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Summary
Introduction
The Project requires compliance with the State of Hawai‘i environmental review process
[Hawai‘i Revised Statutes (HRS) Chapter 343], which requires consideration of a proposed
project’s effect on cultural practices and resources. At the request of Parsons Brinckerhoff,
Cultural Surveys Hawai‘i (CSH) has conducted research of the existing literature documents and
performed initial cultural consultation efforts, as part of the CIA process. The CIA process is
intended to support the Project’s environmental review and may also serve to support the
Project’s historic preservation review under HRS Chapter 6E-8 and Hawai‘i Administrative
Rules (HAR) Chapter 13-275. The CIA process is ongoing, and the following is a summary of
the initial findings thus far.

Project Location
The proposed TMT Observatory Project area is located within Area E of the Astronomy Precinct
of the Mauna Kea Science Reserve. Approximately 3.5 miles south of the proposed TMT
Observatory Project site, are the Hale Pōhaku Mid-Level Support Facilities, two discret parcels
located in the Hale Pōhaku area, at approximately 2,800 m (9,200 ft.) elevation on the southern
slope of Maunakea. The Project areas are depicted on the U.S. Geological Survey 7.5-Minute
Series Topographic Map, Mauna Kea Quadrangle (1993) (Figure 1).

Land Jurisdiction
State of Hawai‘i

Agencies
State of Hawai‘i Department of Health, Office of Environmental Quality Control (DOH/OEQC),
and State Historic Preservation Division (SHPD), Department of Land and Natural Resources
(DLNR)

Project Description
The proposed TMT Observatory Project involves the construction of a thirty meter diameter
telescope and associated infrastructure on an approximately 5-acre site within Area E of the
Astronomy Precinct. Minimally, land disturbing activities would include grading of the TMT
Observatory Project site and access road and excavations associated with building construction
and installation of subsurface utilities. The proposed Mid-Level Support Facilities include
construction staging areas and development of housing for TMT Observatory Project staff and
contractors. The proposed Project also involves upgrades to the existing Hawai‘i Electric Light
Company (HELCO) power substation at Hale Pōhaku. Minimally, land disturbing activities
would include grading of the construction staging areas, and excavations associated with
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construction of workers dormitories and associated structures, installation of subsurface utilities,
and substation upgrades.

Project Acreage
The footprint of the proposed TMT Observatory Project ground disturbance measures
approximately 5 acres. The footprint of the proposed Mid-Level Support Facilities measures
approximately 3.2 acres.

Area of Potential Effect (APE)
The APE for the TMT Observatory Project considered in the initial research and consultations
includes the entire approximately 36-acre Area E of the Astronomy Precinct, even though the
TMT Observatory site encompasses 5-acre area. The APE for the TMT Mid-Level Support
Facilities includes the entire approximately 3.2 acres. The APE also includes the rest of the
island of Hawai‘i and other Hawaiian Islands and places in Polynesia (e.g., Kahiki, or Tahiti),
associated with Maunakea in the larger context of Hawaiian beliefs (e.g., mo‘olelo or legends,
oral histories and wahi pana or storied places), resources and practices.

Consultation Effort
Hawaiian organizations, agencies and community members were contacted by CSH to identify
potentially knowledgeable individuals with cultural expertise and/or knowledge of the Project
area and the vicinity. The agencies consulted include the State Historic Preservation Division
(SHPD), the Office of Hawaiian Affairs (OHA), and the Hawai‘i Island Burial Council (HIBC),
in addition to community groups such as Mauna Kea Anaina Hou, Royal Order of Kamehameha
‘E kahi, Mamalahoa, Hilo Chapter and Hale o Lono. This effort is ongoing and is being made by
letter, e-mail, telephone, and in person contact. In the majority of cases, letters are mailed along
with a map and an aerial photograph of the Project area.

Note on Spelling of Maunakea
For this preliminary CIA, both spelling variations of the name Maunakea are used. The two word
format - Mauna Kea - is used to address official entities such as the “Mauna Kea Science
Reserve” and when quoting content from other sources such as books or past published
interviews that include the name of the mountain as two words. All other uses of the mountain
will be written as one word, Maunakea. See Section 3.2 on Place Names for further details on the
spelling of Maunakea.

Results of Background Research
Background research conducted for this Project yields the following results:
1. Maunakea is a sacred cultural landscape; symbolic of Wākea (the ‘Sky Father’ to all
Hawaiians), home of Poli‘ahu, the goddess of snow and foe of Pele (the fire goddess),
and of many other resident deities and supernatural entities (e.g., Līlīnoe, Kūkahau‘ula
and Mo‘oinanea) and the piko (umbilical cord) of the island-child, Hawai‘i which
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connects the land to the heavens (Maly and Maly 2005:v); home of Waiau, the highest
permanent lake in the Hawaiian Islands; location of the highest and most extensive basalt
quarry in all of Polynesia and perhaps the entire world; and numerous trails, ahu (stone
markers), religious shrines and cinder cone pu‘u (hills), based on extensive historical and
oral-historical documentation.
2. Maunakea is rich in mo‘olelo, mele (chants, songs), and ‘ōlelo no‘eau (proverbs, poetical
sayings) associated with akua (God, male and female deities, spirits) and storied places
(wahi pana). Poli‘ahu, the snow goddess and Pele, the volcano goddess engaged in
legendary battles to control Maunakea. Pele also had legendary battles with the pig demigod Kamapua‘a on the summit of Maunakea. Numerous stories of Wākea and Papa,
Poli‘ahu, Līlīnoe, Kūkahau‘ula and Mo‘oinanea, to name a few, are written into the
landscape.
3. The TMT Observatory Project area is located below the summit cone, Pu‘u Kūkahau‘ula,
at approximately 13,700 feet elevation. The Hale Pōhaku Project area is located at
approximately 9,160 feet in elevation. Maunakea, the tallest mountain in the Hawaiian
Islands at 13,796 feet elevation, is also the tallest mountain on earth as measured from the
ocean floor to the summit, a distance of some 29,500 feet (thus, exceeding by
approximately 1,000 feet the non-volcanic Mount Everest).
4. Vegetation is almost non-existent in the summit region of Maunakea; the tree-line is
located nearly a mile in elevation below the summit (at approximately 9,000 feet
elevation); the highest major vegetation zone, known as the Alpine Scrub Zone, generally
ends at approximately 11,300 feet elevation. Plants in the so-called Alpine Stone Desert
Zone of the summit region are mostly limited to small lichens and mosses. More plant
life is present in the Hale Pōhaku Project area characterized by scrub vegetation including
a number of natives such as mamane (Sophora chrysophylla), pukiawe (Leptecophylla
tameiameiae) and the endangered endemic, ahinahina, also known as Maunakea
silversword (Argyroxiphium sandwicense) as well as introduced exotics such as mullein
(Verbascum thapsus) and various grasses.
5. Maunakea translates literally as white (kea) mountain (mauna), so named for its
breathtaking snow-capped summit. However, according to Nā Maka o ka ‘Āina (2008)
and according to other authorities on Hawaiian culture (e.g., Kepā Maly, Pualani
Kanahele), Maunakea has numerous other meanings and translations. It is a short version
of Mauna a Wākea, a name that connects it to the sky father, Wākea; this would be one of
its kaona (hidden or more subtle meanings).
6. Hale Pōhaku literally “stone house,” refers to the two stone cabins constructed by the
Civilian Conservation Corps in 1936 and 1939 at an elevation of 9,220 feet on the
southern slope of Maunakea. L.W. Bryan, who served as the Territorial Forestry Office
and oversaw the construction of the “stone houses,” also named them Hale Pōhaku.
7. Pu‘u Poli‘ahu is named for Poli‘ahu, “the woman who wears the snow mantle of Mauna
Kea”; Poli‘ahu, which is also the name of a land division on Maunakea, is translated as
“garment [for the] bosom (referring to the snow)” by Pukui et al. (1974) and as “Snow
goddess of Mauna Kea. Lit. Bosom goddess” by Pukui and Elbert (1986). Maly & Maly
include a citation by W.D. Alexander regarding the naming of Pu‘u Poli‘ahu. As the peak

Draft Initial CIA Summary

iii

was nameless, Alexander called it “Poliahu” since it had “a poetical name, being that of
the demigoddess with snow mantle who haunts Mauna Kea” (Maly and Maly 2005:200).
8. Waiau, the permanent lake located within Pu‘u Waiau near the summit of Maunakea at
approximately 13,020 feet elevation, translates as “swirling water,” and is associated with
the snow goddess Poli‘ahu and is guarded by the supernatural water spirit (mo‘o) known
as Mo‘oinanea. Queen Emma went to the top of Maunakea to bathe in the waters of
Waiau. The ceremony was to cleanse in Lake Waiau at the piko (navel or center) of the
island. The water caught at Lake Waiau is considered pure water of the gods much like
the water caught in the piko of the kalo (taro) leaf and is thought of as being pure,
therefore it is used medicinally (Nā Maka o ka ‘Āina 2008).
9. The Mauna Kea Adze Quarry, also known as Ke-ana-kāko‘i, “the adze-making cave”
(Pukui et al 1974:103), is located on the southern slopes of the mountain, at elevations up
to 12,400 feet. The site was listed on the National Register of Historic Places in 1969,
and the Hawai‘i State Register of Historic Places in 1981.
10. The ahupua‘a of Ka‘ohe was government land on which four native claims were made
following the Māhele in 1848. Only one kuleana claim was awarded in the entire
ahupua‘a. The single awarded claim indicates coffee, arrowroot, banana, and taro were all
cultivated in the lands of Ka‘ohe. Ka‘ohe was also known as a habitat for uwa‘u, or ‘ua‘u
(dark-rumped petrel) seabirds that reside in rocky, dry, elevated areas (Foster 1893).
11. While historic accounts and mo‘olelo tell of the presence of burials on Maunakea (Maly
and Maly 2005), archaeological evidence until recently, was relatively limited concerning
confirmed human burials in the summit region. Prior to 2005, archaeological authorities
on Maunakea, including Pat McCoy, had documented only one confirmed burial site
(with multiple burials) and four possible burial sites in the summit region (McCoy 1991).
All of these sites are located on Pu‘u Mākanaka to the northeast of the subject Project
area. In progress work by McCoy and Nees however, has documented 28 sites designated
as burials and possible burials (McCoy et al 2008).
12. Several extensive cultural studies have been previously carried out for Maunakea
(McEldowney 1982; Kanahele and Kanahele 1997; Maly 1998; Langlas et al. 1999; Maly
1999; PHRI 1999; Maly and Maly 2005). The most comprehensive study by Maly and
Maly (2005) builds on archival and oral-historical research conducted by the authors
beginning in 1996 (to 2005) and presents a wide range of information on natural and
cultural beliefs, resources and practices associated with Maunakea. Among the many
critical findings of Maly and Maly’s (2005) cumulative research is the emphasis on
Maunakea as a sacred landscape and native lore associated with traditional knowledge of
the heavens - documenting 270 Hawaiian names for stars.
13. Past studies identify Traditional Cultural Properties (TCP) on Maunakea. Three places
that have been identified by SHPD as TCPs and documented in a study done by PHRI
(1999) are: (1) Kūkahau‘ula, the summit (Site 21438), (2) Līlīnoe (Site 21439) and (3)
Lake Waiau (Site 21440). Other traditional places may also qualify (Figure 6). Maly
(1998:29) has suggested the entire Maunakea summit region down to the 6,000 foot
elevation contour be designated a Traditional Cultural Property (Figure 16).
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14. Archival and oral-historical evidence confirms that Maunakea has long been, and
continues to be, a place where significant cultural practices are carried out: where, the
piko of newborn children is taken to Pu‘u Kūkahau‘ula and Lake Waiau to ensure long
life and safety; the remains of individuals with generational ties to Maunakea are taken to
pu‘u and the summit plateau for interment (Maly and Maly 2005:vi); shrines and stone
markers are erected and; ceremonial and other activities related to birth, death, healing,
navigation and more, occur.

Results of Initial Community Consultations
CSH attempted to contact 58 community members (government agency or community
organization representatives, or individuals such as residents, cultural and lineal descendants, and
cultural practitioners) for the purposes of this preliminary CIA. Out of the contacted community
members 30 people responded via written comments or verbally over the phone. Of the 30
persons who responded, 13 kūpuna (elders) and/or kama‘āina (native born) agreed to be
interviewed for more in-depth contributions to the CIA process. Community consultation with a
few respondents is ongoing. The results of these initial cultural consultations indicate that there
are major concerns (and several ancillary ones) regarding potential adverse impacts on cultural
and natural resources and associated beliefs and practices as a result of the proposed
development of the Thirty Meter Telescope, construction of the staging area for the TMT
Observatory Project and the HELCO electrical transformer needed to supply electrical power to
the TMT Observatory Project:
1. All of the community consultants interviewed for this study stress that Maunakea is a
sacred landscape and that any future development activities on the mountain proceed with
greater awareness of, and the utmost respect for Hawaiian culture, Hawaiians’ spiritual
connection to the mountain, and the sanctity of Maunakea.
2. Nine of the community elders interviewed, and three of the respondents who provided
brief commentary, explicitly stated their opposition to the proposed actions on Maunakea
which is traditionally, and continues to be, one of the most sacred locations in all of
Polynesia, not to mention Hawai‘i Nei. These participants voiced sadness, frustration or
negative feelings about the cumulative impacts of past and present developments on
Maunakea. In the words of one participant, referring to the telescopes on the summit of
Maunakea, “When is enough, enough?” Specific mana‘o (thoughts, ideas), concerns and
recommendations from those that oppose the proposed TMT Observatory Project and
Hale Pōhaku Mid-Level Support Facilities Project are:
a. Three participants called for astronomy facilities to be removed and Maunakea be
repaired to its original condition. Two of these participants recommended that the
proponents of the TMT Observatory Project make an effort to better reach out to
the community about the findings of the Mauna Kea Science Reserve and
scientific intent of the proposed TMT Obervatory Project through public
education events.
b. One participant stated that there should be no further development until issues are
rectified with the Hawaiian people.
c. One participant called for the proposed TMT Observatory Project to be installed
in Chile rather than in Hawai‘i.
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d. A number of these participants stressed the importance of astronomy to
Hawaiians, particularly discussing voyaging traditions.
e. Several interview participants and respondents expressed concern about the
disturbance of burials and associated cultural artifacts, markers and shrines (ahu)
and in pu‘u as result of construction of the proposed TMT Observatory Project
and support facilities.
f. Five participants discussed environmental concerns, particularly about Lake
Waiau and the mountain aquifer, as well as other impacts to environmental
services. These participants assert that Maunakea - the principal aquifier and
watershed for Hawai‘i Island - is being contaminated by human use (i.e., sewage
and toxic chemicals leaching from astronomy facilities). Participants also mention
the threatened endemic Maunakea Wekiu Bug (Nysius wekiuicola) and cleaning
up trash left by visitors to Maunakea.
g. One participant noted that the entire Mauna Kea Science Reserve has been
identified by SHPD as an historic district; suggesting that a Cultural Reserve be
created and that the following landscape features qualify as TCPs: the Mauna Kea
Adze Quarry Complex; the cluster of 3 pu‘u of Kūkahau‘ula that make up the
summit region of Maunakea; Lake Waiau; and Līlīnoe, referring to the pu‘u
southeast of the summit and within the Science Reserve
h. Three participants questioned legal aspects of the lease agreement between the
University of Hawai‘i and the state and legitimacy of the Mauna Kea Science
Reserve to operate on ceded and/or occupied lands.
i. Two participants questioned the benefits to the local economy and education
promised by past and proposed telescope projects on Maunakea.
3. Three participants interviewed and one respondent who provided brief commentary, are
in favor of the development of the TMT Observatory Project and its associated facilities
on Maunakea. These participants recommend Project proponents proceed with care and
respect to the sacredness of Maunakea and advised mitigation measures and/or
alternatives to the current proposed design and location of the TMT Observatory Project
and support facilities. In the words of one participant, “The future of Maunakea…can
serve as an educational center and a place for man to view the stars and the universe but it
has to remain a sacred and holy place. It’s like stepping into a sanctuary, a very sacred
place of peace, a place that one can learn the things beyond what man knows now.”
Mana‘o, concerns and recommendations from these participants are:
a. One participant believes the TMT Observatory Project should be built on a
recycled site. He states that if an outdated telescope site on Maunakea is
identified, the site should be recycled for TMT Observatory Project usage to
avoid unnecessary intrusions that detracts from the beauty and majesty of
Maunakea.
b. One participant calls for a process to be put in place that respects community and
allows projects such as TMT Observatory Project telescope to continue.
c. One participant recommends the removal of all other telescopes and that only one
telescope be utilized and shared by interested parties.
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d. All three of these participants state that if the TMT Observatory Project proceeds,
it should be developed to blend in with the natural setting and not detract from the
natural beauty and sacredness of Maunakea.
4. Interviewees discussed salient features of the cultural landscape, resources and associated
uses of Maunakea including, mo‘olelo about Wākea and Papa, Poli‘ahu, Līlīnoe,
Kūkahau‘ula and Mo‘oinanea; the summit as an area where families take the piko of their
babies to bury, and where the bones or ashes of deceased family members are placed,
burials and burial complexes; shrines and stone markers; navigation traditions and
astronomy; the adze quarry, ancient and historic trails; the healing and purifying waters
of Lake Waiau and snow and ice collected for medicinal and ceremonial purposes; bird
hunting; and other past and present cultural practices (see Sections 7 and 8).
5. SHPD, responding in a memo sent on May 4, 2009, states that, “As you may have
discerned from the most recent Mauna Kea Comprehensive Management Plan (MCMP)
for the UH Management Area (January 2009) and the public hearings for that plan that
Mauna Kea is a very sensitive subject that truly needs and deserves more time to consider
all the cultural impacts to this iconic symbol of all cultural connections including but not
limited to the genealogical connections, and the spiritual connections to all of the deities
in the Hawaiian cosmos and to the kanaka maoli world view.” Additionally, SHPD
recognizes Maunakea’s place in Hawaiian navigation as “the first sighting for voyaging
canoes to arrive safely to our islands in the middle of the Pacific [and] a significant part
of the Pacific Rim mythological connections to all the Pacific Rim.” SHPD recommends:
a. An assessment of buildings no longer functional be done before building new
structures or “perhaps no more development on this sacred mountain”;
b. access for cultural practitioners be clearly addressed and defined;
c. the entire summit of Maunakea be treated as one traditional cultural landscape and
not as a piecemeal analysis of just the Science Reserve; and that
d. more community outreach occur for all cultural impacts on the summit and the
proposed area to properly assessed - see list of contacts in the MCMP.
6. OHA, responding in a letter dated January 9, 2009 (Appendix B), acknowledges the
different perspectives on Maunakea as a spiritual, sacred place, home to “wao akua”
(dwelling, place of the gods) and the place where the presence of numerous ahu and iwi
kūpuna provide silent testimony that generations of Hawaiians have worshipped and
buried loved ones “at the highest point possible to rest in peace.” The “life sustaining
waters known as Kanekawaiola…contribute to a healthy natural environment, which in
turn allow man to thrive.” The letter describes the 40-year debate surrounding the
development of Maunakea and recommends that the current proposed TMT Observatory
Project study be viewed in context of this long history to “consider the overall impacts of
development on Mauna Kea.” OHA suggests several parties for consultation and is
currently reviewing the Hale Pōhaku Mid-Level Support Facilities Project area
information to determine whether they will provide additional comments.
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Ongoing Community Consultations
The consultations, including additional interviews with the community members will continue to
be on-going in soliciting input representative of the community. The initial consultations resulted
in a limited number of only 13 interviews with kūpuna and/or kama‘āina. Thus, and also as
indicated by some respondents during the initial consultations, outreach to other parties will
continue in the on-going consultations and interviews conducted, in order to gather input
representative of the community. The results of these consultations and interviews, and
recommendations reflecting community input, will be documented in a final CIA report and the
Final EIS.

Attachment: Draft Initial CIA report prepared by CSH
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Project Number (s)

Cultural Surveys Hawai‘i Inc. (CSH) Job Code: MAUNAKEA 1

Investigation
Permit Number

The fieldwork component of the archaeological assessment study was
carried out under archaeological permit number 08-14, issued by the
Hawai‘i State Historic Preservation Division / Department of Land and
Natural Resources (SHPD/DLNR), per Hawai‘i Administrative Rules
(HAR) Chapter 13-13-282.

Project Location

The proposed Project area is located on the northern plateau of the
Maunakea summit area, within Area E of the Astronomy Precinct of
the Mauna Kea Science Reserve. The survey area for the current study
is depicted on the U.S. Geological Survey 7.5-Minute Series
Topographic Map, Mauna Kea Quadrangle (1993).

Land Jurisdiction

The Mauna Kea Science Reserve is owned by the State of Hawai‘i,
under the jurisdiction of the UH

Agencies

Hawai‘i State Historic Preservation Division / Department of Land and
Natural Resources

Project Description

The proposed TMT Observatory Project involves the construction of a
thirty meter diameter telescope and associated infrastructure on an
approximately 5-acre site within Area E of the Astronomy Precinct.
Minimally, land disturbing activities would include grading of the
TMT Observatory site and Access Way and excavations associated
with building construction and installation of subsurface utilities.

Project Acreage

5 acres

Area of Potential
Effect (APE) and
Survey Acreage

As the precise location of the 5-acre Project area was not yet
determined, the survey area for this study included the entire
approximately 36-acre Area E of the Astronomy Precinct. The area of
potential effect (APE) is defined as the entire approximately 36-acre
survey area.
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Historic
Preservation
Regulatory Context

At the request of PB, CSH conducted an archaeological inventory
survey investigation for the proposed TMT Observatory Project. Per
the requirements of Hawai‘i Administrative Rules (HAR) Chapter 1313-276, the study was conducted to identify, document, and make
Hawai‘i Register of Historic Places (Hawai‘i Register) eligibility
recommendations for the survey area’s historic properties. Because no
historic properties were identified in the survey area, this investigation
is termed an archaeological assessment per HAR Chapter 13-13-275-5.
This archaeological assessment report was prepared to support the
proposed Project’s historic preservation review under Hawai‘i Revised
Statutes (HRS) Chapter 6E-8 and HAR Chapter 13-13-275. It is also
intended to support any Project-related historic preservation
consultation with stake-holding State or County agencies and
interested Native Hawaiian and community groups.

Fieldwork Effort

The CSH field crew included: David W. Shideler, M.A.; Todd
Tulchin, B.S.; Trevor Yucha, B.S.; and Lehua Ka‘uhane, B.A., under
the overall supervision of Hallett H. Hammatt, Ph.D. Fieldwork was
conducted on August 26, 2008 and required 4 person-days to
complete.

Number of Historic
Properties
Identified

None

Effect
Recommendation

No historic properties were identified within the approximately 36acre survey area. Previously identified historic properties in the
vicinity of the survey area were re-identified and confirmed to be
outside of the survey area. CSH’s effect recommendation for the
proposed Thirty-Meter-Telescope (TMT) Observatory Project is “no
historic properties affected.”

Mitigation
Recommendation

No historic preservation mitigation measures are recommended for the
proposed TMT Observatory Project. The probability of any unmarked
burials or human skeletal remains being present is regarded as very
low inasmuch as: a) burials near the summit have only been reported at
cinder cones (primarily on the south and east sides of the summit), b)
most reports of burials are at lower elevations, c) no burials have been
encountered during development thus far in the Astronomy Precinct,
d) there are no burial markers or surface indicators of burials present,
and e) the absence of caves in the area and the general desert pavement
geology would not be conducive for burial location selection.
However, in the unlikely event that cultural resources, including
human skeletal remains or other significant cultural deposits, are
encountered during the course of Project-related construction
activities, all work in the immediate area should stop and the State
Historic Preservation Division should be promptly notified.

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

iii

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Table of Contents
Management Summary ........................................................................................................... ii
Section 1 Introduction ............................................................................................................. 1
1.1 Project Background ....................................................................................................................... 1
1.2 Scope of Work ............................................................................................................................... 1
1.3 Environmental Setting ................................................................................................................... 5
1.3.1 Natural Environment............................................................................................................... 5
1.3.2 Built Environment .................................................................................................................. 6

Section 2 Methods .................................................................................................................... 8
2.1 Field Methods ................................................................................................................................ 8
2.2 Document Review ......................................................................................................................... 8
2.3 Consultation................................................................................................................................... 8

Section 3 Background Research ............................................................................................. 9
3.1 Traditional and Historic Background ............................................................................................ 9
3.1.1 Mythological and Traditional Accounts ................................................................................. 9
3.1.2 Historic Accounts ................................................................................................................. 10
3.1.3 Modern Land Use ................................................................................................................. 12
3.2 Previous Archaeological Research .............................................................................................. 12
3.2.1 Previous Archaeological Studies .......................................................................................... 12
3.2.2 Traditional Cultural Properties ............................................................................................. 26
3.3 Background Summary and Predictive Model .............................................................................. 26
3.3.1 Burials and Possible Burials ................................................................................................. 26
3.3.2 Shrines .................................................................................................................................. 29
3.3.3 Adze Quarries and Manufacturing Workshops..................................................................... 30
3.3.4 Trails and Temporary Habitations ........................................................................................ 31

Section 4 Results of Fieldwork .............................................................................................. 33
4.1 Survey Findings ........................................................................................................................... 33

Section 5 Project Effect and Mitigation Recommendations............................................... 38
5.1 Project Effect ............................................................................................................................... 38
5.2 Mitigation Recommendations...................................................................................................... 38

Section 6 References Cited .................................................................................................... 39
Appendix A Documentation of Potential Historic Properties.......................................... A-1
CSH 1 ..............................................................................................................................................A-1
CSH 2 ..............................................................................................................................................A-4

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

iv

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

List of Figures
Figure 1. U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea Quadrangle
(1993), showing the location of the survey area ..................................................................2
Figure 2. Portion of Tax Map Key (TMK) 4-4-015, showing the location of the survey area........3
Figure 3. Aerial photograph (source: U.S.D.A. 2000), showing the location of the survey area....4
Figure 4. U.S. Geological Survey Topographic Map, Mauna Kea Quadrangle (1993) with
overlay of the Soil Survey of the Island of Hawai‘i (Sato et al. 1972), showing sediment
types within the survey area.................................................................................................7
Figure 5. U.S. Geological Survey Orthophotograph, Mauna Kea Quadrangle (1978), showing the
location of the survey area .................................................................................................13
Figure 6. U.S. Geological Survey Map, Mauna Kea Quadrangle (1993), showing Traditional
Cultural Properties in the summit region of Maunakea (adapted from Maly 1997:Table 2
& Figure 2; Note: All of Maunakea down to the 6,000 foot elevation has been suggested
to be a Traditional Cultural Property) (Boundaries shown should be understood as
approximate) ......................................................................................................................27
Figure 7. 1:250,000 Scale U.S. Geological Survey Map showing “Ka Mauna a Wākea or Mauna
Kea” Traditional Cultural Property (TCP) down to the recommended 6,000 foot contour
(following Maly 1997:29); estimated area approximately 150,000 acres .........................28
Figure 8. General view of the southern portion of the survey area, view to northwest, showing
existing 4-wheel drive road and proposed Access Way through the central portion of the
survey area .........................................................................................................................34
Figure 9. General view of the western portion of the survey area, view to northeast ...................34
Figure 10. General view of the eastern portion of the survey area, view to north.........................35
Figure 11. Example of hawaiiite basalt exposure within the survey area......................................35
Figure 12. U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea
Quadrangle, showing the locations of find spots within the Project Area and previously
identified historic properties in the vicinity of the Project Area........................................36
Figure 13. Aerial photograph (source: U.S. Department of Agriculture 2000) with overlay of
client-provided topographic map, showing the locations of find spots within the survey
area and previously identified historic properties in the vicinity of the survey area .........37
Figure 14. Photograph of CSH 1 understood as a contemporary shrine, view to southwest,
showing two upright stones ............................................................................................ A-2
Figure 15. Photograph of CSH 1 understood as a contemporary shrine, showing southeastern
upright stone.................................................................................................................... A-3
Figure 16. Photograph of CSH 1 understood as a contemporary shrine, showing northwestern
upright stone.................................................................................................................... A-3
Figure 17. Photograph of CSH 2 Feature A, initially perceived as a C-shaped temporary
habitation structure, view to east .................................................................................... A-5
Figure 18. Photograph of CSH 2 Feature B, initially perceived as a temporary habitation terrace,
view to east ..................................................................................................................... A-5
Figure 19. Photograph of CSH 2 Feature C, initially perceived as a temporary habitation terrace,
view to northeast ............................................................................................................. A-6

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

v

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

List of Tables
Table 1. Summary of Previous Archaeological Studies on Maunakea..........................................14
Table 2. Previously Identified Historic Properties in the Summit Region of Maunakea ..............18

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

vi

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Introduction

Section 1 Introduction
1.1 Project Background
At the request of PB Americas, Inc. (PB), Cultural Surveys Hawai‘i Inc. (CSH) completed an
archaeological assessment for the proposed Thirty-Meter-Telescope (TMT) Observatory Project,
Ka‘ohe Ahupua‘a, Hāmākua District, Hawai‘i Island TMK: [3] 4-4-015:009 por. The proposed
Project area is located on the northern plateau of the Maunakea summit area, within Area E of
the Astronomy Precinct of the Mauna Kea Science Reserve. As the precise location of the 5-acre
Project area was not yet determined, the survey area for this study included the entire
approximately 36-acre Area E (Figures 1-3). The survey area for the current study is depicted on
the U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea Quadrangle (1993)
(Figure 1).
The Mauna Kea Science Reserve is owned by the State of Hawai‘i, and is leased by the UH.
The proposed TMT Observatory Project involves the construction of a thirty (30) meter diameter
telescope and associated infrastructure on an approximately 5-acre site within Area E of the
Astronomy Precinct. Minimally, land disturbing activities would include grading of the TMT
Observatory site and Access Way and excavations associated with building construction and
installation of subsurface utilities. The area of potential effect (APE) is defined as the entire
approximately 36-acre survey area.
At the request of PB, CSH conducted an archaeological inventory survey investigation for the
proposed TMT Observatory Project. Per the requirements of Hawai‘i Administrative Rules
(HAR) Chapter 13-13-276, the study was conducted to identify, document, and make Hawai‘i
Register of Historic Places (Hawai‘i Register) eligibility recommendations for the Project area’s
historic properties. Because no historic properties were identified in the Project area, this
investigation is termed an archaeological assessment per HAR Chapter 13-13-284-5. This
archaeological assessment report was prepared to support the proposed Project’s historic
preservation review under Hawai‘i Revised Statutes (HRS) Chapter 6E-8 and HAR Chapter 1313-275. It is also intended to support any Project-related historic preservation consultation with
stake-holding State or County agencies and interested Native Hawaiian and community groups.

1.2 Scope of Work
The following scope of work satisfies the State requirements for an archaeological inventory
survey, per HAR Chapter 13-13-276:
1. Historic and archaeological background research, including a search of historic maps,
written records, Land Commission Award documents, and the reports from prior
archaeological investigations. This research focused on the specific Project area’s past
land use, with general background on the pre-contact and historic settlement patterns of
the ahupua‘a and district. This background information was used to compile a predictive
model for the types and locations of historic properties that could be expected within the
Project area.
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Figure 1. U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea Quadrangle
(1993), showing the location of the survey area
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Figure 2. Portion of Tax Map Key (TMK) 4-4-015, showing the location of the survey area
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Figure 3. Aerial photograph (source: U.S.D.A. 2000), showing the location of the survey area

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

4

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Introduction

2. A complete (100% coverage) systematic pedestrian inspection of the Area E survey area
to identify any potential surface historic properties. Surface historic properties were
recorded with an evaluation of age, function, interrelationships, and significance.
Documentation included photographs, scale drawings, and, if warranted, limited
controlled excavation of select sites and/or features, and location of historic properties
with GPS survey equipment.
3. As appropriate, consultation with knowledgeable individuals regarding the Project area’s
history, past land use, and the function and age of the historic properties documented
within the Project area.
4. As appropriate, laboratory work to process and gather relevant environmental and/or
archaeological information from collected samples.
5. Preparation of this archaeological inventory survey report, including the following:
a) A Project description;
b) A section of a USGS topographic map showing the survey area boundaries and the
location of all recorded historic properties;
c) Historical and archaeological background sections summarizing prehistoric and
historic land use of the Project area and its vicinity;
d) Descriptions of all historic properties, including selected photographs, scale
drawings, and discussions of age, function, laboratory results, and significance, per
the requirements of HAR 13-13-276. Each historic property was assigned a Hawai‘i
State Inventory of Historic Properties (SIHP) number;
e) If appropriate, a section concerning cultural consultations [per the requirements of
HAR 13-276-5(g) and HAR 13-275].
f) A summary of historic property categories, integrity, and significance based upon
the Hawai‘i Register of Historic Places evaluation criteria;
g) A Project effect recommendation;
h) Treatment recommendations to mitigate the Project’s potential adverse effect on
historic properties identified in the Project area that are recommended eligible to the
Hawai‘i Register of Historic Places.
This scope of work includes full coordination with the State Historic Preservation Division
(SHPD), and County relating to archaeological matters. This coordination takes place after
consent of the landowner or representatives.

1.3 Environmental Setting
1.3.1 Natural Environment
The Project area for the proposed TMT Observatory site is located on a gently sloping plateau
area northwest of the Maunakea summit cone, Pu‘u W‘kiu (13,796 ft. elevation). Elevations
within the survey area range from approximately 13,120-13,290 ft. above mean sea level. In
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

5

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Introduction

general, the summit region of Maunakea is arid, with an average annual rainfall of less than 15
inches (380 mm). Most of the precipitation is in the form of freezing fog and snow. The monthly
average temperature ranges from 25-60 degrees Fahrenheit, with winter storms often depositing
up to several feet of snow in the higher elevations.
The primary geological activity shaping the Maunakea summit terrain is glaciation. Several
main glacial features present on the summit region include glacial striations on bedrock outcrop,
the sculpted configuration of cinder cones, and the formation of Lake Waiau and Pōhakuloa
Gulch as a result of glacial melt water. The summit region’s ground surface is generally
characterized by rubbly ground moraine deposits and Hawaiite ‘a‘ā flows of Late Pleistocene
origin, partially mantled by cinder, coarse ash, and spindle bombs from the similar-age Pu‘u Hau
Oki and Pu‘u W‘kiu cinder cones (McCoy 1982: A-29). Sediments within the survey area are
listed as Very Stony Land (rVS) (Figure 4). Very Stony Land is described as a “miscellaneous
land type consisting of very shallow soil material and a high proportion of ‘a‘ā lava outcrops”
(Sato et al. 1973).
Vegetation is almost non-existent in the summit region of Maunakea, with the tree line
located at approximately 9,000 foot elevation). The highest major vegetation zone, known as the
Alpine Scrub Zone, generally ends at approximately 11,300 feet elevation. Plants in the so-called
Alpine Stone Desert Zone of the summit region are mostly limited to small lichens and mosses.
1.3.2 Built Environment
The Project area is located within the Astronomy Precinct of the Mauna Kea Science Reserve.
At present, there are eleven astronomical observatories within the precinct, including large
telescope domes, radio dishes, and associated infrastructure. Lands within the Project area are
undeveloped, with the exception of an existing unpaved 4-wheel drive road that traverses the
central portion of the survey area.
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Figure 4. U.S. Geological Survey Topographic Map, Mauna Kea Quadrangle (1993) with
overlay of the Soil Survey of the Island of Hawai‘i (Sato et al. 1972), showing
sediment types within the survey area
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Section 2 Methods
2.1 Field Methods
The fieldwork component of the archaeological assessment study was carried out under
archaeological permit number 08-14, issued by the SHPD, per HAR Chapter 13-13-282. The
CSH field crew included: David W. Shideler, M.A.; Todd Tulchin, B.S.; Trevor Yucha, B.S.;
and Lehua Ka‘uhane, B.A., under the overall supervision of Hallett H. Hammatt, Ph.D.
Fieldwork was conducted on August 26, 2008 and required 4 person-days to complete.
The archaeological assessment fieldwork consisted of a complete (100% coverage) pedestrian
inspection of the Area E survey area. The pedestrian inspection was accomplished through
systematic sweeps, generally oriented east-west across the survey area. The interval between the
archaeologists was generally approximately 33 feet. The lack of vegetation made for excellent
visibility. All potential historic properties encountered were recorded and documented with a
written field description, scale drawings, photographs, and each feature was located using
Garmin GPSMAP 60CSx GPS survey technology (3-5 m accuracy).

2.2 Document Review
Historic and archival research included information obtained from the UH Mānoa Hamilton
Library, the State Historic Preservation Division Library, the Hawai‘i State Archives, the State
Land Survey Division, and the Archives of the Bishop Museum. Previous archaeological reports
for the area were reviewed, as were historic maps and primary and secondary historical sources.
Information on Land Commission Awards was accessed through Waihona ‘Āina Corporation’s
Māhele Data Base (www.waihona.com).

2.3 Consultation
The community consultation effort for the proposed TMT Observatory Project is detailed in
the companion Cultural Impact Assessment report (Ka‘uhane et al. 2009; in progress). In
general, Native Hawaiian organizations, government agencies and community members were
contacted in order to identify potentially knowledgeable individuals with cultural expertise
and/or knowledge of the Project area and the vicinity. The agencies consulted included the
SHPD, the Office of Hawaiian Affairs (OHA), and the Hawai‘i Island Burial Council (HIBC).
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Section 3 Background Research
3.1 Traditional and Historic Background
The traditional and historical background for the Project area is presented at length in a
companion Cultural Impact Assessment study (Ka‘uhane et al. 2009; in progress) to which the
reader is referred. A synopsis is presented below.
3.1.1 Mythological and Traditional Accounts
Holly McEldowney’s (1982) ethnographic background study of the Maunakea Summit
Region notes the common case (as exemplified in Haleole’s Laieikawai and Fornander’s Hawai‘i
Loa legend) of characters and themes inserted into more recent versions of older myths and
legends and relatively modern fabrication of lore about Maunakea that has a semblance of
antiquity. McEldowney notes that “Otherwise Mauna Kea is mentioned only briefly and rarely as
the backdrop to more compelling events, or to characterize the attributes of a figure or an event
by analogy.”
A common reference to Maunakea is as a last landmark that can be seen and hence the
Maunakea summit becomes symbolic for the Hawaiian Islands. In Fornander’s (1919; Volume
IV: 160-161) “The Legend of Kila” and in Fornander’s (1919; Volume V: 124-125) “Legend of
Kūapāka‘a” we see that, as the first sight of land for long-distance voyagers, the summit of
Maunakea is symbolic of Hawai‘i (Island).
In Fornander’s (1919; Volume IV: 224-225) “Story of ‘Umi: One of the Most Noted of
Hawaiian Kings” (and in Thrum’s 1923: 98-103 More Hawaiian Folk Tales) the ruling chief
‘Umi-a-Līloa leads a war party out of Waipi‘o, Hāmākua arcing far up the slope of Maunakea to
attack Hilo. In this account, the name “Poli‘ahu” is associated specifically with a trail and with a
water source near the summit.
In Fornander’s (1919; Volume V: 340-341) “Tradition of Kamapua‘a” the pig deity sees the
fires of Pele the goddess of volcanoes and begins to chant. The brilliant whiteness of the snows
of Maunakea provides poetic contrast with the darkening smoke of Pele.
In Kalākaua’s Legends and Myths of Hawaii (1888: 249-315) account of “‘Umi, the Peasant
Prince of Hawai‘i” are a number of passing references to Maunakea (such as comparing the color
of an old priest’s hair to the snows of Maunakea) but one account merits particular mention. In a
story about the fabulous conch shell trumpet known as the Kiha-pū is an account that: “In
obedience to the revelation of a kaula [seer] of great sanctity, he [Kiha] had secretly deposited it
[the Kiha-pu] in a cave near the summit of Mauna Kea …” The trumpet is transformed by the
deity Lono so that a battle blast “was heard the distance of a day’s journey.” Thus the summit
region of Maunakea is associated with the actions of deity, transformation of the Kiha-pū, and
the imparting of qualities of awe and wonder.
In Kalākaua’s Legends and Myths of Hawaii (1888: 319-331) account of Lono and Kaikilani
is an account of the prowess of the ruling chief Lonoikamakahiki: “He outran the fleetest…as in
bringing a ball of snow from the top of Mauna Kea” (Kalākaua 1888: 322). In Thomas G.
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Thrum’s Hawaiian Folk Tales (1923: 108-116) is a chapter on Lono and Kaikilani that
understands Lono as the deity Lono whom we encounter: “reclining on the bosom of a cloud that
rested over Mauna Kea.”
In Kalākaua’s (1888: 455-480) account of: “Laie i ka Wai” a supernatural (kupua) chief of
Wailua Kaua‘i named Aiwohikupua is sailing the seas of Hāmākua, Hawai‘i and:
…saw a woman of extraordinary beauty reclining on a cliff by the shore. She was
graceful in every movement and wore a snow-white mantle. They landed and
made her acquaintance. Her name was Poli‘ahu of Mauna Kea” (Kalākaua 1888:
462). She relates that she is also supernatural (“kupua”).
The goddess could produce a snow mantle or a sun mantle at will sending waves of cold or
heat over her rivals.
In Kalākaua’s (1888: 501-507) account of: “Kahavari, Chief of Puna” is a brief discussion of
the demi-god “Kana” who had the capacity to elongate himself so as to walk between the islands
of the Hawaiian chain. It is asserted that when Kana waded back from the southern lands of
Kahiki: “he hung his mantle to dry on Mauna Kea, which was then an active volcano” (Kalākaua
1888: 503). The tale seems to play on the height of the mountain and appears to provide an
alternate explanation for whose cape explains the summit mantle of snow.
A number of accounts of a great flood as in the days of Noah have Maunakea as the only land
remaining above the deluge.
3.1.2 Historic Accounts
The first recorded ascent of Maunakea was in 1823 by the missionary Joseph Goodrich (17941852). Like many missionaries, the Yale educated Goodrich was also a naturalist and he
published his observations on Hawai‘i Island volcanoes in the American Journal of Science in
1826 and 1829. He approached via Kawaihae and Waimea. Goodrich attained the highest of
several summits around 3:00 AM noting the presence of a pile of stones which he assumed had
been constructed by Hawaiians. He then more or less retraced his steps back to the vicinity of
Waimea. Few details are recorded. Goodrich made a second trip up Maunakea in 1825 noting (at
a surprisingly early date) dead sheep on one of the cones at an estimated 13,612 ft elevation and
speculating they had been driven there by wild dogs.
William D. Alexander (1892) described a trip up Maunakea with a surveying party recording
that:
[on] the summit of Lilinoe, a high rocky crater, a mile southeast of the central
hills [the “summit”] and a little over 13,000 feet in elevation. Here, as at other
places on the plateau ancient graves are to be found. In olden times it was a
common practice of the natives in the surrounding region to carry up the bones of
their deceased relatives to the summit plateau for burial.
Jerome Kilmartin (1974) published a brief reminiscence reflecting on his involvement in a
1925 United States Geological Survey Project to map the Lake Waiau topographic quadrangle.
That 1925 work put him in the summit region for more than five months and then seemingly he
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did not return again until 1971. Kilmartin’s 1925 U.S. Geological Survey work approached the
summit via the Umikoa Ranch based at approximately 3,500 foot elevation above Kūka‘iau in
Hāmākua. Kilmartin reports little archaeological detail but does note a grave at Pu‘u Mākanaka
(elevation 12,414 feet). He also notes:
Ancient stone piles, quarries, walls, platforms, and burial caves are sufficient
evidence that early Hawaiians were familiar with Mauna Kea’s highlands. Stone
chips from adze manufacture are found near a cave at 12,360 feet…[Kilmartin
1974:13]
It may also be noted in passing that the U.S. Geological Survey 1926 survey party created
archaeological sites of their own (and perhaps many):
…the wind was so strong I thought surely we would be blown away. However the
ahu (stone pile) that we built did give a little protection after I had made a setup
with the plane table only two feet above the ground. [Kilmartin 1974:15]
Kenneth Pike Emory is understood (following McCoy 1999:15) as the first person to have
described the distinctive shrine features of Maunakea in a brief, popular piece published in
Paradise of the Pacific magazine (April 1938). Emory was struck by the “immense quantity of
chipped stone” and posited that the piles of debitage were “the largest so far recorded anywhere
in the world.” Emory concluded that the evidence of “chips and rejects” was the result of skilled
adze makers and that “they were able to create a stone-tool industry on a scale unequaled in the
stone-age because of the superior social organization of the Hawaiian people.” Emory posited
that in the shrines “each upright stone stood for a separate god” and referred to them as “‘eho”
(“a collection of stone gods”) – a term evidently used in the Tuamotus as well as Hawai‘i to
designate an alignment of upright stones.
Wentworth and Powers (1943) carried out geological studies on Maunakea in 1939 that noted
archaeological sites in the Hopukani and Liloe Springs area. They noted stone walls that they
interpreted as a trap to impound wild cattle that frequented the springs and certain older sites:
In the area to the east and up the slope from the springs are numerous small heaps
of pre-European stone adze workings. Certain lava caves contain evidence of
habitation, suggesting that the springs were frequented by adze workers. The
latter not only secured adze material from lava flows in places but carried on a
surprising amount of casual prospecting on dense basalt boulders included in the
moraines and outwash strewn several thousand feet down the mountain.
[Wentworth and Powers 1943:544]
Holly McEldowney in her summary of the ethno-graphic background of the Maunakea
summit region (1982:A-11) notes:
Although most accounts speak in general terms, those that specifically locate the
presence of human bones, “graves”, “burial caves” or mortuary features indicate
that burials are “not uncommon” between 7,800 ft and 13,000 ft elevation along
the northern and eastern slopes of Mauna Kea. [Alexander 1892; Preston
1895:601; Gregory 1921; Aitken 1935:48; Gregory and Wentworth 1937:1720;
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Kilmartin 1974:15; Bryan 1927:106; Hāmākua Site Records, Dept. Anthropology,
B.P. Bishop Museum]
3.1.3 Modern Land Use
It is understood that in 1936 the Civilian Conservation Corps carried out improvements to the
old Maunakea-Humu‘ula Trail from near the main base of the sheep station at Kalai‘eha to the
summit and that the first stone cabin at Hale Pōhaku was constructed at about that time.
In the early 1960s, researchers from the UH determined that the Maunakea Summit area was
exceptional for making astronomical observations. Development of observatories began in 1964
with the construction of the Lunar and Planetary Station atop Pu‘u Poli‘ahu. The Mauna Kea
Science Reserve was established in 1968. Currently there are eleven observatories in the
Maunakea summit area and one observatory located on the southeastern flank at 12,000 feet. A
1978 aerial photograph of (Figure 5) shows the extent of development in the Maunakea summit
area at that time. Note the 4-wheel drive road through the current survey area was constructed by
this date.

