July 2009, the nearby, and also highly disturbed, Batch Plant Parking Lot was surveyed for
arthropods by the Hawaiʻi Biological Survey (Englund et al. 2010). The current survey utilized
nearly identical methods to the 2009 Hawaiʻi Biological Survey: yellow pan traps, peanut butter
traps, pitfall traps, and sticky traps. Both surveys found a similar assemblage of species, with one
notable difference. In the 2009 survey the endemic Trioza bug (Hemiptera: Psyllidae) was found
while the non-native Acizzia uncatoides bug (Hemiptera: Psyllidae was not. This survey found
only a large abundance of Acizzia uncatoides and no Trioza. The only other definitively endemic
species found in the 2009 survey was the Lycosa spider, which was also recorded in this survey.
This survey found one endemic Agrotis (Lepidoptera) moth, whereas the 2009 survey did not. In
conclusion, this site compares very closely to the nearby Batch Plant Parking Lot sampled
approximately a decade earlier. It should be noted that this survey was conducted in late fall and
the 2009 survey was conducted in early summer.
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In terms of plants, Gerrish (2013) found three species of vascular plants within 100 m of the CSO
study site during a summer survey in 2011: pili uka grass (Trisetum glomeratum), ‘iwa‘iwa
spleenwort (Asplenium adiantum-nigrum), and bentgrass (Agrostis sandwicensis). This study
recovered Trisetum glomeratum and Asplenium adiantum-nigrum. It is plausible that some
specimens identified as Trisetum glomeratum were actually Agrostis sandwicensis, but were
misidentified because the two species are morphologically similar. Based on the Gerrish 2013
survey in combination with this survey, all three species should be considered common to the study
area.

4.2 Potential Effects of Site Restoration
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The arthropods found at the CSO site during this survey are almost entirely non-native in nature,
no wēkiu bugs were found. As this survey took place during late fall, it is possible that cold
temperatures affected the abundance and diversity of arthropods captured. Few arthropod surveys
have been conducted during this time of year anywhere on Maunakea. One notable survey included
traps placed at the Pu‘uhau‘oki cinder cone, near to the CSO plot, to assess wēkiu bug populations
and microhabitat conditions (Kirkpatrick 2018). A portion of Kirkpatrick’s survey was conducted
during the fall and winter and during those periods, the number of wēkiu bugs trapped were as
high, and in many cases higher, than at other times of the year. Wēkiu bugs are known to mainly
inhabit cinder cones and the CSO was built on a lava flow, not a cinder cone. It is likely that the
lack of wēkiu bugs captured at the CSO site is due to it not being suitable habitat, not that they
were simply not seasonally present.

The CSO site and adjacent lands contain native grasses, lichens, and spleenworts in
topographically disturbed areas. Despite some mortality to flora due to moving rocks and substrate
during restoration it is highly likely these species will recolonize the area and negative long-term
effects on the form or function of the habitat is unlikely. Pili uka (Trisetum glomeratum) grass is
commonly found near the survey area (Gerrish 2013), so recruitment into topographically restored
areas is likely to occur relatively quickly. Lichens were not particularly abundant on the site and
it is possible that the lichens present in disturbed areas of the site were already growing on rocks
moved around during the construction of the CSO. Lichens are also found in the immediate vicinity
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of the survey plot. Restoration of topography will not result in significant population declines of
lichens.

4.3 Mitigation Strategies During Site Restoration
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Although the high abundance of non-native arthropods and the lack of rare native plants at the site
means there is low risk of wēkiu bugs or other species of concern being killed during restoration,
mitigation strategies should be employed during decommissioning and site restoration activities.
The largest risk to the site is the introduction of potentially harmful plants and animals, especially
ants (along with wasps, spiders, and weeds). Mitigation strategies for decommissioning of the CSO
and restoration of previous topography should include approval of plans by a qualified biologist
as well as supervision by OMKM staff. Additionally, the following strategies adapted from
Brenner (2009) should be followed:
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Dust should always be minimized during construction activities. The possibility of petroleum
based spills should be minimized and trash should be contained and carried offsite. Supplies should
be protected from being carried away by the wind. Proper precautions should be taken to ensure
that equipment and shipping containers are thoroughly cleaned before entering the site (soil and
other vegetation and arthropods must be removed by washing at low elevation). After the work is
completed, surveys should be conducted to check for the introduction of any noxious organisms,
so that eradication efforts can begin immediately. No food, that might attract non-native predators,
should be left unattended on site as it may attract non-native arthropods.
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