3.2 Previous Archaeological Research
3.2.1 Previous Archaeological Studies
A summary of previous studies is presented in Table 1, with a more detailed summary of
previous archaeological studies on Maunakea following. Previously identified historic properties
in the Maunakea summit area are summarized in Table 2.
3.2.1.1 Cleghorn (1982)
Paul Cleghorn (1982) produced his UH Ph.D. dissertation in Anthropology on Maunakea adze
quarry lithics focusing on technological analysis and experimental tests. Some 534
archaeological site components of 38 designated sites of the Maunakea adze quarry complex in
the vicinity of Pu‘u Ko‘oko‘olau are briefly summarized (sites are referred to by Bishop Museum
site nomenclature).
3.2.1.2 McCoy (1982)
Patrick McCoy (1982) documents reconnaissance level surveying of approximately 1,000
acres of the summit and north-slope (down to 13,000 ft). McCoy notes that:
Few, if any, archaeological sites were predicted to occur within the boundaries of
the project area, given the high altitude location and presumed absence of
exploitable resources, including adze-quality stone, which on present evidence is
restricted to the south slope of the mountain.
Thus it was far beyond expectations when 22 sites were recorded including an open air shelter
and 21 shrine sites. McCoy was quite familiar with the “occupational shrines” near the adze
quarries but concluded the function of these shrines was unknown. McCoy posits:
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Figure 5. U.S. Geological Survey Orthophotograph, Mauna Kea Quadrangle (1978), showing the
location of the survey area
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Table 1. Summary of Previous Archaeological Studies on Maunakea
Reference

Nature of Study

Area of Study

Comments

McCoy 1976

"The Mauna Kea Quarry
Project: A First Analysis."

Maunakea Adze Quarry Complex

--

McCoy 1977a

"Archaeological
Investigations at the,
Mauna Kea Adze Quarry
Complex, Hawaii:
Preliminary Results of the
1975-76 Fieldwork."

Maunakea Adze Quarry Complex

--

McCoy 1977b

A Summary of the 1975
Field Investigations."

Maunakea Adze Quarry Complex

--

McCoy 1978

Account of the "The B.P.
Bishop Museum Mauna
Kea Adze Quarry
Project."

Maunakea Adze Quarry Complex

--

Allen 1981

Master’s thesis, UH at
Mānoa

An analysis of the Maunakea
Adze Quarry archaeobotanical
assemblage.

--

McCoy 1981

"Stones For the Gods:
Ritualism in the Mauna
Kea Adze Quarry
Industry, Hawaii."

Maunakea Adze Quarry Complex

--

Cleghorn 1982

UH Ph.D. dissertation in
Anthropology on
Maunakea adze quarry
lithics

Maunakea adze quarry complex in
the vicinity of Pu‘u Ko‘oko‘olau

Focuses on technological analysis and experimental
tests. Some 534 archaeological site components of 38
designated sites are briefly summarized

McCoy 1982a

Reconnaissance survey

Approximately 1,000 acres of the
summit and north slope (down to
13,000’ el.)

Documents 22 sites including an open air shelter and
21 shrine sites
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Reference

Nature of Study

Area of Study

Comments

McCoy 1982b

Archaeological Survey

Proposed Site of the Caltech 10Meter Telescope

--

McEldowney
1982

Ethnographic Background
report

Maunakea Summit Region

Documents legends, visitor’s accounts, land use and
place names

Kam and Ota
1983

Archaeological
Reconnaissance Survey

Mauna Kea Observatory Power
line: Upper Portions

--

McCoy 1984a

A Summary of the 1984
Fieldwork

Maunakea Summit Region

--

McCoy 1984b

Archaeological
reconnaissance

Hopukani, Waihu, and Liloe Springs
area on the west side of Pōhakuloa
Gulch between 8,640’ and 10,400’
elevation

Documents six archaeological sites and a number of
find spots (More thorough coverage is presented in
McCoy 1986)

McCoy 1985

Reconnaissance survey

Approximately 40 acres extending
on both sides of the Maunakea
Access Road between 9,080’ and
9,400’

Preliminary report for the Pu‘u Kalepeamoa Site
documenting five lithic scatters and 2 shrines used for
the manufacture of hammer stones and octopus lure
sinkers. Ritual was an integral part of the
manufacturing process.

McCoy 1986

Report on archaeological
investigations

Hopukani and Liloe Springs area
located on the west side of
Pōhakuloa Gulch well southwest of
the Maunakea summit region

Documents 3 mid-level sites (that were initially
discussed in McCoy 1984). Eight radio-carbon dates
indicated use spanning A.D. 1000 to A.D. 1800. It
was concluded that these camps were used for
acclimatization and for procuring water, food
(primarily fowl) and fuel.

Williams 1987

Post-field letter report on
an Archaeological
Reconnaissance Survey

Summit Road between Hale Pōhaku
and a stockpile area

--

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

15

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Background Research

Reference

Nature of Study

Area of Study

Comments

Hammatt and
Borthwick 1988

Reconnaissance survey

Two locations: an approximately 15acre location between 11,560’ and
11,840’ on the west side of the
present summit road and another
approximately 100-acre location on
the east side of the summit road in a
saddle between 2 cinder cones at
12,100’ to 12,225’ elevation

4 sites were documented (none of which appear to
have been previously recorded). Sites 11,076, 11,077
are probable pre-contact shrines; Site 11,078 is a
probable pre-contact overhang shelter, and Site
11,079 included a probable pre-contact shrine and a
probable pre-contact ahu or cairn with basalt flakes
and an adze perform present.

Borthwick and
Hammatt 1990

Reconnaissance survey

Two locations (total 2 acres) on the
summit of Maunakea.

No finds – the areas had been “fully graded” for
existing telescope facilities.

McCoy 1990

Study of: Factors of
Production

Maunakea Adze Quarry Complex

--

Robins and
Hammatt 1990

Reconnaissance survey

Two locations: 5.1 acre area on Pu‘u
Hau Oki cinder cone at summit and
a 21-acre lot near Hale Pōhaku

There were no finds at the JNLT summit Project area
which had been largely graded. In the Hale Pōhaku
area 3 lithic scatters that were described in McCoy,
1985 are discussed.

McCoy 1991

Survey and Test
Excavations report

Pu‘u Kalepeamoa Site

--

Borthwick and
Hammatt 1993

Reconnaissance survey

Proposed Gemini Telescope location
at approximately 13,700’ on a ridge
line north of the summit cone

Study notes that the entire summit ridge on which the
Project area was located had been graded for existing
telescope facilities. There were no finds.

McCoy 1993

Letter Report on an
Archaeological
Inspection

Two Sites Located in the Vicinity
of the Smithsonian Sub
millimeter Array

--

McCoy 1999

Analysis of a site complex
(site 50-10-23-16204),
that he had described 24
years earlier

Located on the east side of the
Maunakea Access Road between
12,240’ and 12,300’ elevation just
south of Pu‘u Līlīnoe

McCoy posits a ritual significance to the site
specifically as a location for a rite of passage.
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Reference

Nature of Study

Area of Study

Comments

Hammatt and
Shideler 2002

Data Recovery report for
two lithic scatters

Sites 50-10-23-10,310 and 50-1023-10,311 located in the Hale
Pōhaku area between 9,080’ and
9,160’ elevation

Documentation of data recovery of sites identified in
McCoy, 1985 and Robins and Hammatt, 1990. Two
carbon dates (AD 1260-1410 and AD 1510-1950 at
95% probability) were both thought to be
problematic. Possible ritual associations with healing
and the deity Kanaloa are explored.

McCoy et al.
2005

Archaeological
Inventory Survey
Interim Report No. 1

Mauna Kea Science Reserve

--

McCoy and Nees
2006

Archaeological
Inventory Survey
Interim Report No. 2

Mauna Kea Science Reserve

--
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Table 2. Previously Identified Historic Properties in the Summit Region of Maunakea
SIHP #

Elevation (ft.)

Description

Function

11077

12320

Single upright

Shrine

11079

12313

Lithic scatter of adze manufacturing
byproducts and 2 associated cairns

“Workshop” and
possible shrine

16163

12880

Platform/pavement with 14 uprights

Shrine

16164

13397

3 to 5 uprights on platform and 1 isolated
upright

Shrine

16165

13362

Single row of 2 uprights

Shrine

16166

13422

2 rows of uprights, 8 to possibly 9 total

Shrine

16167

13395

Single row of 2 uprights

Shrine

16168

13098

Semi-enclosure with 21 to possibly 25 uprights

Shrine

16169

13210

Single row of 2 uprights

Shrine

16170

13139

2 cairns with 3 to possibly 4 uprights

Shrine

16171

13087

Single upright

Shrine

16172

13218

Single upright

Shrine

16173

13009

7 dispersed uprights

Shrine

16174

13075

Boulder with 1 to possibly 8 uprights on the
side

Shrine

16175

NA

5 cairns with 1 upright each

Shrine

16176

13078

Single row of 3 uprights

Shrine

16177

13118

Single row of 3 uprights

Shrine

16178

13236

Single upright

Shrine

16179

13122

Single row of 3 uprights

Shrine

16180

13086

Boulder with 3 uprights

Shrine

16181

13401

Single upright

Shrine

16182

13155

3 to 5 uprights

Shrine

16184

13072

Semi-enclosure with 24 uprights

Shrine

16185

13008

Single row of 3 uprights

Shrine

16186

13076

Single row of 2 and possibly 3 uprights

Shrine

16187

12775

Single row of 9 uprights

Shrine

16188

12857

Single upright

Shrine

16189

12902

Single row of 3 and possibly 4 uprights

Shrine

16190

12956

Single row of 10 and off-set uprights

Shrine

16191

12889

Single row of 4 uprights

Shrine
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SIHP #

Elevation (ft.)

Description

Function

16192

12842

2 sets of uprights, 6 total

Shrine

16193

12843

Single upright

Shrine

16194

12673

Single row of 12 - 14 uprights

Shrine

16195

NA

2 cairns

Possible burial

16196

12953

Single row of 2 uprights

Shrine

16197

12953

Single upright

Shrine

16198

12930

2-tiered platform with 7 uprights

Shrine

16199

12991

1 to possibly 4 uprights

Shrine

16200

12975

Single row of 5 to possibly 6 uprights

Shrine

16201

12990

Single row of 3 uprights

Shrine

16202

13006

Single upright

Shrine

16203

13145

Single row of 2 to possibly 3 uprights and a
lithic scatter of adze manufacturing byproducts

Adze “workshop”
and shrine

16204

12332

5 shrines, 26 stone-walled enclosures and a
lithic scatter of adze manufacturing byproducts

Adze “workshop”
and shrine
complex

16248

NA

Series of cairns

Burial

18682

12955

Single row of 3 uprights

Shrine

18683

13012

Single row of 2 uprights

Shrine

21197

13052

2 platforms with a total of 5 uprights

Shrine

21198

13043

Single upright

Shrine

21199

12876

Single upright

Shrine

21200

13165

Single upright

Shrine

21201

13087

Single row of 2 uprights

Shrine

21202

13048

Single row of 6 to possibly 7 uprights

Shrine

21203

13034

Single row of 2 uprights

Shrine

21204

12925

3 areas of stacked rock

Unknown

21205

13484

Single upright

Shrine

21206

12754

Single upright

Shrine

21207

12787

Single upright

Shrine

21208

12799

1 to 2 uprights on a boulder

Shrine

21209

NA

Cairn on summit

Unknown

21210

12233

Single upright

Shrine

21211

12275

Single row of 2 uprights on a platform and a
lithic scatter of adze manufacturing byproducts

Adze “workshop”
and shrine
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SIHP #

Elevation (ft.)

Description

Function

21212

12385

Single row of 2 uprights

Shrine

21213

12249

3 piles of rocks with 1 upright

Shrine

21214

12241

Single row of 5 to possibly 7 uprights

Shrine

21406

NA

Single upright

Shrine

21407

12952

Single row of 2 uprights

Shrine

21408

12913

Single upright

Shrine

21409

12984

Single upright

Shrine

21410

12801

Single row of 5 uprights

Shrine

21411

12815

Cairn

Marker?

21412

NA

Cairn

Marker?

21413

NA

Cairn

Possible burial

21414

NA

Cairn

Possible burial

21415

13130

Cairn on boulder

Unknown

21416

12792

Cairn

Possible burial

21417

12974

Cairn

Unknown

21418

12889

3 to possibly 4 uprights on top and to the side
of a boulder

Shrine

21419

12495

Single upright

Shrine

21420

12152

Enclosure with 11 to possibly 12 uprights and
a nearby stone platform

Shrine

21421

12731

2 cairns, one with a possible upright and an
isolated upright

Shrine

21422

12847

Single upright

Shrine

21423

NA

Stones on boulder

Marker?

21424

12320

4 to 5 uprights on a platform and boulder

Shrine

21425

12523

Single upright

Shrine

21426

12568

Single row of 4 uprights

Shrine

21427

12635

Terrace with possible upright

Unknown

21428

12720

Single upright

Shrine

21429

12719

Single upright

Shrine

21430

13111

Single row of 3 uprights

Shrine

21431

12532

Semi-enclosure with 7 to 10 uprights

Shrine

21432

13044

Single row of 2 uprights

Shrine

21433

12579

Single upright

Shrine
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SIHP #

Elevation (ft.)

Description

Function

21434

12551

8 stones on a boulder

Unknown

21435

12564

Cairn and boulder with 1 upright

Shrine

…that these structures were erected by travelers, most probably in propitiation of
mountain spirits. Such practices are universal in the high mountain regions of the
world. [McCoy 1982:A-37]
McCoy does note however that the majority of the shrines were located in a narrow 200-foot
contour interval band between 12,900 foot and 13,100-foot elevation. He posits reasonably that
this clearly defined vertical zonation site pattern is the result of utilization of a break in slope at
the edge of a summit plateau where: “when viewed from either the base of the steep inclined
slope directly below, or from the base of the summit cones above, is a relatively flat horizon on
which the shrine uprights are silhouetted and therefore visible from some distance.” McCoy
associates these shrines with “the request for permission to pass over the summit” and notes that
this indicates a preponderance of access from the northern, windward side of the islands
consistent with the inclusion of the land within Hāmākua District. He further posits that the
distribution of the shrines may relate to “the lower margins of snow fields” and possibly by
extension to the goddess Poli‘ahu. McCoy notes that at one of the more complex “Marae” sites
“the placement of offerings and whatever other ritual took place here appear to have been
intentionally directed away from Maunakea. The possibility of astronomical concepts being
operative is explored.” McCoy also posits that smaller sites were built and utilized by one or a
few individuals while more complex shrines were built and utilized by a larger kin group and
that perhaps “each structure would represent a separate social unit that had exclusive use rights.”
McCoy recommends intensive archaeological survey and avoidance of construction and related
activities on or in proximity to known archaeological sites.
3.2.1.3 McEldowney (1982)
Holly McEldowney (1982), then of the B.P. Bishop Museum Department of Anthropology,
produced an Ethnographic Background report for the Maunakea Summit Region for the Research
Corporation of the UH as part of an Environmental Impact Statement for a Mauna Kea Science
Reserve Master Plan. The data is presented in three sections addressing 1) myths and legends and
“oral traditions”, 2) land use practices and cultural activities, and 3) a study of place names.
McEldowney starts by relating a tradition of the goddess Poli‘ahu from Haleole’s (1863) story
of Laieikawai. While McEldowney relates this as a “Hawaiian tradition recorded by S.N.
Haleole”, Laieikawai has increasingly been recognized as a “romance”, a Cinderella-like story
that undoubtedly utilized pre-contact traditions and motifs but was self-consciously more in the
nature of a fairy-tale or work of imagination than a recordation of traditional legends. At any rate
Haleole’s traditions of Poli‘ahu have almost nothing to do with Maunakea (although “Lilinoe” is
given as the name of one of Poli‘ahu’s companions). McEldowney then goes on to discuss
Westervelt’s (originally published in 1916) accounts of Poli‘ahu and opines that Westervelt
“took the unwarranted license to assign each of the ‘goddesses of the snow covered mountains’
to specific localities.” This appears to be the case – that popular assignations of the names of
deities to specific land-forms are basically modern appellations. McEldowney goes on to briefly
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discuss mentions of Maunakea, Poli‘ahu, and Līlīnoe in works by Fornander, Kamakau,
Kalākaua and Thrum. She notes the common case (as exemplified in Haleole’s Laieikawai and
Fornander’s Hawai‘i Loa legend) of characters and themes inserted into more recent versions of
older myths and legends. McEldowney notes that “otherwise Maunakea is mentioned only
briefly and rarely as the backdrop to more compelling events, or to characterize the attributes of
a figure or an event by analogy.”
McEldowney notes that: “several early accounts report that Hawaiians were reluctant to travel
or serve as guides on inland journeys, or that they professed no knowledge of these areas, leading
to the false impression that these regions constituted a wilderness unknown to the Hawaiian
people.” This generality is even more pronounced for the summit plateau of Maunakea, where
almost all early historic visitors made the final ascent to the summit without native guides. The
only substantiated report of Hawaiians on Maunakea prior to the 1870s Boundary Commission
accounts is Kamakau’s (1961:285) reference to Ka‘ahumanu’s 1828 visit “to Hawaii to fulfill a
vow that she had made to attempt the recovery of the bones of Lilinoe on Mauna Kea…” It is
unclear whether Ka‘ahumanu or her retainers actually ascended the mountain but: “It is said
Ka‘ahumanu did not find the bones of Lilinoe….” (Kamakau 1961:285).
McEldowney relates various western visitors’ accounts of Hawaiians acquiring fowl,
hardwoods, fine-grained basalt, sandalwood and wild cattle in “this region.” The first specific
Hawaiian account of activities on the mountain brought to light in the McEldowney (1982) study
appear to be in the Boundary Commission Testimony of a certain Haiki who asserts that: “my
parents told me Humu‘ula went to Kaluakaakoi and Poli‘ahu. We used to go there after adzes for
Humu‘ula people.” As McEldowney notes: “Haiki’s overall testimony and placement of the
boundary was rejected by the commission.”
Somewhat in keeping with her study of legends and myths and early accounts of land use,
McEldowney’s accounts of place names also emphasizes the dearth of information, the lack of
specificity of the information, and the suspicious nature of what little early data we do have.
McEldowney points out that guides and informants were often familiar with land features but
traveled from landmark to landmark rather than on trails per se. She notes that access to the
mountain in the second half of the 1800s appeared to utilize ranching establishments (Humu‘ula
Sheep Station, Umikoa Ranch) and may not have related to pre-contact approaches. Many
Hawaiian place names were noted to be basically modern.
3.2.1.4 McCoy (1984b)
Pat McCoy’s (1984b) archaeological reconnaissance report for the Hopukani, Waihu, and
Liloe Springs area documents six archaeological sites and a number of find spots located on the
west side of Pōhakuloa Gulch between 8,640’ and 10,400’ elevation. The work was associated
with a Pōhakuloa Training Area (PTA) Pipe Line Project. This preliminary report was elaborated
upon in McCoy’s (1986 study).
3.2.1.5 McCoy (1985)
Pat McCoy’s (1985) preliminary report for the Pu‘u Kalepeamoa Site documents three
archaeological surveys for a proposed new construction laborer camp at Hale Pōhaku located just
above and below the Hawaii Institute for Astronomy’s Mid-Level Facility encompassing a total
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of approximately 40 acres located on both sides of the Maunakea Access Road between 9,080
and 9,400-foot elevation. Five lithic scatters and 2 shrines were recorded. These archaeological
features were understood as functionally integrated components of a single activity system and
one Bishop Museum site number was assigned (lithic scatters no. 1 & 2 would subsequently be
given SIHP #s 50-10-23-10310 and 50-10-23-10311 respectively). McCoy concluded that the
primary activity at the site was the manufacture of hammer stones and octopus lure sinkers from
the crystalline dunite and gabro deposits on the slopes of Pu‘u Kalepeamoa but he noted that
ritual was an integral part of the manufacturing process. Further research was recommended. The
lithic scatters would be subject to further documentation (Robins and Hammatt 1990) and data
recovery work (Hammatt and Shideler 2002).
3.2.1.6 McCoy (1986)
Pat McCoy’s (1986) report on archaeological investigations for the Hopukani and Liloe
Springs area documents three mid-level sites located on the west side of Pōhakuloa Gulch well
southwest of the Maunakea summit region (that were initially discussed in McCoy 1984). These
sites included a rock shelter at Hopukani Spring (10,400 foot elevation), the Hopukani Rock
Shelter (10,160 foot elevation) and an open camp site at Liloe Spring (8,921 foot elevation)
Eight radio-carbon dates indicated use spanning A.D. 1000 to A.D. 1800. It was concluded that
these camps were used for acclimatization and for procuring water, food (primarily fowl) and
fuel.
3.2.1.7 Hammatt and Borthwick (1988)
Cultural Surveys Hawai‘i (Hammatt and Borthwick 1988) carried out an archaeological
reconnaissance survey of two locations for proposed antennas for the National Radio Astronomy
Observatory. An approximately 15-acre relatively level location between the 11,560 foot and
11,840 foot elevations on the southeastern slope of the summit region on the west side of the
present summit road was examined but no archaeological sites were observed. Another
approximately 100-acre location on the east side of the summit road in a saddle between 2 cinder
cones at 12,100 to 12,225 foot elevation was also examined and four archaeological sites were
documented (none of which appear to have been previously recorded). Sites -11076, -11077 are
probable pre-contact shrines; Site -11078 is a probable pre-contact overhang shelter with a
stacked stone alignment, and Site -11079 had two components: a probable pre-contact shrine and
a probable pre-contact ahu or cairn with basalt flakes and an adze perform present. Preservation
of the four sites was recommended but it was thought that the Antenna Project potentially would
be compatible with such preservation of the four relatively small and discrete sites in the large
acreage.
3.2.1.8 Borthwick and Hammatt (1990)
Cultural Surveys Hawai‘i (Borthwick and Hammatt 1990) carried out an archaeological
reconnaissance survey for two locations for the proposed Galileo Telescope on the summit of
Maunakea. The study was of an approximately 2 acre portion of the summit ridge that (at that
time) included the UKRT, U.H. 2.2 m, U.H. 24-inch, and Medical Support facilities. The study
notes that previous work (McCoy 1982) had identified no sites in the summit region (above
approximately 13,330 foot elevation). The study notes that the entire summit ridge on which the
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Project Areas were located had been “fully graded” for existing telescope facilities and no
archaeological features were observed and no further work was recommended.
3.2.1.9 Robins and Hammatt (1990)
Cultural Surveys Hawai‘i (Robins and Hammatt 1990) carried out an Archaeological
Reconnaissance Survey Project for the Subaru Observatory at both the summit and the Hale
Pōhaku area. The actual summit construction area was an approximately 5.1 acre area on Pu‘u
Hau Oki cinder cone in the northern portion of the Mauna Kea Science Reserve approximately
200 feet west of the existing W. M. Keck Observatory and 800 feet north of a paved “spur road”
passing by the Caltech Sub-millimeter Observatory (CSO) facility. The summit project area had
been largely graded although certain undisturbed outcrop formations were present. No
archaeological features were identified within the Subaru Observatory summit project area.
The Robins and Hammatt (1990) study also included several areas near the Mid-Level
Facility Complex (“Onizuka Center for International Astronomy (OCIA)”) including a small
dormitory construction area located approximately 440 feet east of the Maunakea Access Road at
9,245 foot elevation (where no sites were observed) and an approximately 21-acre lot
surrounding the dormitory delineated on the west and north side by the Maunakea Access Road
and to the south by an existing jeep road. Two archaeological features were newly described and
three previously identified sites were recorded in the approximately 21-acre lot. The two newly
described features included a small oval enclosure and a roughly square enclosure that were both
thought to be relatively recent constructions (no formal SIHP site numbers were assigned). The
three previously recorded (McCoy 1985) sites included three lithic scatters (lithic scatters # 1, #
2, and #5) that McCoy had understood as being functionally integrated components of a single
site. Further work at the lithic scatters was recommended. Cultural Surveys Hawai‘i (Hammatt
and Shideler 2002) completed a Data Recovery report for lithic scatters # 1, # 2).
3.2.1.10 Borthwick and Hammatt (1993)
Cultural Surveys Hawai‘i (Borthwick and Hammatt 1993) carried out an archaeological
reconnaissance survey for the proposed Gemini Telescope location at approximately 13,700 foot
elevation on a ridge line north of the summit cone. The study notes that previous work (McCoy
1982) had identified no sites in the summit region above approximately the 13,330 foot
elevation. The study notes that the entire summit ridge on which the project area was located had
been graded for existing telescope facilities and no archaeological features were observed and no
further work was recommended.
3.2.1.11 McCoy (1999)
Patrick McCoy (1999) wrote up an analysis of a site complex (SIHP # 50-10-23-16204), that
he had described 24 years earlier, located on the east side of the Maunakea Access Road between
12,240 ft and 12,300 foot elevation just south of Pu‘u Līlīnoe that included five shrines and three
enclosure complexes. The complex was notably located about a quarter mile from the nearest
known source of worked raw lithic material and was perceived as “isolated”. McCoy (1999:14)
noted that when viewed in terms of the natural environment and human productivity “the
location of this site appears to be irrational” Of particular interest were some 26 very small openArchaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

24

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Background Research

air enclosures (typical interior area c. 17 square feet). This led McCoy to posit a ritual
significance to the site specifically as a location for a rite of passage.
McCoy goes on to consider the form of the upright slabs of (typically un-worked) basalt that
were arranged into the many shrines of Maunakea and Site -16204 in particular. McCoy posits
that pointed uprights symbolize male gods and that flat-topped ones symbolize female gods
(McCoy assumes that the Hawaiian goddesses Līlīnoe and Poli‘ahu were worshipped).
Determining the affinities of the slabs is complicated by the presence of other forms (“angled”,
“gabled”, “rounded” and “notched”) and the general difficulty of determining whether a
particular stone was an upright at all.
McCoy posits that evidence supporting an unusual ritual function (rites of passage) includes:
•

Unusual orientations of 4 of the 5 shrines,

•

Lack of evidence of actual habitation,

•

Unusual “lack of a cohesive structure” among the lithic byproducts present in the
artifact assemblages – suggesting “symbolic manufacture and use”

•

The numerous (26) very small open-air enclosures that were “too small to
accommodate a person and a fire hearth” of no obvious purpose and believed to relate
to temporary day-time use.

McCoy concludes that the small enclosures “may symbolically represent both a womb and a
grave” and that the site “was the locus of initiation rites” related to “formal initiation rites for
groups of apprentices”.
3.2.1.12 Hammatt and Shideler (2002)
Cultural Surveys Hawai‘i (Hammatt and Shideler 2002) completed a data recovery report for
two lithic scatters (SIHP #s 50-10-23-10310 and 50-10-23-10311) located in the Hale Pōhaku
area between 9,080 foot and 9,160 foot elevation. These sites were first recorded by McCoy
(1985:11-12) as Lithic Scatter # 1 (SIHP # 50-10-23-10310) and Lithic Scatter # 2 (SIHP # 5010-23-10311) of the Pu‘u Kalepeamoa Complex. Initially the UH Institute for Astronomy
planned to preserve the two lithic scatters, however, dormitory construction increased erosion in
the vicinity and in consultation with the State Historic Preservation Division a data recovery
program was agreed to. Data recovery field work included mapping, surface collection and four
1m2 test units (2 at each of the two sites). Two carbon dates (AD 1260-1410 and AD 1510-1950
at 95% probability) were obtained but both were thought to be problematic. It was concluded that
the sites were modest, out-lying, open, lithic workshop sites with octopus lure sinker
manufacture of both “coffee-bean” and “bread-loaf” morphological types. It was concluded that
the location of the sites was associated with a micro-climate of slightly greater moisture, slightly
greater soil and slightly greater protection from the wind at the top of a natural drainage that
favored māmane forest growth – which in turn provided greater protection from the elements,
fuel and construction materials. It is suggested that the endeavor to produce octopus lures may
have had other than quotidian purposes of food procurement and the affinities with healing
prayers (Pule he‘e) dedicated to the deity Kanaloa are explored.
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3.2.1.13 McCoy et al. (2009 in progress)
As this Archaeological Assessment was being prepared, the authors interacted with Dr.
Patrick McCoy at the offices of Pacific Consulting Services, Inc. and also within the Project
Area. We are thankful for his guidance. We were aware that a major study of the historic
properties of the summit region was on-going by Pacific Consulting Services. This study, that
should greatly advance our knowledge of traditional Hawaiian use of the Maunakea summit
region, was not available as early drafts of this study were being prepared. If publicly available
prior to the submission of this study to the SHPD for review it is the intent of the authors to
include appropriate reference and germane summary of findings.
3.2.2 Traditional Cultural Properties
The State Historic Preservation Division has designated several prominent localities on
Maunakea as Traditional Cultural Properties (TCP) due to their cultural significance to the
Hawaiian people. The approximate boundaries of the TCPs are indicated on Figure 6. Maly
(1997:29) has suggested the entire Maunakea summit region down to the 6,000 foot elevation
contour (Figure 7) be designated a Traditional Cultural Property.

3.3 Background Summary and Predictive Model
3.3.1 Burials and Possible Burials
3.3.1.1 Archaeological Data on Burials
McCoy 1999 presents a summary discussion of burials and possible burials on Maunakea
noting that there are numerous traditions of burials at high elevations on Maunakea. He starts by
presenting the account of Jerome Kilmartin (1974) that in 1925 Kilmartin personally observed
human remains on Pu‘u Mākanaka. McCoy (1999:26) relates that in 1991 he and others observed
human bones within several cairns on the southern rim of Pu‘u Mākanaka. McCoy notes that
“several other spatially discrete groups of cairns, each comprised of two to three individual
cairns, were found on the southern or eastern rim” [of Pu‘u Mākanaka] – suggesting that these
may also contain human skeletal remains.
As far as we know, Pu‘u Mākanaka is the only place in the uplands of Maunakea in which
human remains have been confirmed – although McCoy makes reference to “the well-known
burial center at Kanakaleonui” and also to “a small group of cairns on the eastern rim of Pu‘u
Waiau that are also believed to be burials.”
McCoy (1999:26) then goes on to discuss four “possible burial sites” (SIHP #s -16195, 21413, -21414 and -21416). Although no human remains were observed, these sites were thought
to be burials because of: 1) the morphological similarity of these cairns to those on Pu‘u
Mākanaka and Kanakaleonui and dissimilarity to other cairns (which are more cylindrical) and
the presence on the eastern or southern rim of cinder cones.
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Figure 6. U.S. Geological Survey Map, Mauna Kea Quadrangle (1993), showing Traditional
Cultural Properties in the summit region of Maunakea (adapted from Maly 1997:Table
2 & Figure 2; Note: All of Maunakea down to the 6,000 foot elevation has been
suggested to be a Traditional Cultural Property) (Boundaries shown should be
understood as approximate)
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Figure 7. 1:250,000 Scale U.S. Geological Survey Map showing “Ka Mauna a Wākea or Mauna
Kea” Traditional Cultural Property (TCP) down to the recommended 6,000 foot
contour (following Maly 1997:29); estimated area approximately 150,000 acres
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McCoy (1999:27) clearly suggests that SIHP # -16195 consisting of 2 adjacent cairns on the
eastern rim of Pu‘u Līlīnoe (recorded by McCoy in 1975) are “possible burials”. This conclusion
appears to be based on William D. Alexander’s 1892 account of “ancient graves” on the summit
of Pu‘u Līlīnoe. McCoy (1999:27) comments that: “If the cairns that were recorded in 1975 were
in fact the same graves [as described by William D. Alexander in 1892] the remains had been
removed sometime prior because no human bone was visible at that time.” Thus it appears that
by 1975 these features were not graves but they may or may not have functioned as such
previously.
McCoy (1999:27) then discusses three possible burial cairn sites (SIHP #s -21413, -21414 and
-21416) located on the southern and eastern rim of an unnamed (approximately 12,840-foot high
cinder cone located approximately 0.7 miles northwest of the Mauna Kea Ice Age Natural Area
Reserve) indicating that these may well be graves on the basis of form and location.
McCoy (1999:28) concludes:
There is good reason to expect that more burials are to be found in the Science
Reserve on the tops of cinder cones, either in cairns or in a small rock shelter or
overhang. The basis of this prediction is that all of the known and suspected burial
sites on the summit plateau are located on the tops of cinder cones and, more
particularly, on the southern and eastern sides. No burials have been found on the
sides or at the base of a cone, or on a ridge top amongst any of the shrines. There
in fact appears to be a clear separation between burial locations and shrine
locations.
3.3.1.2 Informant Data on Burials
In striking contrast to the archaeological data (in which the closest confirmed burial appears
to be 3 miles from the summit at Pu‘u Makanaka) is the belief of some contemporary Hawaiians
that the summit region of Maunakea is something of a burial ground (“There’s lot of kūpuna
been buried up there…”; and several similar stated concerns at www.mauna-awakea.info/maunakea/F4_burials.html ). Allied with this line of thinking are rumors of burials
being disturbed and destroyed by prior observatory developments (“Would bulldozing
cemeteries be allowed anywhere else in the world?” and similar stated concerns at www.maunaa-wakea.info/maunakea/F4_burials.html).
3.3.2 Shrines
In McCoy’s (1999:3) analysis of a total of 93 sites identified in the Maunakea summit area
Science Reserve some 76 or 81.7% are classified as shrines (and an additional 8 shrines are
components of adze manufacturing workshop sites). McCoy (1999:6) concludes that; “The vast
majority of shrines are conspicuously sighted in the landscape, either on a ridge top, or at a break
in the slope, which generally seems to correspond to either a lava flow margin or a change in the
slope of a glacial moraine.” Of some interest, McCoy notes that “there are no shrines in the
Science Reserve located on top of a cinder cone.”
As previously noted (McCoy 1982:A-37), an unusually high density of shrines are located in a
narrow 200-foot contour interval band between 12,900 foot and 13,100-foot elevation on the
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north side of Maunakea in proximity to the present study area. He posits reasonably that this
clearly defined vertical zonation site pattern is the result of utilization of a break in slope at the
edge of a summit plateau where: “when viewed from either the base of the steep inclined slope
directly below, or from the base of the summit cones above, is a relatively flat horizon on which
the shrine uprights are silhouetted and therefore visible from some distance.”
3.3.2.1 Kahe Ule Subincision and the Maunakea Summit Region of Ka‘ohe Ahupua‘a, Hāmākua
District
A central thesis of McCoy’s (1979:27) study of “A Rite of Passage Site” is that a certain site
complex (SIHP # 50-10-23-16204) located at approximately the 12,280-foot level of Maunakea
was the locus of initiation rites possibly related to formal initiation rites for groups of
apprentices. This argument has support in the curious presence of some twenty-six open air
shelters of quite small diameter that appear to have had temporary use. Few would dispute that
some of the shrines of the summit region of Maunakea are “occupational shrines” specifically
those near the adze quarries incorporating quarried lithic material. However it seems clear that
the vast majority of the shrines of the summit region of Maunakea are not near the known adze
quarries and do not incorporate quarried lithic material. This gives rise to the consideration that
some quite different function may have been operative for many of the Maunakea shrines. One
theory is that “these structures were erected by travelers most probably in propitiation of
mountain spirits” (McCoy 1982:A-37) While this certainly seems probable as a partial
explanation it may be noted that the distribution of shrines does not suggest travel corridors so
much as a broad band of elevation that was preferred for shrine construction.
An alternative theory offered here is that at least some of the shrines of Maunakea are related
to the Kahe Ule or subincision practice of Ka‘ohe Ahupua‘a of Hāmākua District. What follows
admittedly is less than a convincing argument and is offered only for future consideration.
We know little about the Hawaiian practice of Kahe Ule or subincision of the foreskin but it
was almost certainly a ritualized practice involving a group of men, a religious expert (kahuna), a
special bladed tool (understood as typically a bamboo knife) and a male youth to be subincised.
Gutmanis (1983:55) relates a subincision prayer (bold added for emphasis)
E Ki‘i ka‘ohe i Ho-mai-ka-‘ohe. Bring the bamboo from Ho-mai-ka-‘ohe
Eia ka‘ohe lauli‘i a Kāne

Here is the small leafed bamboo of Kāne.

‘Okia i ka maka o ka ma‘i

Cut now the foreskin

Ua moku

It is divided

Notably the noun “Ka‘ohe” is mentioned three times. While on the one hand the phrase
simply means “the bamboo” there seems little question the reference is to a ritual bamboo
subincision knife. The general shape of Ka‘ohe bears a vague similarity to a knife as it cuts
across the piko of Maunakea and Maunaloa dividing the island.
3.3.3 Adze Quarries and Manufacturing Workshops
It appears from McCoy’s (1999) summary analysis of site typology that the only quarries
were in the extreme southern portion of the Mauna Kea Science Reserve (the Ko‘oko‘olau
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Complex Maunakea Adze Quarry; site 50-10-23-4136). McCoy does describe four adze
manufacturing workshops (sites 11079, 16203, 16204 and 21211) defined in part by their being
located where there is no naturally occurring stone-tool quality raw material. All four of these
adze manufacturing workshops are on the south face of the mountain on the east side of the main
Maunakea Access Road. Thus it would appear that few, if any, sites associated with quarrying or
adze manufacture would be expected in the present study area.
3.3.4 Trails and Temporary Habitations
We have very little real documentation on pre-contact patterns of access to, and temporary
habitation on, the summit region of Maunakea. There appears to be general agreement that:
“Neither historic accounts nor archaeological surveys provide firm evidence for the prehistoric
trails….historic accounts of trails used don’t necessarily reflect the prehistoric trails in the area.”
(Maly 1997: D-12). Notably: “…no trails were mentioned by Hawaiians in the 1870s Boundary
Commission records nor do any appear on the 1862 Wiltse map.” (Maly 1997:D-5). The four
major trail systems documented in the summit region (from North clockwise: 1. the Maunakea‘Umi Koa Trail, 2. the Maunakea-Humu‘ula Trail, 3. the Waiki‘i-Pu‘u Lā‘au-Waiau Trail, and 4.
the Makahālau-Kemole-Waiau Trail) may all be largely or even entirely post-contact and
primarily horse trails.
Land Boundary Commission testimony, particularly that of a certain Haiki (Boundary
Commission Hawaii Volume B page 41), suggests that people of Humu‘ula, North Hilo District
accessed the resources of the Maunakea summit from the southeast.
Variously there is an oral history account from Mr. William Akau:
…as a child, William Akau heard his elders talking about visits made by people
from other islands to Hawaii. In ancient times, canoes would land in the Kīholo
vicinity, and people walked the trails along the gentle slopes of Mauna LoaMauna Kea to the summit to harvest and shape stone. [Maly 1997:22]
While this account suggests access from North Kona, from due west (Kīholo in north, North
Kona), it seems unlikely that Hawaiians from other islands accounted for a significant percentage
of the pre-contact traffic to the summit region.
Despite these differing accounts mentioned above, the general conception has followed the
Land Boundary Commission that determined that the entire summit region of Maunakea lies
within Ka‘ohe Ahupua‘a of Hāmākua District and that the socio-political connectedness of the
summit lands lay to the north in Hāmākua. This certainly suggests that most of the access would
be expected from the north. This would lead to the expectation that much of the evidence of
access to the summit region in the form of trail markers or temporary habitation sites might be
expected on the north slope.
The prevailing nighttime temperatures and wind would place a premium on any lava tubes or
caves that might provide substantial shelter. In the general absence of such landforms on the
north slope and summit plateau travelers would be expected to seek very temporary occupation
at open habitation sites seeking what protection might be available on the lee side of rock
outcroppings and ridges. While too great an emphasis should not be placed on any one account,
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the pattern of access in the first recorded ascent of Maunakea in 1823 by the missionary Joseph
Goodrich may be notable. The preacher appears to have hiked from Waimea to the Maunakea
summit and back to Waimea in one 24-hour marathon. In the vicinity of Waimea he spent the
night (at approximately 2,700 foot elevation). Leaving early, and approaching the summit from
the north, he followed a steep ravine reaching the tree line at about 9,000 feet elevation
approximately 15 miles from Waimea where he rested for a few hours recording the temperature
at 43o F at sunset. At 11:00 PM he pushed on in bright moonlight encountering snow at 1:00 AM
and recording a temperature of 27o F. Goodrich attained the highest of several summits around
3:00 AM and quickly descended.
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Section 4 Results of Fieldwork
4.1 Survey Findings
The pedestrian inspection of the Area E survey area was completed at 100% coverage. The
lack of vegetation within the survey area allowed for excellent visibility. An existing unpaved 4wheel drive road (Figure 8) traverses the central portion of the survey area, in a roughly northsouth orientation, generally dividing the survey area into east and west portions. The land surface
within the western portion of the survey area is generally gently sloping, with little surface
undulations (Figure 9). The land surface within the eastern portion of the survey area is relatively
rough, with many lava channels bisecting the land surface, in a generally northwest to southeast
orientation (Figure 10). During the pedestrian inspection, areas thought to have higher potential
for encountering historic properties, including prominent ridges and hawaiiite basalt exposures
(Figure 11) were carefully examined.
Two potential historic properties were identified within the survey area (Figure 12 and Figure
13). CSH 1 was initially interpreted to be a possible pre-contact shrine, consisting of two upright
stones, located in the northwestern portion of the survey area. CSH 2 was initially interpreted to
be a possible pre-contact temporary habitation complex, consisting of a C-shaped enclosure and
two small terraces, located within a lava channel in the northern portion of the survey area.
Documentation of the find spots is presented in Appendix A.
In addition to the pedestrian inspection of the Project Area, previously identified historic
properties in the vicinity of the Project Area were re-identified. SIHP #s 50-10-23-16166, 16167, and -16172 shrines were confirmed to be located outside of the survey area.
Following the completion of the pedestrian inspection of the survey area, a site visit was
conducted with State Historic Preservation Division (SHPD) staff and Dr. Patrick McCoy to
discuss the significance of the two potential historic properties that were identified within the
survey area. Following discussions, CSH 1 and CSH 2 were determined to not warrant historic
property designation and were therefore not assigned SIHP numbers. CSH 1 was determined to
most likely be a modern structure, likely constructed within the last 10 years. This interpretation
was based on prior surveys undertaken by McCoy within the current survey area that did not
identify the feature. CSH 2 was determined to most likely represent natural geological features
that only appeared to have been man-made.
The probability of any unmarked burials or human skeletal remains being present is regarded
as very low inasmuch as: a) burials near the summit have only been reported at cinder cones
(primarily on the south and east sides of the summit), b) most reports of burials are at lower
elevations, c) no burials have been encountered during development thus far in the Astronomy
Precinct, d) there are no burial markers or surface indicators of burials present, and e) the
absence of caves in the area and the general desert pavement geology would not be conducive for
burial location selection.
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Figure 8. General view of the southern portion of the survey area, view to northwest, showing
existing 4-wheel drive road and proposed Access Way through the central portion of
the survey area

Figure 9. General view of the western portion of the survey area, view to northeast
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

34

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Results of Fieldwork

Figure 10. General view of the eastern portion of the survey area, view to north

Figure 11. Example of hawaiiite basalt exposure within the survey area
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Figure 12. U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea
Quadrangle, showing the locations of find spots within the Project Area and previously
identified historic properties in the vicinity of the Project Area

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Mauna Kea, Hawai‘i
TMK: [3] 4-4-015:009 por.

36

Cultural Surveys Hawai‘i Job Code: MAUNA KEA 1

Results of Fieldwork

Figure 13. Aerial photograph (source: U.S. Department of Agriculture 2000) with overlay of
client-provided topographic map, showing the locations of find spots within the survey
area and previously identified historic properties in the vicinity of the survey area
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Section 5 Project Effect and Mitigation Recommendations
5.1 Project Effect
No historic properties were identified within the approximately 36-acre survey area.
Previously identified historic properties in the vicinity of the survey area were identified and
confirmed to be outside of the survey area (designated Area E). CSH’s effect recommendation
for the proposed TMT Observatory Project is “no historic properties affected.”

5.2 Mitigation Recommendations
No historic preservation mitigation measures are recommended for the proposed TMT
Observatory Project.
Three historic properties (-16166, -16167 & -16172) understood to all be pre-contact shrines
are all located in the general vicinity (see Figures 12 & 13). As specified in a 2000 Master Plan it
is understood that Project activities should maintain a 200-foot buffer from these sites. All three
of these sites lie at a distance of more than 200-feet from the designated Area E and hence as
long as Project activities remain within the designated Area E there should be no adverse impact
to these historic properties.
The probability of burials or human skeletal remains within the Project Area is regarded as
very low for reasons given in Section 4.1 above. However, in the unlikely event that cultural
resources including but not limited to human remains or other significant cultural deposits are
encountered during the course of Project-related construction activities, all work in the
immediate area should stop and the State Historic Preservation Division should be promptly
notified.
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Appendix A Documentation of Potential
Historic Properties
CSH 1
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
1
6.6 feet NW/SE x 3.3 ft. NE/SW
Excellent
Modern
[3] 4-4-015:009

DESCRIPTION:
CSH 1 consists of two upright stones, located in the northwestern portion of the survey area
(see Figure 12 and Figure 13). The upright stones, consisting of flat slabs of hawaiiite basalt, are
situated on the edge of a natural basalt boulder terrace, measuring approximately 50 ft. long and
2 ft. in height (Figure 14). The upright stones are wedged into cracks within or between the top
surface of large boulders, with cobbles used to fill the remaining gaps (i.e. chinking) and support
the stones in an upright position (Figure 15 and Figure 16). The upright stones are spaced 4 ft.
apart, at a bearing of 132° true north. The southeastern upright stone measures 22 inches high
and 10 inches wide, with a thickness of 2 inches. The northwestern stone measures 18.5 inches
high and 12 inches wide, with a thickness of 1.5 inches. CSH 1 was initially interpreted to be a
pre-contact shrine, similar to shrines previously identified in the vicinity of the project area.
However, following consultation with SHPD staff and Dr. Pat McCoy within the project area,
the shrine was determined to be a modern structure, likely constructed within the last 10 years.
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Figure 14. Photograph of CSH 1 understood as a contemporary shrine, view to southwest, showing two upright stones
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Figure 15. Photograph of CSH 1 understood as a contemporary shrine, showing southeastern
upright stone

Figure 16. Photograph of CSH 1 understood as a contemporary shrine, showing northwestern
upright stone
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CSH 2
[The following account relates to how this find spot was initially recorded]
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Temporary Habitation Complex
Temporary Habitation
3
100 feet NW/SE x 22 feet NE/SW
n/a
n/a
[3] 4-4-015:009

DESCRIPTION:
CSH 2 was originally believed to consist of three possible temporary habitation structures,
located in the northwestern portion of the project area (see Figure 12 and Figure 13). The
possible temporary habitation structures are located within a northwest to southeast trending lava
channel, sheltered from the prevailing northeasterly winds. Feature A, the northernmost of the
possible structures, is a C-shaped enclosure located at the base of the lava channel (Figure 17).
Feature A measures 6.2 feet by 4.9 ft. wide, and utilizes an 2.6 ft. high bedrock outcrop along the
eastern edge of the structure, with a 2 ft. high, 1-3 course, stacked boulder and cobble wall along
the southeastern edge, forming a C-shaped windbreak. The interior of Feature A is a level,
pebble-paved surface, cleared of larger stones. Feature B, located approximately 17 m southeast
of Feature A, is a terrace constructed against the northeastern ridge of the lava channel (Figure
18). Feature B measures 6.2 ft. by 4.3 ft. wide and is constructed with a 3.9 ft. high, 3-5 course,
roughly stacked boulder and cobble retaining wall along the north and west edges of the
structure. The wall retains a level, pebble-paved terrace surface. Feature C, the southernmost of
the structures, is a terrace located approximately 30 ft. southeast of Feature B (Figure 19).
Feature C, measuring 8.5 ft. by 5 ft., is constructed against the northeastern ridge of the lava
channel. A 2.6 ft. high, 2-4 course, roughly stacked boulder and cobble retaining wall is
constructed along the southwest portion of the structure, retaining a level, pebble paved terrace
surface.
CSH 2 was initially interpreted to be a pre-contact temporary habitation complex. However,
following a subsequent on-location consultation with SHPD staff and Dr. Pat McCoy, CSH 2
was determined to most likely consist of natural features.
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Figure 17. Photograph of CSH 2 Feature A, initially perceived as a C-shaped temporary
habitation structure, view to east

Figure 18. Photograph of CSH 2 Feature B, initially perceived as a temporary habitation terrace,
view to east
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Figure 19. Photograph of CSH 2 Feature C, initially perceived as a temporary habitation terrace,
view to northeast
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Project Location

The approximately 6-acre Project area consists of two discreet parcels
located in the Hale Pōhaku area, at approximately 2,800 m (9,200 ft.)
elevation on the southern slope of Maunakea. The Project area is
depicted on the U.S. Geological Survey 7.5-Minute Series
Topographic Map, Mauna Kea Quadrangle (1993) (Figure 1).
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State of Hawai‘i

Agencies

Hawai‘i State Historic Preservation Division / Department of Land and
Natural Resources

Project Description

The proposed TMT Observatory Project involves the construction of a
thirty (30) meter diameter telescope and associated infrastructure at the
Maunakea Summit Area. The current Project area is proposed for use
as construction staging areas and development of housing for TMT
Project staff and contractors. The proposed Project also involves
upgrades to the existing Hawai‘i Electric Light Company (HELCO)
power substation at Hale Pōhaku. Minimally, land disturbing activities
would include grading of the construction staging areas, and
excavations associated with construction of residential and associated
structures, installation of subsurface utilities, and substation upgrades.

Project Acreage

Approximately 6-acres

Area of Potential
Effect (APE) and
Survey Acreage

The area of potential effect (APE) is defined as the entire
approximately 6-acre Project area.
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Historic
Preservation
Regulatory Context

At the request of PB, CSH conducted an archaeological inventory
survey investigation for the proposed TMT Observatory Project, Hale
Pōhaku area. Per the requirements of Hawai‘i Administrative Rules
(HAR) Chapter 13-13-276, the study was conducted to identify,
document, and make Hawai‘i Register of Historic Places (Hawai‘i
Register) eligibility recommendations for the survey area’s historic
properties. Because no historic properties were identified in the survey
area, this investigation is termed an archaeological assessment per
HAR Chapter 13-13-275-5. This archaeological assessment report was
prepared to support the proposed Project’s historic preservation review
under Hawai‘i Revised Statutes (HRS) Chapter 6E-8 and HAR
Chapter 13-13-275. It is also intended to support any Project-related
historic preservation consultation with stake-holding State or County
agencies and interested Native Hawaiian and community groups.

Fieldwork Effort

The CSH field crew included: David W. Shideler, M.A.; Todd
Tulchin, B.S.; Auli‘i Mitchell, B.A.; Brian Cruz, B.A.; Momi Wheeler,
B.A; and Lisa Gollin, Ph.D., under the overall supervision of Hallett
H. Hammatt, Ph.D. Fieldwork was conducted on February 26, 2009
and required 6 person-days to complete.

Number of Historic
Properties
Identified

None

Effect
Recommendation

No historic properties were identified within the approximately 6-acre
Project area. Previously identified historic properties in the vicinity of
the survey area were re-identified and confirmed to be outside of the
Project area. CSH’s effect recommendation for the proposed ThirtyMeter-Telescope (TMT) Observatory Project is “no historic properties
affected.”
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Mitigation
Recommendation

Management Summary

No historic preservation mitigation measures are recommended for the
proposed TMT Observatory Project, Hale Pōhaku Area.
The HELCO Substation is also free of historic preservation
concerns, however, it is recommend that should there be any proposed
development more than 66 feet north and west from the northwest
corner of the HELCO Substation exclosure that there be prior
consultation with Dr. Patrick McCoy regarding the formerly designated
lithic scatter Site 8 and the lithic finds documented here as CSH 6 to
see if he has any concerns.
The probability of any unmarked burials or human skeletal remains
being present is regarded as very low inasmuch as: a) burials in the
Maunakea uplands have only been reported at cinder cones, b) no
burials have been encountered during development thus far in the
astronomy precinct, c) there are no burial markers or surface indicators
of burials present, and d) the absence of caves in the area and the
general desert pavement geology would not be conducive for burial
location selection.
However, in the unlikely event that cultural resources, including
human skeletal remains or other significant cultural deposits, are
encountered during the course of Project-related construction
activities, all work in the immediate area should stop and the State
Historic Preservation Division should be promptly notified.
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Section 1 Introduction
1.1 Project Background
At the request of PB Americas, Inc. (PB), Cultural Surveys Hawai‘i Inc. (CSH) completed an
archaeological assessment for the proposed Thirty-Meter-Telescope (TMT) Observatory Project,
Hale Pōhaku Mid-Level Facilities Area, Ka‘ohe Ahupua‘a, Hāmākua District, Hawai‘i Island
(TM:K [3] 4-4-015:001 por., 012 por.). The approximately 6-acre Project area consists of two
discreet parcels located in the Hale Pōhaku area, at approximately 2,800 m (9,200 ft.) elevation
on the southern slope of Maunakea (Figures 1-3). The Project area is depicted on the U.S.
Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea Quadrangle (1993) (Figure
1).
Lands within the Project area are owned by the State of Hawai‘i. The eastern portion of the
Project area is leased to, and is managed by, the UH as the Hale Pōhaku Mid-Level Astronomy
Facilities. The western portion of the Project area, which consists of the existing Hawai‘i Electric
Light Company (HELCO) power substation, is located within the Mauna Kea Forest Reserve.
The proposed TMT Project involves the construction of a thirty (30) meter diameter telescope
and associated infrastructure at Area E of the Astronomy Precinct below the summit of
Maunakea. The current Project area is proposed for use as construction staging areas and
development of housing for TMT Project staff and contractors. The proposed Project also
involves upgrades to the existing HELCO power substation at Hale Pōhaku. Minimally, land
disturbing activities would include grading of the construction staging areas, and excavations
associated with construction of residential and associated structures, installation of subsurface
utilities, and substation upgrades. The area of potential effect (APE) is defined as the entire
approximately 6-acre Project area.
At the request of PB, CSH conducted an archaeological inventory survey investigation for the
proposed TMT Project, Hale Pōhaku Area. Per the requirements of Hawai‘i Administrative
Rules (HAR) Chapter 13-13-276, the study was conducted to identify, document, and make
Hawai‘i Register of Historic Places (Hawai‘i Register) eligibility recommendations for the
Project area’s historic properties. Because no historic properties were identified in the Project
area, this investigation is termed an archaeological assessment per HAR Chapter 13-13-284-5.
This archaeological assessment report was prepared to support the proposed Project’s historic
preservation review under Hawai‘i Revised Statutes (HRS) Chapter 6E-8 and HAR Chapter 1313-275. It is also intended to support any Project-related historic preservation consultation with
stake-holding State or County agencies and interested Native Hawaiian and community groups.

1.2 Scope of Work
The following scope of work satisfies the State requirements for an archaeological inventory
survey, per HAR Chapter 13-13-276:
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Figure 1. U.S. Geological Survey 7.5-Minute Series Topographic Map, Mauna Kea Quadrangle
(1993), showing the location of the Project areas
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Figure 2. Portion of Tax Map Key (TMK) 4-4-015, showing the location of the Project areas
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Figure 3. Aerial photograph (source: U.S.D.A. 2000), showing the location of the Project areas
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1. Historic and archaeological background research, including a search of historic maps,
written records, Land Commission Award documents, and the reports from prior
archaeological investigations. This research focused on the specific Project area’s past
land use, with general background on the pre-contact and historic settlement patterns of
the ahupua‘a and district. This background information was used to compile a predictive
model for the types and locations of historic properties that could be expected within the
Project area.
2. A complete (100% coverage) systematic pedestrian inspection of the Project area to
identify any potential surface historic properties. Surface historic properties were
recorded with an evaluation of age, function, interrelationships, and significance.
Documentation included photographs, scale drawings, and, if warranted, limited
controlled excavation of select sites and/or features, and location of historic properties
with GPS survey equipment.
3. As appropriate, consultation with knowledgeable individuals regarding the Project area’s
history, past land use, and the function and age of the historic properties documented
within the Project area.
4. As appropriate, laboratory work to process and gather relevant environmental and/or
archaeological information from collected samples.
5. Preparation of this archaeological assessment report, including the following:
a) A Project description;
b) A section of a USGS topographic map showing the survey area boundaries and the
location of all recorded historic properties;
c) Historical and archaeological background sections summarizing prehistoric and
historic land use of the Project area and its vicinity;
d) Descriptions of all historic properties, including selected photographs, scale
drawings, and discussions of age, function, laboratory results, and significance, per
the requirements of HAR 13-13-276. Each historic property was assigned a Hawai‘i
State Inventory of Historic Properties (SIHP) number;
e) If appropriate, a section concerning cultural consultations [per the requirements of
HAR 13-276-5(g) and HAR 13-275].
f) A summary of historic property categories, integrity, and significance based upon
the Hawai‘i Register of Historic Places evaluation criteria;
g) A Project effect recommendation;
h) Treatment recommendations to mitigate the Project’s potential adverse effect on
historic properties identified in the Project area that are recommended eligible to the
Hawai‘i Register of Historic Places.
This scope of work includes full coordination with the State Historic Preservation Division
(SHPD), and County relating to archaeological matters. This coordination takes place after
consent of the landowner or representatives.
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1.3 Environmental Setting
1.3.1 Natural Environment
The environmental setting of the Hale Pōhaku area has been well described by McCoy
(1990:237-92; 1991:4-9) and the reader is referred to his work for a thorough study and
references. A brief overview is presented in this study, based on Dr. McCoy’s work. The current
Project area is located on a gently sloping saddle area surrounded by prominent cinder cones,
including Pu‘u Kalepeamoa, Pu‘u Haiwahine, and Kilohana. Pu‘u Kalepeamoa is understood as
an older hawaii-ite cone which contains a large number of cored bombs many of which are
formed of angular mafic blocks with dunnite and gabbro inclusions (McCoy 1991:6). Pu‘u
Kalepeamoa is understood as the likely source for much of the raw material worked at the Pu‘u
Kalepeamoa site complex (see Section 3.2 Previous Archaeological Research). The surrounding
geology includes cinder cones, lava flows and air fall deposits termed Laupahoehoe Volcanics
understood as probably less than 40,000 years old.
Elevations within the Project area range from approximately 2,780-2,805 m (9,120-9,200 ft.)
above mean sea level. The Project area receives an average of approximately 26 inches of annual
rainfall (Giambelluca et al. 1986). Sediments within the Project area are listed as Huikau
Extremely Stony Loamy Sand (rHLD) and Cinder Land (rCL) (Figure 4). Soils of the Huikau
Series are described as “somewhat excessively drained loamy sands that formed in volcanic ash,
pumice, and cinders” (Sato et al. 1973). Cinder Land is described as “bedded cinders, pumice,
and ash…The particles have jagged edges and a glassy appearance and show little or no evidence
of soil development” (Sato et al. 1973).
The Project area lies close to the timberline and the vegetation is generally a subalpine
xerophytic scrub of pūkiawe (Styphelia tameiameiae), noho-anu (Geranium cuneatum), ‘ōhelo
(Vaccinium reticulatum), na‘ena‘e (Raillardia ciliolata), kalamoho fern (Pellaea ternifolia),
‘āheahea (Chenopodium oahuensis), pilo (Coprosma montana), māmane (Sophora
chrysophylla), and a variety of native and exotic grasses. It seems probable that prior to human
utilization of this area, and the presence of feral goats and sheep, that the māmane vegetation was
more extensive and diverse (McCoy 1990:91). The work of McCoy has also emphasized the
“non-subsistence” nature of this alpine environment, and it is understood that virtually all food to
support temporary habitation in the area would have been imported from lower elevations.
1.3.2 Built Environment
The eastern portion of the Project area is adjacent to the Maunakea Access Road and includes
components of the Hale Pōhaku Mid-Level Astronomy Facilities. Development in the Hale
Pōhaku area includes the Onizuka Center for International Astronomy, the Visitor Information
Station (a.k.a. Ranger Station), and construction laborer residences. The construction laborer
residences are located within the current Project area and include two dormitory structures and
four cabins (Figure 5). The western portion of the Project area consists of the existing HELCO
power substation within a fenced exclosure (Figure 6). The vicinity of the Project area is
generally undeveloped, with the exception of jeep roads.
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Figure 4. U.S. Geological Survey Topographic Map, Mauna Kea Quadrangle (1993) with
overlay of the Soil Survey of the Island of Hawai‘i (Sato et al. 1972), showing
sediment types within the Project area
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Figure 5. General view of the Hale Pōhaku portion of the Project area, showing existing
residential structures within the Project area located immediately east of the Maunakea
Access Road, view to east

Figure 6. General view of the HELCO substation portion of the Project area, showing the
existing power substation area located approximately 820 feet (250 m) west of the
Maunakea Access Road, view to north
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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Section 2 Methods
2.1 Field Methods
The fieldwork component of the archaeological assessment study was carried out under
archaeological permit number 09-20, issued by the Hawai‘i State Historic Preservation Division /
Department of Land and Natural Resources (SHPD), per Hawai‘i Administrative Rules (HAR)
Chapter 13-13-282. The CSH field crew included: David W. Shideler, M.A.; Todd Tulchin, B.S.;
Auli‘i Mitchell, B.A.; Brian Cruz, B.A.; Momi Wheeler, B.A; and Lisa Gollin, Ph.D.; under the
overall supervision of Hallett H. Hammatt, Ph.D. Fieldwork was conducted on February 26,
2009 and required 6 person-days to complete.
The archaeological assessment fieldwork consisted of a complete (100% coverage) pedestrian
inspection of the Project area. The pedestrian inspection was accomplished through systematic
sweeps. The interval between the archaeologists was generally 33 feet (10 m). The general lack
of vegetation made for excellent visibility. All potential historic properties encountered were
recorded and documented with a written field description, scale drawings, photographs, and each
feature was located using Garmin GPSMAP 60CSx GPS survey technology (10 to 16 ft or 3-5 m
accuracy).
In a number of areas, physical evidence of human activity (typically stone constructions
representing a small investment in labor) was observed, but there were believed to be good
grounds for concluding that the specific construction was less than fifty years old, and hence the
physical evidence of human activity was regarded as inappropriate for designation as a historic
property. In order to provide a more complete record, these cases are documented in the present
“Appendix A Documentation of Find Spots”. These find spots are not regarded as significant
under formally established criteria for designation as historic properties by virtue of their
modernity.

2.2 Document Review
Historic and archival research included information obtained from the UH Mānoa Hamilton
Library, the State Historic Preservation Division Library, the Hawai‘i State Archives, the State
Land Survey Division, and the Archives of the Bishop Museum. Previous archaeological reports
for the area were reviewed, as were historic maps and primary and secondary historical sources.
In some cases within this study we have standardized Hawaiian language spelling to conform to
current orthography.

2.3 Consultation
The community consultation effort for the proposed TMT Observatory Project is detailed in a
companion Cultural Impact Assessment report (Ka‘uhane et al., 2009 in progress). In general,
Native Hawaiian organizations, government agencies and community members were contacted
in order to identify potentially knowledgeable individuals with cultural expertise and/or
knowledge of the Project area and vicinity. The agencies consulted included the SHPD, the
Office of Hawaiian Affairs (OHA), and the Hawai‘i Island Burial Council (HIBC).
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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Section 3 Background Research
3.1 Traditional and Historic Background
The traditional and historical background for the Project area is presented at length in a
companion Cultural Impact Assessment study (Ka‘uhane et al. 2009; in progress) to which the
reader is referred. There is very little traditional information regarding the Hale Pōhaku area.
‘Umi-a-Liloa, the renowned mid 1500s king, constructed heiau in honor of Halulu, the god
who provided his power. The following excerpt from Maly and Maly (2005:28-29) tells of
‘Umi’s heiau including one constructed in the vicinity of Hale Pōhaku:
…He (‘Umi) also built a heiau (temple) below Pohaku Hanalei, it is called the
ahua o Hanalei (altar of Hanalei); and on the side of Mauna Kea, by where one
travels to Hilo, he built the third of his temples, at the place called Puukekee [also
written Puu Keekee in historical texts]; and there at Mauna Halepohaku he built
the fourth of his temples; there, it is said, Umi dwelt with his many people. It is
said that Umi was a chief who dwelt upon the mountain, it was because of his
love of his people, that he (‘Umi) returned and dwelt in the middle of the island
[Ahu-a-Umi], that is where he dwelt with his beloved people. His commoners
lived along the shores, and they brought food for them (in the uplands), from one
side of the island to the other… [Ke Au Okoa; Mei 22, 1865; Maly, translator]
(Maly and Maly 2005:28-29).
There has to our knowledge never been a positive identification of this heiau of ‘Umi “at Mauna
Halepohaku.” The reference possibly could be to “Shrine 1” (described below in Section 4.1.2.1)
but this is only conjecture.
3.1.1 Historic Accounts
The first recorded ascent of Maunakea was in 1823 by the missionary Joseph Goodrich (17941852) (Goodrich 1826). He approached via Kawaihae and Waimea and thus was never near the
Hale Pōhaku area. The vast majority of ascents to the Mauna Loa summit prior to the 1930s
appear to have been from the north or east and little discussion of the Hale Pōhaku area is
available.
3.1.2 Modern Land Use
L. W. Bryan, of the Territorial Forestry Office for the island of Hawai‘i from 1922 to 1949,
and from 1949 to 1961 the Territorial Forester, built the two stone houses at Hale Pōhaku with
the Conservation Corps in 1936 and 1939 (Rosendahl 1999:C-6). He named Hale Pōhaku after a
heiau (Maly, personal communication 2009).
It is understood that in 1936 the Civilian Conservation Corps carried out improvements to the
old Maunakea-Humu‘ula Trail from near the main base of the sheep station at Kalaieha to the
summit.
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In the early 1960s, researchers from the University of Hawai‘i determined that the Maunakea
Summit area was exceptional for making astronomical observations. Development of
observatories began in 1964 with the construction of the Lunar and Planetary Station atop Pu‘u
Poli‘ahu. The Mauna Kea Science Reserve was established in 1968. Currently there are eleven
observatories in the Maunakea summit area and one observatory located on the southeastern
flank at 12,000 feet. A 1978 aerial photograph of (Figure 7) shows the extent of development in
the Maunakea summit area at that time. Note the access road through the current survey area was
constructed by this date.

3.2 Previous Archaeological Research
3.2.1 Previous Archaeological Studies
A summary of previous archaeological studies in the Hale Pōhaku area is presented in Table
1, with a more detailed discussion below. Previously identified historic properties in the Hale
Pōhaku area are summarized in Table 2.
3.2.1.1 McCoy (1979)
Patrick McCoy (1982) documents an archaeological reconnaissance survey for the Mauna Kea
Mid Level Facilities Master Plan but documented no sites at that time.
3.2.1.2 McCoy (1985)
Pat McCoy’s (1985) preliminary report for the Pu‘u Kalepeamoa Site documents three
archaeological surveys for a proposed new construction laborer camp at Hale Pōhaku located just
above and below the UH Institute for Astronomy’s Mid-Level Facility encompassing a total of
approximately 40 acres located on both sides of the Maunakea Access Road between 9,080 and
9,400-foot elevation. Five lithic scatters and 2 shrines were recorded. These archaeological
features were understood as functionally integrated components of a single activity system and
one Bishop Museum site number was assigned (lithic scatters no. 1 & 2 would subsequently be
given SIHP #s 50-10-23-10310 and 50-10-23-10311 respectively). McCoy concluded that the
primary activity at the site was the manufacture of hammer stones and octopus lure sinkers from
the crystalline dunite and gabro deposits on the slopes of Pu‘u Kalepeamoa but he noted that
ritual was an integral part of the manufacturing process. Further research was recommended. The
lithic scatters would be subject to further documentation (Robins and Hammatt 1990) and data
recovery work (Hammatt and Shideler 2002).
3.2.1.3 Bonk (1986)
In 1986 William Bonk of UH Hilo conducted a reconnaissance level survey for a proposed
HELCO transmission line and the substation area that is a focus of the present study. No historic
properties were identified.
3.2.1.4 Sinoto (1987)
Aki Sinoto then of the B. P. Bishop Museum began data recovery documentation with survey
and surface collections at eleven different lithic scatter areas. In this and the subsequent McCoy
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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1991 work a total of 2,364 artifacts were recovered along with 129 samples of faunal remains.
The lithic assemblage included debitage related to adze manufacture, octopus sinker production
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Figure 7. U.S. Geological Survey Orthophotograph, Mauna Kea Quadrangle (1978), showing the
location of the Project area
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Table 1. Summary of Previous Archaeological Studies in the Hale Pōhaku Area
Reference

Nature of Study

Area of Study

Comments

McCoy 1979

Letter Report Dated
August 22, 1979 to Mr.
Francis Oda on
Archaeological
Reconnaissance Survey

Prepared for the Preparation of
the Mauna Kea Mid-Elevation
Facilities Master Plan.

No sites found

McCoy 1985

Reconnaissance survey

Approximately 40 acres
extending on both sides of the
Maunakea Access Road between
9,080’ and 9,400’

Preliminary report for the Pu‘u Kalepeamoa Site
documenting five lithic scatters and two shrines
used for the manufacture of hammer stones and
octopus lure sinkers. Ritual was an integral part
of the manufacturing process.

Bonk 1986

An Archaeological
Survey - Papers in
Ethnic and Cultural
Studies 86-2

Middle Level, Southern Flank of
Maunakea

No sites found

Sinoto 1987

Post-Field Report on the
Archaeological Surface
Survey

Halepōhaku Substation Site and
Overland Transmission lineMauka Approach Areas,
Halepōhaku

Survey and surface collections at eleven different
lithic scatters and limited test excavations at two
of the scatters

Robins and
Hammatt 1990

Reconnaissance survey

Two locations: 5.1 acre area on
Pu‘u Hau Oki cinder cone at
summit and a 21-acre lot near
Hale Pōhaku

There were no finds at the JNLT summit project
area which had been largely graded. In the Hale
Pōhaku area 3 lithic scatters that were described
in McCoy, 1985 are discussed.

McCoy 1991

Survey and Test
Excavations report

Pu‘u Kalepeamoa Site

Survey and surface collections at eleven different
lithic scatters and limited test excavations at two
of the scatters
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Reference

Nature of Study

Area of Study

Comments

Hammatt and
Shideler 2002

Data Recovery report
for two lithic scatters

Sites 50-10-23-10,310 and 50-1023-10,311 located in the Hale
Pōhaku area between 9,080’ and
9,160’ elevation

Documentation of data recovery of sites
identified in McCoy, 1985 and Robins and
Hammatt, 1990. Two carbon dates (AD 12601410 and AD 1510-1950 at 95% probability)
were both thought to be problematic. Possible
ritual associations with healing and the deity
Kanaloa are explored.

McCoy 2005

Archaeological
Monitoring Report

Four Septic Tank Excavations at
the Mid-Level Facilities at Hale
Pōhaku, (TMK: [3] 4-4-015:012).

Notes that while all known surface features in the
lease area have undergone data recovery and no
longer exist there is a possibility that buried
cultural deposits might exist in undisturbed areas
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Table 2. Previously Identified Historic Properties in the Hale Pōhaku Region of Maunakea
SIHP #

Elevation (ft.)

Description

Function

BPBM # 50Ha-G28-87
(SIHP #s
including
50-10-2310,310 and 10,311 were
subsequently
assigned)

Between 9,080
and 9,200 ft
elevation

Pu‘u Kalepeamoa site including two shrines
and twelve lithic scatters

Shrine and lithic
manufacturing

and some 20 special purpose bird cooking stones or pōhaku ‘eho. Three radio-carbon dates on
charcoal samples indicated late pre-contact occupation circa AD 1600 – 1700.
3.2.1.5 Robins and Hammatt (1990)
Cultural Surveys Hawai‘i (Robins and Hammatt 1990) carried out an archaeological
reconnaissance survey project for the Subaru Observatory at both the summit and the Hale
Pōhaku area. The Robins and Hammatt (1990) study included several areas near the Mid-Level
Facility Complex (“Onizuka Center for International Astronomy (OCIA)”) including a small
dormitory construction area located approximately 134 m (440 feet) east of the Maunakea
Access Road at 9,245 foot elevation (where no sites were observed) and an approximately 21acre lot surrounding the dormitory delineated on the west and north side by the Maunakea
Access Road and to the south by an existing jeep road. Two archaeological features were newly
described and three previously identified sites were recorded in the approximately 21-acre lot.
The two newly described features included a small oval enclosure and a roughly square
enclosure that were both thought to be relatively recent constructions (no formal SIHP site
numbers were assigned). The three previously recorded (McCoy 1985) sites included three lithic
scatters (lithic scatters # 1, # 2, and #5) that McCoy had understood as being functionally
integrated components of a single site. Further work at the lithic scatters was recommended.
Cultural Surveys Hawai‘i (Hammatt and Shideler 2002) completed a Data Recovery report for
lithic scatters # 1, # 2.
3.2.1.6 McCoy (1991)
Patrick McCoy (1999) wrote up data recovery work and results expanding on the Sinoto
(1987) documentation.
3.2.1.7 Hammatt and Shideler (2002)
Cultural Surveys Hawai‘i (Hammatt and Shideler 2002) completed a data recovery report for
two lithic scatters (SIHP #s 50-10-23-10310 and 50-10-23-10311) located in the Hale Pōhaku
area between 9,080 foot and 9,160 foot elevation. These sites were first recorded by McCoy
(1985:11-12) as Lithic Scatter # 1 (SIHP # 50-10-23-10310) and Lithic Scatter # 2 (SIHP # 5010-23-10311) of the Pu‘u Kalepeamoa Complex. Initially the UH Institute for Astronomy
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planned to preserve the two lithic scatters, however, dormitory construction increased erosion in
the vicinity and in consultation with the State Historic Preservation Division a data recovery
program was agreed to. Data recovery field work included mapping, surface collection and four
1m2 test units (2 at each of the two sites). Two carbon dates (AD 1260-1410 and AD 1510-1950
at 95% probability) were obtained but both were thought to be problematic. It was concluded that
the sites were modest, out-lying, open, lithic workshop sites with octopus lure sinker
manufacture of both “coffee-bean” and “bread-loaf” morphological types. It was concluded that
the location of the sites was associated with a micro-climate of slightly greater moisture, slightly
greater soil and slightly greater protection from the wind at the top of a natural drainage that
favored māmane forest growth – which in turn provided greater protection from the elements,
fuel and construction materials. It is suggested that the endeavor to produce octopus lures may
have had other than quotidian purposes of food procurement and the affinities with healing
prayers (Pule he‘e) dedicated to the deity Kanaloa are explored.
3.2.1.8 McCoy (2005)
The McCoy (2005) archaeological monitoring report for four septic tank excavations at the
Mid-Level Facilities at Hale Pōhaku identified no new sites. Notes that while all known surface
features in the lease area have undergone data recovery and no longer exist there is a possibility
that buried cultural deposits might exist in undisturbed areas.
3.2.1.9 McCoy et al. (2009 in progress)
As this Archaeological Assessment was being prepared, the authors interacted with Dr.
Patrick McCoy at the offices of Pacific Consulting Services, Inc. and also within the Project area.
We are thankful for his guidance. We were aware that a major study of the historic properties of
Maunakea was on-going by Pacific Consulting Services. This study, that should greatly advance
our knowledge of traditional Hawaiian use of the upper reaches of Maunakea, was not available
as early drafts of this study were being prepared. If publicly available prior to the submission of
this study to the SHPD for review it is the intent of the authors to include appropriate reference
and germane summary of findings.
3.2.2 Traditional Cultural Properties
The State Historic Preservation Division has designated several prominent localities on
Maunakea as Traditional Cultural Properties (TCP) due to their cultural significance to the
Hawaiian people. The approximate boundaries of the TCPs are indicated on Figure 8. Maly
(1997:29) has suggested the entire Maunakea summit region down to the 6,000 foot elevation
contour (Figure 9) be designated a Traditional Cultural Property.

3.3 Background Summary and Predictive Model
3.3.1 Burials and Possible Burials
3.3.1.1 Archaeological Data on Burials
McCoy 1999 presents a summary discussion of burials and possible burials on Maunakea
noting that there are numerous traditions of burials at high elevations on Maunakea. He starts by
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Figure 8. U.S. Geological Survey Map, Mauna Kea Quadrangle (1993), showing Traditional
Cultural Properties in the summit region of Maunakea (adapted from Maly 1997:Table
2 & Figure 2; Note: All of Maunakea down to the 6,000 foot elevation has been
suggested to be a Traditional Cultural Property) (Boundaries shown should be
understood as approximate)
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Figure 9. 1:250,000 Scale U.S. Geological Survey Map showing “Ka Mauna a Wākea or Mauna
Kea” Traditional Cultural Property (TCP) down to the recommended 6,000 foot
contour (following Maly 1997:29); estimated area approximately 150,000 acres
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presenting the account of Jerome Kilmartin (1974) that in 1925 Kilmartin personally observed
human remains on Pu‘u Mākanaka. McCoy (1999:26) relates that in 1991 he and others observed
human bones within several cairns on the southern rim of Pu‘u Mākanaka. McCoy notes that
“several other spatially discrete groups of cairns, each comprised of two to three individual
cairns, were found on the southern or eastern rim” [of Pu‘u Mākanaka] – suggesting that these
may also contain human skeletal remains.
As far as we know, Pu‘u Mākanaka is the only place in the uplands of Maunakea in which
human remains have been confirmed – although McCoy makes reference to “the well-known
burial center at Kanakaleonui” and also to “a small group of cairns on the eastern rim of Pu‘u
Waiau that are also believed to be burials.”
McCoy (1999:26) then goes on to discuss four “possible burial sites” (SIHP #s -16195, 21413, -21414 and -21416). Although no human remains were observed, these constructions
were thought to be burials because of: 1) the morphological similarity of these cairns to those on
Pu‘u Mākanaka and Kanakaleonui and 2) dissimilarity to other cairns (which are more
cylindrical) and 3) the presence on the eastern or southern rim of cinder cones.
McCoy (1999:27) clearly suggests that SIHP # -16195 consisting of two adjacent cairns on
the eastern rim of Pu‘u Līlīnoe (recorded by McCoy in 1975) are “possible burials”. This
conclusion appears to be based on William D. Alexander’s 1892 account of “ancient graves” on
the summit of Pu‘u Līlīnoe. McCoy (1999:27) comments that: “If the cairns that were recorded
in 1975 were in fact the same graves [as described by William D. Alexander in 1892] the
remains had been removed sometime prior because no human bone was visible at that time.”
Thus it appears that by 1975 these features were not graves but they may or may not have
functioned as such previously.
McCoy (1999:27) then discusses three possible burial cairn sites (SIHP #s -21413, -21414 and
-21416) located on the southern and eastern rim of an unnamed (approximately 12,840-foot high
cinder cone located approximately 0.6 miles northwest of the Mauna Kea Ice Age Natural Area
Reserve) indicating that these may well be graves on the basis of form and location.
McCoy (1999:28) concludes:
There is good reason to expect that more burials are to be found in the Science
Reserve on the tops of cinder cones, either in cairns or in a small rock shelter or
overhang. The basis of this prediction is that all of the known and suspected burial
sites on the summit plateau are located on the tops of cinder cones and, more
particularly, on the southern and eastern sides. No burials have been found on the
sides or at the base of a cone, or on a ridge top amongst any of the shrines. There
in fact appears to be a clear separation between burial locations and shrine
locations.
3.3.1.2 Informant Data on Burials
In striking contrast to the archaeological data (in which the closest confirmed burial appears to
be 3.1 miles from the summit at Pu‘u Mākanaka) is the belief of some contemporary Hawaiians
that the summit region of Maunakea is something of a burial ground (“There’s lot of
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kūpuna been buried up there…”; and several similar stated concerns at www.mauna-awakea.info/maunakea/F4_burials.html ). Allied with this line of thinking are rumors of burials
being disturbed and destroyed by prior observatory developments (“Would bulldozing
cemeteries be allowed anywhere else in the world?” and similar stated concerns at www.maunaa-wakea.info/maunakea/F4_burials.html).
3.3.2 Shrines
In McCoy’s (1999:3) analysis of a total of 93 sites identified in the Maunakea summit area
Science Reserve some 76 or 81.7% are classified as shrines (and an additional 8 shrines are
components of adze manufacturing workshop sites). McCoy (1999:6) concludes that; “The vast
majority of shrines are conspicuously sighted in the landscape, either on a ridge top, or at a break
in the slope, which generally seems to correspond to either a lava flow margin or a change in the
slope of a glacial moraine.” Of some interest, McCoy notes that “there are no shrines in the
Science Reserve located on top of a cinder cone.”
As previously noted (McCoy 1982:A-37), an unusually high density of shrines are located in a
narrow 200-foot contour interval band between 12,900 foot and 13,100-foot elevation on the
north side of Maunakea in proximity to the present study area. He posits reasonably that this
clearly defined vertical zonation site pattern is the result of utilization of a break in slope at the
edge of a summit plateau where: “when viewed from either the base of the steep inclined slope
directly below, or from the base of the summit cones above, is a relatively flat horizon on which
the shrine uprights are silhouetted and therefore visible from some distance.”
3.3.2.1 Kahe Ule Subincision and the Maunakea Summit Region of Ka‘ohe Ahupua‘a, Hāmākua
District
A central thesis of McCoy’s (1979:27) study of “A Rite of Passage Site” is that a certain site
complex (SIHP # 50-10-23-16204) located at approximately the 12,280-foot level of Maunakea
was the locus of initiation rites possibly related to formal initiation rites for groups of
apprentices. This argument has support in the curious presence of some twenty-six open air
shelters of quite small diameter that appear to have had temporary use. Few would dispute that
some of the shrines of the summit region of Maunakea are “occupational shrines” specifically
those near the adze quarries incorporating quarried lithic material. However it seems clear that
the majority of the shrines of the summit region of Maunakea are not near the known adze
quarries and do not incorporate quarried lithic material. This gives rise to the consideration that
some quite different function may have been operative for many of the Maunakea shrines. One
theory is that “these structures were erected by travelers most probably in propitiation of
mountain spirits” (McCoy 1982:A-37) While this certainly seems probable as a partial
explanation it may be noted that the distribution of shrines does not suggest travel corridors so
much as a broad band of elevation that was preferred for shrine construction.
An alternative theory is that at least some of the shrines of Maunakea are related to the Kahe
Ule or Subincision practice of Ka‘ohe Ahupua‘a of Hāmākua District. What follows admittedly
is less than a convincing argument but is offered for future consideration.
We know little about the Hawaiian practice of Kahe Ule or Subincision of the foreskin but it
was almost certainly a ritualized practice involving a group of men, a religious expert (kahuna), a
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special bladed tool (understood as typically a bamboo knife) and a male youth to be subincised.
Gutmanis (1983:55) relates a subincision prayer (bold added for emphasis)
E Ki‘i ka‘ohe i Ho-mai-ka-‘ohe. Bring the bamboo from Ho-mai-ka-‘ohe
Eia ka‘ohe lauli‘i a Kāne

Here is the small leafed bamboo of Kane.

‘Okia i ka maka o ka ma‘i

Cut now the foreskin

Ua moku

It is divided

Notably the noun “Ka‘ohe” is mentioned three times. While on the one hand the phrase
simply means “the bamboo” there seems little question the reference is to a ritual bamboo
subincision knife.
The general shape of Ka‘ohe bears a vague similarity to a knife as it cuts across the piko of
Maunakea and Maunaloa dividing the island.
3.3.3 Adze Quarries and Manufacturing Workshops
It appears from McCoy’s (1999) summary analysis of site typology that the only quarries
were in the extreme southern portion of the Mauna Kea Science Reserve (the Ko‘oko‘olau
Complex Maunakea Adze Quarry; site 50-10-23-4136). McCoy does describe four adze
manufacturing workshops (sites 11079, 16203, 16204 and 21211) defined in part by their being
located where there is no naturally occurring stone-tool quality raw material. All four of these
adze manufacturing workshops are on the south face of the mountain on the east side of the main
Maunakea Access Road. Thus it would appear that few, if any, sites associated with quarrying or
adze manufacture would be expected in the present study area.
3.3.4 Trails and Temporary Habitations
We have very little real documentation on pre-contact patterns of access to, and temporary
habitation on, the summit region of Maunakea. There appears to be general agreement that:
“Neither historic accounts nor archaeological surveys provide firm evidence for the prehistoric
trails….historic accounts of trails used don’t necessarily reflect the prehistoric trails in the area.”
(Maly 1997: D-12). Notably: “…no trails were mentioned by Hawaiians in the 1870s Boundary
Commission records nor do any appear on the 1862 Wiltse map.” (Maly 1997:D-5). The four
major trail systems documented in the summit region (from North clockwise: 1. the Maunakea‘Umi Koa Trail, 2. the Maunakea-Humu‘ula Trail, 3. the Waiki‘i-Pu‘u Lā‘au-Waiau Trail, and 4.
the Makahālau-Kemole-Waiau Trail) may all be largely or even entirely post-contact and
primarily horse trails.
Land Boundary Commission testimony, particularly that of a certain Haiki (Boundary
Commission Hawaii Volume B page 41), suggests that people of Humu‘ula, North Hilo District
accessed the resources of the Maunakea summit from the southeast.
Variously there is an oral history account from Mr. William Akau:
…as a child, William Akau heard his elders talking about visits made by people
from other islands to Hawaii. In ancient times, canoes would land in the Kīholo
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vicinity, and people walked the trails along the gentle slopes of Mauna LoaMauna Kea to the summit to harvest and shape stone. [Maly 1997:22]
While this account suggests access from North Kona, from due west (Kīholo in north, North
Kona), it seems unlikely that Hawaiians from other islands accounted for a significant percentage
of the pre-contact traffic to the summit region.
Despite these differing accounts mentioned above, the general conception has followed the
Land Boundary Commission that determined that the entire summit region of Maunakea lies
within Ka‘ohe Ahupua‘a of Hāmākua District and that the socio-political connectedness of the
summit lands lay to the north in Hāmākua. This certainly suggests that most of the access would
be expected from the north. This would lead to the expectation that much of the evidence of
access to the summit region in the form of trail markers or temporary habitation sites might be
expected on the north slope.
The prevailing nighttime temperatures and wind would place a premium on any lava tubes or
caves that might provide substantial shelter. In the general absence of such landforms on the
north slope and summit plateau travelers would be expected to seek very temporary occupation
at open habitation sites seeking what protection might be available on the lee side of rock
outcroppings and ridges. While too great an emphasis should not be placed on any one account,
the pattern of access in the first recorded ascent of Maunakea in 1823 by the missionary Joseph
Goodrich may be notable. The preacher appears to have hiked from Waimea to the Maunakea
summit and back to Waimea in one 24-hour marathon. In the vicinity of Waimea he spent the
night (at approximately 2,700 foot elevation). Leaving early, and approaching the summit from
the north, he followed a steep ravine reaching the tree line at about 9,000 feet elevation
approximately 15 miles from Waimea where he rested for a few hours recording the temperature
at 43o F at sunset. At 11:00 PM he pushed on in bright moonlight encountering snow at 1:00 AM
and recording a temperature of 27o F. Goodrich attained the highest of several summits around
3:00 AM and quickly descended.
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Section 4 Results of Fieldwork
4.1 Survey Findings
On February 26 a Cultural Surveys Hawai‘i field crew of six began traversing the Project
area. The pedestrian inspection was accomplished through systematic sweeps. The interval
between the archaeologists was generally 33 feet. The general lack of vegetation made for
excellent visibility. All potential historic properties encountered were recorded. The Project area
was understood as in two physically separate areas: the “Hale Pōhaku” portion of the Project
area that lies on the east side of the Maunakea Access Road and just south of the Visitor
Information Station (Figures 10, 12 & 13) and the “HELCO substation” (Figures 11, 12 & 14)
portion of the Project area that lies on the west side of the Maunakea Access Road.
In a number of areas, physical evidence of human activity (typically stone constructions
representing a small investment in labor) was observed but there were believed to be good
grounds for concluding that the specific construction was less than fifty years old and hence the
physical evidence of human activity was regarded as inappropriate for designation as a historic
property. In order to provide a more complete record, and to avoid any possible
misunderstanding, these cases are documented in the present “Appendix A Documentation of
Find Spots”. These find spots (designated CSH 1-5, CSH 7-13, and “Modern Refuse Disposal
Areas”) are not regarded as significant under formally established criteria for designation as
historic properties by virtue of their modernity.
4.1.1 “Hale Pōhaku” portion of the Project area
The fieldwork began in the “Hale Pōhaku” portion of the Project area that lies on the east side
of the Maunakea Access Road and just south of the Visitor Information Station (a.k.a. Ranger
Station) (Figures 10, 12 & 13). No historic properties were identified within this portion of the
Project area. Only one find spot (CSH 1,– described in Appendix A of this study) a modern ahu
or small cairn was observed (see Figures 12, 13 & 22) within the Hale Pōhaku portion of the
Project area. Confidence is high that this is contemporary in date, took only a couple of minutes
to construct, does not meet established criteria of significance, and is of no formal historicpreservation concern.
An oval, outlined on the relatively clear ground with a single course of the locally-available,
scoria, ‘a‘ā cobbles, was observed just north (outside) of the Hale Pōhaku portion of the Project
area and was designated as CSH 2 (see Figures 12, 13 & 23 and description in Appendix A of
this study). This was understood as a contemporary shrine. Confidence is high that this is
contemporary in date, took only a few minutes to construct, does not meet established criteria of
significance, and is of no formal historic-preservation concern.
Two small areas of late Twentieth century trash disposal (“Modern Refuse Disposal Areas”)
were observed east (outside) of the Hale Pōhaku portion of the Project area and were briefly
documented (see Figures 12, 13, 35 & 36 and description in Appendix A of this study).
Confidence is high that these refuse disposal areas are less than fifty years old, took only a few
minutes to create, do not meet established criteria of significance, and are of no formal historicpreservation concern.
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Figure 10. General view of the Hale Pōhaku portion of the Project area, view to north

Figure 11. General view of the HELCO substation portion of the Project area and vicinity, view
to north
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Figure 12. U.S. Geological Survey Topographic Map, Mauna Kea Quadrangle (1993), showing
the locations of historic properties and find spots in the vicinity of the Project area
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Figure 13. Aerial photograph (source: Google Earth 2009) showing the locations of historic
properties and find spots in the vicinity of the Hale Pōhaku portion of the Project area
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Figure 14. Aerial photograph (source: Google Earth 2009) showing the locations of historic
properties and find spots in the vicinity of the HELCO substation portion of the Project
area
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4.1.2 Historic Property Descriptions (located approximately 200 feet southeast of the Hale
Pōhaku portion of the Project area
Only two historic properties were identified in the course of the archaeological assessment
fieldwork and we need to be very clear they both lie at a distance of 200 feet or more southeast
(outside) of the Project area. The preservation boundaries of these sites are understood as 200feet in radius and it is our understanding these 200 foot buffers will be maintained (see Figures
12 and 13).
4.1.2.1 Shrine 1
SITE TYPE:
FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
1
18 feet NE/SW x 5 feet NW/SE
Good
Pre-contact
[3] 4-4-015:001

DESCRIPTION:
This site was designated as “Shrine 1” (and as B.P. Bishop Museum Site 50-Ha-G28-87-S1)
by McCoy (1985) and was described as follows:
The southernmost structure, designated Shrine 1, is a low, rectangular stone-filled
terrace with three and possibly five uprights located on the eastern edge of a
rubbly ‘a‘ā outcrop. The terrace measures 5.5 m long, 1.5 m wide, and 35 to 50
cm in maximum height along the east, down slope wall. All three walls are
crudely stacked chunks of ‘a‘ā, one to several courses high. The east wall is
partially collapsed, thus explaining the irregular profile in the plan view map
[present Figure 15, following]. The row of uprights, which define the back side of
the shrine, are located on essentially level ground, which is the basis for
describing the main structure as a terrace rather than a platform since not all four
side are free-standing walls. There are three standing uprights of similar
dimensions projecting 50 cm above ground surface and oriented 21° E of
magnetic north, and two other elongated stones that are tentatively regarded as
possible uprights. They are all unmodified chunks of ‘a‘ā, like the rest of the
structure.
On the surface of the terrace, centered in front of the two central uprights, is a
“cache” of some 40 angular to subangular stones in the 5 to 10 cm size range
(avg. c. 7 cm), with a distinctively red cortex, except for a few smaller broken
pieces revealing the internal crystalline matrix of light and dark minerals. These
rocks, subsequently identified as dunite and gabbro were clearly deposited on the
shrine after it was built., thus leading to the conclusion that they are offerings.
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Two smaller caches of these same rocks (also interpreted as ritual offerings) were
found in close proximity to the shrine on the south, in a similar topographic
position on the eastern edge of the same outcrop. The first cache, located 4.7 m to
the southwest of upright No. 1, consists of two chunks and a number of smaller
fragments at the downslope base of a stacked pile of ‘a‘ā rubble, one to two
courses high. This feature, which can be described as a cairn, has a basal diameter
of 90 cm. The height above the outcrop varies between 35 cm on the upslope side
to 80 cm on the lower side. Further to the south, near the southern edge of the ‘a‘ā
outcrop and downslope of a solitary māmane tree (Fig. 3), is the second cache,
comprised of three stones adjacent to some larger chunks of naturally occurring
‘a‘ā rubble.
The site as observed on February 26, 2009 (Figures 16 & 17) was very much as described by
McCoy in 1985.
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Figure 15. Plan-view diagram of Shrine 1 (B.P.B.M. Site 50-Ha-G28-87-S1) (from McCoy
1985:17)
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Figure 16. Shrine 1, showing upright stones and dunite/gabbro offerings, view to north

Figure 17. Shrine 1, showing upright stones and dunite/gabbro offerings, view to west
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4.1.2.2 Shrine 2
SITE TYPE:
FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
1
8.2 feet E/W x 5 feet N/S
Good
Pre-contact
[3] 4-4-015:001

DESCRIPTION:
The site as observed on February 26, 2009 (Figures 18 & 19) was very much as described by
McCoy in 1985:
Shrine 2
The second shrine, located c. 47 m to the northeast of the first, is similarly
located on the eastern edge of an ‘a‘ā outcrop. A single upright of ‘a‘ā lava,
measuring 38 cm high, 35 cm wide, and 17 cm thick, is situated in the
approximate center of a small terrace demarcated by the edge of the lava flow and
a possible stone alignment on the southwest. A line through the north-south axis
of the upright is oriented 8° E of magnetic north. The perpendicular azimuth
through the middle of the up right is 78° W of magnetic north, which is aligned
with the approximate center of one of the volcanic cone peaks. Five stones of the
same type as those described above, including the same colored cortex, are
located on the eastern side of the upright on the surface. A few meters northwest
is a second possible artificial terrace measuring c. 2 by 2 m.
McCoy then provides the following discussion:
A preliminary interpretation of the data obtained in this project has already been
made in terms of the argument that the constellation of dispersed lithic scatters
and shrines represent functionally integrated components of a single activity
system. In support of this argument, reference has been made to the patterned
association of workshops and shrines with comparable material offerings in the
Mauna Kea Adze Quarry. It is on the strength of this evidence, denoting ritual as
an integral part of the manufacturing process, that the same site definition criteria
and rationale employed in the Mauna Kea Adze Quarry research have been
adopted in the definition of the Pu‘u Kalepeamoa site.
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Figure 18. Plan-view diagram of Shrine 2 (B.P.B.M. Site 50-Ha-G28-87-S2)

Figure 19. Shrine 2, showing upright stone and dunite/gabbro offerings, view to northwest
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4.1.3 HELCO Substation portion of the Project area
The 4.1.3 HELCO Substation portion of the Project area (see Figures 11, 12 & 14) was
associated with a number of find-spots including CSH 7 to CSH 13 along a trail ascending Pu‘u
Lepeamoa on the southeast side and two contemporary shrines (CSH 4 and CSH 5) on the north
side (see Figures 25 to 34 and description in Appendix A of this study). These were almost all
understood as contemporary shrines. Confidence is high that these are contemporary in date,
took only a few minutes to construct, do not meet established criteria of significance, and are of
no formal historic-preservation concern. A find approximately 200 feet west of the northwest
corner of the HELCO Substation exclosure fence merits further discussion (below).
4.1.4 CSH 6
SITE TYPE:
FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Lithic Material
stone-working
4
1.2 m E/W x 0.5 m N/S
Good
Pre-contact
[3] 4-4-015:001

DESCRIPTION:
A small quantity of what appeared to be quarried lithic material (Figures 20 and 21) was
observed approximately 200 feet west of the northwest corner of the HELCO Substation
exclosure, adjacent to the upslope side of the jeep road and near utility pole # 118502. This was
near (160 feet WSW of) a formerly described lithic scatter designated Site 8 by McCoy (and may
be a possible remnant portion of McCoy’s Site 8) The lithic specimens included a broken,
anomalous, water worn pebble of dense, polished vesicular basalt (Figure 21) that may be a
possible “bird stone” that measured 2.0 inches x 1.1 inches wide x 0.6 inches thick. Three
cobble-sized fragments of particularly dense lithic material (Figure 20) that appeared to be a
dunite/gabro were noted in the immediate vicinity. None of these are believed to be in a natural
deposition but rather have been picked up and placed on the side of a modern road cut in recent
times. Because these were not in an archaeological context it was not thought appropriate to give
an SIHP designation.
4.1.5 A comment about burials
The probability of any unmarked burials or human skeletal remains being present is regarded
as very low inasmuch as: a) burials in the Maunakea uplands have only been reported at cinder
cones, b) no burials have been encountered during development thus far in the astronomy
precinct, c) there are no burial markers or surface indicators of burials present, and d) the
absence of caves in the area and the general desert pavement geology would not be conducive for
burial location selection.
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Figure 20. CSH 6, cluster of lithic material, view to north

Figure 21. CSH 6 lithic material, showing water-rounded pebble (possible pōhaku ‘eho or “bird
stone”)
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Section 5 Project Effect and Mitigation Recommendations
5.1 Project Effect
No historic properties were identified within the approximately 6-acre Project area.
Previously identified historic properties in the vicinity of the Project area were relocated and
confirmed to be outside of the Project area. CSH’s effect recommendation for the proposed
Thirty-Meter-Telescope (TMT) Observatory Project, Hale Pōhaku Area, is “no historic
properties affected.”

5.2 Mitigation Recommendations
No historic preservation mitigation measures are recommended for the proposed TMT
Project, Hale Pōhaku Area.
We do however recommend that should there be any proposed development more than 20 m
north and west from the northwest corner of the HELCO Substation exclosure that there be prior
consultation with Dr. Patrick McCoy regarding the formerly designated lithic scatter Site 8 and
the lithic finds documented here as CSH 6 to see if he has any concerns.
As specified in a 2000 Mauna Kea Master plan it is understood that Project activities should
maintain a 200-foot buffer from shrine sites such as the two shrines (documented at a distance of
200-feet or more south of the Hale Pōhaku Project area). As long as Project activities remain
within the designated Hale Pōhaku Project area there should be no adverse impact to these
historic properties.
The probability of burials or human skeletal remains within the Project area is regarded as
very low for reasons given in Section 4.1.5 above. However, in the unlikely event that cultural
resources including but not limited to human remains or other significant cultural deposits are
encountered during the course of Project-related construction activities, all work in the
immediate area should stop and the State Historic Preservation Division should be promptly
notified.
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Appendix A Documentation of “Find Spots”
CSH 1
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Ahu (Cairn)
Ceremonial
1
20 inches diameter
Excellent
Modern
[3] 4-4-015:012

DESCRIPTION:
This structure was the only construction documented within the Hale Pōhaku survey area.
Located in the south central portion of the Hale Pōhaku survey area (see Figures 12 and 13), the
construction (Figure 22) consists of approximately 15 cobble-sized pieces of the locallyavailable, scoria, ‘a‘ā mounded on a small scoria, ‘a‘ā outcrop. The bedrock outcrop is in a
generally open area and measures approximately 31 inches by 31 inches by 24 inches high with
the pile of scoria occupying an area of about 20 inches in diameter and adding another 8 inches
above the outcrop. The absence of any dessert varnish, patterns of weathering or retained windblown sediment within the small construction suggest that the construction is quite recent. The
use of such small pebbles would be atypical of pre-contact Hawaiian ahu construction. The
structure is interpreted as a contemporary shrine. Our on-site Hawaiian cultural expert, Mr.
Auli‘i Mitchell, supported the conclusion that the modest structure is in fact less than ten years
old.

Figure 22. CSH 1, modern ahu, view to northwest
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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CSH 2
INITIALLY INTERPRETED SITE TYPE: Shrine
INITIALLY INTERPRETED FUNCTION: Ceremonial
FEATURES:
1
DIMENSIONS:
6.9 feet N/S x 3.9 feet E/W
CONDITION:
Good
PROBABLE AGE:
Modern
TAX MAP KEY:
[3] 4-4-015:012
DESCRIPTION:
This structure lies approximately 115 feet east (outside) of the northeast corner of the Hale
Pōhaku survey area (see Figures 12 and 13) and just southeast and down slope of a visitor center
parking lot and picnic area. This construction (Figure 23) consists of a single course of the
locally-available, scoria, ‘a‘ā cobbles delineating an oval perimeter retaining a soil interior that
slopes significantly down to the south. The construction is approximately 3.9 foot NE/SW by 6.9
foot NW/SE and was located in the lee of a māmane (Sophora chrysophylla) tree. A 3.3 foot
long piece of steel rebar was observed on the surface at the upslope end of the feature, passing
between perimeter stones. Modern trash was observed 13 feet to south. The absence of any
settling of the perimeter pebbles into the earth or build-up of wind-blown sediment suggested
that the structure was modern. The small size of the selected stones and general casualness of
construction suggest that it is not of any antiquity. The structure is interpreted as a contemporary
shrine. Our on-site Hawaiian cultural expert, Mr. Auli‘i Mitchell, supported the conclusion that
the modest structure is in fact less than ten years old.

Figure 23. CSH 2, modern shrine, view to north
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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CSH 3
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Ahu (Cairn)
Ceremonial
1
3.9 feet diameter
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
This structure lies approximately 35 m west of the Maunakea Access Road and is hence
approximately 42 m west (outside) of the south portion of the Hale Pōhaku survey area (see
Figures 12 and 13). This cairn consists of approximately 30 large cobbles of locally-available,
scoria, ‘a‘ā piled in an area approximately 3.9 feet in diameter and 20 inches high (Figure 24).
The absence of any settling of the lowest course of cobbles into the earth or build-up of windblown sediment suggested that the structure was modern. The structure is interpreted as a
contemporary shrine.
This ahu or cairn was indeed mapped as a portion of McCoy’s (1991) Locality 4 and was
believed by him to be modern – a conclusion which we fully support.

Figure 24. CSH 3, modern ahu, view to west
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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CSH 4
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
1
31 inches in diameter
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
This modest construction is located approximately 720 feet west of the Maunakea Access
Road and approximately 260 feet northeast of the northeast corner of the fenced perimeter of the
HELCO substation (see Figures 12 and 13). The structure consists of a circular ring of nine small
boulders of locally-available, scoria, ‘a‘ā with one upright on the east side (Figure 25). The
absence of any settling of the lowest course of cobbles into the earth or build-up of wind-blown
sediment suggested that the structure was modern. The structure is interpreted as a contemporary
shrine.

Figure 25. CSH 4, modern shrine, view to north

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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CSH 5
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
3
12.1 feet E/W x 7.9 feet N/S
Excellent
Modern
[3] 4-4-015:001

DESCRIPTION:
This construction is located approximately 200 feet north of the central portion of the northern
fenced perimeter of the HELCO substation (see Figures 12 and 13). The structure is roughly
oval, measuring approximately 12.1 feet E/W x 7.9 feet N/S with the perimeter alignment, 1-2
courses of small, locally-available, scoria, ‘a‘ā boulders high, and 1-2 course of small boulders
wide (Figure 26). The structure is built around a large bedrock ‘a‘ā boulder, 3.3 feet x 3.3 feet
wide and 31 inches high that dominates the central portion of the structure giving something of a
heart-shaped appearance. A māmane (Sophora chrysophylla) branch was propped up on the large
central boulder with piled cobbles. An upright stone is set at the down slope apex, with a stone
alignment extending approximately 3 feet (1 m) down slope (SSE) from the upright. The interior
surface is relatively clear and level soil. Branch points to Pu‘u Kalepeamoa. A small ahu or cairn
was noted a meter to the NE, approximately 24 inches x 20 inches wide and 24 inches high A
similar, but collapsed, small ahu or cairn was noted approximately a meter to the NW. The
absence of any settling of the lowest course of boulders into the earth or build-up of wind-blown
sediment suggested that the structure was modern. The structure is interpreted as a contemporary
shrine.

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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Figure 26. CSH 5, modern shrine, view to northeast
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CSH 7
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Linear Mound/ Shrine
Ceremonial
1
12.5 feet E/W x 6.9 feet N/S
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 7 is located just southeast of an unimproved foot trail
ascending the NNE side of the Pu‘u Lepeamoa cinder cone approximately 200 feet southeast of
the southeast corner of the fenced perimeter of the HELCO substation (see Figures 12 and 13).
This was the northeastern-most of several mounded piles of boulders along the trail. The
structure measures 12.5 feet E/W x 6.9 feet N/S by 3.3 feet high (Figure 27). This linear mound
showed no facing, and was constructed of rather informally piled locally-available, scoria, ‘a‘ā
boulders and cobbles with no clear uprights. Modern garbage was noted within structure. The
absence of any settling of the lowest course of boulders into the earth or build-up of wind-blown
sediment suggested that the structure was modern. The structure is interpreted as a contemporary
shrine.
Remnants of lei or twisted rope offerings were observed within the structure (Figure 28).

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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Figure 27. CSH 7, linear mound, view to northeast

Figure 28. CSH 7, linear mound, showing lei offering

Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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CSH 8
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Writing with Stones
Commemorative demarcation with
arranged boulders (graffiti)
1
5 feet NW/SE x 3.3 feet NE/SW
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 8 is located adjacent to CSH 7 and just southeast of an
unimproved foot trail ascending the NNE side of the Pu‘u Lepeamoa cinder cone approximately
200 feet southeast of the southeast corner of the fenced perimeter of the HELCO substation (see
Figures 12 and 13). This construction consists of what appears to be three letters delineated with
a single course of small of small, locally-available, scoria, ‘a‘ā boulders (Figure 29). The letters
(and meaning) were unclear - possibly “OHS” or “OWS”? The absence of any settling of the
alignments of boulders into the earth or build-up of wind-blown sediment suggested that the
structure was modern. The structure is interpreted as contemporary graffiti.

Figure 29. CSH 8, letters written with stones
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CSH 9
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Mound
Ceremonial
1
5.6 feet NE/SW x 4.6 feet NW/SE
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 9 is a small mound located in the immediate vicinity of CSH 7
and CSH 8 and just southeast of an unimproved foot trail ascending the NNE side of the Pu‘u
Lepeamoa cinder cone approximately 200 feet southeast of the southeast corner of the fenced
perimeter of the HELCO substation (see Figures 12 and 13). The mound measures approximately
5.6 feet NE/SW x 4.6 feet NW/SE and approximately 28 inches high. The mound appears to be
constructed of locally-available, scoria, ‘a‘ā small boulders placed around a somewhat
fragmented in situ large lava bomb rock formation (Figure 30). The absence of any settling of the
lowest course of boulders into the earth or build-up of wind-blown sediment suggested that the
structure was modern. The structure is interpreted as a contemporary shrine.

Figure 30. CSH 9 mound, view to southwest
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CSH 10
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Linear Mound
Ceremonial
1
34 feet NE/SW x 6.6 feet NW/SE
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 10 is a large mound located a few meters southwest of the CSH
7, CSH 8 and CSH 9 constructions and just southeast of an unimproved foot trail ascending the
NNE side of the Pu‘u Lepeamoa cinder cone approximately 213 feet southeast of the southeast
corner of the fenced perimeter of the HELCO substation (see Figures 12 and 13). The mound
measures approximately 34 feet NE/SW x 6.6 feet NW/SE and approximately 24 inches high
(Figure 31). The mound averages 3.6 feet wide, is typically 2-3 courses high, and 6-7 courses
wide of roughly piled locally-available, scoria, ‘a‘ā boulders (Figure 30). There are no clear
uprights. The absence of any settling of the lowest course of boulders into the earth or build-up
of wind-blown sediment suggested that the structure was modern. The structure is interpreted as
a contemporary shrine.

Figure 31. CSH 10, linear mound, view to northwest
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
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CSH 11
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Mound
Ceremonial
1
3.6 feet diameter
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 11 is a small mound located a few meters from CSH 10 and
just southeast of an unimproved foot trail ascending the NNE side of the Pu‘u Lepeamoa cinder
cone approximately 213 feet (65 m) southeast of the southeast corner of the fenced perimeter of
the HELCO substation (see Figures 12 and 13). The mound measures approximately 3.6 feet in
diameter and approximately 24 inches high (Figure 32). The structure is really just a group of
approximately twenty locally-available, scoria, ‘a‘ā boulders a single course high. The absence
of any settling of the lowest course of boulders into the earth or build-up of wind-blown
sediment suggested that the structure was modern. The structure is interpreted as a contemporary
shrine.

Figure 32. CSH 11, mound, view to west
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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CSH 12
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Shrine
Ceremonial
1
31 inches diameter
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 12 is a small mound located in the immediate vicinity of CSH
13 and just southeast of an unimproved foot trail ascending the NNE side of the Pu‘u Lepeamoa
cinder cone approximately 230 feet south of the southeast corner of the fenced perimeter of the
HELCO substation (see Figures 12 and 13). The mound measures approximately 31 inches in
diameter and approximately 2.3 feet high. The mound appears to be constructed of locallyavailable, scoria, ‘a‘ā small boulders (Figure 33). Offerings of American coins (dates of 1979,
1989, 1987, 2006, 1999), shell lei (including one of exotic Cyprea annulus) and a metal cross
with green glass inlay were observed. The absence of any settling of the lowest course of
boulders into the earth or build-up of wind-blown sediment suggested that the structure was
modern. While we cannot rule out that the coins were a recent addition to an older structure it
appears most likely they are roughly contemporaneous (i.e. the construction does not pre-date
2006 by much). We note in passing that the shell lei are of exotic shells native to the South
Pacific but not Hawai‘i. Should such shells be identified in a pre-contact structure they would be
of great interest! The structure is interpreted as a contemporary shrine.

Figure 33. CSH 12, modern shrine, view to west. Note metal cross and cowry shell lei offerings
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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CSH 13
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Linear Mound
Ceremonial
1
14.7 feet (4.5 m) E/W 3.9 feet (1.2 m)
N/S
Good
Modern
[3] 4-4-015:001

DESCRIPTION:
The find spot designated CSH 13 is a large mound located near the CSH 11 construction and
just northwest of an unimproved foot trail ascending the NNE side of the Pu‘u Lepeamoa cinder
cone approximately 230 feet south of the fenced perimeter of the HELCO substation (see Figures
12 and 13). The mound measures approximately 14.7 feet E/W by 3.9 feet N/S and
approximately 31 inches high (Figure 34). The mound utilizes a large in situ boulder and is
constructed of roughly piled locally-available, scoria, ‘a‘ā boulders (Figure 34). There are no
clear uprights. The absence of any settling of the lowest course of boulders into the earth or
build-up of wind-blown sediment suggested that the structure was modern. The structure is
interpreted as a contemporary shrine.

Figure 34. CSH 13, linear mound, view to southwest. Note trail to pu‘u summit in background
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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Modern Refuse Disposal Areas
INITIALLY INTERPRETED SITE TYPE:
INITIALLY INTERPRETED FUNCTION:
FEATURES:
DIMENSIONS:
CONDITION:
PROBABLE AGE:
TAX MAP KEY:

Artifact scatter
Late Twentieth century refuse disposal
2
Approximately 0.4 acres each
Good
Modern
[3] 4-4-015:001, 012

DESCRIPTION:
Two late Twentieth century scatters of bottles and cans (“Modern Garbage Area” and
“Modern Garbage Area 2”) were observed just east (outside) of the Hale Pōhaku Project area
(see Figures 12 and 13).
Each of these scatters (Figures 35 and 36) was relatively dense with each having on the order
of 150 bottles and cans within an area of approximately 0.4 acres (each) suggesting deliberate
disposal of refuse. The presence of “No deposit No return” embossing on some bottles suggested
late twentieth century disposal. The timeframe of disposal might be early 1960s. No particular
import is attributed to these small refuse disposal areas but they are documented for future
reference.
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Figure 35. Modern garbage area, near Shrines 1 and 2, view to northeast

Figure 36. Modern garbage area 2, view to northeast
Archaeological Assessment for the Thirty-Meter-Telescope (TMT) Project, Hale Pōhaku Area, Maunakea, Hawai‘i
TMK: [3] 4-4-015:001 por., 012 por.
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EXECUTIVE SUMMARY
The Thirty Meter Telescope (TMT) Observatory Corporation is preparing an Environmental
Impact Statement (EIS) for the proposed construction and operation of an optical/infrared
observatory within the Astronomy Precinct of the Mauna Kea Science Reserve on Hawai‘i Island
in the State of Hawai‘i. The proposed TMT Observatory would be located within the western
portion of the area known as the Northern Plateau. During construction, support activities would
occur within the existing Batch Plant Staging Area and at a Construction Staging Area within or
near the Hale Pōhaku Mid-Elevation Support Facilities.
Sampling of the flora and arthropod fauna in the proposed use areas was conducted September
25 through October 8, 2008. A second visit occurred February 23 – 25, 2009 to evaluate options
for the TMT Mid-Level Facility at and near Hale Pōhaku. A third visit occurred April 17 – 23,
2009 to sample for Wēkiu bugs in Area E, the Batch Plant Staging Area, and along the three
options for the Access Way, and to sample for vegetation and arthropods at the proposed TMT
Mid-Level Facility.
During the September 2008 sampling, forty-five live-traps were deployed in Area E, along the
4-wheel drive road, at the Batch Plant Staging Area, and at two control sites (Pu‘u Poli‘ahu and
the unnamed pu‘u1 above the 4-wheel drive road on which the Subaru Observatory sits) for a
three-day detection of Wēkiu bug (Nysius wekiuicola) presence. Three Wēkiu bugs were
captured (one 5th instar nymph on Pu‘u Poli‘ahu, one 5th instar nymph and adult female on the
unnamed pu‘u). No Wēkiu bugs were detected at any of the sites proposed for construction
activity. Sixteen other arthropods were detected at the Astronomy Precinct project areas, six of
which are endemic to Hawai‘i.
Two days during the Fall sampling period were spent surveying Area E for lichens and mosses;
ten lichen and two moss species were found. Seven species of vascular plants were also detected;
two native grasses, two non-indigenous weedy species, and three ferns.
Six days during the Fall sampling period were used to survey for arthropods and plants at portion
of the planned TMT Mid-Level Facility within Hale Pōhaku. Twenty-six species of arthropods,
nine endemic to Hawai‘i, and sixteen species of plants, none that are endemic to Hawai‘i, were
identified there.
During the April 2009 sampling, twenty-four live-traps were deployed in Area E, along the
4-wheel drive road, at the Batch Plant Staging Area, and at two control sites (Pu‘u Poli‘ahu and
the unnamed pu‘u) for a three-day detection of Wēkiu bug (Nysius wekiuicola) presence. One
hundred and five Wēkiu bugs of various life stages were captured at the control sites (forty-five
on Pu‘u Poli‘ahu and sixty on the unnamed pu‘u). Forty-one Wēkiu bugs of various life stages
were detected along the 4-wheel drive road (Access Way Options 2 and 3), but none were seen in
Area E or at the Batch Plant Staging Area.
1

In the past this pu‘u, on which both Subaru and Keck site, has been referred to as Pu‘u Hau‘oki. Pu‘u Hau‘oki is
actually the pu‘u on which the IRTF sits. Both of these pu‘u are part of Pu‘u Kūkahau‘ula, the traditional Hawaiian
name of the summit pu‘u.
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Additional sampling at the planned TMT Mid-Level Facility detected seven additional arthropod
species, (five endemic, one indigenous, and one purposeful introduction), one endemic snail, and
four additional plants (three endemic and one nonindigenous).
The results of the surveys indicate there are no special concerns or legal constraints related to
arthropod and botanical resources in the Project areas. No species listed as endangered or
threatened species were detected at the Project construction areas (DLNR 1997, Federal Register
1999, 2005, 2006). There are endangered silversword (Argyroxiphium sandwicense sandwicense)
in an exclosure adjacent to the proposed TMT Mid-Level Facility which lies within critical
habitat of the endangered bird, palila (Loxioides bailleui). One species currently proposed for
federal listing, Nysius wekiuicola, was detected along the 4-wheel drive road, within the limits of
proposed Access Way Options 2 and 3. Species of Concern were detected at Area E, (the
Douglas’ bladder fern, Cystopteris douglasii), and at the proposed TMT Mid-Level Facility
(Hylaeus difficillis, H. flavipes, and Succinea konaensis).

Sampling for Wēkiu bugs at the edge of snow on Pu‘u Poli‘ahu in April, 2009.
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1.0

INTRODUCTION

1.1 TMT Project
The TMT Observatory is proposed to be located on Maunakea on Hawai‘i Island in the State of
Hawai‘i. Maunakea currently hosts eight optical and/or infrared observatories; the first
Maunakea observatories were built in the 1960s. The TMT Observatory would be located on a
roughly 5-acre site within the 525-acre Astronomy Precinct of the 11,288-acre Mauna Kea
Science Reserve (tax map key [TMK] 4-4-15: 9), below the summit of Maunakea. The entire
Science Reserve is designated as part of the State of Hawai‘i Conservation District, resource
subzone.
The TMT Observatory would be located in the western portion of the area known as the
Northern Plateau within the Astronomy Precinct, within the area identified as Area E in the
Mauna Kea Science Reserve Master Plan (UH, 2000). The 2000 Master Plan identified Area E as
a preferred location for the future development of a Next Generation Large Telescope (NGLT).
Area E, a 36-acre area, was identified as a preferred location because it was anticipated to
provide suitable observation conditions with minimum impact on existing facilities, Wēkiu bug
habitat, archaeological sites, and viewplanes. Area E ranges in elevation from 13,100 to 13,300
feet; the summit of Maunakea is at elevation 13,796 feet. Area E is located approximately 1/2mile northwest of the eight existing optical/infrared observatories located near the summit, at
elevations of 13,600 to 13,775 feet.
Within Area E, the TMT Observatory would be located at one of two locations:
•

The Project site near the end of the existing 4-wheel drive road, at an elevation of
approximately 13,150 feet at a location known as “13N” in reference to its elevation and
its location on the Northern Plateau, or

•

An alternative site designated “E2” by the Project because it is a second site being
considered within Area E; the area is approximately 500 feet south of 13N along the
existing 4-wheel drive road.

The TMT Observatory would be the primary development of the Project, but not the only one.
The “Project” is the sum of the following components:
•

“TMT Observatory” refers to the components of the Project located below the summit, in
the upper elevations of Maunakea. The TMT Observatory generally consists of the 30meter telescope, instruments, dome, support building, and parking within a roughly five
acre area.

•

The “Access Way” refers to the portion of road and other infrastructure that would be
provided to access and operate the TMT Observatory. Improvements in the Access Way
would generally include a surface roadway and underground utilities. Beyond the core of
the SMA facility the route of the Access Way would follow the existing SMA roads and
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existing 4-wheel drive road to the extent possible. There are three options being
considered for the portion of the Access Way from the Maunakea Access Road through
the core of the SMA area:
1. Option 1 – Through SMA. This option would follow the primary SMA road off
the Maunakea Access Road, and then proceed through the lava flow before
reconnecting with the SMA road.
2. Option 2 – Near SMA. This option would cut off the Maunakea Access Road at
the currently blocked old 4-wheel drive road and connect with the SMA road once
beyond the SMA core.
3. Option 3 – 4-Wheel Drive Road. This option would follow the currently blocked
old 4-wheel drive road and then connect with the SMA road.
•

“TMT Mid-Level Support Facility” refers to facilities and improvements located at or
near the existing 20 acre Hale Pōhaku facility to support the TMT Observatory. This
includes all permanent improvements at or near Hale Pōhaku, which would generally
consist of dormitory, office, cafeteria, and recreations facilities in the eastern portion of
the lower part of Hale Pōhaku; a parking area in the western portion of the lower part of
Hale Pōhaku; and electrical and communications equipment.

•

“Headquarters” refers to facility located in the lower elevations of Hawai‘i Island to
manage activities at and support operation of the TMT Observatory and TMT Mid-Level
Support Facility. This includes all permanent improvements at a lower elevation location
in Hilo but is not discussed in this report.

•

“Satellite Office” refers to the smaller facility located in the lower elevations of Hawai‘i
Island to provide additional support to the TMT Observatory and TMT Mid-Level
Facility. This includes all permanent improvements at a lower elevation location in
Waimea but is not discussed in this report.

•

“Construction Areas” would include:
1. “Batch Plant Staging Area” is an approximately 4 acre staging area where the
Maunakea Access Road forks near the summit. This area would primarily be used
for storing bulk materials and a cement batch plant.
2. “Hale Pōhaku Staging Area” is an area at or near Hale Pōhaku that would be used
for construction staging. This area would be used for parking, vehicle washing and
inspection prior to proceeding up to the observatory site, and the storage of
materials needed for construction work at Hale Pōhaku.
3. “Port Staging Area” is an existing warehouse and/or yard near the port where
Project components are received. This area would be used for receiving materials
and assembly of those materials to the extent possible prior to transport to either
another staging area or the construction site. This area is not discussed in this
report.
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1.2 Physical Setting
Maunakea is a dormant shield volcano and the tallest mountain on earth, rising more than 32,000
feet from the ocean floor to its summit, 13,796 feet above sea level. At the summit the night sky
is dark and transparent, providing what is considered to be among the best astronomical
observation conditions in the world (Parker 1994).
The Mauna Kea Science Reserve (MKSR), an 11,288-acre area at the top of Maunakea, is home
to the largest observatory complex in the world. The MKSR is leased by the State of Hawai‘i to
the University of Hawai‘i (UH), which in turn subleases certain areas to various observatories.
Astronomy institutes worldwide make use of the unparalleled astronomical capabilities on
Maunakea.
The MKSR is also home to unique plants and animals living in an alpine ecosystem. The summit
region is an island within an island, separated from other ecosystems by high elevations as well
as vast oceans. The species found there are not only unique; they are sometimes rare2 and limited
in population and area of distribution. For example, the Wēkiu bug lives only in loose cinder
habitats on the cinder cones above 11,715 feet on Maunakea (Porter and Englund 2006). There is
a similar species, Nysius aa that occurs in the upper elevations on Maunaloa (Polhemus 1998).
The upper elevations of the MKSR receive almost no rainfall and snow accumulates only during
the winter season. Temperatures often drop below freezing at night and reach up to 50º F during
the day. Solar radiation is extreme, and evaporation rates are high. The harsh environmental
conditions limit the composition of the resident floral and faunal communities found there.
Under these harsh conditions, only hardy lichens, mosses, and scattered grasses, shrubs, ferns
and arthropods have managed to adapt and survive (Cuddihy 1989).
Below 11,700 feet is an alpine shrublands and grasslands ecosystem growing on ‘a‘a lava flows,
cinder cones, and air-fall deposits of lapilli and ash (Wolfe and others 1997). Growing well
above the tree line (~9,500 feet), and becoming sparser with increasing elevation, are native
shrubs, grasses, sedges, and ferns (Cuddihy 1989). The fauna of the alpine shrub zone has not
been well studied. Many species of birds have been observed flying in this zone, but because the
principal food resources do not occur here, they are presumably just passing through. There may
be resident arthropod species in this zone, but no systematic survey has been conducted.
Below the alpine shrublands and grasslands are the māmane subalpine woodlands that extend
down to the Saddle Road. The open-canopied māmane forest is home to the endangered bird,
2

There are several terms that are used to describe the status of species. These include:
Endangered species – Any species which is in danger of extinction throughout all or a significant portion of its
range.
Threatened species – Any species which is likely to become endangered within the foreseeable future.
Candidate species – Any species being considered by the Secretary of the Interior for listing as an endangered or a
threatened species, but not yet the subject of a proposed rule.
Species of Concern – Those species about which regulatory agencies have some concerns regarding status and
threats, but for which insufficient information is available to indicate a need to list the species under the Endangered
Species Act (ESA).
Rare species – Those species that occur very seldom, but are not classified threatened or endangered.
Sensitive species – Those species which rely on specific habitat conditions that are limited in abundance, restricted
in distribution, or are particularly sensitive to development.
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palila (Loxioides bailleui). The subalpine woodlands are dry most of the year, and māmane trees
(Sophora chrysophylla) intercept fog that provides them and other plant species with the small
amounts of moisture they need to survive (Gerrish 1979). The understory of the subalpine forest
is comprised largely of native shrubs. In undisturbed areas clumps of the native grasses are the
most abundant ground cover. Non-indigenous plants and grasses are the most abundant ground
cover in areas that have been disturbed around Hale Pōhaku. The māmane forest on Maunakea
has a diverse arthropod fauna. More than 200 arthropod species have been collected there.
Cattle grazing has degraded much of the forest along the lower sections of the Maunakea Access
Road. The vegetation of the open pastures is largely introduced grasses including rattail grass,
velvetgrass, sweet vernal grass, hairy oatgrass, and fescues (Mueller-Dombois and Fosberg
1998).

1.3 Current Study
The Thirty Meter Telescope (TMT) Observatory Corporation, a non-profit organization, is
preparing an Environmental Impact Statement (EIS) for the proposed Project. Pacific Analytics,
LLC was contracted by Parsons Brinckerhoff, the company preparing the TMT EIS, to conduct
an arthropod and botanical inventory and assessment of Area E, the proposed Access Way, the
Batch Plant Staging Area, and TMT Mid-Level Support Facility, including a special survey for
Wēkiu bugs in the affected areas above 11,715 feet.
The primary objectives of the inventory and assessment are to provide a general description of
the flora and arthropod fauna of the TMT Project sites, evaluate the habitats, and search for and
assess the potential for threatened and endangered species as well as species of concern (DLNR
1997, Federal Register 1999, 2005, USFWS unpublished).

View of Area E and existing 4-wheel drive road.
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2.0

METHODS

2.1 Permit
An application for a Research, Collection and Access Permit was submitted August 14, 2008 to
the Hawai‘i Department of Land and Natural Resources (DLNR), Division of Forestry and
Wildlife (DOFAW) and after review, a permit (FHM09-170) was granted on September 24,
2008, valid through September 23, 2009. The Wēkiu bugs were sampled under separate
Research, Collection and Access Permits (FHM08-135 and FHM09-181) granted to Jesse Eiben,
valid from December 1, 2007 through April 1, 2010.

2.2 Schedule and Personnel
Sampling of the flora and arthropod fauna in Area E, the proposed Access Way, the Batch Plant
Staging Area, and portions of the TMT Mid-Level Support Facility was conducted September 25
through October 8, 2008. Wēkiu bug traps were opened and operated from September 25 – 28,
2008. A lichen survey in Area E was conducted over two days September 29 – 30, 2008.
Arthropod sampling and botanical surveying continued through October 10, 2008.
Additional botanical sampling by was conducted at the proposed TMT Mid-Level Support
Facility February 23-24, 2009.
Additional Wēkiu bug and arthropod sampling was conducted in the summit region April 20 –
23, 2009 and at the TMT Mid-Level Support Facility April 17 – 23, 2009.
Gregory Brenner, Pacific Analytics, LLC and Jesse Eiben, UH Mānoa, were the investigators
conducting the arthropod sampling. Dr. Brenner has a PhD in entomology from Oregon State
University, Corvallis, and fourteen years of experience studying the arthropod fauna of Hawai‘i,
during which he has conducted numerous scientific studies of the arthropods on Maunakea. Mr.
Eiben is a Doctoral candidate in the University of Hawai‘i’s Department of Plant and
Environmental Protection Sciences and has been conducting research on Wēkiu bug autecology
and systematics for his dissertation since 2005.
Gregory Brenner and Clifford Smith were the investigators conducting the lichen, bryophyte and
botanical sampling. Dr. Brenner is familiar with the flora of Hawai‘i having conducted many
scientific studies of the plants on Maunakea and elsewhere in Hawai‘i. Dr. Smith has a PhD in
botany and is Professor Emeritus of the Department of Botany, UH Mānoa. He is the leading
expert in lichens of Hawai‘i, and has conducted research on Hawaiian lichens since 1958.

2.3 Nomenclature
The nomenclature used in this report follows the Hawaiian Terrestrial Arthropod Checklist,
Third Edition (Nishida 1997) and the Manual of the Flowering Plants of Hawai‘i (Wagner and
others 1990). Hawaiian and scientific names are italicized.
Species are discussed as being endemic, indigenous, non-indigenous, adventive, and purposely
introduced. These terms are defined as:
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•

Endemic – A species native to, or restricted to Hawai‘i.

•

Indigenous – A species native to Hawai‘i but that naturally occurs outside of Hawai‘i as
well.

•

Non-indigenous – A species not native to Hawai‘i.

•

Adventive – Not native, a species transported into a new habitat by natural means or
accidentally by human activity.

•

Purposely introduced – A species released in Hawai‘i for a particular purpose, usually to
control a weedy plant or another insect.

2.4 Arthropod Sampling
2.4.1

Trapping

Wēkiu Bug Traps
Pitfall live-traps were used to sample Wēkiu bugs in Area E and at the Batch Plant Staging Area.
A live-trap design very similar to those described by Englund and others (2002) and Brenner
(2002a) was used to attract Wēkiu bugs. The modifications in design are as follows.
Two 10oz clear plastic cups were used for each trap. The upper cup was punctured with one
small hole in the bottom center through which a small absorbent wick made of tissue (Kimtech
Science) was pushed. A small amount of water was poured into the bottom of the lower reservoir
cup. The attractant shrimp paste was placed in the upper cup contacting the wick, on a few small
pieces of rock in the cup, smeared on the side of the cup, and on a cap rock.
The traps were dug into the available ground substrate
with a goal of achieving a depth where moisture was
present in the ash layer. The lip of the cup was not
necessarily placed flush with the ash layer, and there
was no wire mesh surround to provide structure
surrounding the cups. This cup design has been
successful for attracting and capturing Wēkiu bugs
during 2007 and 2008 (Eiben, unpublished). A cap
rock was placed over the traps and elevated above the
ground approximately 0.6 in with smaller rocks.
Most sites selected for sampling used a pair of traps
within 16.4 feet of each other in different microhabitat
types (ex. large rock jumble vs. ash layer near the surface) to attempt to sample the diversity of
the habitat. The traps were checked daily for three consecutive days after installation. Wēkiu
bugs captured were removed for the duration of the sampling period to prevent recounts and
were held for up to three days in captivity with food and water sources. After sampling was
complete, all Wēkiu bugs were released near the trap in which they were captured.
Installing pitfall live-trap

In September, 2008, forty-five pitfall live-traps were used to sample for Wēkiu bugs. Thirtythree traps were installed within Area E, and three traps were placed along the unused portion of
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the 4-wheel drive road that is blocked (Figure 1), two pairs and one single trap were installed at
the Batch Plant Staging Area, and one pair was placed on both the unnamed pu‘u and Pu‘u
Poli‘ahu as controls (Figure 2).

Figure 1. Pitfall Live-Traps sites within Area E and along Access Way options.
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In April, 2009, twenty-four traps were used to sample for Wēkiu bugs. Twelve traps were
installed within Area E, six traps were placed along the unused portion of the 4-wheel drive road
(Figure 1), one pair was installed at the Batch Plant Staging Area, and one pair was placed on
both the unnamed pu‘u and Pu‘u Poli‘ahu as controls (Figure 2).

Figure 2. Pitfall Live-Traps sites at the Batch Plant Staging Area, Pu‘u Poli‘ahu, and the Unnamed Pu‘u.
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Pitfall Traps
Pitfall traps were used to sample the arthropod ground fauna in Area E, along the 4-wheel drive
road, and at the Batch Plant Staging Area, in the same locations used to sample for Wēkiu bugs
(Figures 1 and 2), and at the TMT Mid-Level Support Facility (Figure 3). These traps were 10oz
cups placed into the ground so that the lip of the cup is level with the substrate. A small amount
of soapy water was placed into the trap to kill and preserve specimens that fall into the traps. A
cap rock was placed over the traps and elevated above the ground approximately 0.6 inches with
smaller rocks.
The target of pitfall trapping in this study was ground-active arthropod species. Three pitfall
traps were set at the Batch Plant Staging Area, and eight were installed in vegetation surrounding
the proposed TMT Mid-Level Support Facility. Traps were open for 6 to 8 days, October 2
through October 10, 2008. During the Spring 2009 sampling, two traps were set at the Batch
Plant Staging Area, and ten at the TMT Mid-Level Support Facility. Traps were open April 17
through April 23, 2009.

Figure 3. Pitfall Live-Traps sites at the TMT Mid-Level Support Facility.
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Bait Trapping
Meat is a good attractant for some flies, ants, and beetles. Some insects are attracted to the smell
of the rotting meat and come to the trap. The trap consisted of a small plate filled with soapy
water with a rock in the center covered with Spam© (Hormel Foods Corporation). Two bait traps
were used at the Batch Plant Staging Area and four bait traps were set at the Hale Pōhaku
Construction Staging Area. The traps were left open for 4 days and checked daily in October
2008.

2.4.2

Foliage Sampling

Approximately four hours per day for eight days (in October 2008 and April 2009) were used to
sample foliage in and surrounding the TMT Mid-Level Support Facility. The entire site and the
areas of surrounding foliage were sampled.
•

Aerial Netting – Flying insects were captured in aerial nets and placed into killing jars.
After the specimens died they were transferred into collecting vials and processed in the
laboratory at the end of each day.

•

Sweep Netting – Grasses, small shrubs and other low-lying vegetation was sampled with
a sweep net. The heavy net was brushed along the top of the vegetation or grass,
capturing insects. The insects were placed into killing jars, and later into collecting vials
for processing.

•

Foliage Beating – Foliage was sampled using beating sheets. A 19.7 inch square sheet
was placed under a branch and the stem was struck with a short stick. Arthropods on the
foliage were dislodged and fell onto the sheet where they were collected with an aspirator
into vials.

•

Visual Inspection – Plants were visually inspected for arthropods that were not collected
by other methods.

Litter Sifting
Rocks and dead logs were turned over and leaf litter was sorted through to locate and collect
arthropods. Arthropods were collected into vials using an aspirator or forceps.
Night Sampling
UV lights were used to attract moths and other nocturnal insects. A cloth sheet was hung on a
rope at night with an ultraviolet fluorescent tubes placed at the top of the sheet. As insects were
attracted and alighted on the sheet, they were captured in vials. High winds some nights required
that the sheet be placed on the ground with the light suspended a few feet above it to attract
insects.
The phases of the moon can influence the attraction of insects to artificial light (Williams and
others 1956). A bright moon may compete with the light source resulting in a reduced catch. The
moon was waxing during the September/October 2008 sampling period, with approximately 15
to 50 percent illumination.
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The Batch Plant Staging Area with
Pu‘u Hau Kea in the background.

2.4.3

Specimen Curation

The contents of the traps were cleaned in 70 percent ethyl alcohol and sorted into the morphospecies for identification. Hard-bodied species, such as beetles, true bugs, large flies and bees
were mounted on pins, either by pinning the specimen or by gluing the specimens to paper
points. Soft-bodied specimens, such as immature stages, spiders, Collembola, Psyllids, Aphids,
small flies and wasps, and centipedes, were stored in vials filled with 90 percent ethyl alcohol.

2.4.4

Identification

Identification to the species level for all specimens was not feasible in the time frame for this
study. Important groups of endemic species, species of concern, and potentially threatening nonindigenous species were given first priority for identification. Specimens will be deposited in the
B.P. Bishop Museum when sampling and identification are complete.
References for general identification of the specimens included Fauna Hawaiiensis (Sharp (ed)
1899-1913) and the 17 volumes of Insects of Hawai‘i (Zimmerman 1948a, 1948b, 1948c, 1948d,
1948e, 1957, 1958a, 1958b, 1978, Hardy 1960, 1964, 1965, 1981, Tentorio 1969, Hardy and
Delfinado 1980, Christiansen and Bellinger 1992, Liebherr and Zimmerman 2000, and Daly and
Magnacca 2003). Other publications which were useful for general identification included The
Insects and Other Invertebrates of Hawaiian Sugar Cane Fields (Williams 1931), Common
Insects of Hawai‘i (Fullaway and Krauss 1945), Hawaiian Insects and Their Kin (Howarth and
Mull 1992), and An Introduction to the Study of Insects Sixth Edition (Borror, Triplehorn, and
Johnson 1989).
For specific groups specialized keys were necessary. Keys used to identify Heteroptera included
those by Usinger (1936, 1942), Ashlock (1966), and Gagné (1997). Keys used to identify
Hymenoptera included Cushman (1944), Watanabe (1958), Townes (1958), Beardsley (1961,
1969, 1976), Yoshimoto and Ishii (1965), and Yoshimoto (1965a, 1965b).
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2.5 Lichen, Bryophyte, and Botanical Sampling
Prior to field work, a search was made of the literature to review previous botanical, lichen and
bryophyte studies conducted in or near the project area. Identification guides were also consulted
to prepare the investigators for field identification.

2.5.1

Lichen and Bryophyte Sampling

An intensive walk-through survey method was used to inventory the lichens and bryophytes.
Over two eight-hour days, September 29-30, 2008, two people walked through all of Area E with
special attention to the TMT Observatory footprint sites, recording lichen and bryophyte species
as encountered. All principal habitat types were investigated. Small caves were given extra
sampling attention to confirm all species of lichens and bryophytes were detected. Care was
taken to avoid disturbance of flagged archaeological sites and any other site that gave the
appearance of archaeological significance.
Three habitat types found within Area E were examined. Those types are:
Type 1 - Pahoehoe lave flows covered about 50 percent of the area. The general topography
was essentially flat and smooth with many folds. In several areas small caves were found
which ranged from about one foot to almost six feet deep.
Type 2 - Small islands of ash covered about 10 percent of Area E. The ash was typically
covered with small stones or broken lava.
Type 3 - Rubble of shattered stones constituted about 40 percent of the habitat. Three
different subtypes were found in Type 3 habitat;
1. with stones somewhat embedded in ash;
2. where stones rested on ash subsurface; and
3. where there was no evidence of ash between or below the stones.
The undersurfaces of twenty-five rocks were examined each of the three rubble habitats subtypes
and counts were made of lichens present to quantify abundance. All rocks that were examined
were replaced in their original position as precisely as possible.

Dr. Clifford Smith examines lichens in a lava tube at Area E of the MKSR.
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Small samples of all species detected were taken as vouchers. Voucher specimens will be
deposited in the B.P. Bishop Museum in Honolulu. Larger specimens were taken of several
species whose identity could not be confirmed in the field. These samples were studied in the
laboratory or were sent to other lichen experts for identification confirmation.

2.5.2

Botanical Sampling

An intensive walk-through survey method was used to record the flora at the three Project
construction areas – Area E, the Batch Plant Staging Area, and Mid-Level Support Facility area
at Hale Pōhaku. Plant identifications were made in the field. Plants that could not be positively
identified were collected for later determination using plant keys and other identification aides.
Notes were taken of the distribution of species within and surrounding each of the sites.
The botanical inventory of Area E and the Batch Plant Staging Area was conducted concurrently
with the arthropod and Lichen sampling over six days. Plant species were examined repeatedly
as they were encountered to confirm identification.
The botanical inventory at Hale Pōhaku was conducted over six days between October 1 and
October 10, 2008. Species of plants around the perimeter of the Construction Staging Area were
visited several times over the six day period to confirm identifications. Additional botanical
sampling was conducted February 23-24, 2009 and April 17-23, 2009 to survey the TMT MidLevel Support Facility beyond the Construction Staging Area.

2.5.3

Identification

References for general identification of the specimens included Field Guide to Rare and Unusual
Plants on the Island of Hawai‘i (Delay et al 2004), Handbook of Hawaiian Weeds (Haselwood
and Motter 1966), Hawaiian Heritage Plants (Kepler 1984), Trailside Plants of Hawai‘i’s
National Parks (Lamoureux 1976), Hawaiian Forest Plants (Merlin 1995), Hawai‘i’s Vanishing
Flora (Kimura and Nagata 1980), In Gardens of Hawai‘i (Neal 1965), Plants and Flowers of
Hawai‘i (Sohmer and Gustafson 1987), A Tropical Garden Flora (Staples and Herbst 2005),
Ferns of Hawai‘i (Valier 1995), Manual of the Flowering Plants of Hawai‘i (Wagner and others
1990), and Hawai‘i’s Ferns and Fern Allies (Palmer 2003).

Construction Staging Area at Hale Pōhaku.
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3.0

RESULTS and ANALYSIS

3.1 Area E, the Access Way, and Batch Plant Staging Area
3.1.1

Arthropods

Previous Studies
The first reports of insects at high elevations on the Island of Hawai‘i were from Maunaloa
(Guppy 1897, Meinecke 1916, Bryan 1916). The first published collection of insects from
Maunakea was by Bryan (1923), followed by Bryan (1926) and Swezey and Williams (1932).
These first investigators believed that the summit areas were “absolutely sterile” and that all the
insects found there were aeolian, i.e., blown up from surrounding lowlands by wind. These early
reports mention a few species of parasitic wasps, flies, true bugs, and butterflies that were more
commonly found at lower elevations. It is interesting to note that the first hint of a high elevation
resident was by Guppy (1897), when he mentioned a “parasitical bug” that was feeding on the
bodies of dead butterflies. This insect may have been the a‘a bug not formally described until
1998 (Polhemus 1998).
Insects from high elevations on Maunakea were not mentioned in the literature again until 1971
(Gagné 1971) when acacia psyllids (a lowland species that infests koa) were found in great
numbers on observatory walls and washed up in shore debris at Lake Waiau. Howarth (1971)
was the first to hypothesize aeolian ecosystems in Hawai‘i in which the major nutrient source is
windblown material from outside the ecosystem. While that study was conducted on Kilauea, his
new paradigm was soon to be applied to Maunakea.
In 1980, Howarth and Montgomery described the ecology of a high altitude aeolian ecosystem
on Maunakea based on new observations of arthropods near the summit (Mull and Mull 1980,
Mull 1980). In this landmark paper, the authors report the “discovery” of a new flightless lygaeid
bug of the genus Nysius, called the Wēkiu bug (Mull and Mull 1980). Ashlock and Gagné (1981)
described this new species as Nysius wekiuicola.
At least five studies for Maunakea arthropods have been used to support Environmental
Assessments (EA) or EISs. In preparation of the EIS for the Mauna Kea Science Reserve:
Complex Development Plan (RCUH 1983), an assessment was made of the arthropod fauna and
aeolian ecosystem near the summit of Maunakea (Howarth and Stone 1982). That study found
Wēkiu bugs in high density on the summit cinder cones, in moderate density on the plateau
northeast of the cinder cones, and in low density on the northwest plateau where Area E and the
4-wheel drive road are located (Figure 4). The investigators reported seventeen resident
arthropod species, ten presumed to be indigenous Hawaiian arthropods. Besides Wēkiu bugs
from the area of study, a Lycosid spider (Lycosa sp3.), two mites (Families Anystidae and
Eupodidae), three sheetweb spiders (Erigone spp. and one unknown genus), a centipede
(Lithobius sp.), two Collembola (Entomobryoides spp.), and a noctuid moth (Archanarta sp.)
were also found. Only the lycosid spider was found in high abundance in Area E and along the
3

The abbreviation “sp.” is used when the actual specific name cannot be specified.
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4-wheel drive road. The noctuid moth was widely dispersed but nowhere abundant, and was
hypothesized to feed on foliose lichens (Howarth and Stone 1982). A third species of Collembola
that was found was unidentified, and its status was unknown.

Northwest Plateau
and 4-wheel drive
Road where Area E
is located

Figure 4. Population Densities of Wēkiu Bugs during 1982 Study.
(Source Howarth and Stone 1982)

The study also reported a large number of transient (aeolian) species presumably that were blown
up the mountain by wind, and that represented a food source for resident species.
The study concluded that the lava flows and andesitic rocks of Area E and the 4-wheel drive road
were habitat to the noctuid moth, Lycosid spider and centipede, and that Wēkiu bugs were
relatively rare because of the rarity of suitable microhabitat. The islands of talus slopes and
highly fractured rocks surrounded by lava flows were thought to have moderately high
populations of Wēkiu bugs, presumably because the stable rocks provide favorable
microclimates.
The next study was a provisional arthropod assessment conducted for the Caltech Submillimeter
Observatory (CSO) (Howarth 1982). No Wēkiu bugs were detected during the March sampling,
but many of the other species identified from the previous study were found to occur at the CSO
site.
The 1988 study of the invertebrate fauna at the proposed Very Long Baseline Array (VLBA) site
(Montgomery 1988) found no Wēkiu bugs, but at least four of the resident native species
mentioned in the 1982 study along with several non-indigenous species of flies and wasps.
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An arthropod assessment of selected areas of the MKSR (Howarth and others 1999) was
conducted over two years, 1997 and 1998, to support the revised MKSR Master Plan EIS (UH
1999). The investigators reported nine resident species detected during the sampling, four
endemic to Hawai‘i. A total of sixty-nine species of arthropods were collected in this study, ten
that were likely endemic to Hawai‘i.
In July 1998, twenty-five pitfall traps were placed along the 4-wheel drive road on the North
Plateau (now known as Area E). No Wēkiu bugs were detected there during that study, though
they were collected on nearby cinder cones.
Wēkiu bugs were relatively rare during the 1997/98 study and analysis revealed an average
decline of 99.7% in Wēkiu bug capture rates compared to the 1982 study. The investigators cited
possible causes for the decline as changing weather patterns, habitat disturbances, presence of
harmful alien species, and long-term population cycles. Because Wēkiu bugs were more
abundant in disturbed areas compared to non-disturbed areas, the investigators raised “the
possibility that observatory construction had not impacted Wēkiu bug or lycosid spider
distributions at the summit, outside of the immediate vicinity of paved and covered areas”
(Howarth and others 1999).
A 2001 study by the Smithsonian Institution
(Polhemus 2001), found Wēkiu bugs abundant on
Pu‘u Hau Kea inside the Mauna Kea Ice Age
Natural Area Reserve adjacent to the MKSR. The
cinder cone was found to be composed almost
entirely of deep layers of cinder lying over a basal
layer of moist, compacted ash. The study was
conducted over four days in June 2001 and deployed
traps similar to those used during the 1982 Howarth
and Stone study. No other arthropods were reported
from the sampling.

Adult Wēkiu bug captured in a live-trap
during June, 2005.

A long-term baseline monitoring study was started
in February 2002 for the Outrigger Telescopes Project proposed for the W.M. Keck Observatory
(Brenner 2002a – 2006b). The study comprised ten pitfall live-traps at permanent sampling
stations inside the unnamed pu‘u crater below the Keck Observatory and at ten permanent
sampling stations inside Pu‘u Wēkiu. Sampling was conducted quarterly from February, 2002
through May, 2006. Microclimate data were taken using HOBO© data loggers to gain
understanding about the relationship between Wēkiu bug abundance and habitat temperature.
Seven thousand nine hundred and twelve Wēkiu bugs were collected over the four and one-half
years of sampling. Wēkiu bugs were more abundant on the unnamed pu‘u where both Subaru
and Keck sit than on Pu‘u Wēkiu (Table 1). The results of this study supported the conclusion of
the 1999 study, that observatory construction had not impacted Wēkiu bug and lycosid spider
distributions at the summit, outside of the immediate vicinity of paved and covered areas.
The study also found that Wēkiu bug activity appeared to vary with temperature (Figure 5), and
populations fluctuated year to year. These results suggest that the 1999 study may have been
conducted during years of particularly low Wēkiu bug abundance and that the decline reported
was an artifact of timing.
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While the presence of other arthropods was regularly reported in the Quarterly Reports, many of
the same species collected in previous studies were detected during this study (Pacific Analytics
unpublished data). The noctuid moth was found to be present on both cinder cones that were
sampled, along with Lycosid spiders, centipedes, and many other species.
TABLE 1: Quarterly Baseline Monitoring Average Trap Capture Rates

1st Quarter
0.03
2.8
0.00
1.14
0.00
1.0
18.5
2.1
15.92
0.00

Location
Pu‘u Wēkiu 2002*
Pu‘u Wēkiu 2003
Pu‘u Wēkiu 2004
Pu‘u Wēkiu 2005
Pu‘u Wēkiu 2006
Unnamed pu‘u 2002
Unnamed pu‘u 2003
Unnamed pu‘u 2004
Unnamed pu‘u 2005
Unnamed pu‘u 2006

2nd Quarter
0.03
11.5
2.0
0.64
3.12
10.3
90.6
8.8
5.09
30.16

3rd Quarter
0.3
0.5
0.03
1.26

4th Quarter
0.2
0.0
0.06
0.12

4.0
12.4
0.4
5.99

4.0
0.8
0.21
0.62

Year Avg.
0.1
3.7
0.5
0.79
1.56
4.8
30.6
2.9
6.91
15.08

The average number of Wēkiu bugs per trap per 3-days for each of the Quarterly Baseline Monitoring Sampling Sessions.
Yearly average trap capture rates for Baseline Monitoring are in RED.
* - different trap locations on Pu‘u Wēkiu in 2002 (Source Brenner 2006b)

Log Average Wēkiu Bug Trap Capture Rate

7.0

2.5

Log Average Trap Cature Rate
Average Air Temperature (Celsius)

6.0

2
5.0
1.5

4.0
3.0

1
2.0
0.5

1.0
0.0

0
-1.0
-0.5
Jan-02 Apr-02

-2.0
Jul-02

Oct-02

Dec-02 Mar-03 Jun-03 Sep-03 Dec-03 Mar-04 Jun-04

Average Session Temperature in Degrees Celsius

Average Temperature and
Log Average Wēkiu Bug Capture Rate

Quarterly Sampling
Figure 9. Plot of Baseline Monitoring Session Average Temperature (Celsius) and Natural Log Average
Number of Wēkiu Bug Trap Capture Rate per Session on the Unnamed Pu‘u. (Source Brenner 2006b)

Research conducted in 2005 studied the composition of cinder in known Wēkiu bug habitat on
summit cinder cones. This study found evidence of a correlation between the number of Wēkiu
bugs captured at adjacent monitoring stations during concurrent sampling and the proportion of
cinder less than ~2 inches and greater than ~ 0.5 inches. The study also found that the size
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distribution of cinder on Pu‘u Wēkiu was not different from that on the unnamed pu‘u (Brenner
and Lockwood 2005).
The study concluded that “By placing 0.5 inch to 2 inch restoration cinder 12-inches to 18-inches
deep and allowing it to size-sort over time, we feel that the resulting restoration will be similar to
existing Wēkiu bug habitat where high numbers of these bugs have been found.” The results of
the study may be used for future habitat restoration activities.
Four reports of arthropod research were produced by the B.P. Bishop Museum from October,
2002 through April, 2007 (Englund and others 2002, Englund and others 2005, Englund and
others 2006, Englund and others 2007) that give an account of the results of sampling over a
large portion of the MKSR. The purpose of these studies was to gather information about the
distribution of Wēkiu bugs throughout the MKSR.
These four studies found Wēkiu bugs on at least 15 cinder cones ranging in elevation from
11,715 feet to 13,796 feet. The studies generally conclude that Wēkiu bugs are restricted to rims
and inner craters of cinder cones where loose cinders provide interstitial spaces large enough to
allow movement through the cinder habitat.
The authors hypothesized that weather, abiotic factors, temperature, and substrate moisture all
may influence Wēkiu bug activity. Trap efficiency of pitfall live-traps vs. glycol dead-traps was
examined during these studies. It was reported that glycol dead-traps were about forty times
more effective at capturing Wēkiu bugs. As a result of these tests, they conclude that there is no
quantitative evidence of an actual decline in the population of Wēkiu bugs since 1982 (Englund
and others 2002).
A fifth report (Porter and Englund 2006) details the accounts of a study on possible geologic
factors that may influence Wēkiu bugs. This study found the Wēkiu bugs appear to prefer nonglaciated cinders and lava spatter in areas where glacial erratics are lacking. They concluded that
“Because the [Wēkiu] bugs apparently do not like bedrock substrates, telescopes sited on the
glacially modified lava flows in the summit region may have little or no local impact on the
bugs” (Page 13 in Porter and Englund 2006).
There have been other studies of arthropods in the higher elevations of Maunakea but these
studies are ongoing and their data are not complete or available (S. Nagata personal
communication).
In summary, considering the information contained in all reports and published papers, at least
114 species of arthropods have been collected from the MKSR. Many of these species’
identifications have not been determined or are undescribed species. Based on known generic
distributions, thirty-one of the 114 species were identified as potentially endemic to Hawai‘i.
As many as twelve indigenous Hawaiian species may be residents of the higher elevations of
Maunakea, including Area E (Howarth and Stone 1982, Howarth and others 1999). This
potential native resident fauna includes three species of spiders, three species of mites, three
species of Collembola, a centipede, a moth, and a true bug. There are non-indigenous species
thought to also be residents of this region, including mites, spiders, flies, true bugs, and barklice
(Howarth and Stone 1982; Howarth and others 1999).
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Some of the non-indigenous arthropods reported may pose a threat to the native Hawaiian
arthropods that are residents of the higher elevations of the MKSR, as predators or competitors
for food resources.
Current Study Results
Findings
During the Fall sampling period, twenty-two species of arthropods representing ten orders and
eighteen families were collected from the Batch Plant Staging Area, Area E, and along the
4-wheel drive road. While as many as seven of these species collected may be endemic to
Hawai‘i, at most four found in Area E could be considered residents of the sites. These include
two spiders, the wolf-spider (Lycosa sp.) and the
sheetweb spider (Erigone sp.), the noctuid moth, and
perhaps the unknown Collembola species. A fifth
indigenous resident species, the Wēkiu bug (Nysius
wekiuicola) was collected along the 4-wheel drive road.

Lycosid spiders live among rocks.

Despite intensive sampling (123 trap nights), no Wēkiu
bugs were detected at the Batch Plant Staging Area, in
Area E or along the 4-wheel drive road during the
October 2008 sampling (Eiben 2008). Three Wēkiu
bugs were detected at the two control sites, the
unnamed pu‘u and Pu‘u Poli‘ahu, indicating that this
species was active in known habitats.

During the Spring sampling period, one hundred and forty-six Wēkiu bugs were observed in the
baited live-traps and in the immediate vicinity of the traps (Eiben 2009). The counts comprise
one hundred and two adult males, thirty-nine adult females, and five nymphs. No Wēkiu bugs
were captured or observed in Area E or at the Batch Plant. Forty-one Wēkiu bugs were found in
the six live-traps placed along the proposed Access Way Options 2 and 3. An additional one
hundred and five Wēkiu bugs were observed in and near traps at the two control sites, sixty at the
unnamed pu‘u and forty-five at Pu‘u Poli‘ahu. Eighty-five percent of the Wēkiu bugs captured in
the live-traps survived and were released into the habitat from which they were collected.
Analysis
The arthropod fauna of Area E, the 4-wheel drive road, and the Batch Plant Staging Area was
found to be generally the same as that detected in historic collections. Resident native species
detected during this study like the Lycosid spider and sheetweb spiders of the genus Erigone, are
known from the Northern Plateau as well as being abundant over a large part of the MKSR
(Howarth and Stone 1982, Howarth and others 1999). The native noctuid moth is also known
from elsewhere in the MKSR and is always noted as being in low abundance (Howarth and
Stone 1982, Howarth and others 1999, Pacific Analytics unpublished data). It is unlikely that
disturbance and habitat loss due to construction of the Project would significantly impact these
species.
The unidentified Collembola that was found at the Batch Plant Staging Area may or may not be
endemic to Hawai‘i. The fact that it was detected only at the Batch Plant Staging Area indicates
that this species is able to survive a highly disturbed habitat. The cinder stored at the Batch Plant
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Staging Area is used for road maintenance and is moved frequently. The rest of the area is used
as parking and vehicles regularly move over the open ground. Therefore, it is unlikely that
construction activity related to the Project would significantly impact this species.
The other native arthropods that were collected at these sites are not considered residents of the
higher elevations of the MKSR and were likely blown into the area by strong winds where they
may eventually become prey for the resident species. The Lygaeid bugs found feed on plants and
the vegetation at these sites is generally sparse and lacks the host plants necessary to sustain a
population of these insects.
The lack of Wēkiu bug detection during the September sampling should not be taken as evidence
that this species does not use the areas as habitat. Wēkiu bugs were detected at low density along
the 4-wheel drive road in 1982 (Howarth and Stone 1982). Wēkiu bug activity has been found to
be seasonally variable and the late September sampling period was not optimal for Wēkiu bug
detection (Howarth and others 1999, Brenner 2002a-2006b, Polhemus 2001, Englund and others
2002, Englund and others 2005, Englund and others 2006. Englund and others 2007, Eiben pers.
com.). As expected, we observed much higher trap capture rates during the Spring sampling
period. Wēkiu bugs have a seasonal occurrence and are usually much more abundant from
March through June (Brenner 2006b, Englund et al. 2007).
The lava substrate in Area E is not considered to be ideal Wēkiu bug habitat (Howarth and Stone
1982, Howarth and others 1999, Brenner and Lockwood 2005). Wēkiu bugs have only been
found in Area E during one study, and occurred during a particularly abundant year for the bugs
(Howarth and Stone 1982). No Wēkiu bugs have detected at this locality since that study in 1982
until the current study. However, construction activities could potentially impact Wēkiu bugs
within the Maunakea Summit Region. Dust generated during excavation and site preparation
could drift into Wēkiu bug habitat. Trash and construction materials may also be blown off the
site by the strong summit winds. Dust and wind-blown debris are believed to have an adverse
impact on Wēkiu bug habitat, but impacts could be mitigated. It is not likely that construction
activities within Area E would have a significant impact on the Wēkiu bug populations
elsewhere within the MKSR if the recommendations in this report are followed (see Section 4.0
Recommendations).
The loose cinder adjacent to the existing 4 wheel-drive road is highly suitable as Wēkiu bug
habitat, consisting of different sized cinders larger than ½ inch in a depth of 2 to 10 inches above
the ash layer (Eiben 2009). Construction of the Access Way options 2 and 3 would disturb that
habitat.
Wēkiu bugs have never been detected at the Batch Plant Staging Area and are not likely to use
the area as habitat. The stockpiled cinder is disturbed regularly because of road maintenance and
does not have structure suitable for Wēkiu bug habitat. The Batch Plant Staging Area is disturbed
regularly and activity there has not appeared to impact Wēkiu bug populations elsewhere,
therefore construction activities there would not likely have any significant impact. However
precautions should be taken to prevent accidental habitat damage and the introduction of nonindigenous arthropods to ensure protection of the native arthropod species within the MKSR (see
Section 4.0 Recommendations).
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3.1.2

Lichens, Bryophytes, and Vegetation

Previous Studies
Early accounts of the high elevation flora of Maunakea began in 1826 (Goodrich 1826). Hartt
and Neal (1940) provide an excellent review of the early expeditions to the summit of Maunakea.
According to historic reports, few plants grew above 11,000 feet. The early botanists describe the
flora as consisting of māmane (Sophora chrysophylla) extending to about 10,000 feet, and only
Dubautia, silverswords, ferns, and grasses extending as high as Lake Waiau (Hartt and Neal
1940).
The first reported systematic survey of mosses and vascular plants from the higher elevations of
Maunakea occurred in 1935 (Neal 1939). The investigators reported finding a total of 146
species and varieties from an altitudinal range of 5,800 feet to the summit. Only lichens, mosses,
and one fern, Asplenium adiantum nigrum, were detected at the summit region. The report noted
that the fern also was observed at many lower altitudes (Neal 1939, Hartt and Neal 1940).
Botanical surveys of the MKSR conducted for evaluating potential impacts due to construction
of observatories started in 1982 (Smith and others 1982). The first of these surveys found six
resident vascular plants; two indigenous ferns, two indigenous grasses, and two non-indigenous
weeds. These species occur elsewhere in the Hawaiian Islands, and the two grasses (Trisetum
glomeratum and Agrostis sandwicensis) are more common at lower elevations.
One of the ferns, the endemic Cystopteris douglasii, is designated as a Species of Concern by the
U.S. Fish and Wildlife Service (USFWS) (1999). It is known from high elevations on Haleakalā
and Maunakea and may also occur in moist forests on Kauai, Oahu, Lanai, and Maui (HBMP
2008, PBIN 2008). The other fern is the spleenwort,
‘iwa‘iwa (Asplenium adiantum-nigrum).
The bryophytes (mosses) from Maunakea were first
described by Bartram (1939) and new notes were added
in subsequent studies (Bartram 1952). Lichens were not
treated systematically until Smith and others (1982)
conducted a survey on Maunakea near the summit in
their report to support the development of the MKSR
Complex Development Plan (RCUH 1983). In this
study, which covered the summit region above 13,000
feet, about twenty-five species of lichens and twelve
species of mosses were found. Three areas of intense
study were found to have a rich variety of lichens,
Rhizocarpon geographicum on rocks in
including Pseudephebe pubescens, a lichen species
Area E.
never before collected in Hawai‘i. The investigators
concluded that suitable niches for mosses and lichens were dispersed over the summit area and
that limited construction above 13,000 feet would not endanger habitats for these species, but
recommended that the three areas of rich lichen variety be surveyed before development to
determine if construction would remove any populations of Pseudephebe pubescens.
During development of the CSO, three species of lichens and two species of mosses were added
to the summit list (Sohmer and others 1982). Later studies related to the development of the
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Subaru Observatory confirmed the findings of the previous studies and added no new species to
the list of plants that occur near the summit of Maunakea (Char 1990). The last study completed
for observatory development was conducted in 1992 (Char 1992). The investigators mapped
areas of high lichen concentrations; one of these concentrations falls within Area E.
Current Study
Findings
Three lichen/bryophyte habitat types were found to occur at Area E and along the 4-wheel drive
road (Smith 2008).
Type 1 – Pahoehoe lave flows covered about 50 percent of the area. The general topography
was essentially flat and smooth with many folds. In several areas small caves were found
which ranged from about one foot to almost six feet deep.
Type 2 – Small islands of ash covered about 10 percent of Area E. The ash was typically
covered with small stones or broken lava.
Type 3 - Rubble of shattered stones constituted about 40 percent of the habitat. Three
different subtypes were found in Type 3 habitat;
1. with stones somewhat embedded in ash;
2. where stones rested on ash subsurface; and
3. where there was no evidence of ash between or below the stones.
Ten species of lichens and two species of bryophytes
were found within Area E (Appendix B). There is an
extremely low cover (<1 percent) of lichens and
bryophytes. They are confined to protected habitats
almost always on the north-facing sides of rocks or the
head of small collapsed lava tubes. In these sheltered,
amenable habitats, lichens are locally common.

Lichen colony found at Area E.

In 2 quantitative samples from each of these three
subtypes, lichens were found only in the subtype b and
c habitats. In subtype b, Lecanora polytropa was found
under 2 of 50 rocks sampled. In subtype c, Lecanura
polytropa was found under 22 of the 50 rocks sampled,
and Acarospora sp. was under one of the 50 rocks.
None of the L. polytropa had fertile thalli.

There is a marked difference in the distribution of the various lichens. The dark to black species
(Rhizocarpon ?hochstetteri, Pseudephebe miniscula, Umbilicaria aprina and U. hirsuta) are
found on the open face of northern facing rocks, (Candelariella vitellina, Lecanora polytropa
and Lecanora sp.) at the base of northern facing rocks, and (Lepraria ?incana) on the roof of the
small lava tubes in Type 1 habitat. The presence of the dark species in the most exposed
inhabited areas is in keeping with McEvoy and others (2007) finding that melanic pigments play
a photoprotective role in light acclimation. The other species do not have such protection though
the apothecia and areoles of L. polytropa are often light to dark grey in more exposed situations.
Lepraria species frequently grow in protected shaded and humid habitats.
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It has been hypothesized that the resident native
noctuid moth in the Maunakea Summit Region feeds
on foliose lichens (Howarth and Stone 1982). This
has not been confirmed. The foliose lichens found in
Area E do not show evidence of feeding and therefore
do not appear to be necessary to support any
herbivore trophic level.
None of the lichen species present contain
cyanobacteria so if nitrogen fixation is taking place
none of it comes from lichens.
Seven species of vascular plants were found in Area
Umbilicaria lichen on rocks in Area E show
E, two native grass species, two introduced weeds and
no sign of herbivore damage.
two native spleenwort ferns, and one bladder fern.
Three of these species also occur at the Batch Plant Staging Area (Appendix C).
The spleenwort, ‘iwa‘iwa (Asplenium adiantum-nigrum), is a species indigenous to Hawai‘i but
found on all major islands in Hawai‘i and elsewhere in the world (Clapham and others 1962,
Wagner and others 1990, Palmer 2003). At higher elevations within the MKSR it grows in well
protected areas at the base of rocks, between large boulders, or in rock crevices where water
accumulates. Elsewhere in Hawai‘i it grows on cinder plains, lava flows, and in dry forests in
elevations ranging from 2,000 feet to approximately 13,000 feet (Valier 1995). This fern is
uncommon in Area E and at the Batch Plant Staging Area, usually occurring as individual plants
in protected areas that are sheltered from direct sun.
The spleenwort, ‘oāli‘i (Asplenium trichomanes
subsp. densum), is an endemic species of fern.
This delicate fern is uncommon in Area E,
occurring in crevices of rocks. Also known from
Haleakalā, this species is locally abundant in full
sunlight in open areas on lava fields and in kīpuka
from 3,936- 8,856 feet on East Maui and Hawai‘i
(Palmer 2003).
The bladder fern, (Cystopteris douglasii), is a
species endemic to Hawai‘i. It occurs in Area E
infrequently in open, exposed areas on weathered
rock. It is also known from scattered locations
throughout the summit (Smith and others 1982).

‘iwa‘iwa grows in rock crevices at Area E.

Analysis
There is a very low diversity and cover of plants in Area E, along the 4-wheel drive road, and at
the Batch Plant Staging Area. The vascular plants appear to be confined to the western side of
the larger pāhoehoe flows in Area E. The two endemic grasses found both occur throughout the
Hawaiian Islands and are more abundant at lower elevations (Wagner and others 1990) and
therefore not threatened by construction activities. The indigenous spleenwort ferns have a broad
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distribution and are more abundant at lower elevations (Palmer 2003), thus would not be
significantly impacted by construction activities.
A few individual bladder ferns (Cystopteris douglasii) were detected at Area E during our
survey. This fern is considered a Species of Concern (USFWS 1999). It occurs on five islands in
Hawai‘i (Palmer 2003, HBMP 2008, PBIN 2008) and has been designated as a Priority Species-5
plant with more than 5,000 individuals and/or more than 40 populations remaining state wide
(Evans and others 2006). On East Maui it grows between 1,500 and 3,000 feet in mesic forests
and cave mouths (Palmer 2003). On the Island of Hawai‘i this species is found scattered
throughout the higher elevations of the MKSR and on the eastern slopes of Maunaloa in the
Pōhakuloa Training Area (USACE 2003). Thus, Area E does not provide unique habitat essential
for its survival (Char 1990). Populations of this fern in habitats adjacent to Area E and the
4-wheel drive road could be impacted by excessive dust and wind-blown trash that cover these
plants and block needed sunlight. Damage to these populations would be reduced by following
the recommendations contained in this report (Section 4.0 Recommendations)
The two non-indigenous plant species, Hypocaeris radicata, and Taraxacum officinale are not
abundant at the study sites and have not appeared to have spread since 1999.
Lichens and bryophytes were found to be generally confined to the northerly aspect of rocks or
under overhangs and even then the abundance of species is much higher in those areas facing
north.
There is a very low diversity and cover of lichens and mosses in Area E. All of the species
detected are found at somewhat lower elevations at least on the southern side of the mountain,
and none of the species are unique to Hawai‘i. Project construction activities would not likely
have a significant impact on the plant, lichen, and moss species found at the surveyed sites.

3.1.3

Access Way Options

Option 1 – The terrain along this option is similar to that found in Area E, and is not considered
to be ideal Wēkiu bug habitat (Howarth and Stone 1982, Howarth and others 1999, Brenner and
Lockwood 2005). No sampling has been conducted here, but it is likely that Wēkiu bugs only
occupy this area during extreme population explosions that push the insects into marginal
habitats.
Option 2 – The terrain along this option has about a 15 percent slope and would require
extensive fill to be functional. The ground here is a combination of loose cinder and lava and,
like the terrain of Option 1, is not considered to be ideal Wēkiu bug habitat, however, ten Wēkiu
bugs were detected in adjacent habitat during the Spring 2009 sampling session.
Option 3 – The terrain here is loose cinder and is contiguous with the unnamed pu‘u cinder
cone. The cinder here is considered to be ideal Wēkiu bug habitat, although no Wēkiu bugs were
collected here during the 2008 sampling, but thirty-one were collected during the Spring 2009
sampling. This option would require cutting into the cinder cone and Wēkiu bug habitat and
adding a retaining wall to prevent cinder from encroaching on the newly paved road. The road
would also bisect and isolate portions of habitat. While Wēkiu bugs have been observed crossing
existing dirt and cinder roads, none have ever been observed on pavement. Because this option
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disturbs and displaces Wēkiu bug habitat, mitigation measures similar to those proposed for the
Outrigger Telescope Project would likely have to be implemented (see Recommendations).

3.1.4

Summary

The results of this arthropod and botanical survey indicate there are no special concerns or legal
constraints related to invertebrate and botanical resources in the project areas. No species listed
as endangered or threatened were detected at the project construction areas (DLNR 1997, Federal
Register 1999, 2005, 2005). One species currently proposed for federal listing, the Wēkiu bug
(Nysius wekiuicola), was observed along the 4-wheel drive road. Some Wēkiu bug habitat could
be disturbed if Option 2 or 3 are chosen for the proposed Access Way. The amount would be
small compared to the amount of available habitat for this species and would likely not threaten
its survival on Maunakea. One species of concern, Douglas’ bladder fern (Cystopteris douglasii),
was found in Area E, but this species also occurs on Maui and on the eastern slopes of Maunaloa,
thus Area E does not provide unique habitat essential for its survival (Char 1990).

3.2 Construction Staging Area, Hale Pōhaku
3.2.1

Arthropods

Previous Studies
Several entomologists have collected in the māmane forest near Hale Pōhaku, but no one has
published a systematic study of the arthropods found there. Swezey (1954) summarized early
sampling and listed forty-one species from māmane (Sophora chrysophylla) and twenty different
species from naio (Myoporum sandwicense) that occur on the Island of Hawai‘i.
A unpublished 1988 study conducted in the māmane
near Pu‘u La‘au added forty-seven species of insects
and spiders to the list of arthropods from the māmane
forest on Maunakea (Gagne and Montgomery
unpublished). These species could be expected to
occur near Hale Pōhaku as well. There is no doubt
that the subalpine forest arthropod fauna is larger
than these studies indicate and that additional studies
will likely expand the list.
A recent survey along the Saddle Road realignment
route found 214 species of arthropods (USDOT
1997). This is the closest systematic survey to Hale Pōhaku that has been conducted. Many of the
species collected during the study are likely to occur at or near Hale Pōhaku.
Honeybee foraging māmane blossoms.

No endangered, threatened, or special status arthropod species were detected during any of the
previous studies near Hale Pōhaku described above.
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Current Study
Findings
Thirty-three species of arthropods and two snails were observed on or near the TMT Mid-Level
Support Facility area within Hale Pōhaku. Fifteen of the species detected are endemic to
Hawai‘i, seventeen are purposeful or adventives non-indigenous species, and three are of
unknown origin. The endemic species include the difficult yellow-faced bee, Hylaeus difficillis,
the yellow-footed yellow-faced bee, Hylaeus flavipes, a succineid snail, Succinea konaensis, and
several common plant bugs and moths.
Analysis
The arthropod fauna at the TMT Mid-Level Support Facility area consists mostly of nonindigenous species and common endemic species that are abundant throughout the māmane
forest, and occur on other islands. None of the species found are designated as serious pests, and
no ants were detected during the sampling. Two endemic yellow-faced bees were detected;
Hylaeus difficillis, and H. flavipes, both previously designated USFWS Species of Concern.
Species of Concern is an informal term, and is not defined in the federal Endangered Species Act
(ESA). The term commonly refers to species that are declining or appear to be in need of
conservation. Many agencies and organizations maintain lists of at-risk species. These lists
provide essential information for land management planning and conservation efforts, but the
designation carries no special protection and is no longer used by the USFWS Pacific Region
(USFWS personal communication). The difficult yellow-faced bee, Hylaeus difficillis, was
observed only during the Spring sampling period and normally may forage at higher elevations
during warmer weather. This species also occurs on Maui, Lanai, and Molokai and it is unlikely
that disturbance due to construction and staging activities of the Project would significantly
impact this species. The yellow-footed yellow-faced bee, Hylaeus flavipes, was observed during
both sampling periods foraging on māmane. This species also occurs on Maui and Lanai and
construction activities would not likely impact the species.
Little is known about the distribution of the succineid snail. It is known to occur near Pu‘u
La‘au on the western slopes of Maunakea. The impact of construction activity on this species is
unknown.

3.2.2

Botanical

Previous Studies
Many of the same botanists that explored the upper elevations of Maunakea also studied the
vegetation of the subalpine māmane forest (Hartt and Neal 1940). The upper limits of this forest
do not reach above 10,000 feet and many of these early botanists noted seeing sheep and cattle
grazing in the area.
At least five botanical studies have taken place at Hale Pōhaku. The first complete study of the
flora was conducted for the Hale Pōhaku Master Plan (Gerrish 1979). Māmane trees six to
twenty-five feet tall were found to cover about 25 percent of the undisturbed area. The ground
was covered by several common grasses, hairy horseweed (Erigeron bonariensis), common
groundsel (Senecio vulgaris), and mullein (Verbascum sp.). In all, thirty-two plant species were
identified, nine native to Hawai‘i. One endemic species, Stenogyne microphylla, a trailing
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perennial vine up to several feet long, with greenish yellow flowers, is considered rare and
occurs only on two islands in Hawai‘i.
The second botanical study was conducted in 1985
(Char 1985). In this study of the area twenty-six
plant species, nine native to Hawai‘i, were detected
where temporary construction housing was built. A
small population of the threatened species of
Hawaiian catchfly (Silene hawaiiensis) was reported
in rocky areas on the steep slopes adjacent to and
above the maintenance area in the northern/upslope
portion of Hale Pōhaku.
The third botanical survey at Hale Pōhaku was
conducted to assess the impacts of the new facilities
built to support construction of the Subaru
Observatory (Char 1990). A total of thirty-seven
plant species were observed. The same nine
Hawaiian native plants identified in 1979 could still
be found at the site.

Wand mullein (Verbascum virgatum) is
common at the Construction Staging Area.

The fourth study was conducted as part of the MKSR Master Plan EIS (Char 1999). Fifty-three
plant species were found to occur, sixteen native to
Hawai‘i.
The most recent botanical survey at Hale Pōhaku was
conducted at the Construction Staging Area to assess
potential impacts on palila habitat due to use by the
proposed Outrigger Telescopes Project (Brenner
2004e).

Māmane tree (Sophora chrysophylla) just
outside the boundary of Hale Pōhaku.

None of the plants identified in these studies that
occur below the Visitors Center are listed as
threatened and endangered species, nor are any
candidates for listing (USFWS 2006).

Current Study
Findings
During the Fall sampling period, the entire Construction Staging Area (CSA) and the
surrounding region within 100 feet of the area boundaries were surveyed for plants. No māmane
trees were found within the existing construction staging area boundaries, but the area
surrounding the existing CSA was found to contain twenty-five. The locations of the sixteen
closest māmane trees surrounding the CSA were mapped (Figure 10).
The groundcover at the CSA and surrounding area is composed of mixture of low growing
introduced plants and grasses. Besides the māmane trees, no other native plants were observed,
except possibly some scattered bunches of native grasses outside the CSA boundaries.
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Figure 10. Map of Vegetation Surrounding Hale Pōhaku Construction Staging Area

The ground cover of the site and surrounding area consists of a mixture of grasses, dominated by
needlegrass (Nassella cernua). The other plants that make up the ground cover include common
groundsel (Senecio vulgaris), pin clover (Erodium cicutarium), woolly mullein (Verbascum
thapsus), and evening primrose (Oenothera stricta).
The entire TMT Mid-Level Support Facility area was sampled during the 2009 sampling periods
(see Figure 3). The area east of the existing dorms was found to have a moderate density of
māmane trees with an understory of indigenous and nonindigenous grasses and shrubs.
Indigenous plants include māmane trees (Sophora chrysophylla), ‘aheahea (Chenopodium
oahuense), hinahina (Geranium cuneatum), mā‘ohi‘ohi (Stenogyne rugosa), littleleaf stenogyne
(Stenogyne microphylla), ‘oāli‘i (Asplenium trichomanes subsp. densum), Hawaiian bent grass
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(Agrostis sandwicensis), pili grass (Trisetum glomeratum), and another grass (Deschampsia
australis).
Analysis
The CSA is highly disturbed, mostly open ground with almost no vegetation. The few patches of
plants consist of introduced weedy species. The vegetation surrounding the CSA is sparsely
spaced māmane trees with grass and herbaceous
groundcover. This surrounding vegetation may be
susceptible to fire and care should be exercised to
prevent such an occurrence.
No palila were seen in māmane trees immediately
adjacent to the CSA. The principal locality for
palila is at Pu‘u La‘au and palila are rarely seen
near Hale Pōhaku. Fire is a threat to the māmane
forest and precautions should be taken to prevent
it. It is unlikely palila would be significantly
impacted by temporary use of the CSA if the
Rabbitfoot clover (Trifolium arvense) is a low
growing introduced weedy plant that occur at the recommendations contained in this report are
CSA.
followed.
The indigenous plants that grow within the TMT Mid-Level Support Facility boundary are
common and all occur on other islands in Hawai‘i. The proposed approximately 5 acre area
studied represents a small fraction of the māmane subalpine forest habitat and Project use of the
area would likely not substantially impact the
vegetation surrounding the site.
Area Use Options
The area being considered for the TMT Mid-Level
Support Facility (Figure 10) is located near the
lowest reaches of the Hale Pōhaku boundary.
The area comprises three general areas; 1) the CSA
described above; 2) the land around the Construction
Dorms and Cabins; and 3) an area of open ground
with scattered māmane trees above the existing
dorms and east of the existing cabins. There are
neither native Hawaiian species listed as threatened
or endangered, nor any candidates for listing or are
species of concern that were found within the entire
Primrose (Oenothera stricta) is one of the
4.9 acres being considered. Nine native plant species
more abundant and showy, introduced
occur within the area: māmane trees (Sophora
weedy plants that occur at the CSA.
chrysophylla), ‘aheahea (Chenopodium oahuense),
hinahina (Geranium cuneatum), mā‘ohi‘ohi (Stenogyne rugosa), littleleaf stenogyne (Stenogyne
microphylla), ‘oali‘i (Asplenium trichomanes subsp. densum), Hawaiian bent grass (Agrostis
sandwicensis), pili grass (Trisetum glomeratum), and another grass (Deschampsia australis). All
of these species occur over a wide range and most on other islands in Hawai‘i and none are
considered rare or threatened.
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To the east of the area is a forest reserve with native Hawaiian components, including those
found within the area, and a fern (Asplenium adiantum-nigrum). The forest reserve is within the
designated critical habitat for the federally listed endangered bird palila (Loxioides bailleui).
The only serious threats to the surrounding forest reserve that is posed by the use of this area for
dormitory development and observatory construction activities are the potential for fire and the
increased potential for introduction of non-indigenous plants and arthropods. Other impacts may
also include wind-blown trash, construction debris and dust. All of these impacts can easily be
mitigated or prevented by implementing sensible and well thought out management practices.
Planning for development of the area should include considerations for protecting the
surrounding forest reserve and palila critical habitat.

3.2.3

Summary

The results of this arthropod and botanical survey at the TMT Mid-Level Support Facility area
indicate there are no special concerns or legal constraints related to invertebrate and botanical
resources in the Project areas. No species listed as endangered, threatened, or that are currently
proposed for listing under either federal or State of Hawai‘i endangered species statutes were
detected at the CSA or Area 1 (DLNR 1997, Federal Register 1999, 2005, 2006). The māmane
forest that surrounds Hale Pōhaku is designated palila critical habitat. Care must be taken to
reduce all threats to this habitat by use of the TMT Mid-Level Support Facility. By following the
recommendations contained in this report those threats could be reduced. Three invertebrate
formally designated Species of Concern occur within the TMT Mid-Level Support Facility
boundary, the difficult yellow-faced bee (Hylaeus difficillis), the yellow-footed yellow-faced bee
(Hylaeus flavipes), and the succineid snail (Succinea konaensis). The habitat for the two bees is
extensive on Maunakea, and construction activity at the TMT Mid-Level Support Facility would
likely not impact their populations. Little is known about the distribution of the succineid snail,
other than that it is known to occur near Pu‘u La‘au on the western slopes of Maunakea. The
impact of construction activities on this species is unknown.
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4.0

RECOMMENDATIONS

4.1 Area E, Access Way, and Batch Plant Staging Area
Habitat Disturbance should be minimized - The rocks and cinder within Area E are home to
lichens, mosses, and endemic arthropods, therefore disturbance should be minimized at the
construction site and in the surrounding habitats.
Recommendation 1:
Disturbance should be minimized. Construction activities should
be limited to the footprint pad and road improvements, and no cinder or other materials
should be side-cast into adjacent habitat.
Recommendation 2:
Dust can impact lichens, mosses, and ferns and is believed to
degrade Wēkiu bug habitat. Water should be applied to excavation sites and cinder stockpiles
to minimize dust generation.
Recommendation 3:
High winds can spread dust to surrounding habitat. It is
recommended that dust-generating activities be suspended during high winds.
Recommendation 4:
Soil-binding stabilizers such as DuraSoil are currently being used
on unpaved roads within the MKSR. These compounds help reduce dust and road
maintenance and their use is encouraged. However, soil-binding stabilizers should be used
sparingly, and should never be applied to habitat adjacent to the roads or observatory use
areas.
Recommendation 5:
Oil spills and other contaminating events have occurred at
observatories in the past. While these spills have always been contained immediately and
have not resulted in serious ecological damage, care should be taken to avoid any spills. The
Project staff and contractors should follow Federal guidelines specifying the use and disposal
of oil, gasoline, dangerous chemicals, and other substances used during observatory
construction and maintenance.
Recommendation 6:
Contractors should minimize the amount of on-site paints, thinners,
and solvents. Painting and construction equipment should not be cleaned on-site. Contractors
should keep a log of hazardous materials brought on-site and report spills immediately to a
designated Project representative and the proper authorities.
Recommendation 7:
Construction trash containers should be tightly covered to prevent
construction wastes from being dispersed by wind.
Recommendation 8:
Construction materials stored at the site should be covered with
tarps, or anchored in place, and not be susceptible to movement by wind.
Recommendation 9:
If construction materials and trash are blown into habitat, they
should be collected with a minimum of disturbance.
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Recommendation 10:
Option 3, developing the existing 4-wheel drive road as the Access
Way, should be avoided because it disturbs, displaces, and isolates portions of Wēkiu bug
habitat. It would likely require mitigation measures similar to those suggested for the
Outrigger Telescopes project, such as habitat restoration in the unnamed pu‘u. Option 2
crosses marginal Wēkiu bug habitat and would likely have no significant impact on Wēkiu
bugs, but may entail some mitigation. The ideal option from a biological resources view is
Option 1. It disturbs a minimal amount of only marginal habitat.
Introduction of non-indigenous arthropods and plants should be avoided – Non-indigenous
arthropods can be a threat to native species that reside at or near the summit. Ants are especially
threatening and their introduction should be strictly prevented. Introduced plants can change the
microhabitat conditions if they become established, thereby facilitating the establishment of
other non-indigenous species.
Recommendation 11:
Earthmoving equipment should be free of large deposits of soil,
dirt and vegetation debris that may harbor alien arthropods and weed seeds.
1. Pressure-wash and/or otherwise remove alien arthropods and weed seeds from
equipment and materials before moving them from lower elevations and up the
Maunakea Access Road. This cleaning should be done in baseyards in Hilo or
Waimea before continuing up Saddle Road.
2. Inspect large trucks, tractors, and other heavy equipment before proceeding up
Maunakea Access Road from Hale Pōhaku. Clean and wash as necessary prior to
proceeding up to the summit area.
Recommendation 12:
All construction materials, crates, shipping containers, packaging
material, and observatory equipment should be free of alien arthropods when delivered to the
summit.
1. Inspect shipping crates, containers, and packing materials before shipment to
Hawai‘i
2. Inspect construction materials before transport to the summit area
Recommendation 13:
Outdoor trash receptacles should be provided for ready disposal of
lunch bags and wrappers. These receptacles should be secured to the ground, have attached
lids and plastic liners, and be collected frequently to reduce food availability for alien
predators.
Recommendation 14:
The construction site and staging areas should be monitored to
detect new introductions of non-indigenous arthropod and plant species. New alien arthropod
and plant introductions detected during monitoring should be eradicated immediately.
1.
2.
3.
4.

Ant eradication
Yellowjacket eradication
Alien spider eradication
Weed eradication
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4.2 Construction Staging Area, Hale Pōhaku
Habitat Disturbance should be minimized – While the Construction Staging Area and the
immediate surrounding area within Hale Pōhaku are highly disturbed, a native ecosystem exists
nearby. Care should be taken to avoid disturbance of that ecosystem.
Recommendation 1:
In previous botanical surveys conducted at this site it was
recommended that efforts be directed to managing the natural resources on and around the
site. The recommendations included plantings of native species and removing introduced
species, such as mullein and the newly arrived Madagascar ragwort. These recommendations
are still valid today.
Recommendation 2:
Because of increased tourist traffic and resident recreational use of
the surrounding area, it is possible that more non-indigenous species will be introduced.
Construction vehicles and containers for the Project should be cleaned and inspected for alien
species before proceeding up the Maunakea Access Road. These inspections are likely to
intercept other alien species that may cause harm to the surrounding critical habitat at Hale
Pōhaku.
Recommendation 3:
Other habitat protection measures mentioned for Area E are also
applicable at Hale Pōhaku. For example, control of trash, dust, and material is important to
minimize disturbance to adjacent habitat. And, it is good practice to limit the amount of
hazardous materials to decrease the potential for spills.
Recommendation 4:
Another important habitat protection measure especially applicable
at Hale Pōhaku is prevention of fire. The māmane forest surrounding the construction staging
area is dry and susceptible to fire, and once started, a fire may be difficult to control. It is best
to take precautions to prevent fire, such as advising personnel of the susceptibility of habitat
to fire, limiting smoking to designated areas away from dry grass, and limiting the amount of
activity that would cause sparks or fire that may spread to adjacent habitat. It is advisable to
have fire extinguishers on hand and the construction staging area personnel should be trained
in their use. These are practical measures that are usually applied at construction sites, but are
especially important in natural areas where fire may have an impact on endangered species
and their habitats.
Recommendation 5:
The succineid snail (Succinea konaensis) occurs under fallen, dead
trees. If dead trees are to be moved at the TMT Mid-Level Support Facility area, they should
be placed outside the disturbance area. It may be preferred to have a qualified biologist
present to search for and remove individual snails and relocate them with the dead trees.
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Jesse Eiben checking Wēkiu bug traps on the unnamed pu‘u in April 2009.
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Looking towards the summit observatories from Area E in April 2009.
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Summary
A four day sampling regime with the use of 45 baited attractant live traps designed for
monitoring the presence and absence of the Wekiu bug (Nysius wekiuicola Ashlock and Gagné)
was used to create part of the biological assessment of a proposed site for the Thirty Meter
Telescope on Maunakea, Hawai‘i. Three Wekiu bugs were captured and counted before being
released at the end of the sampling period on September 28, 2008. No Wekiu bugs were found in
the area purported to be directly physically impacted by any possible observatory construction
activity. The fall season is not the best time to look for the presence or absence of the Wekiu bug
anywhere in its range, so there can be only limited conclusions drawn from this sampling period.
However, there is broad accord among scientists that the type of rock substrate in the Northern
Plateau is not known to regularly harbor large numbers of Wekiu bugs.
Introduction
As part of a project by Pacific Analytics, LLC for the Thirty Meter Telescope Project, I have
been contracted to sample for the Wekiu bug in areas selected as possible sites for Project
construction on the Northern Plateau of Maunakea. This project is different from, yet is informed
by, scientific research I am conducting for my PhD in entomology at the University of Hawai‘i at
Manoa involving the life history and population genetics of the Wekiu bug.
The Wekiu bug, Nysius wekiuicola Ashlock and Gagné, on the Island of Hawai‘i has been the
focus of much attention in its native range on and near the summit of Hawai‘i’s tallest mountain,
Maunakea. Since the bug’s formal description in 1983 by Ashlock and Gagné, the bug’s habitat
and life history has been of great interest to scientists, conservationists, and the public as a
whole. The specialized life history allowing the Wekiu bug to survive the extremes of
temperature, solar radiation, and water and food availability make this insect a true marvel of
adaptation. Due to its limited range, specialized habitat requirements, isolated populations, and
habitat destruction, the Wekiu bug was is currently a candidate for listing priority 8 under the
Endangered Species Act (Endangered, 2006). Explorations of the summit area over the past 10
years by entomologists representing the Bishop Museum, Pacific Analytics, LLC, and the
University of Hawai‘i at Manoa have greatly enhanced our knowledge of the types of areas
Wekiu bugs inhabit, their behaviors and life history (Pacific Analytics, 2006, Englund et al.
2007, Eiben, unpublished).
The objectives for this study are to provide presence and absence data of the Wekiu bug in a
subset of its range on and near the summit of Maunakea as part of the biological assessment of a
potential site for a new observatory in the Astronomy Precinct being prepared by Pacific
Analytics, LLC.
Materials and Methods
Study Area:
The area of Maunakea being sampled for Wekiu bugs is known as Area E on the Northern
Plateau of the mountain. In practical terms, the area encompasses a part of the west and
northwest zone of the Astronomy Precinct on the summit of Maunakea. Specific locations for
wekiu bug live-trap placements were haphazardly selected in Area E, along the 4-wheel drive
road to Area E, around the Batch Plant, and in two control locations not in the expected
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construction disturbance areas where Wekiu bugs have been found multiple times in 2007 and
2008 (Eiben, unpublished).
Trapping Methods:
A live pitfall trap design very similar to those described by Englund et al. (2002) and Pacific
Analytics (2002) was used to attract Wekiu bugs. The modifications in design are as follows.
Two 10oz clear plastic cups were used for each trap. The upper cup was punctured with one
small hole in the bottom center through which a small absorbent wick made of tissue (Kimtech
Science) was pushed. A small amount of water was poured into the bottom of the lower reservoir
cup. The attractant shrimp paste was placed in the upper cup contacting the wick, on a few small
pieces of rock in the cup, smeared on the side of the cup, and on a cap rock. The traps were dug
into the available ground substrate attempting to achieve a depth where moisture was present in
the ash layer. The lip of the cup was not necessarily placed flush with ash layer, and there was no
wire mesh surround to provide structure surrounding the cups. This cup design has been
successful for attracting and capturing Wekiu bugs during 2007 and 2008 (Eiben, unpublished).
Most sites selected for sampling used a pair of traps within 16.4 feet of each other in different
microhabitat types (ex. large rock jumble vs. ash layer near the surface) to attempt to sample the
true diversity of the habitat (see Tables 1 and 2). The traps were checked daily and bugs captured
were removed for the duration of the sampling period to prevent recounts. Bugs were held for up
to three days in captivity with food and water sources.
Results
No Wekiu bugs were observed while hiking through the trapping areas, nor were any Wekiu
bugs observed while emplacing the traps. Forty-five traps were placed for three or four days
from September 25-28. Three Wekiu bugs were captured in two locations over the sampling
period (see Table 1, Table 2, and Figure 1). One adult female and one 5th instar nymph Wekiu
bug were captured in the control area near the SE base of Puu Hau Oki on September 26, 2008.
One 5th instar nymph Wekiu bug was found in the control area on the E base area of Puu Poliahu
on September 28, 2008. All three Wekiu bugs found in the traps were alive and were released
alive in good condition where they were captured on September 28, 2008.
Discussion
Though the sampling effort (number of traps) for Wekiu bugs during this sampling period was
quite intense given the area surveyed, there can be little information drawn from the lack of bugs
found in Area E. During the fall season, the number of Wekiu bugs found on Maunakea
throughout its range are much less than during other times of the year. The reason for this is
unknown. Wekiu bugs are found in much higher numbers during the late spring and early
summer, and these areas are correlated to lasting snow pack (Englund et al. 2007). The duration
and availability of moisture sources may indeed be a limiting factor for the year-round
distribution of the Wekiu bug within its range. The spring sampling period of Area E should be
much more informative for determining the presence or absence of the Wekiu bug in the possible
construction zone for the Project.
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Table 1. Detail of baited shrimp trap locations and wekiu bug captures during September, 2008
Site Description
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Site 1 footprint
Road
Road
Road
Road
Site area
Site area
Site area
Site area
Site 2 footprint
Site 2 footprint
Site 2 footprint
Site 2 footprint
Site 2 footprint
Site 2 footprint

Trap Name
TMT1A
TMT1B
TMT2A
TMT2B
TMT3A
TMT3B
TMT4A
TMT4B
TMT5A
TMT5B
TMT6A
TMT6B
TMT7A
TMT7B
TMT8A
TMT8B
TMT9A
TMT9B
TMT10A
TMT10B
TMT11A
TMT11B
TMT12A
TMT12B

Paired
traps
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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GPS Coordinates (NAD83)
19°49'57.22"N 155°28'52.93"W
19°49'57.90"N 155°28'53.69"W
19°49'56.35"N 155°28'53.65"W
19°49'55.42"N 155°28'53.08"W
19°49'53.80"N 155°28'52.97"W
19°49'52.46"N 155°28'53.04"W
19°49'51.67"N 155°28'50.74"W
19°49'52.10"N 155°28'49.69"W
19°49'52.68"N 155°28'48.22"W
19°49'41.02"N 155°28'46.45"W
19°49'41.84"N 155°28'45.01"W
19°49'43.10"N 155°28'44.08"W

25-Sep-08
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install

Wekiu Bug Captures
26-Sep-08
27-Sep-08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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28-Sep-08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 2. Detail of baited shrimp trap locations and wekiu bug captures during September, 2008
Site Description
Site 2 footprint
Site 2 footprint
Site 2 footprint
Site 2 footprint
Site Area
Site Area
Site Area
Site Area
Road
Road
Road
Road
Batch plant
Batch plant
Batch plant
Batch plant
Batch plant
Non-construction
Non-construction
Non-construction
Non-construction

Trap Name
TMT13A
TMT13B
TMT14A
TMT14B
TMT15A
TMT15B
TMT16A
TMT16B
TMT road1
TMT road2
TMT road3
TMT road4
TMTbatch1A
TMT batch1B
TMT batch2A
TMT batch2B
TMT batch3
TMT Pol contA
TMT Pol contB
TMT Oki contA
TMT Oki contB

Paired
traps
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

GPS Coordinates (NAD83)
19°49'43.61"N 155°28'45.84"W
19°49'46.49"N 155°28'47.39"W
19°49'43.79"N 155°28'51.78"W
19°49'45.55"N 155°28'53.47"W
19°49'28.63"N
19°49'32.48"N
19°49'38.27"N
19°49'43.75"N
19°49'12.65"N

155°28'40.01"W
155°28'41.26"W
155°28'44.31"W
155°28'48.79"W
155°28'27.44"W

19°49'12.72"N 155°28'29.82"W
19°49'11.04"N 155°28'30.52"W
19°49'26.54"N 155°28'48.36"W
19°49'25.72"N 155°28'31.66"W

25-Sep-08
Install
Install
Install
Install
Install
Install
Install
Install
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Install
Install

Wekiu Bug Captures
26-Sep-08
27-Sep-08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
Install
0
2**
0
0
0

*one fifth instar nymph captured
**one adult female and one fifth instar nymph captured
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28-Sep-08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1*
0
0
0

Figure 1. Overview map of study site sample locations within the Astronomy Precinct on
Maunakea, Hawai‘i
*Astronomy Precinct outlined in purple
**Green dots indicate Wekiu bug capture locations
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Summary
A four day sampling regime with the use of 24 baited attractant live traps designed for
monitoring the presence and absence of the Wekiu bug (Nysius wekiuicola Ashlock and Gagné)
was used to create part of the biological assessment of a proposed site for the Thirty Meter
Telescope on Maunakea, Hawai‘i. A total of 146 wekiu bugs were observed and/or captured
between April 20 and 23, 2009. In the past, Wekiu bugs have often been captured in greater
numbers during late March, April and May than during the summer and fall (Eiben pers. obs.).
This cycle of Wekiu bug activity was confirmed during the two sampling periods for the
proposed TMT site. Wekiu bugs were found in areas impacted previously by construction and in
areas that are considered unaltered habitat. No Wekiu bugs were found in the area of the
proposed construction footprint of the Project construction, however there were many Wekiu
bugs found along the currently closed unpaved 4-wheel drive road north of the SMA array. This
road may be impacted by Project construction, and Wekiu bug habitat and populations will need
to be taken into consideration in the event of the road reopening. There is still broad accord
among scientists that the type of rock substrate in the Northern Plateau is not known to regularly
harbor large numbers of Wekiu bugs, and this was confirmed during the spring 2009 sampling
session.
Introduction
As part of a project by Pacific Analytics, LLC for the Thirty Meter Telescope, I have been
contracted to sample for the Wekiu bug in areas selected as possible sites for observatory facility
construction on the Northern Plateau of Maunakea. This project is different from, yet is informed
by, scientific research I am conducting for my PhD in entomology at the University of Hawai‘i at
Manoa involving the life history and population genetics of the Wekiu bug.
The Wekiu bug, Nysius wekiuicola Ashlock and Gagné, on the Island of Hawai‘i has been the
focus of much attention in its native range on and near the summit of Hawai‘i’s tallest mountain,
Maunakea. Since the bug’s formal description in 1983 by Ashlock and Gagné, the bug’s habitat
and life history has been of great interest to scientists, conservationists, and the public as a
whole. The specialized life history allowing the Wekiu bug to survive the extremes of
temperature, solar radiation, and water and food availability make this insect a true marvel of
adaptation. Due to its limited range, specialized habitat requirements, isolated populations, and
habitat destruction, the Wekiu bug is currently a candidate for listing priority 8 under the
Endangered Species Act (Endangered, 2006). Explorations of the summit area over the past 10
years by entomologists representing the Bishop Museum, Pacific Analytics, LLC, and the
University of Hawai‘i at Manoa have greatly enhanced our knowledge of the types of areas
Wekiu bugs inhabit, their behaviors and life history (Pacific Analytics, 2006, Englund et al.
2007, Eiben, unpub.).
The objectives for this study are to provide presence and absence data of the Wekiu bug in a
subset of its range on and near the summit of Maunakea as part of the biological assessment of a
potential site for a new observatory in the Astronomy Precinct being prepared by Pacific
Analytics, LLC.
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Materials and Methods
Study Area:
The area of Maunakea being sampled for Wekiu bugs is known as Area E on the Northern
Plateau of the mountain. In practical terms, the area encompasses a part of the west and
northwest zone of the Astronomy Precinct on the summit of Maunakea. Specific locations for
Wekiu bug live-trap placements were haphazardly selected in Area E in the proposed footprint
sites of the TMT Project, along the 4-wheel drive road to Area E, around the Batch Plant, and in
two control locations not in the expected construction disturbance areas where Wekiu bugs have
been found multiple times in 2007 and 2008 (Eiben, unpublished).
Trapping Methods:
A live pitfall trap design very similar to those described by Englund et al. (2002) and Pacific
Analytics (2002) was used to attract Wekiu bugs. The modifications in design are as follows.
Two 10oz clear plastic cups were used for each trap. The upper cup was punctured with one
small hole in the bottom center through which a small absorbent wick made of tissue (Kimtech
Science) was pushed. A small amount of water was poured into the bottom of the lower reservoir
cup. The attractant shrimp paste was placed in the upper cup contacting the wick, on a few small
pieces of rock in the cup, smeared on the side of the cup, and on a cap rock. The traps were dug
into the available ground substrate attempting to achieve a depth where moisture was present in
the ash layer. The lip of the cup was not necessarily placed flush with ash layer, and there was no
wire mesh surround to provide structure surrounding the cups. This cup design has been
successful for attracting and capturing Wekiu bugs during 2007 and 2008 (Eiben, unpublished).
Most sites selected for sampling used a pair of traps within 5 meters of each other in different
microhabitat types (ex. large rock jumble vs. ash layer near the surface) to attempt to sample the
true diversity of the habitat (see Table 1). The traps were checked daily and bugs captured were
removed for the duration of the sampling period to prevent recounts. Bugs were held for up to
three days in captivity with food and water sources.
Results
A total of 146 Wekiu bugs were observed in the baited traps and in the immediate vicinity of the
traps. Twenty four traps were placed for three full days starting on April 20 and removed on
April 23. No Wekiu bugs were captured or observed in the area known as Area E on the
Northern Plateau (12 traps), nor near the Batch Plant area (2 traps), 41 Wekiu bugs were found in
6 traps along the dirt road that is currently closed adjacent to the SMA array, and 105 Wekiu
bugs were captured in four traps in two control locations not in areas with any planned direct
impacts by construction activities of the Project (see Table 1, and Figure 1). Five nymph, 102
adult male, and 39 adult female Wekiu bugs were captured in total. Twenty seven live Wekiu
bugs captured in the two “Poi Bowl, Pu’u Hau ‘Oki” control trap sites were collected and moved
to the University of Hawai‘i lab colony by myself, Jesse Eiben, as per my permit allowances for
the life history study of the Wekiu bug. There was an 85 percent survivorship rate of Wekiu bugs
trapped in this sampling period with eighteen Wekiu bugs found dead in the traps, and four
Wekiu bugs dying in captivity.
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Discussion
The sampling effort during the spring sampling session was less intense (24 traps vs. 45 traps)
than the fall sampling period because the spring is typically the active season for adult Wekiu
bugs. As expected, we observed much higher trapping rates than in the fall of 2008 when Wekiu
bugs are scarce and/or not attracted to traps. The weather at the summit during the sampling
period of April 20-23, 2009 was quite cold and windy with the daytime high air temperature
hovering only slightly above freezing at 34-41ºF and wind gusts up to 94 mph with ~45mph
constant wind speeds. The lower trap catches on April 22 could be correlated to the overcast sky
the previous day. Wekiu bugs were less likely to be active during the time between the traps
were checked because they were simply too cold to be attracted and move in high numbers
toward the baited traps on April 21st. Important to note is the complete lack of any recent wind
deposited insect food sources for the Wekiu bugs. Virtually no by-catch of other insects was
found in the traps, and the snow-covered areas of the mountain observed were bereft of insects.
Wekiu bugs were captured in places characterized as having large areas with an assemblage of
different sized rock cinder scoria in a depth of approximately 2-10 inches before the ash layer
was reached. This mixed rock tephra is found on the slopes of cinder cones. The areas where
Wekiu bugs are found show a constant state of flux, with the scoria slowly moving down slope
by the force of gravity and undergoing frost-heaves that continually ‘sift’ dust and ash down in
depth thereby creating a natural and very slow sorting of rock scoria with larger rocks nearer the
surface and smaller cinders being closer to the ash layer. This habitat type is apparently highly
suitable for supporting populations of Wekiu bugs. There are many interconnected reasons why
Wekiu bugs are associated with specific type of habitat. Wekiu bugs can use this depth of
different sized cinder to thermoregulate by moving through the innumerable crevices that the
assortment of rocks create. These crevices also provide paths for escape from predators (most
likely the endemic lycosid spider). Temperature and humidity data show the incredible variation
found in these few inches of rock, with humidity and temperature being oppositely correlated.
Near the ash layer, the temperature is cool with high humidity, and at the surface where Wekiu
bugs can bask in the sun, the temperature can be very high (up to 114º F) with extremely low
humidity (10 percent) (Eiben unpublished). These microhabitats are necessary for the Wekiu bug
physiologically, but can also create areas that hold and preserve prey items on which Wekiu bugs
feed. As insects drop from the wind column and sift through the scoria, they can become
protected from the intense desiccating conditions found at the surface. Of the traps that attracted
Wekiu bugs, some traps were placed in areas with very little depth of this type of cinder tephra,
however, since the effective range of these traps is unknown, the bugs could be attracted from
adjacent deep cinder zones.
It has previously been shown that Wekiu bugs are found in much higher numbers during the late
spring and early summer, and these areas are correlated to lasting snow pack (Englund et al.
2007). During this trapping session and others (Eiben, unpublished), it is apparent that Wekiu
bugs are often found in areas that have no current adjacent snow pack (along the dirt road north
of SMA, and at the lower trap sites on Pu’u Poliahu and Pu’u Hau ‘Oki). The duration and
availability of moisture sources may indeed be a limiting factor for the year-round distribution of
the Wekiu bug within its range. When discussing insect populations and habitats, it essential to
be cognizant that the individual organism does not seek out and use habitat on a very large scale.
Population growth in an area will be at the whim of the food and climate (microclimate)
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available. This is especially true on Maunakea, where weather events can drastically change the
time and duration of activity possible and availability of fresh prey items for Wekiu bugs.
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Table 1. Detail of baited shrimp trap locations and wekiu bug captures during April, 2009
Site Description
SMA Access Road
SMA Access Road
SMA Access Road
SMA Access Road
SMA Access Road
SMA Access Road
Site 1 Footprint
Site 1 Footprint
Site 1 Footprint
Site 1 Footprint
Site 1 Footprint
Site 1 Footprint
Site 2 Footprint
Site 2 Footprint
Site 2 Footprint
Site 2 Footprint
Site 2 Footprint
Site 2 Footprint
Batch Plant
Batch Plant
Non-Construction
Non-Construction
Non-Construction
Non-Construction

Trap Name Paired
traps
STMTR1-A
No
STMTR1-B
No
STMTR2-A
No
STMTR2-B
No
STMTR3-A
No
STMTR3-B
No
STMTF1-A
Yes
STMTF1-A
STMTF1-B
Yes
STMTF1-B
STMTF1-C
Yes
STMTF1-C
STMTF2-A
Yes
STMTF2-A
STMTF2-B
Yes
STMTF2-B
STMTF2-C
Yes
STMTF2-C
STMTbatch
Yes
STMTbatch
STMTPol-A
Yes
STMTPol-B
STMTPoi-A
Yes
STMTPoi-B

Arthropod and Botanical Inventory and Assessment
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GPS Coordinates (NAD83)
N19 49.482 W155 28.648
N19 49.481 W155 28.653
N19 49.505 W155 28.659
N19 49.503 W155 28.656
N19 49.549 W155 28.679
N19 49.549 W155 28.686
N19 49.968 W155 28.880
N19 49.975 W155 28.895
N19 49.932 W155 28.898
N19 49.903 W155 28.887
N19 49.908 W155 28.853
N19 49.885 W155 28.849
N19 49.175 W155 28.492
N19 49.448 W155 28.802
N19 49.429 W155 28.517

20-Apr-09
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install
Install - 1
Install
Install
Install

Wekiu Bug Captures
21-Apr-09
22-Apr-09
23-Apr-09
9
0
3
3
0
7
2
0
5
1
1
2
1
0
6
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
14
6
21
2
0
1
6
13
16
3
5
17
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TOTALS
= 12
= 10
=7
=4
=7
=1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
= 42
=3
= 35
= 25

Figure 1. Overview map of study site sample locations within the Astronomy Precinct on
Maunakea, Hawai‘i
*Astronomy Precinct outlined in purple
**Green squares indicate Wekiu bug capture locations, size correlated to trap captures
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The lichens and bryophytes in the proposed Thirty Meter Telescope sites
at the summit of Maunakea, Hawai‘i
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MAUNAKEA REPORT
The lichens and bryophytes in the proposed Thirty Meter Telescope sites at the summit of
Maunakea, Hawai‘i.
Clifford W. Smith, Emeritus Professor in Botany, University of Hawai‘i at Manoa, 3190 Maile
Way #410, Honolulu HI 96822. (Email: cliff@hawaii.edu).
INTRODUCTION
The summit area of Maunakea is barren land of massive cinder cones above andesite lava flows
that erupted during the last period of glaciation; the lava flows erupting below the glacier cooled
without crystallizing creating a particularly dense rock (Anon xxxx). The average daytime
maximum air temperature is 50.1ºF and the low 24.8ºF; it freezes almost every night of the year
(NOAA 2008). Such fluctuations are often referred to as ‘summer every day, winter every night.’
The average annual rainfall is 74 inches/year principally from November through April with
little rain during June and July. Snow accumulates during the winter months sufficient for skiing
but accumulation records have not been kept. UV radiation is intense; records from the Mauna
Loa Observatory at 11,135 foot elevation are much higher than at sea level and will be higher
still on the summit area of Maunakea (Bodhaine et al. 1997). Winds at the summit can reach 100
mph sufficient to abrade vegetation from rock surfaces (Anon xxxx).
In a general botanical survey of the summit area above 12,992 feet, Smith et al. (1982) recorded
one species of algae, no hornworts or liverworts, possibly 12 species of moss, possibly 25
species of lichen, one fern and five flowering plants. All species occurred in very low abundance
though there were very small, highly protected pockets where the lichens and mosses were
common.
This survey was confined to a much smaller 40-acre area of the North Plateau.
STUDY SITE
The study site was the area being considered for the Thirty Meter Telescope just below the
summit of Maunakea, Island of Hawai‘i. The area surveyed is called Area E, a 34-acre zone near
the 13N Site located on the North Plateau of the Mauna Kea Science Reserve (MKSR).
METHODOLOGY
We spent two days in the area walking through the whole site recording all lichens and
bryophytes observed. We search all four principal habitat types and spent some extra time
investigating the small caves taking particular care not to disturb anything that looked of
archaeological significance. We replaced all rocks that were picked up for examination as
precisely as possible. We did disturb some of the rocks on the ground as we slide into the caves.
We walked as much as possible on the large rocks and flows to prevent disturbance as well as for
safety reasons.
The undersurface of 25 rocks of varying size were examined for lichens in rubble habitats.
Counts were made of lichens present on the undersurface of rocks in the rubble areas to quantify
abundance in these areas.
We removed small samples of all species found. Voucher specimens will be deposited in the B.
P. Bishop Museum in Honolulu, Hawai‘i. Larger specimens were collected of species of whose
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identity we were uncertain so they could be sent to other lichen experts for confirmation of their
identity.
HABITAT DESCRIPTION
Substrate types
•

Pahoehoe.- About 50% of the habitat was of this type. The general topography was
essentially flat and smooth with many folds. The edges of the folds were steep and
rounded. There were several areas where the flow had shattered, fallen away creating
small cliff-like faces. In several areas particularly at the head of small draws that
typically radiated away from the mountain top in a northerly direction, small caves were
found which ranged from about one foot to almost six feet deep.

•

Aa.- No aa was found in the study area.

•

Ash.- Small areas of ash was found in about 10% of the area.

•

Rubble of shattered stones - This environment constituted about 40% of the habitat.
Because lichens can grow on the undersurface of rocks we counted the number of rocks
on their undersurface. We selected three different situations; stones with somewhat
embedded in ash, stones where ash subsurface stones rested on ash, stones where there
was no evident between or below the stones. Twenty five stones were overturned and
examined for lichens and then replaced in their original position, Stones of various sizes
were examined. Lichens were found only in the group where ash was not evident. In all
but one instance the only lichen found was Lecanora polytropa and none of the thalli
were fertile.

Rock surface
There are two apparent rock types in the study area a dense bluish coloured rock that breaks with
a smooth surface with very few cracks or bubble cavities and a brown rock with a rougher
surface and numerous bubble cavities. Both are andesite rock formed under the ancient summit
glacier. The rocks are acidic and low in calcium.
Topography
The overall topography is approximately 10º slope with a sharp decline to a lower plateau on the
eastern side. The slope increases at the northern edge of the study.
•

Site 1 has less andesite rock, at least there is less exposed smooth, blue rock, there are
also several small ‘draws’ leading down the mountain. They do not appear to be drainage
channels. They are important habitat because it is at the head of these draws that one
finds good lichen habitat on the rock face and in the small caves underneath.

•

Site 2 has large areas of andesite rock with many clean faces of the smooth, blue andesite
rock. The draws are much wider here and do not support as good lichen communities.

Temperature
The average monthly temperatures at the summit range from -5 to 13ºC (NOAA 2008).
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Average Maximum Temperature (1971-2000).
Jan
Feb Mar Apr May Jun
Av.
(ºF) 42.0 42.5 40.3 41.4 47.5 49.3
46.0
(ºC) 5.6
5.8
4.6
5.2
8.6
9.6
7.8
Average Minimum Temperature
(ºF) 26.3 26.1 24.9 26.2 29.0 29.4
28.4
(ºC) -3.2 -3.3 -3.9 -3.2 -1.7 -1.4
-2.0

Jul

Aug

Sep

Oct

Nov

Dec

50.9

49.9

50.5

48.3

45.1

42.7

10.5

9.9

10.3

9.1

7.3

5.9

30.3

30.9

31.3

29.5

27.8

27.6

-0.9

-0.6

-0.4

-1.4

-2.3

-2.4

There is a notable, as yet unmeasured, difference in the temperature of exposed (hot) and shaded
(cold) areas of rock faces. The difference is quite abrupt particularly where the aspect of the rock
face changes abruptly.
Rainfall (NOAA 2008)
Average Precipitation (1971-2000)
Jan
Feb
Av.
(in.) 0.85 0.15
7.41
(mm) 216
38
1882

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1.07

0.48

0.97

0.12

0.20

0.75

0.62

0.53

1.26

0.42

272

122

246

30

51

190

157

135

320

107

SPECIES LIST
Lichens
Acarospora c.f. depressa.
Small light brown areoles (<3 mm diam.). Not fertile.
On the underside of a 15 × 7 cm piece or rubble.
Probably much more common lower down.
Candelariella cf. vitellina
Orange crust rarely more than 1 cm diam. of compact rounded areoles or isolated apothecia. Not
fertile.
On consolidated ash or Grimmia tussocks in well-sheltered situations exposed to light but not in
positions where it is exposed to full sunlight for long periods.
A cosmopolitan species on siliceous and non-calcareous rock.
The size and clumped, almost erect, nature of the areoles and their separation from the apothecia
might suggest that this is a different species. However, the K- staining reaction clearly excludes
the possibility that it is a species of Caloplaca. The somewhat unusual growth form may be a
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consequence of the unfavorable environment where the squamules rarely divide but continue to
grow.
Lecanora polytropa
Thallus of small, often indistinct areoles to somewhat continuous yellow-green crusts with
frequent apothecia. The apothecia sessile, the margin the same color as the thallus, the disc paler
with a somewhat greasy appearance, often partly or completely grayish to black, frequently
completely overlapping the areole.
On rock in cracks or on Grimmia tussocks in open situations and at the mouth of overhangs. It is
also found on the undersurface of rocks in the rubble areas.
A cosmopolitan species on siliceous rock.
The most widely distributed species in the study area.
Lecanora sp.
One small (1 cm diam.) thallus of compact white squamules most covered with large apothecia
with concolorous margins and 1 mm diam., light buff discs.
On a small rock chip among consolidated ash amongst Grimmia.
Lepraria ?incana
A thin crust of small gray to blue-gray granules with a delicate intervening web of white hyphae.
In deep shade of small caves. Generally on the floor but toward the cave mouth also on the roof.
The species prefers shaded habitats and is not tolerant of direct rainfall. It requires the very
humid conditions found in the protected caves and can absorbed moisture when the relative
humidity is higher than 70 percent.
Cosmopolitan.
Confirmation awaiting chemistry.
Pseudephebe minuscula
Colonies up to 5 cm diam., black, richly branched, prostrate, closely appressed to the rock face,
thread-like, wiry. Not fertile.
On exposed, N-facing, vertical or almost so, rock faces. It was only found on the smooth rock
face of exposed andesite rock. Common on sheer north-facing rocks at the head of the small
draws and occasionally more open areas.
Arctic-alpine, circumboreal.
Rhizocarpon geographicum
An immediately recognizable species of small yellow areoles surrounded by a black hypothallus,
with occasional apothecia in the middle or to the edge of the areoles.
On exposed, N-facing, vertical or almost so, rock faces. It was only found on the smooth rock
face of exposed andesite rock.
Cosmopolitan. Arctic-alpine, montane in the tropics.
Not common.
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Rhizocarpon sp.
Small colonies (1-2 cm diam.) of brown, shiny areoles <0.5 mm diam., interspersed with a black
hypothallus.
On exposed, N-facing, vertical or almost so, rock faces. It was only found on the smooth rock
face of exposed andesite rock.
Reminiscent of R. hochstetteri but no apothecia were found.
Umbilicaria aprina
Small (1-2 cm diam.), gray to black thalli generally closely appressed to the rock face but with
ascending edges where crowded, the upper surface with large white crystals particularly along
ridges. Attached at one point only (umbilicate). Not fertile.
On exposed, N-facing, vertical or almost so, rock faces. It was only found on the smooth rock
face of exposed andesite rock.
Abundant in a few areas. Also known in greater abundance and size particularly where protected
from continuous insolation in the summit area down to at least 3660m.
Found on high tropical mountain in Africa and also in Scandinavia and Greenland.
The thalli are attached along cracks or in a few small gas pockets on the rock surface.
Umbilicaria hirsuta
Very similar to U. aprina but the upper surface is brown and there are no crystals on the upper
surface.
Only one colony was found mixed in with U. aprina
A cosmopolitan species found in greater abundance at lower elevations.
Lichen Abundance Estimates:
Counts of lichens present on the undersurface of 25 rocks in the rubble areas.
Embedded rocks. No lichens in two separate situations.
Rocks over ash. Lecanora polytropa under two rocks in one sample, 0 in the other.
Rocks not over apparent ash. Lecanora polytropa under ten or 12 rocks in the two samples as
well as being on rocks under the rocks examined. Acarospora sp. under one rock.
Bryophytes
Grimmia ?pulvinatum
Small tussocks of grayish moss with black leaves and a fine white terminal hair.
On consolidated ash in well-sheltered situations exposed to light but not in positions where it is
exposed to full sunlight for long periods.
Pohlia cruda
Small tussocks of green moss often with an orange tinge.
On consolidated ash in well-sheltered situations exposed to light but not in positions where it is
exposed to full sunlight for long periods.
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GENERAL COMMENTS
•

The lichens and bryophytes are confined to protected habitats almost always on the northfacing sides of rocks or the head of small collapsed lava tubes.

•

There is an extremely low cover (<1 percent) and diversity of lichens (10 species out of a
currently known 612 species in the islands) and bryophytes (2 species out of a currently
known 273 species in the islands) in the area. In sheltered, amenable habitats, lichens are
locally common.

•

The distribution of the different lichens is thought to reflect their ability to tolerate UV
irradiation, overall light intensity and the availability of water, both liquid and gaseous.

•

There is a marked difference in the distribution of the various lichens. The dark to black
species (Rhizocarpon ?hochstetteri, Pseudephebe miniscula, Umbilicaria aprina and U.
hirsuta) are found on the open face of northern facing rocks, (Candelariella vitellina,
Lecanora polytropa and Lecanora sp.) at the base of northern facing rocks and (Lepraria
?incana) on the roof of the small lava tubes or deeper inside the tube). The presence of
the dark species in the most exposed inhabited areas is in keeping with McEvoy, M.,
Gauslaa, Y. & Solhaug, K.A. (2007) finding that melanic pigments play a
photoprotective role in light acclimation. The other species do not have such protection
though the apothecia and areoles of L. polytropa are often light to dark grey in more
exposed situations. Lepraria species frequently grow in protected shaded and humid
habitats.

•

Concise determinations of some species is not possible under the time constraints of this
study even though fruiting bodies may be present. Species growing in such severe
habitats, particularly those growing on rocks, produce spores only during favorable
conditions. The only sure way of finding good specimens would be to conduct monthly
collections for at least one year.

•

None of the plants show evidence of feeding and there do not appear to be any obligate
herbivores present. Therefore, the plants present do not appear to be necessary to support
any herbivore trophic level.

•

None of the lichen species present contain cyanobacteria so if nitrogen fixation is taking
place up there none of it comes from lichens. Lichens on lava flows down below
contribute to the nitrogen budget particularly the very common Stereocaulon vulcani.

RECOMMENDATIONS
•

Site E2, the upper, more southerly footprint site being considered for Project construction
is the preferred site from a cryptogamic point of view. The number of species is lower
and the abundance of those present is lower. There is less sheltered habitat present.

•

There is a greater abundance of lichens at the same elevation adjacent to the proposed
sites where there are mounds of rocks rather than the solid flows present in the proposed
sites.
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CONCLUSIONS
•

There is a very low diversity and cover of plants in the study area.

•

All of the species are found at somewhat lower elevations at least on the southern side of
the mountain. None of the species are unique to Hawai‘i.

•

Lichens and bryophytes are generally confined to the northerly aspect of rocks or under
overhangs and even then the abundance of species is much higher in those facing north.

•

The vascular plants appear to be confined to the western side of the larger pahoehoe
flows.

•

It was gratifying to note that much of the rubbish that was seen in the 1982 Survey of the
summit area had been removed.
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Mauna Loa Observatory (11,135 ft)
Average Max. Temperature
49.8 49.6 50.2 51.8 53.9 57.2 56.4 56.3 55.8 54.7 52.6 50.6 53.2
(ºF)
Average Min. Temperature
33.3 32.9 33.2 34.6 36.6 39.4 38.8 38.9 38.5 37.8 36.2 34.3 36.2
(ºF)
Average Total Precipitation
2.39 1.53 1.73 1.28 1.01 0.49 1.16 1.49 1.34 1.14 1.74 1.98 17.30
(in.)
Average Total SnowFall (in.) 0.0 1.0 0.3 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 3.7
Average Snow Depth (in.)
0
0
0
0
0
0
0
0
0
0
0
0
0
Bodhaine, B.A., Dutton, E.G., Hofmann, D.J., McKenzie, R.L. & Johnston P.V. (1997). UV
measurements at Mauna Loa: July 1995 to July 1996. J. Geophysical Research
102(D15): 19,265–19,273.
Abstract
A UV spectroradiometer was installed at Mauna Loa Observatory (MLO), Hawai‘i, in July 1995.
This instrument, based on a commercially available double monochromator, uses a diffuser
mounted as a horizontal receptor inside a quartz dome and views the whole sky. The instrument
scans over the 290–450 nm spectral range with a band pass of about 1 nm for each 5° of solar
zenith angle (SZA). The UV irradiances measured at MLO are much more intense than at lowaltitude midlatitude locations. For observations at SZA 45° the erythemally weighted UV
irradiances can exceed 21 μW cm−2, which is approximately 15–20% greater than that seen at
Lauder, New Zealand, for similar ozone amounts. The difference is primarily due to the higher
altitude at MLO (3.4 km). For overhead Sun conditions at MLO the largest value of erythemal
UV was 51.3 ± 3.1 μW cm−2, which to our knowledge is the highest recorded any-where at the
Earth's surface. UV irradiance is strongly correlated (inversely) with Dobson spectrophotometer
total ozone measurements at MLO, with higher correlations at shorter wavelengths. The radiative
amplification factor (RAF) for erythema at MLO is about 1.33 ± 0.2 at SZA 45°.
McEvoy, M., Gauslaa, Y. & Solhaug, K.A. (2007). Changes in pools of depsidones and
melanins, and their function, during growth and acclimation under contrasting natural
light in the lichen Lobaria pulmonaria. New Phytologist 175(2): 271-282.
Abstract
["In conclusion, the highly responsive melanic pigments play a photoprotective role in light
acclimation, whereas the constant amount of depsidones across a wide spectrum of growth
ranges and irradiances is consistent with herbivore defense functions."]
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1.0

Maunakea Summit Region

Geohazards Consultants International, Inc. was requested to prepare a geologic study to evaluate
the geologic substrate underlying the proposed sites for the Thirty Meter Telescope (TMT)
Project. The principal focus of this report is to describe the geologically unique structures
present within the areas being considered for the site of the TMT Observatory on Maunakea, and
to evaluate their uniqueness relative to other similar areas on this great volcano.
We were also asked to evaluate the stability of the ground and any soils present as to suitability
for construction activities, as well as to discuss geologic hazards that could impact facilities.
This report is based on four days of field investigation at the sites, literature research, and
inspection of available stereographic aerial photography and satellite imagery. A geologic field
evaluation of comparable geologically unique features on Maunakea’s south summit area was
also undertaken. Geologic perspectives relative to proposed TMT Mid-Level Facility in the Hale
Pōhaku area are also given as an Addendum at the end of this report.

1.1 Regional Setting
Maunakea is one of five volcanoes comprising the Island of Hawai‘i. This dormant shield
volcano is the highest of the five, and the highest mountain in the interior Pacific basin. Because
of its elevation, Maunakea’s summit has been repeatedly glaciated during the past few hundred
thousand years, and preserves the best glacial record of any oceanic volcano on Earth.
Maunakea has erupted 12 times within the last 10,000 years, and though it has been at least 4,600
years since its last eruption, it is anticipated that the volcano will erupt again at some time in the
future; such an eruption would likely occur on the flanks of the volcano, below the summit and
astronomical facilities. The geologic history of Maunakea was thoroughly discussed by Wolfe
and others (1997) and in more general terms focusing on unique geologic features by Lockwood
(2000).

1.1.1

Glacial History

Maunakea’s glacial history was recognized early by Wentworth and Powers (1941) and has been
well documented by Porter (1979a, 1979b, 1979c, 1987), and by Porter and others (1977).
Although periods of abnormal cold and extensive glacial activity have characterized much of the
past two million years on Earth, known as the Pleistocene Epoch, Maunakea only grew high
enough to have been glaciated beginning a half million years ago. If present, however, glacial
deposits of such older times are buried by younger volcanic rocks, and the earliest glacial
deposits exposed are no older than 200,000 years (Wolfe and others, 1997), based on revised
radiocarbon dating. The lava flow underlying Area E was erupted during the youngest period of
glaciation, known as Mākanaka time. The Mākanaka ice cap completely covered the summit
area down to about 12,000 feet between approximately 40,000 and 13,000 years ago, according
to the latest radiocarbon-dating of glacial deposits (Wolfe and others, ibid.). The ice cap had an
estimated area of around 27 square miles (Porter, 1979c), and was relatively thin at no more than
300 feet thick. The cinder cones of Maunakea’s summit likely projected above the glacier,
although they were doubtless snow-covered most of the year. Porter believed that an ice-free
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interglacial period separated Mākanaka time into an upper and lower period, but Wolfe and
others dispute that conclusion and feel that glacial ice was always present during this period.
Regardless, surface features of the flow surface in Area E show convincingly that these lavas
were emplaced beneath glacial ice or snow.

1.1.2

Geologic Hazards

The potential for renewed volcanic activity in this region is extremely remote. Maunakea last
erupted about 4,600 years ago, and the volcano is considered to be dormant (Lockwood, 2000;
Mullineux and others, 1987). Although Wolfe and others (1997) mapped a dozen separate postglacial (post- 10,000 year old) eruptive vents on Maunakea’s middle flanks, none younger than
40,000 years occur in the summit area, and future eruptions will likely occur well below the
summit and will not pose any direct threat to astronomical facilities.
The most significant geologic hazards that would potentially impact the TMT Observatory are
related to seismic activity. Hawai‘i Island is one of the most seismically active areas on Earth,
and about two dozen earthquakes with Magnitude 6 or greater have been documented on Hawai‘i
since the devastating earthquakes of 1868; those that caused damage are listed in Table 1. Four
major earthquakes have occurred on Hawai‘i since the first astronomical facilities were
constructed on Maunakea (1975 – M=7.2; 1983 – M=6.7; 1989 – M=6.1; 2006 – M=6.7). The
first three of these only caused minor impact to then existing astronomical facilities, but the
epicenter of the M=6.7 earthquake in 2006 was closer to the Maunakea summit than the others
(Robertson and others, 2006), involved Peak Ground Acceleration forces of up to 0.26 g, and
caused minor to significant damages to the Keck, Subaru, UH 88 and CFHT observatories. The
Keck observatories were not fully operational for more than three months after this earthquake.
Earthquake impacts on these observatories and engineering recommendations to mitigate future
damage were discussed in detail at the “Mauna Kea Observatories Earthquake Workshop” held
in Kailua-Kona on March 23, 2007 – results reported at http://www.gemini.edu/node/227.
Future earthquakes will impact the Maunakea summit area repeatedly in the future, and any
future construction must include design for significant seismic forces. The summit of Maunakea
is susceptible to seismic intensities of up to VII on the Modified Mercalli Intensity Scale (Wyss
and Koyanagi, 1992; Figure 1).
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Table 1: Summary of Damage Causing Earthquakes
Date

Epicenter
Location

Maximum
Intensity
Mag

No. of
Deaths

Magnitude

03 28 1868

Southern
Hawai`i

IX

7.0

0

04 02 1868

Southern
Hawai`i

XII

7.9

81

10 05 1929

Hualālai

VIII

6.5

0

08 21 1951

Kona

VIII

6.9

0

04 26 1973

North of Hilo

VIII

6.2

0

11 29 1975

Kalapana

VIII

7.2

2

11 16 1983

Ka`oiki

IX

6.7

0

06 25 1989

Kalapana

VII

6.2

0

10 15 2006

Kiholo Bay

VIII

6.7&6.0

0

Damage
ExtensiveSouthern
Hawai`i
>100 houses
destroyed in
tsunami
ExtensiveKona
ExtensiveKona
ExtensiveHilo
ExtensiveHilo
ExtensiveSouthern
Hawai`i
Southeast
Hawai`i
NW Hawai`i

Repair Cost
Unknown
Unknown
Unknown
Unknown
$5.6M
$4.1M
>$6M
almost $1M
>$100M

Figure 1: Map showing expected highest Mercalli Intensities for earthquakes expected on
the Island of Hawai‘i (modified from Wyss and Koyanagi, 1992).
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1.2 Geologic Description of Area E
Area E (Figure 2) was designated in the 2000 Master Plan as a location for future facilities
development. This area bounds the general limits of sites being considered for the location of
the TMT Observatory. It is entirely underlain by a single lava flow, erupted between 30,000 and
40,000 years ago 1 from a vent located on the saddle between Pu‘u Poli‘ahu and the unnamed
cinder cone west of Pu‘u Hau‘oki on which the Subaru Telescope is situated (Figure 2). The
flow consists of uniformly dense, fine-grained lavas characterized by abundant microcrystalline
plagioclase feldspar platelets. These give the rocks a silvery sheen on fresh-broken surfaces.
The flow was emplaced as viscous pāhoehoe, although some ‘a‘a fragmental material may have
originally overlain the surface. The eruption that produced this overall flow generated multiple
flow lobes that overrode one another as the eruption progressed. An older lobe trends to the
northwest, and is overlain by a younger lobe that traveled more northerly (Figure 2). It is
probable that growth of each of these major lobes was caused by both vertical inflation of icequenched surfaces from subsurface injection of molten material, as well as by surface breakouts
that fed short flows above solidified crust. Multiple complex flow lobes may be found at depth
during excavation.

Figure 2: Geologic sketch map of the Area E region. The two flows are of identical
composition and have similar surface characteristics. They were both derived from a
linear vent system between Pu‘u Poli‘ahu and Hau‘oki.
Although the lavas at the surface in Area E are of a uniformly medium-gray color internally,
flow surfaces are everywhere weathered, from yellow-brown to orange ochre colors (Figure 3).

1

Two K-Ar radiometric ages have been determined for this flow: 33+/- 12 Ka; 41+/-8 Ka (Wolfe and others (1997).
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Figure 3: Typical surface of the flow present at surface in Area E. High-standing ground
has been eroded by glacial action; low-standing areas are covered by fragmental debris up
to a foot thick. Flow surfaces are much more irregular in the northern parts of Area E.
Surficial surface features indicate that most of this flow was emplaced beneath glacial ice or
snow. In contrast, the source vent for this flow (Figure 2 and Figure 4) shows no evidence of
interaction with water, and fire fountains must have melted through overlying ice during the
eruption so that lava fountaining took place and made contact with the air, producing numerous
air-cooled volcanic bombs (Figure 5). The flows from this vent traveled down slope to the
northwest, beneath a pre-existing thin glacier; the flows preserve many features that document
sub-glacial origin. Lava flowage beneath the ice was concentrated in irregular lava channels
typically 3-8 feet deep and beneath elongate constructional ridges that are oriented in fan shapes
roughly radial to the principal axis of the flow.
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Figure 4: Spatter cone at the southern end of the flow present at the surface in Area E.
This 20' high structure was formed by fire fountains that projected above surrounding ice
and snow.

Figure 5: Aerodynamically-shaped fusiform bomb from the source vent. Such bombs
show that the vent erupted into the air.
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A single chemical analysis of this lava flow (Table 2) shows the flow to be of typical hawaiite
composition, which is a type of alkali-rich basalt. The petrologic evolution of Maunakea, with
perspectives on the prospect of future volcanism is given by Frey and others (1990) as well as by
Wolfe and others (ibid.).
Table 2: Chemical analysis of the lava flow underlying Area E (Sample HR-76 - Wolfe
and others, 1997). Values in weight percent.
SiO2
Al2O3
FeOx
MgO
CaO
Na2O
K2O
TiO2
P2O5
MnO
Total
50.60

1.2.1

17.00

11.50

4.01

6.97

4.68

1.94

2.70

0.95

.22

100.57

Glacial Features

The features described below are unique to glaciated terrains, and are found at no other oceanic
volcano in the Pacific. However, the features in Area E are not unique on Maunakea, and better
examples are widely distributed in other areas in the summit above the elevation of about 12,000
feet (Lockwood, 2000, Figure 2). The degree of glacial polishing is related to the thickness of
the overlying ice that was present; because the glacial ice cap that overlaid Area E was less thick
than the glacier overlying lower elevations southeast of the summit, glacial polishing and
striations are less developed on the lava flow surface exposed in Area E.
Features associated with sub glacial eruptive activity
Because the flow no present at the surface in Area E was entirely emplaced beneath ice or snow,
the actual interface between “fire and ice” was always marked by a zone of melt water, and this
water served to very rapidly quench the surface of the flow. Where open channels of molten lava
existed at the surface, the margins of those flows repeatedly quenched, narrowing the width of
the channels and forming unique structures we term quenching ripples (Figure 6). Such features
are common over the top of the flow in most places, within and beyond Area E.
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Figure 6: Quenching ripples, formed along the margin of a lava channel in the southern
part of Area E. These structures indicate the rapidity of cooling of lava channels overlain
by ice.
Most molten lava was supplied by flowage beneath a solidified carapace of frozen lava, but
where this carapace was breached, especially at flow margins south and east of Area E, bulbous
lava protrusions formed rounded structures, termed mega-pillows after the smaller structures
commonly formed by submarine lava flows. These unique structures (Figure 7) consist of
especially fine-grained, flinty lava with interstitial glass on marginal surfaces. These flinty rocks
are similar in texture to the materials quarried by Hawaiian toolmakers at sites near Pu‘u
Koko‘olau on Maunakea’s south flank (Cleghorn, 1982; Mills and others, 2008), but were likely
obscured by snow during the cooler weather of the past, and would not have been exposed for
possible use during the period of active quarrying at lower elevations.
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Figure 7: Mega-pillow formed as bulbous protrusions of molten lava grew upward into
glacial melt water during flow emplacement. The rapidly quenched lava contains volcanic
glass indicative of its rapid cooling.
Features associated with post-eruptive glacial erosion
Following emplacement and cooling of the flow no present on the surface in Area E, ice
continued to cover the Maunakea summit, and down slope movement of these glaciers modified
lava flow surfaces though the erosive power of entrained rock debris and flowing melt water.
Any fragmental material originally at the surface was eroded away by torrents of sub-glacial melt
water (Figure 8), leaving typically irregular surfaces that reveal the structures of underlying
dense lava. Where moving ice directly overlaid lava, hard surfaces were scoured by entrained
rock debris, polishing high-standing areas and leaving glacial striations (Figure 9). Glacial
polish is not generally well-developed, and is best seen in low-angle incident sunlight. Some of
the lava channels may have been roofed during the eruption to form small pyroducts, or lava
tubes, but if once present, these thin roofs have generally been removed by glacial erosion.
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Figure 8: Glacially-eroded surface of the flow near the Alternative E2 site. High-standing
areas are glacially polished; low-standing areas probably represent weak areas that were
eroded by torrents of glacial meltwater.

Figure 9: Glacially-polished rock outcrop near the Project 13N site. The striations are
aligned with the direction of ice transport.
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As the last glaciers melted in the area 10,000-13,000 years ago, boulders once entrained in the
ice were left standing on high places. These boulders, called glacial erratics, give testament to
the carrying power of the ice that once flowed above Area E (Figure 10). Such glacial erratics
and other debris form extensive deposits of glacial till about a mile down slope, but the glaciers
were never extensive enough to form spectacular glacial moraines, of the sorts so well preserved
on Maunakea’s south flank.

Figure 10: Glacial erratic near the Project 13N site. This boulder, about 2 feet high, was
carried by glaciers to its resting spot, and left behind as the glacier melted away about
10,000-13,000 years ago.

1.2.2

Geologic Cross-Section

A geologic cross-section across Area E along the southern edge of the Project 13N site (Figure
11) was constructed to provide an estimate of the thickness of the flow that was emplaced during
the eruption event in this area which created the lava no exposed on the surface in Area E, and to
show surface terrain variations. From this cross-section it is estimated that the aggregate
thickness of all flow layers combined is at least 75 feet; based on the exposed thickness at flow
margins. Because lava flows tend to travel along pre-existing depressions, it is likely that most
of the flow is thicker than this, especially in the center, and more likely is over 100 feet thick.
The pre-existing ground surface in this area evidently sloped locally to the northwest, so that the
flow surface slopes in this direction, as well as to the north. Judging from older rocks exposed
down slope from Area E, it is possible that this flow overlies a rubbly surface consisting of loose
lava fragments and windblown cinders from summit cones, although such material may have
been eroded away by glacial activity before the flow was emplaced.
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Figure 11: Geological cross-section along line A-B in the area of the Alternative E2 site
(location shown on Figure 2). Topographic profile from unpublished University of Hawai‘i
five foot contour map. The land slopes both to the north and west, and is similar to terrain
near the Project 13N site. Vertical exaggeration 5:1.

1.2.3

Soils, Slope Stability, and Construction Perspectives

No soils in a conventional sense are present in Area E as the only fragmental material present has
not had sufficient time for soil weathering in this arid, alpine environment. Fragmental material
is present in most low-lying areas, however, and could be classified as a non-weathered soil.
This material consists of unconsolidated debris derived from glacial erosion and mechanical
weathering of the adjacent lavas, and is nowhere more than a foot or two in thickness. This
material is subject to down slope movement and internal sorting by the periglacial, or non-glacial
alpine, processes known as solifluction (Matsuoka, 2001). Because these materials have no
internal strength, they must be removed before being overlain by heavy structures.
The flow present at the surface in Area E is composed of dense, fine-grained lava of exceptional
strength, and slope stability will not be a problem for well-anchored structures. There are
typically few vesicles (gas bubbles) in these lavas, except in the uppermost sections of flows.
During flow emplacement, most lava was supplied by subterranean conduits (pyroducts, or lava
12

tubes- Figure 12), but these structures appear to have mostly been filled during late eruption
stages. Some pyroduct voids might be encountered at depth within the lavas during excavation,
but these structures will likely be small and not laterally extensive. Separate individual flow
units will likely be encountered at depth, with vesicular sections at their tops, but the probable
absence of any loose debris at flow contacts will not cause any excavation problems. The
estimated combined thickness of over 100 feet, of these flows should allow basement
foundations to rest on solid lava and not on the more fragmental materials that might lie at
greater depths.

Figure 12: Subglacial pyroduct (lava tube) opening in central part of Area E. Such
structures transported lava beneath glacier cover during emplacement of the flow, but
were mostly filled by late-stage lavas.

1.2.4

Descriptions of TMT Observatory Sites

Project 13N Site
The 13N site near the northern boundary of Area E is characterized by irregular terrain, with
local relief of 15-20 feet. No geologically unique features were observed within this area, and
much of the original surface has been degraded by road-building and site testing activity. The
overall slope of the site is about 5-6 degrees to the north.
Alternative E2 Site
The E2 site is characterized by irregular terrain and relatively deep lava channels that trend
northerly across the site. The overall ground slopes steeply to the north at 12-15 degrees, which
might cause design problems for structures. A strange east-west-oriented lineament crosses Area
E directly south of the E2 site (Figure 13). This linear feature, prominent on aerial photographs
(Figure 13), is of uncertain origin and is difficult to identify on the ground. It was initially
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suspected that this feature might represent a fault or ground fracture, but no indications of any
tectonic affinities were observed.

Figure 13: Aerial photo of the flow, showing the flow’s irregular surface morphology and
an anomalous east-west-trending lineament immediately south of the Alternative E2 site.
An area of stone stripes lies west of Area E. USN photo HAI 11 017 (10 October, 1954),
obtained before any road development in the Maunakea summit area.

1.2.5

Summary Perspectives on Potential TMT Observatory
Construction Sites

The two sites within Area E that are being considered as potential sites for the TMT Observatory
are both located on a stable lava flow that would provide a solid substrate for the envisioned
construction activities. This lava flow was emplaced during a period of extensive glaciation on
Maunakea, and unique geologic features record the interaction with glacial ice, both during and
following eruption. Although such features are unique to Maunakea volcano in the Pacific
region, they are common and better preserved elsewhere on the mountain. The Alternative E2
site lies in an area of steep regional terrain slope, and perhaps would involve the most difficult
construction design factors of the two sites. The Project 13N site has been previously degraded
by prior construction activity, and may be the most appropriate for consideration.
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1.3 Geologic Description of Area Surrounding Area E
The area in the 500 meter-wide zone surrounding Area E includes numerous geologically unique
structures, including portions of the Pu‘u Poli‘ahu and Pu‘u Hau‘oki cinder cones to the south
and southeast. The northern and western areas of this border zone are mostly underlain by the
same lava flow that is present on the surface in Area E, and are characterized by the same sorts
of glacial features described in Area E. None of these features are unique to this area or
Maunakea, although a small area of stone stripes located about 300 feet west of Area E (Figure
14) deserves mention. These features, formed by periglacial process and studied elsewhere on
Maunakea by Werner and Hallet (1993) are uncommon, although more extensive examples are
also found to the south, on the slopes of Pu‘u Poli‘ahu and Pu‘u Waiau. However, because of
their rarity care should be taken not to impact this small area, shown on Figure 2.

Figure 14: Well-developed stone stripes about 300 feet west of Area E (location shown on
Figure 13). These structures are formed by self-sorting during periglacial solifluction
transport.

1.4 Potential Environmental Impact
Any construction activity associated with the construction of the Access Way or clearing of the
footprint for the TMT Observatory would unavoidably remove any surface geologic structures
present, such as lava flow morphology and glacial features. However, such geologic features are
not unique on Maunakea and are better developed at many other areas – especially on the south
summit area adjacent to the Maunakea Access Road.
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1.5 Mitigation Measures
The areas of glacial polish and striations are highly vulnerable to damage by tracked vehicles,
and movement of such construction equipment should be limited to the bounds of the Access
Way and the TMT Observatory construction site. Exceptionally noteworthy examples of glacial
features near the proposed Access Way would be identified prior to the start of construction, and
buffer zones established around them so they would be preserved where alternate routing of the
road is feasible. Such features are presently unappreciated, and might be identified along the
Access Way to enhance public interpretation efforts.

2.0

Hale Pōhaku TMT Mid-Level
Facility Area

2.1 Introduction
Geohazards Consultants International, Inc. was requested to conduct a geologic inspection of
proposed sites for the TMT Mid-Level Facility at Hale Pōhaku on the south flank of Maunakea,
focusing on the identification and evaluation of any geologically unique features or construction
hazards within this area. This brief report summarizes field observations made on 16 February,
2009 at the two separate areas under consideration.

2.2 Site Descriptions
The Hale Pōhaku area is underlain by loose volcanic colluvium (admixed sand, gravel, and
cobbles deposited by surface water and wind), extensively impacted by frost action and overlain
by soil alteration zones where not disturbed. Because this material is unconsolidated, it is
subject to erosion and gullying by flowing surface water during heavy rainfall. The regional
geologic structure of the area is shown on a geologic map by Wolfe and others (1997). Note: All
notations of surface slope are given in geometric, not engineering degrees.

2.2.1

Area within Hale Pōhaku

This 3.2 acre area has been extensively modified by construction around buildings, and is
impacted by minor gullying, especially in upper portions where water runoff is concentrated
from parking areas and roof drainage. The undisturbed surfaces are covered with loose volcanic
cobbles overlying fine grained sand of volcanic origin. Clumps of vegetation have trapped high
mounds of aeolian (wind-blown) sand. Slopes are as steep as 8 degrees southward in upper
parts, but less than 2 degrees on the south margin of this area. This latter area is presently used
as a parking lot for ATV activities.
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2.2.2

HELCO Transformer Site

The transformer station is located within a fenced enclosure located in a natural saddle between
Pu‘u Kalepeamoa to the south and a cinder cone and crater associated with Pu‘u Kilohana to the
north. The enclosure is mostly sited on a thick layer of imported gravel fill, and has had no
impact on surrounding geologic structures. The surface underlying this fill consists of
unconsolidated colluvial sand and gravel that has been unaffected by surface water runoff as
have lower areas in other sites. The adjoining cinder cone slopes are covered with angular
pyroclastic debris - principally broken volcanic bombs.

2.3 Summary
The areas being considered for the TMT Mid-Level Facility are entirely underlain by
unexceptional volcanic colluvial materials that characterize much of the lower slopes of
Maunakea volcano. There are no geologically unique features in these areas. The HELCO
transformer site can presumably be expanded to accommodate the increased power needs of the
Project without impact on surrounding areas.
The unconsolidated nature of the underlying colluvium at the TMT Mid-Level Facility would
require attention during construction to avoid undue erosion. Disturbance of the soil surfaces
would expose loose material that is highly vulnerable to erosion by heavy rainfall episodes that
can occur very infrequently in this region during thunderstorms. Parking areas should be
covered by thick but permeable gravel materials rather than paved in order to reduce water
runoff. Permanent facilities should be built above grade on raised foundations to protect against
potential flooding.

3.0
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1.0

Introduction and
Background

1.1 Introduction
The TMT Observatory Project, referred to as the Project, would consist of the construction and
operation of an optical/infrared telescope observatory below the summit of Maunakea1 and the
associated permanent and temporary ancillary facilities. The permanent ancillary facilities
would include a Headquarters in Hilo to manage operation of the observatory, a Satellite Office
in Waimea to support operation of the observatory, and housing and support facilities at the midelevation Hale Pōhaku facility for visiting scientists and others working near the summit.
Temporary construction facilities would also include worker housing at Hale Pōhaku and
construction yards near the summit, at Hale Pōhaku, and near the port where the telescope
components would be received.
The purpose of this document is to describe the existing visual conditions, discuss and quantify
the visual impacts the Project would have, and identify how the Project mitigates its potential
visual impact. The information contained in this discipline report will be used to support the
Project’s Environmental Impact Statement (EIS).

1.2 Policy Documents and Previous Studies
The following is a summary of the discussion of existing visual conditions of Maunakea and the
guidance for new projects contained in existing policy documents and recent environmental
studies prepared for the Mauna Kea Astronomy Precinct.

1.2.1

Mauna Kea Comprehensive Management Plan, 2009

The Mauna Kea Comprehensive Management Plan for UH Management Areas (CMP) provides
a management framework for the University of Hawai‘i (UH) to address existing and future
activities in the UH management areas. The CMP generally discusses the existing views of
Maunakea from around the Island of Hawai‘i and notes “when skies are clear, the summit region
and observatories can be seen from Hilo, Honoka‘a, Waimea, the summit of Kīlauea, sections of
the Maunakea Access Road and much of Puna”. The CMP also generally discusses the views
available from the summit of Maunakea and the physical characteristics that make it a good
location for astronomical viewing.

1

Maunakea is spelled as one word in this document because it is considered the traditional Hawaiian spelling (Ka
Wai Ola, Vos. 25 No. 11). The common “Mauna Kea” spelling is considered an English spelling and is only used in
this document where Mauna Kea is used in a proper name, such as the “Mauna Kea Science Reserve.”
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The CMP also recommends actions to address environmental impacts related to the visual
environment. One of the recommended actions is to require new observatories to prepare a site
restoration plan to be followed upon their decommissioning. In addition, the CMP includes an
action that allows the leaving of traditional offerings to continue unrestricted, while
implementing culturally appropriate guidelines for removing offerings to protect the visual
landscape. The CMP also prohibits off-road vehicle use to protect visual resources by reducing
the associated scarring of the landscape. The CMP also recommends developing and
implementing consistent interpretive signage for the observatories.

1.2.2

Mauna Kea Science Reserve Master Plan, 2000

The 2000 Mauna Kea Science Reserve Master Plan is an update of the 1983 plan and addresses
issues and concerns that arose during the 30 years of development on Maunakea. The 2000
Master Plan provides guidance relative to the physical development of the summit area, such as
the location of facilities, character, size, mass, color, and other physical attributes.
The 2000 Master Plan states that new facilities will be located within the Astronomy Precinct
because it would “limit visual impact and scattering of facilities by clustering within the existing
development area, recognizing that facilities have already been built in this area.” Within the
Astronomy Precinct, Areas D, E, and F were identified as new areas to locate observatories
because they would have minimal visual impacts. The 2000 Master Plan limits future telescope
redevelopment on the summit ridge to a maximum height and diameter of approximately 130
feet.
The 2000 Master Plan includes a discussion of a Next Generation Large Telescope (NGLT),
which it describes as a telescope with a mirror of 82 to 164 feet (25 to 50 meters) in diameter
that may be proposed for the summit of Maunakea. The 2000 Master Plan recognizes that the
large scale of a NGLT makes the visual impact considerations very important, and recommends
siting such a facility within Area E of the Astronomy Precinct because it would minimize its
visibility. The 2000 Master Plan also recommends implementing strict design guidelines for the
size and color of the NGLT, and recommends that the observatory be built below grade to
minimize its apparent height and mass.

1.2.3

Mauna Kea Science Reserve Development Plan, 1983

The 1983 Mauna Kea Science Reserve Development Plan included a visibility analysis for two
areas on the summit of Maunakea where future observatories may be proposed. This visibility
analysis identified areas on the island where the future observatories could be seen. These
figures are shown in Figure 1-1.

1.2.4

Conservation District, 1961

In 1961 the Hawaiian State Land Use Law (Act 187), granted the State Land Use Commission
(LUC) the power to zone all lands in Hawai‘i into three districts: Agriculture, Conservation and
Urban. The Conservation District has five subzones: Protective, Limited, Resource, General,
and Special; Maunakea is designated as Conservation District land, within the Resource subzone.
Because the UH Management Areas consist of lands owned by the State, land uses within these
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areas are regulated by the Board of Land and Natural Resources (BLNR), and all activities must
be in compliance with the laws and regulations applicable to Conservation District Lands.
Figure 1-1. Visibility Analysis from the 1983 Mauna Kea Science Reserve Development
Plan

1.2.5

Outrigger Final EIS, 2005

The EIS prepared for the Outrigger Telescopes provided a brief description of the existing visual
conditions within the Astronomy Precinct and of places on the island where the existing
observatories are visible. This EIS stated that the proposed Outrigger Telescopes would be
visible from within the Astronomy Precinct and from areas below the summit such as Waimea
and Honoka‘a. The EIS for the Outrigger Telescopes also stated that the visual impact of the
proposed telescopes would have a “small impact on visual/aesthetic” resources, but stated that
the cumulative visual impact would continue to be substantial2.

2

NASA, 2005.
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2.0

Methods

This section applies to the methods used during the visual analysis of the proposed TMT
Observatory on Maunakea.

2.1 Coordination
The following plans were reviewed and consulted:
•

Mauna Kea Science Reserve Development Plan, 1983

•

Mauna Kea Science Reserve Master Plan, 2000

•

Outrigger Final Environmental Impact Statement (FEIS), 2005

•

County of Hawai‘i General Plan, 2005

•

South Kohala Community Development Plan, 2008

•

Final Mauna Kea Comprehensive Management Plan (CMP), 2009

Site visits were conducted from October 6 through 9, 2008. The purpose of these visits was to
document existing views. Additional visits were made thereafter to take photographs of the
summit from various viewpoints.

2.2 Establishing the Affected Environment
2.2.1

Viewer Groups

The potential visual impact of the proposed TMT Observatory at the proposed13N site and the
alternative E2 site depends on the type, or group, of people at a location, their activity, and their
expectation of their experience. An assessment of the various viewer groups and their
expectations was made.

2.2.2

Viewpoints

Seventeen representative viewpoints were selected to analyze the potential visual impact of
locating the TMT Observatory on Maunakea. These viewpoints are locations such as population
centers, resorts, Department of Hawaiian Home Lands (DHHL) land, and culturally important
locations where various activities occur and where the identified viewer groups would visit. The
viewpoints are all located in the northern portion of the island because both the proposed 13N
site and the alternative E2 site for the TMT Observatory are north of and below the summit of
Maunakea, within Area E as designated in the 2000 Master Plan and would not be visible from
the southern portion of the island.
For the purpose of this report the primary view from a viewpoint is the orientation of the most
visually prominent feature. The direction of the primary view from a viewpoint was determined
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by considering the viewer group and the activities at that location. For example, at a beach
viewpoint where the main activity is sightseeing and swimming, the primary view would be
toward the ocean. For those viewpoints where the panoramic view is important to the viewer
group and the activity at that location, no primary view has been specified.

2.3 Visual Consequences
The analysis of potential visual impacts from the TMT Observatory at the proposed 13N site and
the alternative E2 site includes four elements: 1) a viewshed analysis, including quantifying the
area of the island and the island’s population that could see it; 2) whether it would be visible
within the direction of the primary view; 3) whether it would be in silhouette; and 4) photo
simulations from select viewpoints where the TMT Observatory would be visible.

2.3.1

Viewshed Analysis

The first step in the analysis of visual consequences is a viewshed analysis. The viewshed of the
TMT Observatory was calculated in terms of the percent of the area of the island where it could
be visible, and the percent of the island’s population that could see it.
The viewshed for the TMT Observatory was calculated using specific latitude and longitude
points and a height for the facility of 180 feet above grade. Topographic data from the U.S.
Geological Survey (USGS) was used; specifically the National Elevation Dataset (NED)3.
Geographic Information Systems (GIS) software was used to determine areas on the island
where at least the top of the TMT Observatory could be visible. The NED is used as a three
dimensional (3D) surface in GIS. The topographical changes were calculated using
Environmental Science Research Institute’s ArcGIS software package and the associated 3D
analyst extension. The viewshed analysis does not take into consideration existing vegetation or
structures, which may further obstruct views. Therefore, the viewshed analysis can be
considered a worst case scenario.
Once the viewshed was established, 2000 U.S. Census data for the County of Hawai‘i was used
to determine the population within the viewshed. Population data was taken at the block level,
the smallest area in which census data is collected.

2.3.2

Primary View

If the viewshed analysis determined that the TMT Observatory would be visible from a
viewpoint it was then determined whether it would be visible within the direction of the primary

3

The USGS National Elevation Dataset (NED) has been developed by merging the highest-resolution, best quality
elevation data available across the United States into a seamless raster format. NED is the result of the USGS effort
to provide 1:24,000-scale Digital Elevation Model (DEM) data for the conterminous US and 1:63,360-scale DEM
data for Alaska. The dataset provides seamless coverage of the United States, HI, AK, and the island territories.
NED has a consistent projection (Geographic), resolution (1 arc second), and elevation units (meters). The
horizontal datum is NAD83, except for AK, which is NAD27. The vertical datum is NAVD88, except for AK,
which is NAVD29. NED is a living dataset that is updated bimonthly to incorporate the "best available" DEM data.
As more 1/3 arc second (10m) data covers the US, then this will also be a seamless dataset.
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view. This criterion is not applicable to viewpoints where the panoramic view is important to
the viewer group and the activity at the location.

2.3.3

Silhouette View

If the viewshed analysis determined that the TMT Observatory could be visible from a viewpoint
it was then determined whether the view of the facility would be a prominent silhouette against
the sky, or whether it would be seen against the backdrop of Maunakea or one of the existing
observatories. The silhouette analysis consists of a profile of the topography between a
viewpoint and the TMT Observatory and a line of sight extended from a representative viewer
(with a height of 6 feet) at a viewpoint to the top of the proposed TMT Observatory and beyond.
If the line of sight extended into the mountainside the view of the TMT Observatory would be
against the backdrop of Maunakea; if the line of sight extended into air the view would be either
a full or partial silhouette view.
To determine the amount of the TMT Observatory that would be in partial silhouette, a line was
drawn from the viewer and tangent to the top of the first rise of Maunakea either in front of or
behind the TMT Observatory. If the line is tangent to a rise of Maunakea that is behind the TMT
Observatory, the portion between the two lines is the amount that would be in silhouette. If the
line is tangent to a rise of Maunakea that is in front of the TMT Observatory the portion below
that line would not be visible from that viewpoint; the portion between the two lines is the
amount that would be visible and in silhouette.

2.3.4

Photo Simulations

Photo simulations of the TMT Observatory at the proposed 13N site were done for select
viewpoints. These simulations help to evaluate the potential visual impact of the TMT
Observatory in the context of its proposed setting. To evaluate the visual impact of the color and
material of the dome enclosure, simulations of the TMT Observatory were prepared with the
dome covered in different exterior finishes and set against the bare summit as well as the summit
covered in snow.
To create these simulations, photos of the summit of Maunakea were acquired from the Canada–
France- Hawai‘i Telescope (CFHT) with accompanying information such as camera type, lens
and frame size, and the latitude and longitude locations of where the photos were taken. The
photos used in the simulation were taken with a 600 millimeter (mm)/5.6 telephoto lens that
shows the summit of Maunakea and the observatories as if a viewer was looking through
binoculars. For a “naked eye” perspective, Project personnel took photos from the representative
viewpoints using a 50mm focal length, which best approximates what the human eye sees.
While in the field, Project personnel also held a ruler at arms length and measured the distance
between the existing observatories. This provided an example of the scale of the existing
observatories within the view of a typical viewer. For example, the distance between the Keck
and Subaru Observatories is 1 mm.
Terrain data, or DEM (Digital Elevation Model), was acquired from the USGS Seamless Data
Distribution Center. The Project’s architect provided a 3D model of the TMT Observatory along
with the latitude, longitude and elevation for the location of the proposed structure. Latitude,
longitude and elevation data was also acquired for the existing observatories on Maunakea.
EISPN/EA: Proposed Thirty Meter Telescope Observatory
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Using the above information a 3D model of the summit of Maunakea and the proposed TMT
Observatory was created. Within the 3D model a “camera” was created and positioned based on
imported location points, and the lens and frame size of the camera used in the original photo.
The 3D camera position was further refined by camera matching, a technique where the 3D
camera view is slightly modified to allow for the 3D structures to align with coinciding objects
seen in the original photograph. 3D lighting was approximated based on the time of day seen in
the photograph. Finally, a composite image was created from a 2D rendering of the TMT
Observatory and the original photograph.

2.4 Mitigation
The visual impact of the TMT Observatory is due to its proposed size and location on Maunakea,
as well as its proposed design and exterior coating of the dome; these aspects of the TMT
Observatory were examined to assess how the Project could mitigate its potential visual impacts.
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3.0

Affected Environment

This section describes the existing visual environment related to Maunakea.

3.1 Maunakea
The Island of Hawai‘i’s landscape and visual resources are varied. On the northern tip the coast
is rugged, covered in dense vegetation and dotted with waterfalls and rivers. Inland, around the
town of Waimea (at an elevation of 4,000 feet), the landscape is comprised of rolling pastures
used for cattle ranching. The west side of the island consists of popular resorts and beaches but
lacks vegetation. The southern and southeastern portions of the island receive lots of rainfall and
are covered with lush vegetation; Volcanoes National Park is located in this area. The eastern
portion of the island consists of steep terrain with dramatic views of the rain forest and cliffs
along the coast.
Maunakea is the highest peak on the island, with an elevation of 13,796 feet above sea level. In
contrast to the lush coastal areas, the summit of Maunakea is an alpine ecosystem. Above the
tree line at roughly 9,500 feet, there is little more than low shrubs and above 12,800 feet the
vegetation consists mainly of lichens, mosses and small ferns that grow in the cracks and
crevices of the cinder cones that comprise the mountain’s dome. A small alpine lake, Lake
Waiau, is situated on the upper southern flank of the mountain. The summit of Maunakea is
often obscured by vog, which is volcanic smog that is formed when sulfur dioxide and other
volcanic gases emitted from Kīlauea mix with oxygen, moisture and sunlight. The vog has been
especially thick since February 2008 when gas emissions from Kīlauea dramatically increased.
Maunakea is one of the best locations in
the world for ground-based astronomical
observations. The first telescope on the
summit of Maunakea was constructed in
1964. Today, there are 11 observatories
on Maunakea within the designated
Astronomy Precinct and a twelfth located
at a lower elevation. The existing facilities
are visible from locations as around the
island including Hilo, Honoka‘a and
Waimea. On the west coast of the island
the existing telescopes appear most visible
at sunset, when they are lit by the setting
sun; on the east coast the existing
telescopes appear most visible at sunrise.

Existing telescopes on Maunakea as seen from
Area E.

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Page 9

3.1.1

Scenic Vistas and Viewplanes

The State of Hawai‘i Administrative Rules (HAR) Title 11, Chapter 200, § 11-200-12, lists the
significance criteria for a State EIS. A proposed action is judged against these criteria to
determine whether it would have a significant effect on the environment or not. A significant
adverse impact on the visual setting would occur, according to Significance Criteria 12, if an
action:
“Substantially affects scenic vistas and viewplanes identified in county or state
plans or studies”
The County of Hawai‘i’s 2005 General Plan includes a chapter on Natural Beauty that
recognizes the importance of preserving the island’s natural and scenic beauty. The chapter
includes goals, policies and standards to identify and protect scenic vistas and viewplanes. Goal
7.2(b) is to “Protect scenic vistas and view planes from becoming obstructed.” Section 7.4 also
provides guidelines for designating sites and vistas of extraordinary natural beauty to be
protected, and includes the standard “Distinctive and identifiable landforms distinguished as
landmarks, e.g. Mauna Kea, Waipio Valley.”
Around the island, the following natural beauty sites have been identified that include
Maunakea:
•

View of Maunakea and Maunaloa from Pāhoa-Kea’au, Volcano-Kea’au Roads, and
various Puna subdivisions

•

Viewpoint of Hilo Bay with Maunakea in background

•

Mauna Kea State Park area

In addition, the South Kohala Development Plan (County of Hawai‘i, 2008) includes a policy to
preserve Waimea’s sense of place. The plan recommends the strategy to “protect the pu’u of
Waimea that have cultural, historical and visual importance” and which have “grand views of
Mauna Kea”.

3.1.2

Viewer Groups

According to 2000 U.S. Census data, the Island of Hawai‘i is home to roughly 148,000 people.
The largest cities are Hilo on the east coast (with about 41,000 residents) and Kailua-Kona on
the west side (with about 10,000 residents). There are also several smaller towns such as
Waimea, Honoka‘a and Hāwī.
Tourism is an important industry for the State of Hawai‘i, and the Island of Hawai‘i is famous
for its volcanoes, namely Kīlauea, which has been active for more than two decades. The island
is also popular for its beaches and recreational opportunities, including snorkeling, scuba diving,
and golf.
In Hawaiian culture Maunakea is recognized as a sacred place. Similar to other Polynesian
cultures, Native Hawaiians believed the highest points of their land were most sacred.
Maunakea was host to early Hawaiian traditions including religious practices, study of the
heavens, and tool making in the Keanakako’i adze quarry. Lake Waiau was believed to contain
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pure water which was used in healing and worship practices. Today, there are still Hawaiians
who go to Maunakea for prayer and restoration.
The people that view the island, and more specifically Maunakea, can be categorized into three
groups, each with a different expectation of their visual experience:
•

Residents – Residents place value on the
existing condition of the surrounding landscape,
particularly as viewed from their homes.
Residents would also have views of the island
and Maunakea from public places such as
commercial centers, beaches and state parks.
Residents experience the island’s visual
resources, including Maunakea, frequently and
for a long duration.

•

Sightseers – Sightseers visit the island to view
the landscape, including the beaches and
volcanoes, and to enjoy recreational activities.
Sightseers would visit the larger cities of
Kailua-Kona and Hilo for shopping, dining, and
touring activities, and would take scenic drives
along the island stopping at scenic overlooks.
Sightseers may also be interested in astronomy
and visit the observatories on Maunakea.
Sightseers would have a temporary experience
of Maunakea and the island’s visual resources.

•

3.1.3

Existing shrine on the
summit of Mauna Kea.

Cultural Practitioners4 – Cultural Practitioners
are Native Hawaiians who, as individuals or groups, may visit Maunakea for worship on
special occasions or on a regular basis5. Cultural Practitioners may also visit other
important sites on the island with views of Maunakea. Cultural Practitioners place a high
value on the island’s visual resources, and particularly on pristine views of Maunakea.

Viewpoints

Seventeen representative viewpoints within the northern portion of the island have been
identified as places that are of visual significance to the island’s three viewer groups. The
viewpoints are all located in the northern portion of the island because the proposed 13N site and
the alternative E2 site for the TMT Observatory are north of and below the summit of Maunakea
and would not be visible from the southern portion of the island. Figure 3-1 maps the locations
of the 17 representative viewpoints.

4

This report only discusses the project’s potential visual impact. For more information on impacts to cultural sites
or practices please see Appendix D of the TMT Project Draft EIS, the Cultural Impact Assessment.
5
OMKM, 2000.
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Figure 3-1. Viewpoints Used for the Visual Analysis
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Primary view from Viewpoint # 13 – Waipio Valley Lookout
Table 3-1 provides the name and description of each viewpoint, including the main activity that
occurs at that location, and states the primary viewer group at the viewpoint. For example, at the
Waipio Valley Lookout the primary viewer group is Sightseers. For the Hualālai Resort, Big
Island Country Club, Hāpuna Beach and Puukohola Heiau State Park, both Residents and
Sightseers have been listed as the primary viewer group because of the range of activities that
occur at these locations.
Finally, Table 3-1 states the direction of the primary view from each viewpoint; the orientation
of the most visually prominent feature. The primary view has been determined relative to the
viewer group and the activities at the viewpoint. The primary view for viewpoints near the
coast, such as Hāpuna Beach and Laupāhoehoe Point, is toward the ocean (makai). For
viewpoints that are more inland, such as the Route 250 Puu overlook and Waimea Park, the
primary view is towards Maunakea (mauka). At the Big Island Country Club, the panoramic
view is important to the viewer group and the location’s use. The direction of the primary view
from each viewpoint is mapped in Figure 3-2.
Appendix A includes a photograph of or from the viewpoints. It has been noted if the
photograph is of the primary view from the viewpoint.
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Table 3-1. Description of Viewpoint, Viewer Group and Primary View Direction
Viewpoint

Location

1

Hualālai Resort

2

Pu’u Waawaa

3

Big Island Country Club

4
5

Waikoloa/Mauna Lani
Hāpuna Beach

6

Puukohola Heiau

7

DHHL Kawaihae at
Route 250

8

Route 250 Pu’u
overlook

9

DHHL Lalamilo

10

Waimea Park

11

DHHL Pu’u Kapu

12

DHHL WaikoloaWaialeale

13

Waipio Valley Lookout

14

Honoka‘a

15

Laupāhoehoe Point

16

Maunakea Summit

17

Lake Waiau
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Description
Exclusive, luxury residential
community and hotel.
Summit of cinder cone that is of
cultural importance to Native
Hawaiians.
Independent (non-resort
affiliated) daily-fee golf course.
The club includes views of the
coastline and of Maunakea.
Resort development.
Public beach near a resort.
National historic site and
Spencer Beach Park, which
includes camping and picnic
areas along a beach.
Summit of Highway 250
between Waimea and Hāwī.
Gravel shoulder where cars can
pull off of the highway and view
Maunakea and North
Kona/South Kohala.
Residential neighborhood within
Waimea.
Athletic facilities for sports such
as baseball and tennis, near a
school.
Residential neighborhood within
Waimea.
Along Old Mamahaloa Highway
through ranch lands.
Formal lookout with parking lot
and trail to scenic view.
Main road into town.
State park with parking lot and
picnic facilities along the coast.
Highest point on Maunakea,
recognized as a sacred place to
Native Hawaiians.
Small lake near the summit of
Maunakea, accessible by a trail.
Waters used for healing and
worship practices in Hawaiian
culture.

Viewer Group
Residents / Sightseers

Primary View
West toward the ocean
(makai)

Cultural Practitioners

Panoramic

Residents / Sightseers

Panoramic

Sightseers
Sightseers / Residents

West makai
West makai

Residents / Sightseers

West makai

Residents

Southeast toward
Maunakea (mauka)

Sightseers

Southeast mauka

Residents

Southeast mauka

Residents

Southeast mauka

Residents

Southeast mauka

Residents

South mauka

Residents

Northwest along the
coast
Northwest up the coast

Sightseers

Northeast makai

Cultural Practitioners

Panoramic

Cultural Practitioners

West over the lake

Sightseers
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Figure 3-2. Primary View from Viewpoints
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3.1.4

Existing Telescopes on Maunakea

There are 11 existing observatories near the summit of Maunakea, eight of which are
optical/infrared and three of which are submillimeter/radio observatories. The heights of these
existing observatories range from a little over 20 feet to 150 feet. The names, elevation and
approximate heights of the existing observatories are listed in Table 3-2. The locations of these
observatories within the Astronomy Precinct are shown in Figure 3-3.
Table 3-2. Existing Observatories on Maunakea
Map
Number

Observatory

Submillimeter/Radio Observatories
California Institute of Technology Submillimeter
1
Observatory (CSO)
2
James Clerk Maxwell Telescope (JCMT)
3
Submillimeter Array (SMA)
Optical/Infrared Observatories
4
Subaru Observatory
5a, 5b

W. M. Keck Observatory (telescopes I and II)

6
7
8
9
10
11

NASA Infrared Telescope Facility (IRTF)
Canada-France- Hawai‘i Telescope (CFHT)
Gemini Northern Observatory
University of Hawai‘i (2.2m)
United Kingdom Infrared Telescope (UKIRT)
University of Hawai‘i – Hilo (0.6m)

Elevation
(feet)

Estimated Max Dome Height
from Ground (feet)

13,362

62.5

13,466
13,366

100
32

13,704
Keck 1: 13,714,
Keck 2: 13,659
13,622
13,788
13,881
13,858
13,813
13,743

141
111
53
124.75
150
80
61
20.25

For each individual observatory, Table 3-3 lists the percent of the area of the island where it
would and would not be visible, assuming no vegetative or structural obstructions and a clear
sky. Figure 3-4 shows the combined visibility of the existing 11 observatories near the summit
where the top of at least one of the existing observatories is visible. Individual viewshed maps
are included in Appendix B. Based on this analysis, from approximately 43 percent of the island
area a viewer would be able to see at least one existing observatory. According to 2000 U.S.
Census data, 72 percent of the island’s population (roughly 107,000 people) is within the
viewshed of the existing observatories.
Table 3-3. Visibility of Existing Observatories on Maunakea
Observatory

Island Land Area
Visibility

Island Land Area without
Visibility

15%
36%
35%
26%
39%
14%
17%
16%
20%

85%
64%
65%
74%
61%
86%
83%
84%
80%

Optical/Infrared Observatories
University of Hawai‘i at Hilo 0.9 m
University of Hawai‘i (2.2 m)
Canada-France-Hawai‘i Telescope (CFHT)
United Kingdom Infrared Telescope (UKIRT)
Gemini Northern Observatory
NASA Infrared Telescope Facility (IRTF)
Keck 1
W. M. Keck Observatory
Keck 2
Subaru Observatory
Submillimeter/Radio Observatories
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Observatory
California Institute of Technology Submillimeter Observatory (CSO)
James Clerk Maxwell Telescope (JCMT)
Submillimeter Array (SMA)

Island Land Area
Visibility
5%
7%
2%

Island Land Area without
Visibility
95%
93%
98%

Figure 3-3. Map of Existing Observatories on Maunakea
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Figure 3-4. Combined Visibility of Existing Observatories on Maunakea
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4.0

Consequences

This section presents the potential visual impacts that would occur due to locating the TMT
Observatory at the proposed 13N site and the alternative E2 site on Maunakea.

4.1 No Action Alternative
The No Action Alternative considers existing conditions and what would be reasonably expected
to occur in the foreseeable future, absent the proposed Project.
Under this alternative, the existing CSO facility on Maunakea would be decommissioned and the
SMA would add one more antenna and two more pads in Areas C and D of the Astronomy
Precinct. The other existing observatories would remain. These observatories can be seen from
43 percent of the area of the Island of Hawai‘i, as shown in Figure 3-4; approximately 72 percent
of the population (roughly 106,000 people) is within this existing viewshed.
TMT would not fund construction, installation, or future operation of the TMT Observatory and
its supporting facilities at either Maunakea or Cerro Armazonas. The Pan-STARRS project, a
telescope consisting of four mirrors each with a diameter of 6 feet, similar to what is constructed
on Haleakala, would occur at the current location of the UH 2.2 Observatory. Also, in the
absence of the proposed TMT Observatory, it is possible that in the future another observatory
would be developed within Area E pursuant to the CMP.

4.2 Maunakea
The proposed 13N site, and the alternative E2 site, for the TMT Observatory are within the
Astronomy Precinct on Maunakea in an area northwest of the summit that was identified in the
2000 Master Plan as Area E. These two sites are shown in Figure 4-1. The 2000 Master Plan for
Maunakea identified the Area E location as a potential site for a Next Generation Large
Telescope (NGLT), similar to the TMT Observatory, primarily because it minimizes visual
impacts.
In addition to the observatory within the Mauna Kea Astronomy Precinct the project would also
require a Mid-Level Support Facility that would be located at Hale Pōhaku, at an elevation of
9,300 feet, a Headquarters in Hilo, and a Satellite Office in Waimea. The Mid-Level Support
Facility, Headquarters, and Satellite Office are not anticipated to have a visual impact due to
their limited visibility and because their design would be similar to other developments in these
areas.
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Figure 4-1. Proposed 13N Site and Alternative E2 Site
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Figure 4-2 provides a simulation and cross section of the proposed design of the TMT
Observatory, including the proposed dome enclosure for the telescope and the administrative
facilities. In addition to the 13N and E2 sites being below the summit of Maunakea, the cross
section shows that part of the TMT Observatory would be below the existing grade, which would
further minimize the potential visual impact. The proposed maximum height of the dome
enclosure is approximately 180 feet above existing grade; the proposed diameter to the exterior
of the structure is 216 feet. To put this height into perspective, the TMT Observatory would be
similar to the Ilikai Hotel in Honolulu.
As shown in Figure 4-2, natural colors that blend into the landscape would be used for the
exterior of the fixed enclosure and the administrative facilities. The proposed coating of the
rotating dome enclosure is a reflective or non-reflective metallic coating similar to that used by
the Gemini Observatory. The coating on the outer surface of an observatory dome is important
to the function of the telescope. If the telescope and inner structure of the enclosure heat up
during the day, or cool below the night air temperature, it causes local air turbulence inside the
enclosure that would degrade the telescope image quality. To maintain a consistent temperature
inside the dome the TMT Observatory would be constructed with thick insulation and use air
conditioning. The proposed metallic exterior coating on the dome would reduce the amount of
energy needed to regulate the temperature.
In general, the existing observatories on Maunakea with a metallic coating, such as Gemini,
IRTF, and Subaru, reflect the morning sunrise and evening sunset light and stand out during
these periods. However, during the majority of the day the metallic coating reflects the sky,
which helps reduce the visibility of the observatory.
Visibility of the Adaptive Optics Laser
The proposed TMT Observatory would use an adaptive optics (AO) system on the telescope to
correct distortions in the view resulting from atmospheric affects. This greatly improves the
image that can be obtained from the telescope. The TMT Observatory would be the first
astronomical telescope of its size designed from conception to use AO. The AO system uses a
laser pointed into the sky, which could be visible to the naked eye on moonless nights for a
distance of 4.5 to 9 miles. Figure 4-3 shows a circle with a 9 mile radius around the proposed
location of the TMT Observatory, outlining the maximum potential area where the AO laser may
be visible. The area where the laser may be visible consists primarily of ranchlands and forest
reserve which are unpopulated. Therefore, the laser used in the AO system is expected to have a
less than significant visual impact.
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Figure 4-2. Proposed TMT Observatory Design
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Figure 4-3. Potential Visibility of the TMT Observatory’s Adaptive Optics Laser
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4.2.1

13N Site

Temporary Impacts
Construction and Decommissioning
Temporary visual impacts from the proposed construction, and the associated future
decommissioning, of the TMT Observatory would be due to the presence of construction
equipment and workers, material stockpiles, debris and staging areas. Most of the construction
staging and material storage would occur in the area around Hale Pōhaku, at an elevation of
9,300 feet, which would not be visible from other areas of the island. Dust, light, and glare
emanating from construction activities would also have a temporary visual impact. These
temporary impacts would be less than significant.
Long-Term Impacts
Scenic Vistas and Viewplanes
Locating the TMT Observatory at the proposed 13N site would not substantially affect scenic
vistas and viewplanes identified in the County of Hawai‘i’s General Plan or the South Kohala
Development Plan. The TMT Observatory would not be visible in the view from Hilo Bay with
Maunakea in the background. In addition, although the TMT Observatory may be visible in the
view of Maunakea from portions of the South Kohala district and the area around Waimea, it
would not block the views and viewplanes of the mountain. Therefore, the project would not
exceed significance criteria 12 as stated in HAR §11-200-12.
Viewshed Analysis
A viewshed analysis was conducted to assess which areas of the island may have a view of the
TMT Observatory at the proposed 13N site. The viewshed analysis is based on topographic
information, and it does not include existing vegetation or structures which may further obstruct
views of the TMT Observatory. Therefore, the viewshed analysis can be considered a worst case
scenario.
The results of this analysis are shown in Figure 4-4. In this figure the shaded portions of the
island are areas where at least the top of the TMT Observatory would be visible. For the 17
representative viewpoints, a green circle shows that the TMT Observatory would be visible and a
red square means it would not be visible. The TMT Observatory could be visible from
viewpoints 1-4, 6-12, and 14. The TMT Observatory would not be visible from viewpoints 5, 13
and 15-17.
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Figure 4-4. Proposed 13N Site - Viewshed and Primary View Analysis
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The viewshed analysis confirms that, because it would be located north of and below the summit
of Maunakea, the TMT Observatory would not be visible in the southern portion of the island,
including the larger cities of Hilo and Kailua-Kona. According to the viewshed analysis the
TMT Observatory would be visible from 14 percent of the area of the island (see Table 4-1).
According to 2000 U.S. Census data, approximately 15.4 percent of the island’s population
(approximately 23,000 people) would live within the viewshed of the TMT Observatory at the
proposed 13N site.
Table 4-1. Visibility of the Proposed 13N Site
Visibility

Area of Island (%)

Visible
Not Visible

14%
86%

Hawai‘i’s Population
%
People
15.4%
84.6%

23,000
125,000

Table 4-2 divides the viewshed, and the population within the viewshed, into five areas:
Waimea, Honoka‘a, Hāwī, Waikoloa and Kawaihae, and Hualālai. Of these areas, the TMT
Observatory would be visible in the primary view direction only from the area around Waimea.
For the other four areas the primary view direction is makai. Of the island’s population, 5.5
percent (approximately 8,100 people) are within the area around Waimea and may be able to see
the TMT Observatory.
Table 4-2. Visibility of the Proposed 13N Site within the Primary View Direction
Location
Waimea
Honoka‘a
Hāwī
Waikoloa and Kawaihae
Hualālai

Hawai‘i’s Population
%
People
5.5%
2.8%
2.6%
4.3%
0.2%

8,100
4,200
3,900
6,400
303

Primary View Direction?
Yes
No
No
No
No

Primary View
Of the 12 viewpoints where the TMT Observatory may be visible, it would not be within the
primary view of four: the Hualālai Resort (1), Waikoloa/Mauna Lani (4), Puukohola Heiau (6)
and Honoka‘a (13). At these coastal locations, the primary view is makai.
The TMT Observatory could be visible and in the primary view direction from viewpoints along
Highway 250 (7 and 8) and around the town of Waimea (9, 10, 11 and 12). The TMT
Observatory could also be visible from the Big Island Country Club (3) and from the summit of
Pu’u Waawaa (2), where the panoramic view of the water, the surrounding area, and Maunakea
would be important to the viewer.
Silhouette View
For the 12 representative viewpoints where the TMT Observatory may be visible, an analysis of
the line of sight from the viewpoint to the TMT Observatory was conducted to determine
whether the view of the facility would be a full or partial silhouette against the sky, or whether it
would be seen against the backdrop of Maunakea. For some of these 12 viewpoints the
silhouette analysis showed that the view of the TMT Observatory would be partially obstructed
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from a rise between the viewer and the viewpoint. Table 4-3 summarizes the silhouette analysis
for the TMT Observatory at the proposed 13N site. The results of the silhouette analysis are in
Appendix C.
Table 4-3. Proposed 13N Site - Silhouette Analysis
Viewpoint
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Location
Hualālai Resort
Pu’u Waawaa
Big Island Country Club
Waikoloa/Mauna Lani
Hāpuna Beach
Puukohola Heiau
DHHL Kawaihae at Rt. 250
Route 250 Pu’u overlook
DHHL Lalamilo
Waimea Park
DHHL Pu’u Kapu
DHHL Waikoloa-Waialeale
Waipio Valley Lookout
Honoka‘a
Laupāhoehoe Point
Maunakea Summit
Lake Wai’au

Portion of TMT Observatory in Silhouette
None
-----X
X
------

Partial
164 feet (50 m)
58 feet (17 m)
82 feet (25 m)
164 feet (50 m)
Not Visible
164 feet (50 m)
--49 feet (15 m)
89 feet (27 m)
98 feet (30 m)
164 feet (50 m)
Not Visible
82 feet (25 m)
Not Visible
Not Visible
Not Visible

Full
-------------

From the two viewpoints along Highway 250 (7 and 8), the view of the TMT Observatory would
not be in silhouette; it would be visible against the backdrop of Maunakea. This may reduce the
prominence of the TMT Observatory in the view from these locations, particularly during sunset
when Maunakea would be back-lit by the setting sun. None of the other 10 viewpoints would
have a full silhouette view of the TMT Observatory.
From the coastal locations of Hualālai Resort (1), Waikoloa/Mauna Lani (4) and Puukohola
Heiau (6), approximately 165 feet of the TMT Observatory would be in silhouette. From the
town of Honoka‘a (14), approximately 80 feet of the TMT Observatory would be in silhouette.
However, from these viewpoints the TMT Observatory would not be located within the direction
of the primary view, which is makai.
In the area around Waimea (viewpoints 9 through 12), where the TMT Observatory would be
visible within the direction of the primary view, the amount of the partial silhouette would range
from 50 feet to 165 feet. The silhouette analysis also showed that from the Big Island Country
Club (3) and Pu’u Waawaa (2) the view of the TMT Observatory would be partially obstructed
by a rise of Maunakea between the viewer and the observatory. From portions of the Big Island
Country Club (2) the top 80 feet of the TMT Observatory would be visible and in silhouette;
from the summit of Pu’u Waawaa (3) the top 55 feet would be visible and in silhouette.
The existing observatories on the summit of Maunakea can also affect the silhouette view. From
some areas on Hawai‘i, the view of the TMT Observatory would be in front of Keck I, Keck II,
or Subaru. These areas are shown in Figure 4-5.
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Figure 4-5. Area where TMT would be Viewed in front of an Existing Observatory
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Photo Simulations
Photo simulations of the TMT Observatory at the proposed 13N site were created using views
from Waimea, Honoka‘a (in the area around viewpoint 12), and Waikoloa. The photos used in
these simulations were taken with a 600 mm/5.6 telephoto lens, creating a binocular view. For
comparison purposes a naked eye view, without the aid of binoculars or a telephoto lens, from
Waimea, Honoka‘a and Waikoloa are also provided. These naked eye photos show how, from
these locations that are approximately 19 miles from the summit of Maunakea, the existing
observatories appear quite small and do not occupy much of the total view. The naked eye view
of the TMT Observatory on Maunakea would be similar. Because the size and design of the
TMT Observatory would not be discernable from the naked eye perspective, simulations at this
scale were not prepared.
An example of the naked eye view of Maunakea from Waimea is shown in Figure 4-6. Figure
4-7 is a binocular view simulation of the TMT Observatory in the proposed 13N site from
Waimea. This simulation shows how the location of the TMT Observatory would be below the
summit of Maunakea and the existing observatories. In this view the lower portion of the TMT
Observatory would be obscured behind a rise of Maunakea and it would be located in front of
one of the existing domes of the Keck Observatory.
In Figure 4-7 the TMT Observatory is shown with a metallic coating on the dome enclosure. In Figure 4-8 the TMT Observatory is shown with a
white exterior finish and in Figure 4-9 it is shown in a brown finish. The visual impact of the dome’s exterior finish partly depends on the colors
in the landscape of the summit of Maunakea. For much of the year the summit of Maunakea has a reddish-brown color from the volcanic rock,
while in the winter months the summit is white from snow cover. Figure 4-10 throughPhoto Credit: Charles R. West Photography

Figure 4-12 provide a photo simulation of the TMT Observatory, as viewed from Waimea, with
the three proposed exterior finishes when Maunakea is covered with snow.
Figure 4-13 shows the naked eye view from Honoka‘a. Figure 4-14 through
Figure 4-16 are binocular view simulations of the TMT Observatory, in the proposed 13N site,
near Honoka‘a (in the area around Waikoloa-Waialeale, viewpoint 12) with the metallic, white,
and brown exterior finishes when Maunakea is covered in snow.
Figure 4-17 shows the naked eye view from Waikoloa in the northwest portion of the island.
Figure 4-18 shows a binocular view simulation of the TMT Observatory, in the proposed 13N
site with a metallic finish, as seen from Waikoloa. Figure 4-19 throughFigure 4-21 are binocular
view simulations of the TMT Observatory, as seen from Waikoloa when Maunakea is covered in
snow, with the metallic, white, and brown exterior finishes.
As shown in these simulations while the white finish visually blends in with Maunakea when it
is snow covered, it would be more visually prominent when the summit is bare. Conversely, the
brown finish may blend better with the bare volcanic rock at the summit, but would stand out
more during the snow covered months. The metallic exterior finish reflects the colors of the sky
and ground, which would better reflect its setting and have a reduced visual impact year round.
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Figure 4-6. Naked Eye View of Maunakea from Waimea

Figure 4-7. Simulation of TMT Observatory, Metallic Finish – Binocular View from
Waimea

Photo Credit: CFHT
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Figure 4-8. Simulation of the TMT Observatory, White Finish – Binocular View from
Waimea

Photo Credit: CFHT

Figure 4-9. Simulation of the TMT Observatory, Brown Finish – Binocular View from
Waimea

Photo Credit: CFHT
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Figure 4-10. Simulation of the TMT Observatory, Metallic Finish – Binocular view from
Waimea with Maunakea in Snow

Photo Credit: Charles R. West Photography

Figure 4-11. Simulation of the TMT Observatory, White Finish – Binocular view from
Waimea with Maunakea in Snow

Photo Credit: Charles R. West Photography
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Figure 4-12. Simulation of the TMT Observatory, Brown Finish – Binocular view from
Waimea with Maunakea in Snow

Photo Credit: Charles R. West Photography

Figure 4-13. Naked Eye View of Maunakea near Honoka‘a
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Figure 4-14. Simulation of the TMT Observatory, Metallic Finish – Binocular view from
Honoka‘a with Maunakea in Snow

Figure 4-15. Simulation of the TMT Observatory, White Finish – Binocular view from
Honoka‘a with Maunakea in Snow
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Figure 4-16. Simulation of the TMT Observatory, Brown Finish – Binocular view from
Honoka‘a with Maunakea in Snow
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Figure 4-17. Naked Eye View of Maunakea from Waikoloa

Figure 4-18. Simulation of the TMT Observatory, Metallic Finish – Binocular View from
Waikoloa

Photo Credit: Charles R. West Photography
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Figure 4-19. Simulation of the TMT Observatory, Metallic Finish – Binocular view from
Waikoloa with Maunakea in Snow

Photo Credit: Charles R. West Photography

Figure 4-20. Simulation of the TMT Observatory, White Finish – Binocular view from
Waikoloa with Maunakea in Snow
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Figure 4-21. Simulation of the TMT Observatory, Brown Finish – Binocular view from
Waikoloa with Maunakea in Snow

Photo Credit: Charles R. West Photography
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Summary
The potential long-term visual impacts from the proposed 13N site for the TMT Observatory are
summarized in Table 4-4.
Table 4-4. Proposed 13N Site - Summary of Potential Visual Impacts
Visual Impact
Is the TMT
Visible in
Visible in silhouette?
visible?
primary view?
No
Partial
Full
1
Hualālai Resort
Yes
No
-164 feet (50 m)
-2
Pu’u Waawaa
Yes
N/A1
-58 feet (17 m)
-3
Big Island Country Club
Yes
N/A1
-82 feet (25 m)
-4
Waikoloa/Mauna Lani
Yes
No
-164 feet (50 m)
-5
Hāpuna Beach
No
No
N/A
6
Puukohola Heiau
Yes
No
-164 feet (50 m)
-7
DHHL Kawaihae at Route 250
Yes
Yes
X
--8
Route 250 Pu‘u Overlook
Yes
Yes
X
--9
DHHL Lalamilo
Yes
Yes
-49 feet (15 m)
-10
Waimea Park
Yes
Yes
-89 feet (27 m)
-11
DHHL Pu’u Kapu
Yes
Yes
-98 feet (30 m)
-12
DHHL Waikoloa-Waialeale
Yes
Yes
-164 feet (50 m)
-13
Waipio Valley Lookout
No
N/A
N/A
14
Honoka‘a
Yes
No
-82 feet (25 m)
-15
Laupāhoehoe Point
No
N/A
N/A
16
Maunakea Summit
No
N/A
N/A
17
Lake Waiau
No
N/A
N/A
1
The primary view criterion is not applicable because at these viewpoints the panoramic view is important.
Viewpoint

Location

Visual Impact on Viewer Groups
Based on the above analysis, the following is a summary of the potential visual impacts on the
three viewer groups due to locating the TMT Observatory at the proposed 13N site.
Residents
Most residents of Hawai‘i would not be able to see the TMT Observatory from their homes or
public gathering places. From the viewshed analysis approximately 15 percent of the population
(23,000 people) would be able to see at least the top of the TMT Observatory. Of this
percentage, it would only be within the direction of the primary view of 5.5 percent of the
population (8,100 people) in the area around Waimea.
The TMT Observatory could have a visual impact on residents in towns such as Waimea,
Waikoloa and the area around Honoka‘a. Within these towns the views of Maunakea that
residents may have from their homes or gathering places, such as the Waimea Park (10), may be
altered. The views from these viewpoints would be in partial silhouette, which could make the
view more prominent, particularly in the morning when the facility would be back lit by the sun.
The extent of the visual impact would be somewhat reduced by the times when the summit of
Maunakea would be obscured by vog, clouds, or other causes of limited visibility. In general,
the visual impact to the resident viewer group of Hawai‘i would be less than significant. The
impact to residents of Waimea, while slightly higher, would still be less than significant.
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Sightseers
The visual experience for the sightseer viewer group would not be impacted by the TMT
Observatory. This is because it would not be visible from the majority of the island including:
the larger cities of Kona and Hilo, Volcanoes National Park, or from scenic viewpoints such as
Waipio Valley Lookout (13) and Laupāhoehoe Point (15). From viewpoints, such as the
Hualālai Resort (1), where the TMT Observatory could be visible, it would not be within the
primary view and would not be expected to impact the visual experience. In addition, sightseers
may be interested in astronomy, may plan on visiting the Astronomy Precinct and enjoy views of
the TMT Observatory. The visual impact to sightseers on the island would be less than
significant.
Cultural Practitioners
Finally, as stated in Section 3.1.2, cultural practitioners on the island place a high value on
pristine views of Maunakea. Of the three representative viewpoints that are from culturally
important locations, the TMT Observatory would not be visible from two: the summit of
Maunakea (17) and Lake Waiau (18). The TMT Observatory could be visible from the summit
of Pu’u Waawaa (2), where cultural practitioners may experience a visual impact. The silhouette
analysis showed that from Pu’u Waawaa the view of the TMT Observatory would be partially
obstructed from a rise of Maunakea between the viewer and the observatory and that only the top
56 feet would be visible and in silhouette. The extent of the visual impact would be somewhat
reduced at the times when the summit of Maunakea would be obscured by vog, clouds, or other
causes of limited visibility. The visual impact of the TMT Observatory on cultural practitioners
would be less than significant.
Visual impacts are only a component of the Project’s potential cultural impact. For information
on the project’s impacts to cultural practices see Section 3.2 of the Draft EIS and the Cultural
Impact Assessment in Appendix D of the Draft EIS for the Thirty Meter Telescope Project.
Overall Visual Impact
As discussed above, while the TMT Observatory would be a new visual element within the
views of Maunakea for approximately 14 percent of the island area and could be seen by
approximately 15.4 percent of the population (roughly 23,000 people), it would not obstruct or
block existing views of Maunakea from around the island. Therefore, the Project would not
exceed the applicable significance criteria in HAR §11-200-12 and would be expected to have a
less than significant visual impact.

4.2.2

E2 Site

Temporary Impacts
Construction and Decommissioning
At the alternative E2 site the temporary visual impacts from the proposed construction of the
TMT Observatory and the associated future decommissioning of the TMT Observatory, would
be the same as described in Section 4.2.1 for the proposed 13N site. These include the presence
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of construction equipment and workers, dust, and light and glare. These temporary impacts
would be less than significant.
Long-Term Impacts
The long-term impacts from the alternative E2 site would be similar to the long-term impacts of
the proposed 13N site.
Scenic Vistas and Viewplanes
Locating the TMT Observatory at the alternative E2 site would not substantially affect scenic
vistas and viewplanes identified in the County of Hawai‘i’s General Plan or the South Kohala
Development Plan. The TMT Observatory would not be visible in the view from Hilo Bay with
Maunakea in the background. In addition, although the TMT Observatory may be visible in the
view of Maunakea from portions of the South Kohala district and the area around Waimea, it
would not block the views and viewplanes of the mountain. Therefore, the project would not
exceed significance criteria 12 as stated in HAR §11-200-12.
Viewshed Analysis
The results of the viewshed analysis for the alternative E2 site are shown in Figure 4-22. The
viewshed analysis confirms that, because it would be located north of and below the summit of
Maunakea, the TMT Observatory would not be visible in the southern portion of the island; this
includes the large cities of Hilo and Kailua-Kona. According to the viewshed analysis the TMT
Observatory would be visible from about 13 percent of the area of the island (see Table 4-5).
According to U.S. Census data, approximately 15.1 percent of the island’s population
(approximately 22,500 people) would be within the viewshed of the TMT Observatory at the
alternative E2 site. Of the representative viewpoints, the TMT Observatory could be visible
from viewpoints 1 through 12; the TMT Observatory would not be visible from viewpoints 13
through 17.
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Figure 4-22. E2 Alternative Site – Viewshed and Primary View Analysis
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Table 4-5. Visibility of Alternative E2 Site
Visibility

Area of Island (%)

Visible
Not Visible

13%
87%

Hawai‘i’s Population
%
People
15.1%
84.9%

22,500
126,200

Table 4-6 divides the viewshed, and the population within the viewshed, into five areas:
Waimea, Honoka‘a, Hāwī, Waikoloa and Kawaihae, and Hualālai. Of these areas, the TMT
Observatory would be visible in the primary view direction only from the area around Waimea.
For the other four areas the primary view direction is toward the ocean. Of the island’s
population, 5.4 percent (approximately 8,000 people) are within the area around Waimea and
may be able to see the TMT Observatory.
Table 4-6. Visibility of the Alternative E2 Site within the Primary View Direction
Location
Waimea
Honoka‘a
Hāwī
Waikoloa and Kawaihae
Hualālai

Hawai‘i’s Population
%
People
5.4%
2.8%
2.6%
4.3%
0.04%

8,000
4,200
3,900
6,400
66

Primary View Direction?
Yes
No
No
No
No

Primary View
Of the 12 viewpoints where the TMT Observatory may be visible, it would not be within the
primary view of four: the Hualālai Resort (1), Waikoloa/Mauna Lani (4), Hāpuna Beach (5), and
Puukohola Heiau (6). At these coastal locations, the primary view is westward makai.
The TMT Observatory could be visible and in the primary view direction from viewpoints along
Highway 250 (7 and 8) and around the town of Waimea (9, 10, 11 and 12). The TMT
Observatory could also be visible from the Big Island Country Club (3) and from the summit of
Pu’u Waawaa (2), where the panoramic view of the water, the surrounding area, and Maunakea
would be important to the viewer.
Silhouette View
With the alternative E2 site the TMT Observatory would be in partial silhouette from all 12 of
the viewpoints where it would be visible. Table 4-7 summarizes the silhouette analysis for the
TMT Observatory at the alternative E2 site. The results of the silhouette analysis are shown in
Appendix C.
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Table 4-7. Alternative E2 Site - Silhouette Analysis
Viewpoint
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Location
Hualālai Resort
Pu’u Waawaa
Big Island Country Club
Waikoloa/Mauna Lani
Hāpuna Beach
Puukohola Heiau
DHHL Kawaihae at Route 250
Route 250 Pu‘u Overlook
DHHL Lalamilo
Waimea Park
DHHL Pu’u Kapu
DHHL Waikoloa-Waialeale
Waipio Valley Lookout
Honoka‘a
Laupāhoehoe Point
Maunakea Summit
Lake Waiau

Portion of TMT Observatory in Silhouette
None
------X
X
-----

Partial
141 feet
43 feet
17 feet
148 feet
144 feet
105 feet
--40 feet
62 feet
105 feet
128 feet
Not Visible
Not Visible
Not Visible
Not Visible
Not Visible

Full
-------------

From the two viewpoints along Highway 250 (7 and 8) the view of the TMT Observatory would
not be in silhouette; the observatory would be visible against the backdrop of Maunakea. This
may reduce the prominence of the TMT Observatory in the view from these locations,
particularly during sunset when Maunakea would be back-lit by the setting sun. From the
coastal locations of Hualālai Resort (1), Waikoloa/Mauna Lani (4), Hāpuna Beach (5), and
Puukohola Heiau (6) between 105 feet and 148 feet of the TMT Observatory would be in
silhouette. From these viewpoints the TMT Observatory would not be located within the
direction of the primary view, which is toward the ocean.
In the area around Waimea (viewpoints 9 through 12), where the TMT Observatory would be
visible within the direction of the primary view, the amount of the partial silhouette would range
from 40 feet to 128 feet. The silhouette analysis showed that from the Big Island Country Club
(3) and Pu’u Waawaa (2) the view of the TMT Observatory would be partially obstructed from a
rise of Maunakea between the viewer and the observatory. From portions of the Big Island
Country Club only the top 16 feet of the TMT Observatory would be visible and in silhouette.
From the summit of Pu’u Waawaa the top 43 feet would be visible and in silhouette.
In addition to the topography of Maunakea limiting the silhouette of the TMT Observatory, the
existing observatories can also affect the silhouette view. The areas where the view of the TMT
Observatory would be in front of one of the existing observatories would be similar to what is
shown in Figure 4-5.
Photo Simulations
Photo simulations specific to the alternative E2 site were not created. Because the E2 site is
located less than 1,000 feet south of the proposed 13N site the visual representations of the TMT
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Observatory shown in Figure 4-7 throughFigure 4-21 for the 13N site would be very similar for
the alternative E2 site.
Summary
The potential long term visual impacts of the alternative E2 site for the TMT Observatory are
summarized in Table 4-8.
Table 4-8. E2 Alternative Site - Summary of Potential Visual Impacts
Visual Impact
Is the TMT
Visible in
Visible in silhouette?
visible?
primary view?
No
Partial
Full
1
Hualālai Resort
Yes
No
-141 feet
-2
Pu’u Waawaa
Yes
N/A1
-43 feet
-3
Big Island Country Club
Yes
N/A1
-17 feet
-4
Waikoloa/Mauna Lani
Yes
No
-148 feet
-5
Hāpuna Beach
Yes
No
-144 feet
-6
Puukohola Heiau
Yes
No
-105 feet
-7
DHHL Kawaihae at Route 250
Yes
Yes
X
--8
Route 250 Pu‘u Overlook
Yes
Yes
X
--9
DHHL Lalamilo
Yes
Yes
-40 feet
-10
Waimea Park
Yes
Yes
-62 feet
-11
DHHL Pu’u Kapu
Yes
Yes
-105 feet
-12
DHHL Waikoloa-Waialeale
Yes
Yes
-128 feet
-13
Waipio Valley Lookout
No
N/A
N/A
14
Honoka‘a
No2
N/A
N/A
15
Laupāhoehoe Point
No
N/A
N/A
16
Maunakea Summit
No
N/A
N/A
17
Lake Wai’au
No
N/A
N/A
1
The primary view criterion is not applicable because at these viewpoints the panoramic view is important.
2
At the specific location for Honoka‘a used in the visual analysis the TMT Observatory was not visible. However,
there are portions of Honoka‘a where the TMT Observatory would be visible.
Viewpoint

Location

Visual Impact on Viewer Groups
Based on the above analysis, the following is a summary of the potential visual impacts on the
three viewer groups from locating the TMT Observatory at the proposed alternative E2 site.
Residents
Most residents of the island would not be able to see the TMT Observatory in the alternative E2
site. From the viewshed analysis 15.1 percent of the population (approximately 22,500
residents) would be able to see at least the top of the TMT Observatory. Of this percentage, it
would only be within the primary view direction of 5.4 percent of the population (approximately
8,000 residents).
The TMT Observatory could have a visual impact on residents in towns such as Waimea,
Waikoloa and the area around Honoka‘a. These residents may have their views of Maunakea
from their homes or gathering places altered by the facility. The views from these viewpoints
would be in partial silhouette, which could make the view more prominent, particularly in the
morning when the facility would be back lit by the sun. The extent of the visual impact would
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be somewhat reduced by the times when the summit of Maunakea would be obscured by vog,
clouds, or other causes of limited visibility. In general, the visual impact to the resident viewer
group would be less than significant. The impact to residents of Waimea, while slightly higher,
would still be less than significant.
Sightseers
The visual experience for the sightseer viewer group would not be impacted by the TMT
Observatory. This is because it would not be visible from the majority of the island. From
viewpoints, such as Hāpuna Beach (5), where the TMT Observatory could be visible, it would
not be within the primary view and would not be expected to impact their visual experience. In
addition, some sightseers may be interested in astronomy, may plan on visiting the astronomy
precinct and enjoy views of the facility. The visual impact to sightseers would be less than
significant.
Cultural Practitioners
Finally, as stated in 3.1.2, cultural practitioners place a high value on pristine views of
Maunakea. Of the three representative viewpoints that are from culturally important locations,
the TMT Observatory would not be visible from two; the summit of Maunakea (17) and Lake
Waiau (18). The TMT Observatory could be visible from the summit of Pu’u Waawaa (2),
where cultural practitioners may experience a visual impact. The silhouette analysis showed that
from Pu’u Waawaa, the view of the TMT Observatory would be partially obstructed from a rise
of Maunakea between the viewer and the observatory and that only the top 43 feet would be
visible and in silhouette. The extent of the visual impact would be somewhat reduced by the
times when the summit of Maunakea would be obscured by vog, clouds, or other causes of
limited visibility. The visual impact of the TMT Observatory on cultural practitioners would be
less than significant.
Visual impacts are only a component of the Project’s potential cultural impact. For information
on the Project’s impacts to cultural practices see the Appendix D of the TMT Project Draft EIS.
Overall Visual Impact
As discussed above, while the TMT Observatory would be a new visual element within the
views of Maunakea for approximately 13 percent of the island area and could be seen by
approximately 15.1 percent of the population (roughly 22,500 people), it would not obstruct or
block existing views of Maunakea from around the island. Therefore, the Project would not
exceed the applicable significance criteria in HAR §11-200-12 and would be expected to have a
less than significant visual impact.

4.2.3

Indirect and Cumulative

Indirect Impacts
The TMT Observatory is not expected to have any indirect visual impacts.

Page 46

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Cumulative Impacts
A cumulative impact is the incremental impact of a proposed project together with other past,
present and reasonably foreseeable future actions. For cumulative visual impacts, the analysis
for the TMT Observatory looks at the following two components:
•

Would the TMT Observatory be visible in an area of the island where currently no
telescopes are visible?

•

Which areas of the island would the TMT Observatory be visible in addition to the
existing telescopes?

Proposed 13N Site
Table 4-9 summarizes the cumulative visual impact of the TMT Observatory at the proposed
13N site.
Table 4-9. Cumulative Visibility of Proposed 13N Site
Visibility
Existing
New (TMT)

Area of Island (%)
43%
1.2%

Hawai‘i’s Population
%
People
72%
Less than 1%

107,000
72

Figure 4-23 shows the visibility/viewshed of the existing summit observatories on Maunakea
(see Section 3.1.4) combined with the viewshed of the TMT Observatory at the proposed 13N
site. The green shaded area indicates where the existing summit observatories on Maunakea are
visible; this area is approximately 43 percent of the island and is home to approximately 72
percent of the population. The portions of the island that are shaded in red are areas where the
TMT Observatory would be visible where currently none of the existing telescopes can be seen.
The new area where a telescope would be visible is roughly 1.2 percent of the area of the island
and the majority of this new area is ranch land south of Waimea. Off of Saddle Road there is a
residential area, Waiki‘i Ranch, which would be within the area where the TMT Observatory
would be the only visible observatory. Using the 2000 U.S. Census average household size of
2.75 people for the County of Hawai‘i, the estimated number of people living in this area is 72
(substantially less than 1 percent of the island’s population).
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Figure 4-23. Proposed 13N Site – Cumulative Visibility Analysis

Page 48

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Table B-1, in Appendix B, shows which of the existing observatories are visible at the 17
representative viewpoints. At the viewpoints where the TMT Observatory would be visible, six
to eight of the existing 11 summit observatories are currently visible.
The visual impact of the existing observatories on Maunakea is significant, particularly when
considering the visual sensitivity of the cultural practitioner viewer group. The visual impact of
the TMT Observatory at the proposed 13N site would be less than significant. Nonetheless,
when combined with the past, present, and reasonably foreseeable future actions the cumulative
visual impact of development on and near the summit of Maunakea would continue to be
significant.
E2 Alternative Site
The cumulative visual impact of the TMT Observatory at the alternative E2 site would be similar
to the proposed 13N site.
Table 4-10 summarizes the cumulative visual impact. Figure 4-24 shows the visibility/viewshed
of the existing observatories combined with the viewshed of the TMT Observatory at the
alternative E2 site. The new area where a telescope would be visible is roughly 0.9 percent of
the area of the island and the majority of this new area is ranch land south of Waimea. Off of
Saddle Road there is a residential area that would be within the area where the TMT Observatory
would be the only telescope visible. Using the 2000 U.S. Census average household size of 2.75
people for the County of Hawai‘i, the estimated number of people living in this area is 28
(substantially less than 1 percent of the island’s population).
Table 4-10. Cumulative Visibility of Alternative E2 Site
Visibility
Existing
New (TMT)

Area of Island (%)
43%
0.9%

Hawai‘i’s Population
%
People
72%
Less than 1%

107,000
28

Table B-1, in Appendix B, shows which of the existing observatories are visible at the 17
representative viewpoints. At the viewpoints where the TMT Observatory would be visible, six
to eight of the existing 11 summit observatories are currently visible.
The visual impact of the existing observatories on Maunakea is significant, particularly when
considering the visual sensitivity of the cultural practitioner viewer group. The visual impact of
the TMT Observatory at the alternative E2 site would be less than significant. Nonetheless,
when combined with the past, present, and reasonably foreseeable future actions the cumulative
visual impact of development on and near the summit of Maunakea continues to be significant.
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Figure 4-24. E2 Alternative Site – Cumulative Visibility Analysis
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5.0

Mitigation

5.1 No Build Alternative
There are no Project visual impacts from the No Build Alternative, therefore mitigation is not
proposed.

5.2 Maunakea
The proposed location for the TMT Observatory is the primary mitigation for the Project’s
potential visual impacts. As shown in Section 4.2 because the proposed location of the TMT
Observatory is north of and below the summit of Maunakea it would be visible to roughly 14
percent of the island and to approximately 15 percent of the population (23,000 people). This is
significantly different than if the TMT Observatory were to be placed in a more visible location,
such as the summit ridge or on a pu’u.
The visual impacts of the TMT Observatory are also due to the size of the dome enclosure; the
proposed diameter of the TMT dome is 216 feet. Because the center of the dome would be
placed only 36 feet off the ground surface the TMT Observatory would have a height of
approximately 180 feet above grade level, and would be the tallest observatory on Maunakea.
However, the TMT telescope and the dome enclosure have been designed to minimize the height
of the structure, which in turn minimizes the visual impacts (Figure 25). The TMT telescope
itself has been designed to be much shorter to allow for a much smaller dome. In addition, the
enclosure has been designed to fit very tightly around the telescope, leaving only about 20 inches
between the telescope and the dome.
For comparison purposes, the Keck Observatory consists of two telescopes each with mirrors 33
feet in diameter, and the diameter of each Keck dome is 121 feet. Using this ratio of mirror to
dome size the TMT telescope would result in a dome with a diameter of 364 feet, almost twice
what is proposed (Figure 26).
Finally, the color, or coating, of the dome enclosure has visual impacts. As discussed in Section
4.2 the fixed enclosure and support facilities would be painted with colors that would blend into
the landscape. The proposed coating of the dome enclosure is a reflective or non-reflective
metallic coating, similar to the Gemini Observatory. In general, the visual impacts of the
existing observatories on Maunakea with a metallic coating are that they reflect the morning
sunrise and evening sunset light and stand out during this period. However, during most of the
day the coating reflects the sky, which helps reduce the visibility of the observatory.
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Figure 25: Overview of TMT Telescope and Dome Design

Figure 26: Comparison of Observatory Dome Sizes to Telescope Focal Ratios

In summary, the location and design of the TMT Observatory incorporate measures that mitigate
for the potential visual impacts. No further visual mitigation measures are proposed.
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Viewpoint 1: Hualālai Resort

Photo not available.

Viewpoint 2: Pu’u Waawaa

Photo not available.

Viewpoint 3: Big Island Country Club
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Viewpoint 4: Waikoloa/Mauna Lani (View toward Maunakea)

Viewpoint 5: Hāpuna Beach (Primary View)
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Viewpoint 6: Puukohola Heiau (Primary View)
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Viewpoint 7: DHHL Kawaihae at Rt. 250 (In the direction of Maunakea)

Viewpoint 8: Route 250 Pu’u Overlook (Primary View)
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Viewpoint 9: DHHL Lalamilo (Primary View)

Viewpoint 10: Waimea Park (Primary View)

Page A-6

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Viewpoint 11: DHHL Pu’u Kapu (Primary View)

Viewpoint 12: DHHL Waikoloa-Waialeale (Primary View)
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Viewpoint 13: Waipio Valley Lookout (Primary View)

Viewpoint 14: Honoka‘a (Primary View)
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Viewpoint 15: Laupāhoehoe Point (Primary View, Top Photo)
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Viewpoint 16: Maunakea Summit
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Viewpoint 17: Lake Waiau (Primary View)
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Appendix B: Viewsheds of
Existing
Observatories
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Viewpoint Name

TMT
Proposed
13N Site

TMT
Alternative
E2 Site
CFHT

Gemini

UH 2.2 M

IRTF

Keck

UKIRT

Subaru

Hilo

CSO

JCMT

SMA
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Hualālai Resort
X
X
X
X
X
X
X
X
Pu’u Waawaa
X
X
X
X
X
X
Big Island Country
3
X
X
X
X
X
Club
Waikoloa/Mauna
4
X
X
X
X
X
X
X
X
X
Lani
5
Hāpuna Beach
X
X
X
X
X
X
X
X
X
6
Puukohola Heiau
X
X
X
X
X
X
X
X
X
X
DHHL Kawaihae at
7
X
X
X
X
X
X
X
X
X
X
X
X
Route 250
Route 250 Pu‘u
8
X
X
X
X
X
X
X
X
X
X
Overlook
9
DHHL Lalamilo
X
X
X
X
X
X
X
X
10
Waimea Park
X
X
X
X
X
X
X
X
11
DHHL Pu’u Kapu
X
X
X
X
X
X
X
X
DHHL Waikoloa12
X
X
X
X
X
X
X
X
X
Waialeale
Waipio Valley
13
Lookout
14
Honoka‘a
X
X
X
X
X
X
X
Laupāhoehoe
15
Point
16
Maunakea Summit
X
X
X
X
X
X
17
Lake Waiau
CFHT = Canada France Hawai‘i Telescope Gemini = Gemini Northern Observatory UH 2.2M = University of Hawai‘i 2.2 m IRTF = NASA Infrared
Telescope Facility Keck = W.M. Keck Observatory UKIRT = United Kingdom Infrared Telescope Subaru = Subaru Observatory CSO = California
Institute of Technology Submillimeter Observatory Hilo = University of Hawai‘i 0.9 m JCMT = James Clerk Maxwell Telescope SMA = Submillimeter
Array

1
2

Viewpoin
t Number

Table B-1. Visibility of the TMT Observatory and the Existing Observatories from the Representative Viewpoints
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1) Canada-France-Hawai‘i Telescope (CFHT)

2) Gemini Northern Observatory

3) University of Hawai‘i 2.2 m Observatory
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4) NASA Infrared Telescope (IRTF)
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5) Keck 1 and Keck 2

6) United Kingdom Infrared Telescope (UKIRT)
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7) Subaru Observatory
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8) University of Hawai‘i 0.9 m Telescope (Hilo)

9) Caltech Submillimeter Telescope (CSO)

10) James Clerk Maxwell Telescope (JCMT)
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11) Submillimeter Array (SMA)
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Terrain
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Hapuna Beach - TMT Alternative E2 Site

At site 13N the TMT Observatory would not be visible from Hapuna
Beach.

Elevation (meters)

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Terrain

TMT Observatory

Line of Sight

Silhouette Limit

Hapuna Beach - Near TMT Alternative E2 Site

Elevation (meters)

Elevation (meters)

0

1000

2000

3000

4000

5000

6000

0

1000

2000

3000

4000

5000

6000

Viewpoint

Viewpoint

Line of Sight

Terrain

Line of Sight

TMT Observatory

NASA Infrared
Observatory

Puukohola Heiau - TMT Alternative E2 Site

Terrain

TMT Observatory

Puukohola Heiau - TMT Proposed 13N Site

Elevation (meters)
3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight

Silhouette Limit

Terrain

Line of Sight

TMT Observatory

Silhouette Limit

NASA Infrared
Observatory

Puukohola Heiau - Near TMT Alternative E2 Site

Terrain

TMT

Puukohola Heiau - Near TMT Proposed 13N Site

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Elevation (meters)

Page C-7

Elevation (meters)

Elevation (meters)

Viewpoint

Viewpoint

Page C-8

0

1000

2000

3000

4000

5000

6000

0

1000

2000

3000

4000

5000

6000

Line of Sight

Line of Sight

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Terrain

TMT Observatory

UK Infrared
Observatory

DHHL Kawaihae at Rt. 250 - TMT Alternative E2 Site

Terrain

TMT Observatory

Keck 1 Observatory

DHHL Kawaihae at Rt. 250 - TMT Proposed 13N Site

Elevation (meters)
Elevation (meters)

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

Line of Sight/Silhouette Limit

Terrain

TMT Observatory

Line of Sight

UK Infrared
Observatory

DHHL Kawaihae at Rt. 250 - Near TMT Alternative E2 Site

Terrain

TMT Observatory

Keck 1 Observatory

DHHL Kawaihae at Rt. 250 - Near TMT Proposed 13N Site

Elevation (meters)

Elevation (meters)

0

1000

2000

3000

4000

5000

6000

0

1000

2000

3000

4000

5000

6000

Viewpoint

Viewpoint

Line of Sight

Terrain

Line of Sight

TMT Observatory

Keck I Observatory

Route 250 Puu overlook - TMT Alternative E2 Site

Terrain

TMT Observatory

Keck 1 Observatory

Route 250 Puu overlook - TMT Proposed 13N Site

Elevation (meters)
3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight/Silhouette Limit

Terrain

TMT Observatory

Line of Sight/Silhouette Limit

Keck I Observatory

Route 250 Puu overlook - Near TMT Alternative E2 Site

Terrain

TMT

Keck 1 Observatory

Route 250 Puu overlook - Near TMT Proposed 13N Site

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Elevation (meters)

Page C-9

Elevation (meters)

Elevation (meters)

Viewpoint

Viewpoint

Page C-10

0

1000

2000

3000

4000

5000

6000

0

1000

2000

3000

4000

5000

6000

Line of Sight

Line of Sight

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Terrain

TMT Observatory

UK Infrared
Observatory

DHHL Lalamilo - TMT Alternative E2 Site

Terrain

TMT Observatory

Keck 1 Observatory

DHHL Lalamilo - TMT Proposed 13N Site

Elevation (meters)
Elevation (meters)

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight/Silhouette Limit

Terrain

TMT Observatory

Line of Sight

Silhouette Limit

UK Infrared
Observatory

DHHL Lalamilo - Near TMT Alternative E2 Site

Terrain

TMT Observatory

Keck 1 Observatory

DHHL Lalamilo - Near TMT Proposed 13N Site

Elevation (meters)

Elevation (meters)

0

1000

2000

3000

4000

5000

6000

0

1000

2000

3000

4000

5000

6000

Viewpoint

Viewpoint

Line of Sight

Terrain

Line of Sight

TMT Observatory

Waimea Park - TMT Alternative E2 Site

Terrain

TMT Observatory

Waimea Park - TMT Proposed 13N Site

Elevation (meters)
3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight

Silhouette Limit

Terrain

Line of Sight

TMT Observatory

Silhouette Limit

Waimea Park - Near TMT Alternative 13N Site

Terrain

TMT Observatory

Waimea Park - Near TMT Proposed 13N Site

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Elevation (meters)

Page C-11

Elevation (meters)

Elevation (meters)

Viewpoint

Viewpoint

Page C-12

0

1000

2000

3000

4000

5000

6000

7000

0

1000

2000

3000

4000

5000

6000

Line of Sight

Line of Sight

EISPN/EA: Proposed Thirty Meter Telescope Observatory

Terrain

TMT Observatory

DHHL Puu Kapu - TMT Alternative E2 Site

Terrain

TMT Observatory

DHHL Puu Kapu - TMT Proposed 13N Site

Elevation (meters)
Elevation (meters)

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight

Silhouette Limit

Terrain

TMT Observatory

Line of Sight

Silhouette Limit

DHHL Puu Kapu - Near TMT Alternative E2 Site

Terrain

TMT Observatory

DHHL Puu Kapu - Near TMT Proposed 13N Site

Elevation (meters)

Elevation (meters)

0

1000

2000

3000

4000

5000

6000

7000

0

1000

2000

3000

4000

5000

6000

Viewpoint

Viewpoint

Line of Sight

Terrain

Line of Sight

TMT Observatory

DHHL Waikoloa-Waialeale - TMT Alternative E2 Site

Terrain

TMT Observatory

DHHL Waikoloa-Waialeale - TMT Proposed 13N Site

Elevation (meters)
3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

Line of Sight

Silhoutte Limit

Terrain

TMT Observatory

Line of Sight

Silhoutte Limit

James Clerk
Maxwell
Observatory

Page C-13

DHHL Waikoloa-Waialeale - Near TMT Alternative E2 Site
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At site E2 the TMT Observatory would not be visible from Honoka‘a.
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